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 Preface to the  t hird  e dition     

      ‘ I had ’  said he  ‘ come to an entirely erroneous conclusion 
which shows, my dear Watson, how dangerous it always is to 
reason from insuffi cient data ’ .  

   Sir Arthur Conan Doyle     

 Sherlock Holmes not only sought suffi cient data, he 
scrutinized them with critical appraisal  –  two necessary 
prerequisites for an effective evidence based strategy. And 
so it is that clinical decision - making has come to rely more 
and more on best external evidence derived from well -
 executed large - scale clinical trials. 

 This is a big book. However, it can be used to best advan-
tage in two ways: as a reference tome to gain in - depth 
understanding of a wide array of cardiovascular disorders, 
and as a source where clinicians can fi nd and apply the best 
evidence to guide their management of specifi c cardiovas-
cular conditions. 

 In 1964 over 50% of clinical research publications were 
devoted to clinical physiology experiments. There were no 
papers on clinical trials that year. The emphasis then was 
less on treatment and more on exploring mechanisms of 
disease. This changed in the 1980s so that by 2004 more 
than 20% of clinical research articles contained reports 
from large - scale clinical trials compared to only 3% that 
were laboratory based. This shift in emphasis from bench -
 to - bedside - to - community led to a startling paradox in 
which irrefutable evidence for the effectiveness of certain 
therapies not only assisted practising clinicians and their 
patients but begged the scientifi c question  –   “  How  and  why  
does the therapeutic intervention work? ”  A clarion call for 
a community - to - bench paradigm. 

 In the preface to the second edition we stated, propheti-
cally, that  “ Evidence - based medicine is a work in progress 
 –  a rapidly changing fi eld  –  which cannot rest on its 
laurels, but must constantly be updated as newer and 
more effective treatments emerge ” . Although the very 

nature of book publication hardly competes with the 
instant gratifi cation of  “ late breaking ”  trials presented at 
meetings or on - line, nevertheless the expert contributors 
of this compendium have successfully provided a clear 
and comprehensive overview of best evidence for the 
diagnosis and management of most cardiovascular 
disorders. 

 As with previous editions we continue to subscribe to 
the dictum that clinical decision - making ought to be an 
amalgam of best external evidence combined with clinical 
expertise and awareness of patients ’  needs and prefer-
ences. Although evidence - based guidelines are derived 
from clinical trial results, the reader should bear in mind 
that guidelines are disease (not patient) specifi c. In this 
context caution is urged whenever attempts are made to 
equate guidelines with standards of care. Not only are 
there multiple co - morbidities in over 60% of elderly patients 
but there are multiple co - medications as well. If one parses 
many of the studies outlined in this book one often fi nds 
that the effectiveness of a given therapy is proportional to 
disease severity and overall risk, whereas the harm of the 
intervention is often risk independent. 

 It is also recognized that clinical trials, irrespective of 
their strengths, need to be interpreted in the context 
of large registry databases that might refl ect clinical 
practice on a wider scale. Trials have their strengths and 
limitations, as do registry studies, and both should be 
considered as complementary and not exclusive to each 
other. 

 This edition, like those before it, is comprised of four 
sections. Part I addresses some key concepts related to both 
evidence - based cardiology and critical appraisal. Part II is 
devoted to prevention and preventive strategies. Part III 
comprises several sections encompassing the management 
of specifi c cardiovascular disorders, and Part IV is a section 
on clinical applications describing how external evidence 
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is used in individual case studies. There are several new 
features including major vascular complications in suscep-
tible patients undergoing non - cardiac surgery; evidence -
 based cardiology as applied to employment fi tness in 
specifi c occupations such as transportation and aviation; 
ablation therapy for atrial fi brillation; arrhythmias due to 
monogenic disorders; different forms of cardiomyopathy 
including Chagas ’  disease and adult congenital heart 
disease. 

 The editors are pleased to acknowledge the helpful guid-
ance, advice and patience from Mary Banks, Helen Harvey 
and Simone Heaton of Wiley - Blackwell. 

   Salim Yusuf 
 John A Cairns 
 A John Camm 

 Ernest L Fallen 
 Bernard J Gersh 
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 Classifi cation of  r ecommendations and 
 l evels of  e vidence     

     Classifi cation of recommendations and levels of evidence 
used in  Evidence - Based Cardiology  are as follows: 
  Classifi cation of recommendations  

  Class I: Evidence and/or general agreement that a 
given procedure or treatment is benefi cial, useful and 
effective.  
  Class II: Confl icting evidence and/or a divergence of 
opinion about the usefulness/effi cacy of a procedure or 
treatment.  

  Class IIa: Weight of evidence/opinion is in favor of 
usefulness/effi cacy.  
  Class IIb: Usefulness/effi cacy is less well estab-
lished by evidence/opinion.    

  Class III: Evidence and/or general agreement that a 
given procedure or treatment is not useful/effective 
and in some cases may be harmful.    

  Levels of evidence 
   Level A: Well - conducted, large and reliable RCTs (one 
or more) or their overview with clear results.  
  Level B: RCTs (one or more) or their overview with 
signifi cant limitations.  

  Level C:  
  1)     High quality and persuasive cohort studies, case 
control studies or case series.  
  2)     Lower quality evidence from non - randomized 
studies including opinions of experts.        

 These  classes of recommendations  are identical to those 
used by the ACC/AHA/ESC in their Guidelines docu-
ments, and the  levels of evidence  are very similar. Com-
prehensive approaches are used, which incorporate many 
different types of evidence (e.g. RCTs, non - RCTs, epide-
miologic studies and laboratory data), and examine the 
architecture of the information for consistency, coherence 
and clarity. Classes of recommendation and levels of evi-
dence appear in blue type either within the text (e.g.  Class 
I, Level A ) or within a table in the chapter. The system is 
applicable only to preventive or therapeutic interventions. 
It is not applicable to many other types of data such as 
descriptive, genetic or physiologic.       
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        List of  a bbreviations 

 Abbreviations commonly used in this book 

 AADs   antiarrhythmic drugs 
 ABI   Ankle Brachial Index 
 ACC   American College of Cardiology 
 ACD   absolute claudication distance 
 ACE   angiotensin - converting enzyme 
 ACS   acute coronary syndrome 
 ADA   adenine deaminase 
 ADMA   asymmetric dimethylarginin 
 AF   atrial fi brillation 
 AHA   American Heart Association 
 AIS   acute ischemic stroke 
 ALI   Acute limb ischemia 
 AMI   acute myocardial infarction 
 AMR   antibody - mediated rejection; acute mitral 

regurgitation 
 AR   aortic regurgitation 
 ARB   angiotensin receptor blockers 
 ARF   acute rheumatic fever 
 ARR   absolute risk reduction 
 ARVC   arrhythmogenic right ventricular 

cardiomyopathy 
 ARVD   arrhythmogenic right ventricular dysplasia 
 AS   aortic stenosis 
 ASA   acetylsalicylic acid 
 ASD   atrial septal defect 
 ASMR   age - standardized mortality rates 
 ATP   adenosine triphosphate 
 AVA   aortic valve area 
 AVB   atrioventricular block 
 AVR   aortic valve replacement 
 AVSD   atrioventricular septal defect 
 AVV   atrioventricular valve 
 BAV   bicuspid aortic valve 
 BNP   brain natriuretic peptide 
 BUN   blood urea nitrogen 
 CABG   coronary artery bypass graft 
 CAD   coronary artery disease 

 CAV   cardiac allograft vasculopathy 
 CBF   cerebral/coronary blood fl ow 
 CCB   calcium channel blocker 
 CCC   Chagas ’  cardiomyopathy 
 CCMR   chronic compensated mitral regurgitation 
 CDMR   chronic decompensated mitral regurgitation 
 CETP   cholesteryl ester transfer protein 
 CHD   coronary heart disease 
 CHF   congestive heart failure 
 CK   creatine kinase 
 CKD   chronic kidney disease 
 CLI   critical limb ischemia 
 CMR   cardiac magnetic resonance 
 CMV   cytomegalovirus 
 COPD   chronic obstructive pulmonary disease 
 CPVT   catecholaminergic polymorphic ventricular 

tachycardia 
 Cr   Creatinine 
 CRP   C - reactive protein 
 CSS   carotid sinus syndrome 
 CTA   computed tomographic angiography 
 CTEPH   chronic thromboembolic pulmonary 

hypertension 
 CTI   cavotricuspid isthmus 
 CTPA   computed tomographic pulmonary 

angiography 
 CVD   cardiovascular disease 
 CVRF   cardiovascular risk factors 
 DAD   delayed afterdepolarizations 
 DALYs   disability - adjusted life - years 
 DCM   dilated cardiomyopathy 
 DBP   diastolic blood pressure 
 DSA   digital subtraction angiography 
 EAD   early afterdepolarizations 
 EBV   Epstein – Barr virus 
 ECMV   encephalomyocarditis virus 
 EF   ejection fraction 
 EKG   electrocardiogram 
 EMB   endomyocardial biopsy 
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 EPS   electrophysiologic testing 
 ESC   European Society of Cardiology 
 ESR   erythrocyte sedimentation rate 
 FISH   fl uorescence  in situ  hybridization 
 GAS   group A streptococcal 
 GFR   glomerular fi ltration rate 
 GSD   glycogen storage disease 
 HAART   highly active antiretroviral therapy 
 HCM   hypertrophic cardiomyopathy 
 HCt   haematocrit 
 HDL   high-density lipoprotein 
 HFSA   Heart Failure Society of America 
 HIC   high - income countries 
 HIT   heparin - induced thrombocytopenia 
 HIV   human immunodefi ciency virus 
 HRQoL   health - related quality of life 
 IART   intra - atrial re - entrant tachycardia 
 ICD   implantable cardioverter - defi brillator; initial 

claudication distance 
 ICH   intracerebral hemorrhage 
 IE   infective endocarditis 
 IFG   impaired fasting glucose 
 IGT   impaired glucose tolerance 
 ILR   implantable loop recorder 
 IMH   intramural hematoma 
 INR   international normalized ratio 
 ISHLT   International Society for Heart and Lung 

Transplantation 
 IV   intravenous 
 IVUS   intravascular ultrasound 
 LCSD   left cardiac sympathetic denervation 
 LDH   lactate dehydrogenase 
 LDL   low - density lipoprotein 
 LMIC   low -  and middle - income countries 
 LMWH   low molecular weight heparin 
 LoB   line of block 
 LR   likelihood ratio 
 LSCA   left subclavian artery 
 LSD   lysosomal storage disorders 
 LV   left ventricle/ventricular 
 LVEF   left ventricular ejection fraction 
 LVH   left ventricular hypertrophy 
 LVOT   LV outfl ow tract 
 LVOTO   left ventricular outfl ow tract obstructions 
 LVSD   left ventricular systolic dysfunction 
 MACE   major adverse cardiovascular events 
 MCOT   mobile cardiac outpatient telemetry 
 MDTD   maximum daily therapeutic dose 
 METS   metabolic equivalents 
 MI   myocardial infarction 
 MS   mitral stenosis 
 MTT   Myocarditis Treatment Trial 
 MUFA   monounsaturated fatty acids 
 MVR   mitral valve replacement 

 NCD   non - communicable diseases 
 NNT   number needed to treat 
 NRT   nicotine replacement therapy 
 NSAIDs   non - steroidal anti - infl ammatory drugs 
 NSVT   non - sustained ventricular tachycardia 
 NVAF   non - valvular atrial fi brillation 
 OAC   oral anticoagulants 
 OLAT   organized left atrial tachyarrhythmia 
 OR   odds ratio 
 PAD   peripheral arterial disease 
 PAH   pulmonary arterial hypertension 
 PAP   pulmonary artery pressures 
 PARs   population - attributable risks 
 PAU   penetrating atherosclerotic ulcer 
 PBAV   percutaneous balloon aortic valvuloplasty 
 PBMV   percutaneous balloon mitral valvuloplasty 
 PCA   percutaneous angioplasty 
 PCI   percutaneous coronary intervention 
 PDA   patent ductus arteriosus 
 PDGF   platelet - derived growth factor 
 PFO   patent foramen ovale 
 POTS   postural orthostatic tachycardia syndrome 
 PPA   plexogenic pulmonary arteriopathy 
 PR   pulmonary regurgitation 
 PS   pulmonary stenosis 
 PSVT   paroxysmal supraventricular tachycardia 
 PTLD   post - transplant lymphoproliferative disorder 
 PUFA   polyunsaturated fatty acids 
 PV   pulmonary valve 
 PVAR   paravalvular aortic regurgitation 
 PVE   prosthetic valve endocarditis 
 PVI   pulmonary vein isolation 
 PVR   pulmonary vascular resistance 
 PVS   pulmonary valve stenosis 
 PVT   prosthetic valve thrombosis 
 QALYs   quality - adjusted life - years 
 QoL   quality of life 
 RAS   renin - angiotensin system 
 RCT   randomized controlled/clinical trial 
 RF   radiofrequency 
 RHD   rheumatic heart disease 
 RR   relative risk 
 RRR   relative risk reduction 
 RV   right ventricle/ventricular 
 SAECG   signal - averaged ECG 
 SAH   subarachnoid hemorrhage 
 SAM   systolic anterior motion 
 SAS   subvalvar aortic stenosis 
 SBP   systolic blood pressure 
 SFA   saturated fatty acids 
 SIDS   sudden infant death syndrome 
 SND   sinus node dysfunction 
 SNPs   single nucleotide polymorphisms 
 STEMI   ST segment elevated myocardial infarction 
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 SUNDS   sudden unexplained nocturnal death 
syndrome 

 SVAS   supravalvar aortic stenosis 
 TAVR   transcatheter aortic valve replacement 
 TCPC   total cavopulmonary connection 
 TE   thromboembolic 
 TEE   transesophageal echocardiography 
 TGA   transposition of the great arteries 
 TIA   transient ischemic attack 
 TLOC   transient loss of consciousness 
 TOF   tetralogy of Fallot 
 TR   tricuspid regurgitation 

 TSH   thyroid - stimulating hormone 
 TTE   transthoracic echocardiography 
 TV   tricuspid valve 
 TWA   T - wave alternans 
 UFH   unfractionated heparin 
 VF   ventricular fi brillation 
 VKAs   vitamin K antagonists 
 VSD   ventricular septal defect 
 VT   ventricular tachycardia 
 VTE   venous thromboembolism 
 VUI   venous ultrasound imaging  
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   Introduction 

 In 1836 Elisha Bartlett, the editor of the  American Journal of 
Medical Sciences , heralded a study as  “ one of the most 
important medical works of the present century, marking 
the start of a new era in science. ”  1  What evoked such praise 
and suggested a paradigm shift was Dr Pierre Louis ’  
systematic collection and numerical presentation of data 
on blood letting. Louis adopted a Baconian approach of 
collecting vast amounts of data on a large number of 
patients (by the standards of the early 1800s), which 
allowed him to systematically evaluate the effi cacy of 
blood letting. Louis argued that large numbers of patients 
and enumeration were necessary to equalize differences 
between treatment groups since  “ by so doing, the errors 
(which are inevitable), being the same in two groups of 
patients subjected to different treatment, mutually com-
pensate each other, and they may be disregarded without 
sensibly affecting the exactness of the results. ”  2  Louis sub-
sequently went on to state:  “ a therapeutic agent cannot be 
employed with any discrimination or probability of success 
in a given case, unless its general effi cacy, in analogous 
cases, has been previously ascertained ”  and thus,  “ without 
the aid of statistics nothing like real medicine is 
possible. ”  3  

 The prevailing concept of illness, at the time, was that 
the sick were contaminated, whether by some toxin or con-
tagion, or an excess of one humor or another. This under-
standing of illness contained within it the idea that these 
states were improved by opening a vein and letting the 
sickness run out. Louis ’  fi nding that blood letting hastened 
the death of the ill was a bombshell. George Washington 

had 2.4 liters of blood drained from him in the 15 hours 
prior to his death; he had been suffering from a fever, sore 
throat, and respiratory diffi culties for 24 hours. 4  Some have 
suggested that Washington was murdered. 5 – 7  

 While this is a relatively recent example, the plea for 
comparative evaluation is mentioned as early as the Old 
Testament. Throughout history there have been repeated 
exhortations to quantify medical or health problems and to 
compare outcomes in patient groups managed differently, 
with the goal of setting state policy or assisting individual 
physicians. 

 In this chapter we will consider what evidence - based 
medicine is and then discuss an approach to evidence -
 based decision making. We will use a clinical case to high-
light the components of this approach which include: 
clinical state and circumstances, patient preferences and 
actions, research evidence, and clinical expertise. At the 
end of the chapter we will review the application of these 
components of evidence - based decision making as they 
apply to our patient and provide a decision aid that clini-
cians can use in such a case. This chapter is an overview of 
core concepts and other chapters in this book (e.g. clinical 
trials and meta - analysis) provide more in - depth coverage 
of specifi c topics.  

  What  i s  e vidence -  b ased  m edicine? 

 Although the foundations for evidence - based medicine 
were laid over several centuries, an explicit philosophy 
with its attendant concepts, defi nitions, and models has 
been largely developed as a formal doctrine only during 
the last few decades. Evidence - based medicine is about 
solving clinical problems. Initially, the focus of evidence -
 based medicine was largely on fi nding the best objective 
quantifi able research evidence relevant to the particular 
problem, and applying that evidence in resolving the par-
ticular issue. 8  This early focus de - emphasized  “ intuition, 
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unsystematic clinical experience, and pathophysiologic 
rationale as suffi cient grounds for clinical decision 
making ”  and stressed  “ the examination of evidence from 
clinical research. ”  9  Subsequent versions of evidence - based 
decision making have emphasized that research evidence 
alone is rarely suffi cient to make a clinical decision. 10  
Research evidence by itself seldom tells us what to do in 
individual situations, but rather it provides useful informa-
tion that allows us to make more informed decisions. Clini-
cians must always view evidence in the context of the 
individual patient and then weigh the potential benefi ts 
versus the risks, costs, and inconveniences of each action. 
Ideally the patient ’ s values and preferences affect these 
issues 10  

 An initial description of evidence - based medicine from 
an editorial in 1996 provided the following defi nition:  “ Evi-
dence - based medicine is the conscientious and judicious 
use of current best evidence from clinical care research in 
the management of individual patients. ”  10  The editorial 
also included the caveat that the defi nition of evidence -
 based medicine will evolve as new types of information 
emerge and therefore will be continuously refi ned. The 
concepts of evidence - based medicine have evolved consid-
erably and the current model is outlined in Figure  1.1 . 8  In 
the next section we use this model of evidence - based clini-
cal decision making to help resolve a common clinical 
scenario.    

  Approach to  e vidence -  b ased  c linical 
 d ecision  m aking 

 

Clinical state
and circumstances

Research evidencePatients’ preferences
and actions

Clinical expertise

     Figure 1.1     Current model of evidence - based clinical decision making.  

  Clinical  s cenario 

 A family physician refers a patient who has just moved cities to 
live with his daughter. The physician is requesting our input on 
the appropriateness of antithrombotic therapy. The patient is an 
80 - year - old male with a history of hypertension who 10 months 
ago, on routine exam, was diagnosed with atrial fi brillation. The 
patient suffered a major gastrointestinal bleed, requiring 
hospitalization, urgent endoscopy, and a transfusion 1 month 
prior to his diagnosis of atrial fi brillation. At the time of his bleed, 
the patient on endoscopy was diagnosed with a duodenal ulcer 
and  Helicobacter pylori . The patient has been free of any 
gastrointestinal symptoms since his bleed 11 months ago and he 
received appropriate antibiotic and acid suppression therapy. 
Within 2 weeks of the patient ’ s diagnosis of atrial fi brillation he 
underwent a transesophageal echocardiogram in his former city 
of residence and this demonstrated normal valvular and left 
ventricular function and a left atrium measurement of 6.5   cm 
without evidence of thrombus. An attempt at cardioversion was 
unsuccessful. The patient is very worried about having a stroke as 
his wife was left dependent on him for 2 years prior to her death, 
following a major stroke. The referring physician, who recently 
had a patient who suffered a serious gastrointestinal bleed while 
on warfarin, is very concerned about the risk of bleeding given 
this patient ’ s age and history of gastrointestinal bleeding.   

  Model for  e vidence -  b ased  c linical  d ecisions 

 Figure  1.1  depicts a model for evidence - based clinical deci-
sions, 8  which has more recently been redefi ned as  “ the 
integration of best research evidence with clinical expertise 
and patient values. ”  11  This model represents a desirable 
approach to how clinical decisions should be made. 
However, we acknowledge that, at present, many clinical 
decisions are not made this way. For instance, at present, 
clinicians ’  individual preferences (as distinct from clinical 
expertise) often play a large role in their actions, leading to 
large  “ practice variations ”  in managing similar cases. For 
example, when faced with critically ill patients with identi-
cal circumstances, different clinicians may, according to 
their preferences, institute aggressive life - prolonging inter-
ventions or withdraw life support. 12  Our model acknowl-
edges that patients ’  preferences should be considered fi rst 
and foremost, rather than clinicians ’  preferences, whenever 
it is possible and appropriate to do so (i.e. the patient wants 
to be involved in the decision making and they have the 
capacity to understand the outcomes and their conse-
quences when explained by their physician). Although this 
model may look static, clinical decision making commonly 
requires an iterative approach whereby decisions are re -
 evaluated to ensure that they are still appropriate as evolv-
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ing information comes to light. Integrating clinical state 
and circumstances, patient preferences and actions, and 
research evidence requires judgment and clinical expertise, 
thus constituting an overarching element. We will describe 
each of the components of the model, and the role of clini-
cal expertise in integrating them.  

  Clinical  s tate and  c ircumstances 

 A patient ’ s clinical state and circumstances often play a 
dominant role in clinical decisions. Clinical trials provide 
us with results refl ective of the average patient within the 
treatment groups of the trial. Rarely is a patient in clinical 
practice the same as the average patient from a clinical trial. 
Individual patients have unique characteristics that typi-
cally put them at lower or higher risk of the outcome or 
treatment side effect than the average patient in the trial. 
As such, optimal clinical decisions should be individual-
ized to the patient ’ s clinical state. If a patient is at very high 
risk of a future vascular event but at low risk of any com-
plication from a drug (e.g. a patient with a low - density 
lipoprotein value of 8.0   mmol/L post myocardial infarction 
and no contraindication to statin therapy), or conversely at 
low risk of the outcome and high risk of a treatment ’ s 
complications (e.g. a 40 - year - old man with atrial fi brillation 
without any associated stroke risk factors who has experi-
enced a major gastrointestinal bleed 2 weeks ago), the 
clinical state of the patient may dominate the clinical deci-
sion - making process. 

 It is notable that the circles of clinical state and circum-
stances and research evidence overlap. Frequently research 
evidence can inform us about the infl uence of the clinical 
state and circumstances. Considering our patient, the pooled 
data from fi ve randomized controlled trials (RCTs) evaluat-
ing the effi cacy of warfarin in patients with non - valvular 
atrial fi brillation (NVAF) demonstrated an average annual 
stroke rate of 4.5% and major bleeding rate of 1% in patients 
not receiving antithrombotic therapy. 13  The investigators 
who combined the fi ve RCTs used the control patient data 
to develop a clinical prediction tool to estimate the annual 
risk of stroke. Independent risk factors that predicted stroke 
in control patients were increasing age, a history of hyper-
tension, diabetes, and prior stroke or transient ischemic 
attack (TIA). 13  These trials likely exclude patients with a 
history of bleeding 11 months prior to enrollment and as a 
result we would not want to rely upon these trials to esti-
mate our patient ’ s risk of severe bleeding; however, we 
believe, and research suggests, 14  that the estimate of stroke 
from the clinical prediction tool (which takes into account 
age) is relevant to our patient even though he is older than 
the average patient in the trials. Using this model, our 
patient ’ s annual risk of stroke is predicted to be about 8%, 
which is higher than that of the average control patient in 
the fi ve RCTs whose annual stroke rate was 4.5%. 13  

 A clinical prediction tool has also been developed for 
predicting the risk of major bleeding (defi ned as the loss of 
2 units of blood within 7 days or life - threatening bleeding) 
while taking warfarin therapy. 15  Independent risk factors 
that predict major bleeding in patients taking warfarin 
include age  > 65, history of stroke, history of gastrointesti-
nal bleeding, recent myocardial infarction, anemia, renal 
failure, and diabetes (note that many of the factors that 
predict a higher risk of stroke also increase the risk of 
bleeding). Our patient ’ s annual risk of major bleeding of 
8% also differs from that of the average patient receiving 
warfarin in the fi ve RCTs whose annual risk of major bleed-
ing was 1.3%. We are unaware of any clinical prediction 
tool for predicting major bleeding while taking aspirin and 
the atrial fi brillation trials had inadequate power to esti-
mate this risk. The results of the meta - analysis by the anti-
thrombotic trialists ’  collaboration suggest that aspirin 
increases the risk of major bleeding from 1% to at least 
1.3%. 16  This likely is an underestimation in our patient who 
is older than the average patient who participated in the 
atrial fi brillation trials, and in this setting of suboptimal 
information we estimate our patient ’ s annual risk of major 
bleeding is approximately 2% with aspirin therapy. 

 The clinical circumstances we fi nd ourselves in (e.g. our 
ability to administer and monitor a treatment) may be very 
different from that of an RCT. For example, the patient may 
not be able to obtain frequent tests of the intensity of anti-
coagulation. However, for a patient with the same clinical 
characteristics, we can frequently optimize clinical circum-
stances to decrease the risk of an outcome or treatment side 
effect. For example, we can decrease the risk of bleeding 
due to warfarin therapy by more intensive monitoring to 
ensure that the international normalized ratio (INR) is 
maintained in the range of 2 – 3. Thus, an  “ evidence - based ”  
decision about anticoagulation for a patient with atrial 
fi brillation is not only determined by the demonstrated 
effi cacy of anticoagulation and its potential adverse 
effects, 17  but will vary based on the patient ’ s clinical state 
and according to individual clinical circumstances.  

  Patients ’   p references and  a ctions 

 Patients may have no views or, alternatively, unshakable 
views on their treatment options, depending on their con-
dition, personal values and experiences, degree of aversion 
to risk, healthcare insurance and resources, family, willing-
ness to take medicines, accurate or misleading information 
at hand, and so on. 8  Accordingly, individuals with very 
similar clinical states and circumstances may choose very 
different courses of action despite being presented with the 
same information about the benefi ts, risks, inconveniences, 
and costs of an intervention. 

 For our patient with NVAF, research evidence informs 
us about the differing preferences of patients and their 
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physicians for antithrombotic therapy in atrial fi brillation 
when they weigh the competing risks of stroke and bleed-
ing. 18  In this study, 18  participants (i.e. both physicians and 
patients) reviewed fl ipcharts describing in detail the acute 
and long - term consequences of a major and minor stroke 
and a major bleeding event. Participants were instructed 
that the likelihood of a minor or major stroke was equal. 
The participants then underwent a probability trade - off 
technique which determined the minimum number of 
strokes participants needed to be prevented before they felt 
antithrombotic therapy was justifi ed (this value was deter-
mined for both warfarin and aspirin), given the associated 
increased risk of bleeding, costs and inconveniences. The 
same technique was also used to determine the maximum 
number of excess bleeds the participant considered accept-
able with antithrombotic therapy (determined both for 
warfarin and aspirin), given the benefi ts in terms of stroke 
reduction with this therapy. This study demonstrates sig-
nifi cant variability between physicians and patients in their 
weighing of the potential outcomes associated with atrial 
fi brillation and its treatment. Patients required less stroke 
reduction and were more tolerant of the risk of bleeding 
than physicians. For example, on average, patients were 
willing to accept the risk of 17 extra major bleeding events 
in 100 patients over a 2 - year period if warfarin prevented 
eight strokes among these 100 patients. Physicians, 
however, were only willing to accept 10 major bleeding 
events for the same level of benefi t. Furthermore, physi-
cians varied signifi cantly among themselves in how much 
bleeding risk they thought was acceptable for a given 
stroke reduction associated with an antithrombotic agent. 
Hence different physicians would make very different rec-
ommendations to the same patient with identical risks of 
bleeding and stroke. This underscores the importance of 
having patient values and preferences drive clinical deci-
sion making. It is the patient who is at risk of the outcome 
and hence, when willing and able, they should be the one 
to weigh the potential benefi ts versus the risks, costs, and 
inconveniences. 

 There is debate regarding the optimal way to elicit and 
incorporate patient preferences into clinical decision 
making. One method is to discuss the potential benefi ts 
and risks with a patient and then qualitatively incorporate 
your impression of the patient ’ s preferences into the clini-
cal decision. Alternatively, at least two quantitative 
approaches exist: decision analytic modeling and probabil-
ity trade - off technique. In a decision analytic model, a stan-
dard gamble, time trade - off or visual analog scale technique 
is used to determine the utility (patient value/preference) 
for the various outcomes. This information is then fed into 
a decision tree that includes the probabilities of the out-
comes for all clinical decisions being considered. Using the 
decision tree, calculations are undertaken to determine 
what course of action optimally fi ts the patient ’ s prefer-

ences. Probability trade - off technique presents patients 
with the probabilities for the various interventions being 
considered and then asks them to make a decision based 
on this information. This allows a direct and quantitative 
incorporation of the patient ’ s preferences. The only study 
we are aware of that has directly compared these two quan-
titative approaches demonstrated that over twice as many 
patients stated they would base their preferences on the 
results of the probability trade - off as opposed to the deci-
sion analysis. 19  

 Regardless of what their preferences may be, patients ’  
actions may differ from both their preferences and their 
clinicians ’  advice. 20  For example, a patient may prefer to 
lose weight, quit smoking and take their medications as 
prescribed, but their actions may fall short of achieving any 
of these objectives. Alternatively, they may follow the treat-
ment as prescribed, even if they resent its imposition, 
adverse effects, and costs. Unfortunately, clinicians ’  esti-
mates of their patients ’  adherence to prescribed treatments 
have no better than chance accuracy. 21  Thus, physicians ’  
decisions for care will better meet the model ’ s specifi ca-
tions if they are able to assess whether their patients will 
follow, or are following, the agreed - upon decision. 21  

 We recognize that at present formal incorporation of 
patients ’  preferences is rarely done in clinical practice. This 
may be related to lack of training of physicians in these 
approaches, a reluctance to tread unfamiliar ground, and 
also in many circumstances the lack of accurate quantita-
tive information on risk and benefi ts as well as clinical risk 
prediction tools. However, this is likely to change as clinical 
models can be derived from large databases and hand - held 
computers can be utilized to quantitate risks and benefi ts 
at the bedside.  

  Research  e vidence 

 We support a very broad defi nition of research evidence, 
namely  “ any empirical observation about the apparent 
relation between events. ”  22  In keeping with this defi nition 
research evidence includes everything from the unsystem-
atic observation of a single physician to a systematic review 
of large RCTs. Not all evidence is created equal and hence 
there exists a hierarchy of evidence that varies depending 
on whether one is addressing a diagnostic, prognostic or 
therapeutic decision. We will focus on the hierarchy of 
evidence for therapeutic decisions (Box  1.1 ).   

 All evidence has value and clinicians should give appro-
priate consideration to the best evidence available in the 
hierarchy, even if it is not at the top of the hierarchy. There-
fore, the unsystematic observations of colleagues should 
not be dismissed when no higher level evidence exists. 
Indeed, unsystematic observations can lead to many 
important insights and experienced clinicians usually 
develop a respect for the insights of their astute colleagues. 
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BOX 1.1  Hierarchy of evidence for treatment decisions   *    

    Coherence of evidence from multiple sources 
 Systematic review of several well - designed, large 

randomized controlled trials 
 Single large randomized controlled trial 
 Systematic review of several well - designed small 

randomized controlled trials 
 Single small randomized controlled trial 
 Systematic review of several well - designed observational 

studies 
 Single observational study 
 Physiologic studies 
 Unsystematic observation from a physician 
 Animal study  

 Table 1.1     Some examples of contradictory results across studies at various positions in the hierarchy of evidence 

   Results from lower level evidence     Results from higher level evidence  

  Milrinone demonstrated improvement in left ventricular function 

during exercise. 25   

  A large RCT 26  and meta - analysis of several RCTs 27  demonstrated a 28% 

relative increase in mortality with milrinone compared to placebo.  

  An observational study of extracranial to intracranial bypass surgery 

suggested a  “ dramatic improvement in the symptomatology of 

virtually all patients ”  undergoing the procedure. 28   

  A large RCT demonstrated a 14% relative increase in the risk of fatal 

and non - fatal stroke in patients undergoing this procedure compared 

to medical management. 29   

  A meta - analysis of 16 cohort studies and three cross - sectional 

angiographic studies (including studies of women with known 

coronary artery disease) demonstrated a relative risk of 0.5 (95% 

CI 0.44 – 0.57) for coronary artery disease among women taking 

estrogen. 30   

  A moderate size secondary prevention RCT did not demonstrate any 

reduction in coronary heart disease events but did demonstrate an 

increase in thromboembolic events in patients receiving estrogen. 31  A 

primary prevention RCT (Women ’ s Health Initiative) of 16,608 women 

demonstrated that hormone replacement therapy increases the risk of 

coronary artery disease (hazard ratio (HR) 1.29), stroke (HR 1.41), 

pulmonary emboli (HR 2.13), and breast cancer (HR 1.26). 32   

  A secondary analysis of an RCT suggested that lower doses of ASA 

were associated with a higher risk of perioperative stroke and 

death in patients undergoing carotid endarterectomy. 33   

  A large prospective RCT showed a higher risk of perioperative stroke, 

myocardial infarction, or death with high - dose ASA. 33   

  A physiologic study demonstrated beta - blockers result in a decline 

in ejection fraction and increases in end - diastolic volume in patients 

with prior myocardial infarction. 34   

  A meta - analysis of 18 RCTs 35  and three large trials (CIBIS - 2, 36  

MERIT - HF, 37  and COPERNICUS 38 ) in patients with heart failure found a 

32% relative risk reduction in death in patients receiving beta - blockers.  

    This hierarchy is not meant to represent a rigid structure. 
At times a single observation may be very powerful (e.g. 
defi brillation for ventricular fi brillation) or observational 
studies may provide unequivocal evidence (e.g. smoking 
cessation and decreased risk of lung cancer). However, in 
most cases where treatment effects are likely moderate, 
outcomes variable or the clinical course unpredictable, 
clinicians may fi nd the hierarchy proposed useful.  

However, it is equally important to recognize that unsys-
tematic observations commonly are limited by the small 
number of observations, variability in outcomes, lack of 
objectivity, and the diffi culties in integrating (e.g. taking 

into account the natural history of a disorder, placebo 
effect, and a patient ’ s desire to please) and drawing infer-
ences from observations. 23  Clinicians should also realize 
that even for the highly cited animal studies demonstrating 
a benefi cial treatment effect and published in a leading 
scientifi c journal, only a minority will be confi rmed in 
human trials. 24  

 All evidence has limitations. Although the majority of 
advances in medicine are initially uncovered through indi-
vidual observations, physiologic studies, observational 
studies or randomized controlled trials evaluating surro-
gate endpoints, there have also been several extremely mis-
leading fi ndings that have, at times, resulted in harm. It is 
important to remember that contradictory results across 
studies on the hierarchy of evidence table are not isolated 
to one or two instances (Table  1.1 ).   

 Perhaps the most powerful example is the story of antiar-
rhythmic therapy. Despite encouraging evidence that 
encainide and fl ecainide could prevent premature ventric-
ular beats after a myocardial infarction, a large RCT dem-
onstrated a higher mortality rate with these drugs compared 
to placebo, such that these drugs resulted in an extra death 
for every 20 patients treated with encainide or fl ecainide. 39  
It is estimated that more Americans were killed by these 
drugs than died in the Vietnam War. 40  

 Ideally we would have evidence from all levels of the 
hierarchy and the evidence would be coherent across all 
levels. This would represent the most persuasive evidence. 
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However, this rarely happens as even RCTs by chance may 
frequently demonstrate contradictory fi ndings, especially 
when they are small. Therefore, physicians should always 
aim for the highest level of evidence for clinical decision 
making. Clinicians can still make strong inferences particu-
larly when there is evidence from a systematic review of 
several well - designed large RCTs or simply a large single 
pragmatic RCT. The RCT is such a powerful tool because 
randomization is our only means to reduce bias in treatment 
comparisons by controling for unknown prognostic factors. 41  
Therefore, RCTs have the potential to provide the most valid 
(i.e. likelihood that the trial results are unbiased) estimates of 
treatment effect. 42  Furthermore, large RCTs with broad eligi-
bility criteria enhance the generalizability of their fi ndings. 

 A common error in interpreting evidence relates to the 
confi dence clinicians should have in a study based upon 
statistical signifi cance despite its size and number of events. 
Consider two hypothetical RCTs that are both evaluating 
the effect of a new investigational drug versus placebo on 
patient mortality in patients at risk of a myocardial infarc-
tion. Both of these trials use identical methodology (e.g. 
blinding, complete patient follow - up, intention - to - treat 
principle). The fi rst trial randomizes 100 patients to receive 
investigational drug A and 100 patients to receive placebo, 
and fewer patients assigned the investigational drug die (1 
versus 9 patients,  P    =   0.02). The second trial randomizes 
4000 patients to receive investigational drug B and 4000 
patients to receive placebo, and fewer patients assigned the 
investigational drug die (200 versus 250 patients,  P    =   0.02). 
Given that both trials used the same methodology and 
achieved the same level of statistical signifi cance, some 
would assume we should view both results with similar 
confi dence. This, however, is not the case. 

 Although the  P  values in our hypothetical trials suggest 
that the results have the same probability of representing a 
true fi nding, we propose that there is a substantial differ-
ence in the fragility of the demonstrated  P  values. In the 
fi rst trial if we were to add two events to the treatment 
group the  P  value would become 0.13 whereas adding two 
events to the treatment group in the second trial would 
have no meaningful impact on the  P  value which would 
remain 0.02. When one considers that there are at least nine 
independent risk factors associated with myocardial infarc-
tion, 43  the prevalence of these factors in patients suffering a 
myocardial infarction varies from 18% to 65%, and many 
of these risk factors have substantially larger associations 
with myocardial infarction (e.g. odds ratio 2.87 for current 
smoker versus never) than the moderate effects that are 
plausible in interventional trials, it is not diffi cult to under-
stand how the effect seen in our fi rst hypothetical trial could 
have easily occurred due to an imbalance in risk factors, 
whereas the size of our second trial substantially minimizes 
the likelihood of a meaningful imbalance in prognostic 
factors that could explain the result of our second trial. 

 The number of participants and events that represents 
the transition from a small trial to a large trial is a matter 
of debate and ongoing investigation. It is important to rec-
ognize that the number of both participants and events is 
relevant. Some have argued that cardiovascular trials with 
event rates of 10% require at a minimum several thousand 
participants and at least 350 events and ideally 650 events 
to provide convincing evidence of a moderate size treat-
ment effect (i.e. a relative risk reduction of 20 – 30%). 44  
Indeed, if the true effect of size is a 15% relative risk reduc-
tion, studies with over 1000 outcome events may be 
required. In the case of a more prevalent outcome or the 
rare case of a true large treatment effect, fewer participants 
and events are required. We encourage clinicians when 
assessing evidence to not simply assume that a  P  value 
 < 0.05 represents a true fi nding but to consider the sample 
size, number of events, and the fragility of the  P  value and 
to exercise caution when making clinical decisions based 
upon data from small trials. Research demonstrates that 
highly cited studies in leading medical journals are not 
uncommonly contradicted (16%) or demonstrated to have 
exaggerated treatment effects (16%) in subsequent studies, 
and the only identifi ed factor explaining this outcome is 
that the initial trial had a small sample size. 45  

 Another issue clinicians have to consider regarding 
research evidence is the applicability to their current 
patient. If a patient fulfi lls most of the eligibility criteria 
from a trial then most physicians would view the evidence 
as applicable to their patient, assuming the trial is high 
quality. If a patient does not fulfi ll most of the eligibility 
criteria, we recommend that physicians ask themselves if 
there is a strong biologic reason to believe their patient 
would respond quite differently to the intervention from 
the patients who participated in the trial. As stated above, 
it is likely that most of the atrial fi brillation trials excluded 
patients who had a history of gastrointestinal bleeding 
within 11 months of randomization. Given this, we think 
the results from the atrial fi brillation trials regarding bleed-
ing risk are not applicable to our patient, and this is why 
we used a clinical model based upon a study that included 
patients with a prior history of gastrointestinal bleeding to 
estimate our patient ’ s risk of severe bleeding with warfa-
rin. However, we do not have a strong biologic rationale 
to suspect that the stroke benefi t demonstrated in the trials 
is not applicable to our patient, and research suggests that 
despite his age we can expect a similar benefi t. 14  

 Considering our case of the patient with NVAF, the 
highest level of evidence comes from a systematic review 
of all the RCTs that have evaluated antithrombotic therapy 
in patients with atrial fi brillation. 17  This systematic review 
included six warfarin versus placebo RCTs that included a 
total of 2900 patients and 186 strokes, and six aspirin versus 
placebo RCTs that included a total of 3337 patients and 376 
strokes, and demonstrated that warfarin reduced the rela-



CHAPTER 1  Evidence-based decision making: patient–physician interface

9

tive risk of stroke (ischemic and hemorrhagic) by 62%, and 
aspirin by 22%. 17  

 Considering the risk of bleeding associated with warfa-
rin therapy, there is an RCT of 325 patients with 25 major 
bleeding events that demonstrates a 50% decrease in the 
risk of bleeding if a patient is willing to undergo education, 
training, and self - monitoring of prothrombin time. 46   

  Clinical  e xpertise 

 Evidence - based decision making requires clinical expertise 
to establish and balance the patient ’ s clinical state and 
circumstances, preferences and actions, and the best 
research evidence. Before a therapeutic decision can be con-
sidered, clinical expertise is required to get the diagnosis 
and prognosis right. As shown above, clinical prediction 
tools can be extremely helpful in determining a patient ’ s 
prognosis but they are unlikely to eliminate the need 
for sound clinical judgment acquired through clinical 
experience. 

 Sizing up the clinical circumstances has never been more 
challenging, as commonly there exist several potential 
interventions, some of which require technical expertise for 
their effective and safe delivery. Getting the evidence right 
requires the skill to identify, evaluate, and apply the evi-
dence appropriately. Communicating with patients has 
always been considered important. This takes on greater 
importance, given that there is a growing desire on the part 
of patients to be involved in decisions relating to their 
health. 47  Expertise is required to provide patients with the 
information they need, to elicit their preferences and to 
incorporate their preferences into the decision. 

 Currently there is no consensus on how this information 
should be presented to patients and how their preferences 
should be incorporated. However, research suggests that 
information should not be presented to patients in relative 
terms (e.g. warfarin will decrease your risk of stroke by 
62%) because patients assume their baseline risk is 100% 
even when they are instructed it is not. 48  A recent system-
atic review of RCTs compared decision aids (i.e. interven-
tions designed to help people make specifi c choices among 
options by providing information on the options and 
outcomes relevant to the patient ’ s health) to traditional 
ways of involving/informing patients in decision making 
and demonstrated that decision aids, compared with 
usual care, improved average knowledge scores of patients 
for the options and outcomes by 20% (95% CI 13 – 25), 
reduced decisional confl ict scores (i.e. patients felt more 
certain, informed, and clear about values in their decision), 
and increased patient participation in decision making. 49  
Where available, decision aids provide a potential means 
to facilitate information presentation, incorporation of 
preferences, and participation in the decision making 
process.   

  The  v arying  r oles of the  c omponents of 
 e vidence -  b ased  c linical  d ecisions 

 Depending on the circumstances, any of the circles in the 
new model could dominate. Varying the size of the circles 
to refl ect their actual contribution to the clinical decision 
could visually portray this concept. Sometimes the clinical 
state or circumstance dominates the clinical decision. For 
example, a patient who is at very high risk of an outcome 
and low risk of a complication may have their clinical state 
dominate the decision - making process. A patient living in 
a remote area may not have access to anticoagulation moni-
toring and this would likely dominate the decision - making 
process. Patients ’  preferences can be so strong that they act 
as the driving factor in the decision - making process. For 
example, some patients will not take blood products regard-
less of the clinical situation. Research evidence can be the 
main factor in decision making when the benefi t of an inter-
vention is moderate to large in size and the risk of treatment 
small, as with ACE inhibitors in coronary artery disease or 
heart failure, or cholesterol lowering with statins. Finally, 
clinical expertise can dominate especially when it is related 
to technical capabilities. 

  Approach to  d ecision  m aking 

 We advocate a shared decision - making process between 
the physician and patient with both as active partners. 47  
There is evidence to support better health outcomes when 
shared decision making occurs. 50  Considering a therapeutic 
decision, the physician must incorporate the clinical state 
and circumstances into the relevant evidence to help inform 
the patient and then elicit the patient ’ s values regarding the 
potential benefi ts, risks, costs, and inconveniences associ-
ated with the intervention. If a patient chooses not to take 
an effective therapy that the physician believes is in the 
patient ’ s best interest then the physician ’ s role is to ensure 
that the patient ’ s choice represents a difference in values 
(e.g. monetary concerns) as opposed to a misunderstand-
ing about the probable benefi ts, risks, inconveniences, and 
costs. Regardless of a patient ’ s wishes (e.g. CABG surgery 
in the setting of extensive coronary artery disease without 
graftable distal vessels, non - therapeutic use of narcotics) 
no physician is required to provide an intervention that 
they feel is unethical, illegal or not in the patient ’ s best 
interest. Although more patients want shared decision 
making, some may choose to take a passive role in the 
decision - making process. 47  For example, a patient may ask 
the physician  “ If it were you or your loved one what would 
you do? ”  This question permits the physician to present an 
evidence - based background, the uniqueness of the clinical 
state and circumstances, and the doctor ’ s explicit values 
associated with their recommendation. If a physician does 
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this they will provide the patient with a helpful under-
standing of their recommendation, and if a patient dis-
agrees they can then express their perspective. Finally, after 
making a decision it is important to ensure that the patient 
understands that even the best evidence - based decision 
does not guarantee the patient that they will not suffer a 
negative outcome.  

  Application to  o ur  p atient 

 For our patient the evidence would suggest an annual 8% 
risk of stroke and 1% risk of major bleeding without any 
antithrombotic therapy. With warfarin therapy we would 
expect the annual risk of stroke to decrease to 3% and the 
risk of major bleeding to increase to 8%. This risk of major 

bleeding could potentially be reduced to 4% if the patient 
was willing to undergo self - monitoring of their prothrom-
bin time and an education program as discussed above; 
however, it is important to acknowledge that our confi dence 
in this intervention is not strong as the results are based 
upon one small trial with few events. 46  With aspirin therapy 
we would expect the annual risk of stroke to decrease to 6% 
and the risk of major bleeding to increase to 2%. 

 As discussed above, there is no consensus on how to 
present this information to our patient or incorporate his 
preferences. The patient expresses that he would like to 
participate in the decision - making process and you then 
share with him a decision aid for patients with atrial fi bril-
lation that describes atrial fi brillation (Table  1.2 ), a major 
and minor stroke (Table  1.3 ), a severe bleed (Table  1.4 ), and 

 Table 1.2     Atrial fi brillation: the most common disorder of the heartbeat 

   Risk     Chances of developing atrial fi brillation increase with age and it occurs in approximately 10% of all people above the age of 75  

   Physical 
Symptoms   

  Irregular and usually rapid beating of the heart, sensed as a fl uttering in the chest. Some patients feel no symptoms and are 

unaware that they have atrial fi brillation  

   Complications     Stroke 

   •      Atrial fi brillation increases the risk of a clot developing in the heart. This clot can be swept up towards the brain, causing a stroke  

   •      The chance of developing a stroke with atrial fi brillation increases with either age greater than 65 years, high blood pressure, 

diabetes, heart failure, or a history of strokes or  “ mini - strokes ”   

   •      The risk of developing a stroke with atrial fi brillation varies, depending on how many of these risk factors you have     

   Treatment         •      There are medications that thin the blood, which help to prevent clots and therefore stroke  

   •      Because the blood is thinned there is an increased risk of bleeding     

 Table 1.3     Strokes can be minor or major in severity. If you have a stroke as a result of atrial fi brillation, your chance of having a minor or major 
stroke are equal 

        Minor stroke     Major stroke  

   Physical symptoms     You suddenly cannot move or feel one arm and one leg    You suddenly are unable to move one arm and one leg 

 You cannot swallow  

   Mental symptoms     You are unable to fully understand what is being said to you 

 You have diffi culty expressing yourself  

  You are unable to understand what is being said 

 You are unable to speak  

   Pain     You feel no physical pain    You feel no physical pain  

   Recovery     You are admitted to hospital 

 Your weakness, numbness and problem with understanding 

improve, but you still feel weak or numb in one arm and 

one leg 

 You are able to do almost all of the activities you did before 

the stroke 

 You can function independently 

 You leave the hospital after 1 week  

  You are admitted to hospital 

 You cannot dress 

 The nurses feed you 

 You cannot walk 

 After 1 month of physiotherapy you are able to wiggle 

your toes and lift your arm off the bed 

 You remain this way for the rest of your life  

   Further risk     You have an increased risk of having more strokes    Another illness will probably cause your death  
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 Table 1.4     Severe bleeding while taking warfarin or ASA: an example of a stomach bleed 

   Physical     You feel unwell for 2 days, then suddenly you vomit blood  

   Treatment     You are admitted to hospital 

 You stop taking warfarin or ASA 

 A doctor puts a tube down your throat to see where you are bleeding from 

 You receive sedation to ease the discomfort of the test 

 You do not need an operation 

 You receive blood transfusions to replace the blood you lost  

   Recovery     You stay in hospital for 1 week 

 You feel well at the end of your hospital stay 

 You need to take pills for the next 6 months to prevent further bleeding 

 After that you are back to normal  

   Bleeding from the stomach is the most common type of serious bleeding while taking warfarin or 

ASA; however, rarely other serious forms of bleeding can occur, such as bleeding within the head 

after a fall.  

  Warfarin or ASA can also cause minor bleeding, including bruising and nose bleeds.  

  Taking warfarin can mean costs and inconvenience to yourself and family. For example: need for 

blood tests; parking/transportation; cost of warfarin.  

  Taking ASA can mean costs to yourself.  

  For example: cost of ASA.   

Without any blood thinning medication ASA   Warfarin
Chance of stroke over next 2 years Chance of stroke over next 2 years Chance of stroke over next 2 years
is ____ out of 100 is ____ out of 100 is ____ out of 100 
Chance of severe bleeding over next 2 years Chance of severe bleeding over next 2 years Chance of severe bleeding over next 2 years
is ____ out of 100         is ____ out of 100 is ____ out of 100

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺ ☺ ☺ ☺ ☺ ☺ ☺ ☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

☺

     Figure 1.2     Patient decision aid.    

a probability trade - off for no treatment, aspirin, and war-
farin therapy (Fig.  1.2 ), which you individualize for him, 
fi lling in the specifi c numbers and coloring the faces rele-
vant to his care. The description of major and minor stroke 
and a severe bleed are slight modifi cations of the descrip-
tions developed and tested by Man - Son - Hing and col-
leagues. 51  After careful consideration of this information, 
our patient decides he wants to take warfarin therapy. He 
recognizes his increased risk of bleeding but places sub-

stantially more weight on avoiding a stroke than a severe 
bleed.     

 Once this evidence - based clinical decision is reached, our 
job is not over. The patient will need monitoring to ensure 
he is able to follow through on his clinical decision. One 
advantage of the decision aid provided (including his indi-
vidualized probability trade - off) is that the patient can take 
the information home and does not have to rely on his 
memory to recall the facts discussed during your meeting.  
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  Limitations of the  e vidence -  b ased  c linical 
 d ecision  m odel 

 This model does not consider the important roles that 
society, governments or healthcare organizations can play 
in decision making. We purposely restricted ourselves 
to decisions made by patients and their healthcare provid-
ers to allow a focused exploration of the issues involved 
in their immediate decision - making process. However, 
a healthcare organization may pre - empt these decisions. 
For example, not funding primary percutaneous trans-
luminal coronary angioplasty in acute myocardial infarc-
tion can have an impact on health outcomes and will 
impose a clinical decision on all patients and physicians 
by eliminating this option. Alternatively, the system may 
fund preferentially, and at a higher level, a theoretically 
more attractive but more expensive and in reality no more 
effective therapy (e.g. dual - chamber pacemaker compared 
to single -  chamber pacemaker for bradyarrhythmia) and 
this can distort the information presentation to patients, 
recommendations, and decisions made by physicians 
and healthcare providers. Physicians will have to factor 
in such issues when considering their patient ’ s clinical 
circumstances.   

  Conclusion 

 The foundations for evidence - based medicine were estab-
lished over the centuries but the specifi c philosophies, con-
cepts, defi nitions, and models have essentially evolved 
over the past few decades. Evidence - based medicine is 
about solving clinical problems. Evidence - based decision 
making depends upon utilizing clinical expertise to inte-
grate information about a patient ’ s clinical setting and 
circumstances with the best research evidence while incor-
porating the patient ’ s preferences and actions. Although 
there have been substantial advances throughout the last 
few decades, if evidence - based decision making is to 
achieve its full potential there is a need for further research 
to inform both the evidence base and the process of deci-
sion making. This chapter has provided an introduction 
to the concepts of evidence - based decision making, and 
subsequent chapters expand on the points we have dis-
cussed, describing different aspects of evaluating evidence 
and applying them.   
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 Obtaining  i ncremental  i nformation from 
 d iagnostic  t ests  

   Raymond J   Gibbons  
  Mayo Clinic, Rochester, MN, USA       

     Consider the following case history. A 75 - year - old male 
presents with a history of exertional chest pain. The patient 
describes substernal chest pain that he perceives as a  “ pres-
sure sensation ”  occurring when he walks too fast, uphill or 
in the cold. It is relieved by rest within a few minutes. On 
two recent occasions, he tried a friend ’ s nitroglycerin 
tablets and obtained even more rapid relief of his symp-
toms. His symptoms have never occurred at rest. The 
patient has a history of diabetes mellitus, hypertension and 
hypercholesterolemia. He smokes one pack of cigarettes a 
day. Several male family members died of coronary artery 
disease before the age of 60. The patient underwent carotid 
artery surgery a year ago for treatment of transient isch-
emic attacks. 

 On the basis of his age, gender, chest pain description, 
and risk factors, this patient is highly likely to have signifi -
cant obstructive coronary artery disease (CAD). The added, 
or incremental, value of any stress test for the diagnosis of 
the presence of disease in such a situation is very small. 
Out of 100 patients with this presentation, perhaps only 
one or two will not have obstructive CAD. The potential 
contribution of stress testing is therefore restricted to only 
these one or two patients. 

 This example demonstrates the importance of the concept 
of incremental value for diagnostic tests. In the current era 
of healthcare reform, it is no longer suffi cient that a test 
simply provide  “ more information ” . The more appropriate 
current questions are: 
   •      is it likely to infl uence clinical decision making?  
   •      at what cost?  
   •      will more informed decisions lead to better outcomes?    
 The demonstration of the incremental value of diagnostic 
tests requires rigorous methodology. The principles of the 
required methodology should be credited primarily to Dr 
George Diamond and his colleagues at Cedar Sinai Medical 

Center in Los Angeles. 1 – 3  First and foremost, such an analy-
sis should refl ect clinical decision making. Since clinical 
assessment is performed before any diagnostic tests, and 
usually at lower cost, parameters available from this assess-
ment should be considered separately without any infor-
mation from subsequent testing. The analysis should 
preferably focus on hard, demonstrable endpoints such as 
signifi cant obstructive CAD, severe (three - vessel or left 
main) coronary artery disease, myocardial infarction or 
death. Although alternative endpoints, such as functional 
impairment, unstable angina, and the need for revascular-
ization, are often included to increase statistical power, 
such endpoints have major limitations with respect to 
reversibility, subjectivity, and defi nite impact on patient 
outcome. 

 The analysis should create appropriate models that 
include all available important variables. An experienced 
clinician always takes the patient ’ s age, gender, and history 
into account in making his or her clinical decision regard-
ing patient management, even when testing results are 
available. These important clinical parameters must there-
fore be included in any fi nal model that refl ects the clinical 
decision - making process. The analysis must demonstrate 
that the additional information is statistically signifi cant in 
an appropriate patient population. Analyses that demon-
strate additional information in older,  “ sicker ”  inpatient 
populations should not be casually extrapolated to younger, 
 “ less sick ”  outpatients in whom testing is customarily per-
formed. Finally, the test must provide information that is 
clinically signifi cant and cost effective. In very large patient 
samples, differences that have little, if any, clinical signifi -
cance for individual patient management may emerge as 
statistically signifi cant. The potential impact on patient 
management in  some  patients must compare favorably with 
the incremental cost of the test in  all  the patients who must 
be tested. 

 This chapter will attempt to elucidate this methodology 
using the published data with respect to the diagnosis of 
signifi cant obstructive CAD, non - invasive screening for 
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severe CAD, and patient outcome. All of these examples 
are drawn from the arena of ischemic heart disease, because 
this entity dominates clinical practice in cardiology, and the 
published literature is voluminous and extensive. However, 
the same principles apply to other disease entities, both 
cardiac and non - cardiac.  

  Clinical  a ssessment 

 As outlined above, the initial step in any analysis designed 
to demonstrate incremental value is the consideration of all 
the information available prior to performance of the test. 
This will always include the results of the history and 
physical examination, and may sometimes include the 
results of other tests already performed. This section 
focuses on the information available from clinical 
assessment. 

  Diagnosis of  c oronary  a rtery  d isease 

 As demonstrated by the earlier example, clinicians often 
encounter patients with chest pain and suspected CAD. 
The ability of clinical assessment to predict the likelihood 
of signifi cant obstructive CAD has been demonstrated in 
numerous studies. The likelihood of signifi cant disease 
based on clinical assessment is appropriately labeled the 
 “ pretest probability ” , in statistical terms. 

 Age, gender, and the patient ’ s chest pain description are 
the most important clinical parameters for estimating the 
likelihood of CAD. 4  Older patients, men, and patients with 
chest pain that is typical, or classic, for angina pectoris are 
more likely to have coronary disease. Although multiple 
different systems have been used to classify chest pain, the 
simplest and easiest was proposed by Diamond. 5  He sug-
gested a classifi cation based on three elements  –  substernal 
location, precipitation by exertion, and relief by rest or 
nitroglycerin. If all three elements are present, the chest 

pain is classifi ed as  “ typical angina ” . If two elements are 
present, the chest pain is classifi ed as  “ atypical angina ” . If 
only one or none is present, the chest pain is classifi ed as 
 “ non - anginal chest pain ” . 

 Table  2.1  shows published estimates of pretest probabil-
ity on the basis of age, gender, and chest pain description. 4  
It is obvious that there is a very wide range of pretest prob-
ability, ranging from 1% for a 35 - year - old woman with 
non - anginal chest pain to 94% for a 65 - year - old man with 
typical angina. Note that a 50 - year - old man with atypical 
angina has about a 50% probability of disease.   

 A more comprehensive attempt to consider all clinical 
characteristics, including risk factors for atherosclerosis, 
was published from the Duke University Medical Center 
databank. 6  In addition to the three parameters previously 
discussed, this analysis found that evidence for previous 
infarction, smoking, hyperlipidemia, ST and T wave 
changes on the resting electrocardiogram (ECG), and dia-
betes were all highly signifi cant predictors of the presence 
of coronary artery disease. Figure  2.1  shows a published 
nomogram for men that incorporates all of these parame-
ters. Careful inspection of this fi gure demonstrates that the 
impact of clinical parameters other than age, gender, and 
chest pain is variable. ECG and historical evidence of previ-
ous infarction have a major impact, diabetes and ECG ST - T 
changes have a modest impact, and lipids and smoking 
have a minimal impact. For example, a 50 - year - old male 
with atypical angina has a 46% pretest probability of 
disease in the absence of smoking, hyperlipidemia or 
diabetes, a 48% pretest probability in the presence of 
both smoking and hyperlipidemia, and a 65% pretest pro-
bability if he has diabetes as well. In the presence of 
ECG Q - waves and a history of MI, his pretest probability 
exceeds 90%.   

 Recent evidence, particularly from the NHLBI - sponsored 
Women ’ s Ischemic Syndrome Evaluation (WISE) Study, 7,8  
has suggested that this traditional approach signifi cantly 
underestimates the presence of obstructive CAD in women, 

 Table 2.1     Pretest probability of coronary artery disease 

   Age (years)     Pretest probability (%)  

   Asymptomatic     Non - anginal chest pain     Atypical angina     Typical angina  

   F     M     F     M     F     M     F     M  

  30 – 39     < 1    2    1    5    4    22    26    70  

  40 – 49    1    6    3    14    13    46    55    87  

  50 – 59    4    9    8    22    32    59    79    92  

  60 – 69    8    11    19    28    54    67    91    94  

 From Diamond and Forrester. 4  Reprinted by permission of the  New England Journal of Medicine,  and Diamond GA. 
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     Figure 2.1     Nomogram for predicting the probability of signifi cant 
coronary artery disease (CAD) in men. ECG, electrocardiogram; MI, 
myocardial infarction.  (After Pryor  et al.  6 )  Example: a 50 - year - old, 
white male with atypical angina and diabetes mellitus, but no ECG ST 
changes, previous MI, smoking or hyperlipidemia. Point score on left 

particularly younger women. Moreover, many women 
without obstructive disease continue to have symptoms 
and a poor quality of life. 9 – 11  Many of these have evidence 
of microvascular dysfunction. 12  There is a growing interest 

in the development of gender - specifi c tools for the assess-
ment of ischemic heart disease in women, but the evidence 
is not yet robust enough to support the widespread use of 
a new approach.  

scale =   10   +   7   =   17. Appropriate reading line on right labeled  “ no 
smoking or lipids ” . Connect age 50 on this reading line to point score of 
17 with a straight edge. This intersects the middle line at 60, indicating 
that this is the percentage probability of signifi cant CAD.  
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  Non -  i nvasive  s creening for  s evere  c oronary 
 a rtery  d isease 

 Not surprisingly, clinical parameters are also very impor-
tant in estimating the likelihood of severe (three - vessel or 
left main) CAD. 13  The same parameters that are most 
important for predicting the presence of disease  –  age, 
gender, and chest pain description  –  remain important. In 
addition, diabetes mellitus and history or ECG evidence of 
myocardial infarction are also very important. The simplest 
approach to estimating the likelihood of severe disease was 
published by Hubbard  et al . 14  They assigned one point each 
for: male gender; typical angina; history and ECG evidence 
of myocardial infarction; diabetes; and insulin use. Thus, 
the point score had a minimum value of 0 and a maximum 
value of 5. Figure  2.2  shows a nomogram for the probability 
of severe CAD based on age and this point score. It is 
quickly apparent that age is an extremely important param-
eter for predicting severe disease.   

 A more comprehensive analysis on a larger number of 
patients was published from the Duke University Medical 
Center databank. 15  In addition to the fi ve parameters 
already mentioned, these workers found that the duration 
of chest pain symptoms, other risk factors (blood pressure, 
hyperlipidemia, and smoking), a carotid bruit, and chest 
pain frequency were also important determinants of the 
likelihood of severe CAD. However, the magnitude of their 
additional effect was modest.  

  Prediction of  p atient  o utcome 

 The ability of clinical assessment to predict patient outcome 
has been demonstrated in numerous previous studies. The 
largest and most important of these came from the Duke 

University databank 16  and the Coronary Artery Surgical 
Study Registry. 17  Many of the same parameters that predict 
the presence of disease and the presence of severe disease 
are also associated with adverse patient outcome. Age, 
gender, chest pain description, and previous myocardial 
infarction all have independent value in predicting patient 
outcome. In addition, history and physical examination 
evidence for congestive heart failure, history and physical 
examination evidence of vascular disease, unstable chest 
pain characteristics, and other ECG fi ndings, such as ST 
and T - wave changes, left bundle branch block, and intra-
ventricular conduction delay, all have prognostic value. It 
is not generally appreciated how well clinical parameters 
perform in this regard. The Duke group reported that 37% 
of the patients undergoing stress testing at their institution 
had a predicted average annual mortality of 1% or less over 
the next three years, on the basis of clinical assessment. 17  

 Several studies have shown that a normal resting ECG, 
and the absence of a history of prior infarction, predict a 
normal ejection fraction with 90% confi dence, 18,19  and there-
fore a favorable prognosis. 20 – 22    

  Approaches to the  a ssessment of 
 i ncremental  v alue 

 Once the information available from clinical assessment 
(and other tests already performed) has been considered, 
there are a variety of conceptual and statistical approaches 
that can be employed to assess the incremental value of the 
test in question. This section will present examples of three 
such approaches. 

  Diagnosis of  CAD  

 The application of multiple different stress tests for the 
diagnosis of coronary artery disease has been extensively 
studied. The most common approach used in this setting 
to demonstrate the incremental value of a new test employs 
Bayes ’  theorem. 23  This theorem indicates that the likelihood 
of disease following testing (post - test probability) can be 
calculated from the test characteristics (sensitivity and 
specifi city) and the pretest probability. This calculated post -
 test probability is often plotted graphically as a function of 
pretest probability (Fig.  2.3 ).   

 In Figure  2.3 , the pretest probability is shown on the  x  -
 axis and the post - test probability is shown on the  y  - axis. The 
dotted line represents the line of identity. The vertical dis-
tance from this line to the upper solid curve represents the 
increase in the probability of disease as a result of a positive 
test. In analogous fashion, the vertical distance from this 
dotted line to the lower solid curve represents the decrease 
in probability as a result of a negative test. The solid vertical 
lines describe three different clinical situations. 
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     Figure 2.2     Nomogram showing the probability of severe (three - vessel 
or left main) coronary artery disease based on a fi ve - point score. One 
point is awarded for each of the following variables  –  male gender, 
typical angina, history, and electrocardiographic evidence of MI, diabetes, 
and use of insulin. Each curve shows the probability of severe coronary 
disease as a function of age.  (From Hubbard  et al , 14  with permission.)   
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a number of limitations. The single curves for positive and 
negative tests do not take into account the degree of test 
abnormality. The test results are therefore better displayed 
for a whole range of values for a parameter that helps 
distinguish normal from abnormal. The best known 
example of this would be the magnitude of ST segment 
depression on treadmill exercise testing. 24  In addition, mul-
tiple other parameters are reported during a treadmill exer-
cise test, which help to distinguish severely abnormal tests 
from only mildly abnormal tests. 25  Ideally, all of these 
parameters would be incorporated into a single  “ score ”  
and a series of curves would be plotted. 

 Next, construction of such curves relies on the premise 
that the sensitivity of tests will be identical for any popula-
tion of patients with disease regardless of disease preva-
lence. This assumption is usually invalid. As demonstrated 
in the previous section, those parameters which help to 
identify the presence of disease also help to identify the 
presence of severe disease. In general, the sensitivity of 
most tests is greater in patients with more severe disease. 
It is therefore quickly evident that sensitivity would be 
expected to vary with the prevalence of disease. This point 
has been demonstrated by several investigators 26  and pro-
vides justifi cation for the use of logistic regression analysis 
for diagnostic purposes. 27  Despite these limitations, Bayes-
ian analysis serves as a useful framework for understand-
ing the potential incremental value of diagnostic tests. 

 Post - test referral bias, also known as work - up bias or 
verifi cation bias, occurs whenever the results of the test in 
question infl uence the subsequent performance of the  “ ref-
erence ”  test (sometimes referred to as the  “ gold standard ” ). 
This bias has been recognized for more than 20 years. 28  An 
early survey of the literature on exercise testing showed that 
only two of 33 studies avoided this bias. 29  The recognition 
of the importance of this phenomenon was emphasized in 
a landmark paper in 1983, which described the  “ declining 
specifi city ”  of radionuclide angiography as a result of this 
bias. 30  Almost 20 years ago, a monograph from the Institute 
of Medicine emphasized this well - established concept. 31  
The key question to ascertain whether postreferral bias is 
present is  “ did the results of the test being evaluated infl u-
ence the decision to perform reference standard? ” . 32  

 Although this bias potentially occurs for any diagnostic 
test, it is particularly important for non - invasive diagnostic 
tests for CAD. Patients with positive non - invasive tests are 
often referred to coronary angiography (the  “ reference ”  
test). In contrast, patients with negative tests are often sent 
home without coronary angiography. The effects of this 
preferential referral to coronary angiography are to mark-
edly decrease the observed specifi city of the test in question 
and modestly increase its sensitivity. 

 The clearest solution to the problem of post - test referral 
bias is to avoid it completely by studying patients in whom 
the decision to proceed with the  “ reference ”  test is made 
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     Figure 2.3     Relationship between pretest probability and post - test 
probability. The solid curves for positive and negative tests are plotted for 
a test with 80% sensitivity and a 90% specifi city. Post - test probabilities 
that are acceptable for diagnosis (90% and 10%) are shown in the shaded 
zones. Line A represents a patient with a very low pretest probability; line 
B, a patient with a high pretest probability; line C, a patient with an 
intermediate probability.  (Modifi ed from Berman DS, Garcia EV, Maddahi J. 
Thallium - 201 scintigraphy in the detection and evaluation of coronary 
artery disease. In: Berman DS, Mason DT, eds.  Clinical Nuclear Cardiology . 
New York: Grune and Stratton, 1981, with permission.)   

 Line A represents a patient with a very low pretest prob-
ability, such as a 40 - year - old woman with non - anginal 
pain. A negative test changes probability very little. A posi-
tive test increases probability somewhat, but the post - test 
probability remains well under 50%, and the test is most 
likely a  “ false positive ” . 

 Line B represents a patient with a high pretest probabil-
ity of disease, such as a 65 - year - old man with typical 
angina. A positive test will increase the probability only 
slightly. A negative test will decrease the probability of 
disease somewhat, but the post - test probability remains 
substantially greater than 50%, so that the test is most likely 
a  “ false negative ” . 

 The fi nal situation (line C) represents a patient with an 
intermediate probability of disease, such as a 50 - year - old 
male with atypical angina. A positive test in such a patient 
would increase the probability of disease substantially to 
near 90%. On the other hand, a negative test would decrease 
the probability of disease substantially to approximately 
18%. 

 Thus, it is evident that the incremental value of diagnos-
tic testing is greater in patients with an intermediate prob-
ability of disease, a principle that is broadly recognized. 23  
However, it is also recognized that this kind of analysis has 
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before the performance of the diagnostic test in question. 31  
For the diagnosis of CAD, this standard is incredibly 
diffi cult and rarely achieved. A more feasible alternative is 
the mathematical correction of sensitivity and specifi city 
for post - test referral bias using one of two published for-
mulae and information about all of the patients who were 
studied using the diagnostic test in question and did not 
proceed with coronary angiography. 33,34  There are a number 
of published studies demonstrating the effect of these cor-
rections on the observed test performance for exercise elec-
trocardiographic testing, 35  exercise echocardiography, 36  
and exercise single photon computed tomography (SPECT) 
perfusion imaging. 37  Correction for referral bias markedly 
increases the specifi city and modestly decreases the sensi-
tivity of these tests. As a result, the predictive value of a 
positive test is improved, but the predictive value of a 
negative test decreases. It is generally diffi cult to confi rm 
the validity of these corrections. However, a carefully 
designed prospective study of exercise echocardiography 
in women performed as part of the WISE study reported 
sensitivity and specifi city values that were very close to 
those reported after correction for referral bias. 38  

 Post - test referral bias has numerous important implica-
tions for the interpretation of the diagnostic literature. 38  
Many of the reported sensitivity and specifi city values are 
very likely to be erroneous. 38  Widespread misconceptions 
exist regarding gender differences in test performance. The 
post - test probability of CAD is higher for either a positive 
or negative test than that which would be calculated from 
Bayes ’  theorem using the reported values of sensitivity and 
specifi city. 37   

  Non -  i nvasive  s creening for  s evere  CAD  

 The incremental value of testing for the diagnosis of severe 
CAD has been studied using both Bayesian analysis and 
logistic regression analysis. When the latter analysis is con-
ducted properly, all the previously discussed clinical 
parameters that are associated with severe coronary disease 
are incorporated into a model that is used to predict the 
probability of severe CAD. The output of such a model is 
a probability that ranges between 0 and 1. It is critically 
important that these candidate variables be  “ forced ”  into 
the model, even if they are statistically insignifi cant in the 
population under study. Most study populations are too 
small to have adequate power to detect the true signifi -
cance of these variables, which has been demonstrated in 
very large subsets. For example, age should always be 
forced into such models, even if it does not appear to be 
signifi cant in the particular population in question, because 
there is abundant evidence that it should always be con-
sidered (and indeed usually is by clinicians). 

 Using this approach, a second model should then be con-
structed which includes all the clinical parameters, as well 

as pertinent new parameters from the test in question. If 
these parameters have statistical signifi cance independent 
of the clinical parameters, the test has incremental value. 
This approach is demonstrated in Table  2.2 , which shows 
the improvement in the logistic regression model for severe 
CAD reported by Christian  et al , 22  when the exercise test was 
added to clinical parameters, and when thallium imaging 
parameters were added to clinical and exercise parameters. 
Note that age and sex are both included in the clinical and 
exercise model (as well as the clinical, exercise and thal-
lium - 201 model). Magnitude of ST depression and (peak 
heart rate times peak systolic blood pressure) both added 
signifi cantly to the clinical variables in the clinical and exer-
cise model. An alternative approach is to construct the 
receiver operating characteristic (ROC) curves, which 
display sensitivity and specifi city as a function of the pre-
dicted probability of severe disease (the output of a logistic 
regression model). The area under the ROC curve can then 
be compared between the model that incorporates clinical 
parameters and the model that incorporates clinical param-
eters and the new test parameters. Methods are available for 
determining the statistical signifi cance of changes in the area 
under these two ROC curves. 39  An example of this approach 
is shown in Figure  2.4 , taken from Christian  et al . 22  The clini-
cal signifi cance of these differences in the models (assessed 
by either x 2  analysis or ROC curves) is discussed later.      

  Prediction of  p atient  o utcome 

 The demonstration of incremental prognostic value for diag-
nostic tests is obviously extremely important for clinical 
decision making. It requires strict adherence to the rigorous 
standards that were outlined previously. In general, very 
few of the published studies demonstrating prognostic 
value of diagnostic tests meet the strict criteria necessary to 
demonstrate  incremental  prognostic value for these tests. The 
statistical model most often used for this purpose is a linear 
proportional hazards, or Cox, model. 40  When strictly applied, 
all the previous information available to the clinician, from 
either clinical assessment or previous testing, should be 
incorporated into a linear proportional hazards model that 
predicts time to an event. Once again, parameters that have 
been clearly demonstrated in larger populations to be sig-
nifi cant must be  “ forced ”  into such models to make sure that 
their contribution is not neglected. The events in question 
should preferably be hard endpoints such as death and 
myocardial infarction. As previously mentioned, unstable 
angina and the need for revascularization are alternative 
endpoints that are often included to enhance statistical 
power, but these have major limitations. 

 One of the earliest examples of a rigorously constructed 
analysis demonstrating incremental prognostic value of 
cardiac imaging was published by Pollock  et al . 41  They 
tested the association between various combinations of 
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 Table 2.2     Logistic regression multivariate analysis: prediction of three - vessel or left main (coronary artery) disease 

   Model          Direction     Odds ratio (95% CI)      P  value  

   Clinical   
  Diabetes mellitus        Present    2.0 (1.3 – 3.1)    0.001  

  Typical angina        Present    2.3 (1.4 – 3.9)    0.001  

  Sex        Male    3.2 (1.4 – 4.0)    0.007  

  Age  a          Older    1.4 (1.1 – 1.9)    0.01  

  x 2    =   31.3  

   Clinical and exercise   

  Diabetes mellitus        Present    1.9 (1.2 – 3.0)    0.005  

  Typical angina        Present    1.9 (1.1 – 3.3)    0.02  

  Sex        Male    2.3 (0.9 – 5.3)    0.07  

  Age  a          Older    1.2 (0.9 – 1.7)    0.16  

  Magnitude of ST depression    More    1.5 (1.3 – 1.8)     < 0.001  

  Peak heart rate times peak systolic blood pressure  b      Lower    0.9 (0.86 – 0.95)     < 0.001  

  x 2    =   65.0  

   Clinical, exercise, and thallium - 201   

  Diabetes mellitus        Present    1.9 (1.2 – 3.0)    0.004  

  Typical angina        Present    1.8 (1.1 – 3.2)    0.03  

  Sex        Male    2.2 (0.9 – 5.3)    0.07  

  Age  a          Older    1.2 (0.9 – 1.7)    0.17  

  Peak heart rate times peak systolic blood pressure  b      Lower    0.9 (0.86 – 0.95)     < 0.001  

  Magnitude of ST depression    More    1.4 (1.2 – 1.7)    0.001  

  Global T1 – 201 score (delayed  –  after exercise)    Higher    1.1 (1.0 – 1.1)    0.02  

  x 2    =   70.4  

    a    Increments of 10 years (each 10 - year increase in age increases the odds of severe disease 1.4 - fold).  

   b    Increments of 1000 units.    From Christian  et al , 22  with permission. 

1·0

0·8

Clinical and exercise thallium
Clinical and exercise
Clinical

S
en

si
tiv

ity

Specificity

0·6

0·4

0·2

0·0
1·0 0·8 0·6 0·4 0·2 0·0

     Figure 2.4     Receiver operator characteristic curves for three logistic 
curve regression multivariate models for the prediction of severe coronary 
disease.  (From Chirstian  et al  22  with permission).   

variables and time to death or myocardial infarction, in a 
linear proportional hazards model using the x 2  statistic. 
Clinical and exercise variables were signifi cantly better 
than clinical variables alone. Similarly, a model that added 
thallium redistribution to clinical and exercise variables 

was signifi cantly better than the combination of clinical 
and exercise variables. 

 A subsequent rigorous analysis was reported by Chris-
tian  et al  22  in patients with a normal resting electrocardio-
gram. Using a similar approach, these investigators 
reported that a model adding thallium variables to clinical 
and exercise variables did not add signifi cantly to the 
model using clinical and exercise variables. In contrast, 
Kwok  et al  42  performed a similar analysis on patients with 
non - specifi c ST - T abnormalities on their resting ECG. Exer-
cise thallium variables added signifi cantly to clinical and 
exercise variables in predicting patient outcome. The fi nd-
ings of Kwok  et al  may explain the positive fi ndings 
reported by Pollock  et al , as Pollock  et al  included many 
patients with abnormal resting ECGs in their study. 

 Pollock  et al , Christian  et al , and Kwok  et al  studied 
patients who were symptomatic with chest pain, and 
developed clinical models incorporating symptoms for 
their specifi c populations. In contrast, studies of asymp-
tomatic populations should preferably use the Framing-
ham risk score as a beginning clinical model, since it was 
developed and validated over decades in a population -
 based study. 
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 Novel biomarkers such as high - sensitive C - reactive 
protein and brain natriuretic peptide identify asymptom-
atic individuals who are at increased risk for adverse out-
comes such as death and myocardial infarction. However, 
when they were carefully assessed for their incremental 
value compared to the Framingham risk score, they added 
little (Fig.  2.5 ) 43  as measured by the concordance statistic.   

 In contrast, severe coronary calcifi cation by computed 
tomographic (CT) scanning appears to add signifi cantly to 
the Framingham risk score (Fig.  2.6 ), as reported by Green-
land  et al . 44  In particular, CT calcifi cation may help identify 

patients with intermediate - risk Framingham scores who 
merit more intensive risk factor modifi cation, although the 
ability of such an approach to improve patient outcomes 
has not yet been demonstrated.       

  Clinical  s ignifi cance and 
 c ost  e ffectiveness 

 Even when statistically signifi cant incremental value has 
been demonstrated for a diagnostic test using appropriate 
rigorous methodology, the clinical signifi cance of the fi nd-
ings must be equally rigorously examined. The two funda-
mental issues that should be addressed are the actual 
impact of this incremental value on clinical decision making 
and, where possible, cost effectiveness. The available pub-
lished data on diagnostic testing in coronary disease that 
will be presented here use only rudimentary concepts with 
respect to decision analysis. Formal cost analysis also 
requires understanding of a much greater body of pub-
lished knowledge, which will not be presented here. The 
elementary examples presented here will only demonstrate 
the principle. 

  Diagnosis of  CAD  

 The clinical signifi cance of diagnostic testing can best be 
understood in terms of decision - making thresholds. 45  From 
the standpoint of diagnosis, a test will be useful primarily 
if it moves a signifi cant number of patients from an  “ uncer-
tain ”  pretest probability to an  “ acceptably certain ”  post - test 
probability. The exact criteria, or threshold, to be used in 
these classifi cations are clearly a matter of judgment; many 
investigators have chosen post - test probabilities of less 
than 10% and greater than 90% as criteria for defi nitive 
diagnosis. 36  Thus, non - invasive testing will be useful for 
diagnosis if it moves a reasonable number of patients into 
the shaded zone shown in Figure  2.3 . 

 Although treadmill testing has clear incremental value 
for diagnosis, particularly in patients with intermediate 
pretest probability, as discussed earlier, its ability to move 
patients across such thresholds of probability appears to be 
very limited. Goldman  et al  46  examined the ability of tread-
mill exercise variables to classify 329 patients with CAD. 
Their results are summarized in Table  2.3 . The pretest 
model was very powerful, as it classifi ed 84% of the patients 
correctly. Table  2.3  shows the number of additional patients 
classifi ed correctly for given thresholds of probability. For 
example, if 10% was considered an acceptable threshold to 
 “ rule out ”  CAD, eight of 324 patients were moved across 
this threshold but only six were moved correctly. Similarly, 
for a 90% threshold to  “ rule in ”  CAD, 53 patients were 
moved across this threshold but only 33 were moved across 

     Figure 2.6     Rate of coronary death or non - fatal myocardial infarction 
(MI) over seven years in asymptomatic patients grouped by their coronary 
artery calcium score (CACS) and their Framingham risk score (expressed 
on the predicted rate of death or MI over 10 years).  (From Greenland 
 et al , 44  with permission.)   

     Figure 2.5     Receiver operator characteristic (ROC) curves showing 
sensitivity and specifi city of Framingham risk score without novel 
biomarkers (dotted curve) and with addition of fi ve novel biomarkers 
(solid curve) for fi ve - year mortality. Although these curves were 
statistically different, the C (concordance) statistic increased only modestly 
from 0.80 to 0.82 with the addition of biomarkers.  (From Wang  et al , 43  
with permission.)   
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 Similar fi ndings have been reported for planar thallium 
imaging. 48,49  Unfortunately, no rigorous analyses are avail-
able for SPECT imaging using either thallium or sestamibi 
or both, primarily because post - test selection bias has 
greatly limited the feasibility of such studies in the current 
era.  

  Non -  i nvasive  s creening for  s evere  CAD  

 The same threshold approach has been applied to the non -
 invasive identifi cation of severe CAD. Here the ability of 
tests to move patients across somewhat different thresh-
olds of probability, as assessed by logistic regression 
models, has been tested. Christian  et al  22  defi ned a low -
 probability group for severe CAD as  < 0.15, a high - risk 
group as  > 0.35, and an intermediate group as 0.15 – 0.35. 
These thresholds were chosen to correspond to earlier 
work from Duke University reporting on the utility of the 
early positive treadmill test. 50  Figure  2.8  shows the results 
that were obtained using this approach. Using clinical 
parameters alone, 189 patients (46% of the study group) 
were correctly classifi ed as low or high probability. Thirty -
 seven patients (9%) were incorrectly classifi ed as low or 
high probability. The remaining 185 patients (45% of the 
study group) had an intermediate probability, and were 
therefore in an uncertain category. The addition of exercise 
parameters correctly classifi ed an additional 37 patients at 
the expense of 13 additional incorrect classifi cations, for a 
net of 24 additional correct classifi cations (6% of the study 
group). The addition of thallium parameters led to 12 addi-
tional correct classifi cations and two fewer incorrect clas-
sifi cations, for a net increase of 14 correct classifi cations (3% 
of the study group). These workers then used Medicare 
reimbursement fi gures to calculate the cost per additional 

 Table 2.3     Effect of treadmill exercise test results in moving patients 
across various diagnostic thresholds 

   Threshold 
probability  

   Patients 
moved 
across ( n )  

   Correctly 
moved  

   Incorrectly 
moved  

   Net increase 
in diagnoses 
(correct/
incorrect)  

  0.10    8    6    2    4  

  0.90    53    33    20    13  

  Either 0.10 

or 0.90  

  61    39    22    17 (5%)  

 From Goldman  et al , 46  by permission of the American Heart 

Association, Inc. 
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     Figure 2.7     Percentage of patients classifi ed with a given probability of 
coronary disease before and after exercise radionuclide angiography. The 
prospective study group of 76 patients excluded males of 40 years or 
older with typical angina.  (From Gibbons  et al , 47  with permission.)   
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     Figure 2.8     Correct (C), incorrect (I), and uncertain (U) classifi cation of 
patients with three - vessel or left main coronary artery disease by the use 
of logistic regression multivariate models. Low, intermediate, and high 
probability defi ned using: clinical variables only; clinical and exercise 
variables; clinical, exercise, and thallium - 201 variables.  (From Christian 
 et al , 22  with permission.)   

correctly. As a result, the net total number of patients who 
were correctly moved into the diagnostic zone in Figure  2.3  
was only 17, or 5% of the patient population. Thus, the 
clinical signifi cance of the incremental value provided by 
the treadmill test appears to be very limited.   

 Similar rigorous analyses have been published for radio-
nuclide angiography. 47  The results of one of these are dis-
played in Figure  2.7 . The study group excluded men with 
typical angina over the age of 40 in order to eliminate most 
patients with a high pretest probability. Logistic regression 
models developed on a retrospective population were 
applied prospectively to a group of 76 patients. As demon-
strated in Figure  2.7 , eight (11%) of the 76 patients could be 
classifi ed with 90% certainty on the basis of clinical vari-
ables alone. Following radionuclide angiography, 24 
patients (32%) could be classifi ed directly. Thus, the incre-
mental value of exercise radionuclide angiography in 
moving patients across clinically meaningful decision 
thresholds appeared to be much greater than for the tread-
mill exercise test, as 21% of the patients were correctly 
classifi ed by the radionuclide angiogram.   
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similar limitations.  “ Targeting ”  individuals at  “ greater ”  
risk will improve but not eliminate the problem. For 
example, Greenland  et al  demonstrated the incremental 
prognostic value of CT calcifi cation in asymptomatic indi-
viduals with intermediate - risk Framingham scores. 44  
However, they had to test 640 individuals to identify a 
subset of 118 with a calcium score of  > 300, who suffered 16 
cardiac events (including an estimated 3 deaths) over seven 
y ears  of follow - up. At $250 per CT scan, the cost of testing 
alone (without cardiac catheterization or revascularization) 
would exceed $10,000 per possible event prevented, and 
$50,000 per possible death prevented. 

 As a general principle, it should be recognized that 
non - invasive testing for the assessment of prognosis is 
far less cost effective in subsets of patients at intrinsically 
low risk.   

  Conclusion 

 Clinicians should recognize that an evidence - based 
approach to the evaluation of the incremental value of 
diagnostic tests is not simple or straightforward. Unfortu-
nately, it is far easier for both clinicians and investigators 
to use simple, less rigorous, approaches that appear to 
demonstrate important incremental value for each new 
diagnostic test. Although convenient, such approaches lead 
to incorrect conclusions and generally overestimate the 
added value of each new testing modality. The examples 
presented in this chapter should provide a framework for 
thinking clinicians to more carefully evaluate new publica-
tions on new diagnostic tests. However diffi cult these 
analyses may be, and however disappointing the results, 
the escalating costs of healthcare demand an approach of 
rigorous methodology and thoughtful analysis to make 
certain that the  incremental  value of a diagnostic test is not 
only statistically signifi cant, but clinically signifi cant and 
cost effective.  
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correct classifi cation. For exercise testing, the cost per addi-
tional correct patient classifi cation was $1524. For thallium 
scintigraphy, the cost was $20   550 per additional correct 
classifi cation.   

 Thus, this analysis demonstrated that the clinical impact 
was modest, and the cost was high, when thallium imaging 
was used in patients with a normal resting ECG to try to 
identify patients with severe CAD non - invasively. Although 
thallium scintigraphy clearly had statistically signifi cant 
incremental value, it did not appear to be cost effective for 
this purpose.  

  Prediction of  p atient  o utcome 

 The issues of clinical signifi cance and cost effectiveness are 
particularly pertinent to the application of diagnostic tests 
for the prediction of the patient outcome. These applica-
tions often involve relatively low - risk patient groups with 
few subsequent events. Tests applied to the entire popula-
tion may identify a subset of patients who are at consider-
ably increased risk compared to the remainder of the 
population. 51,52  These results will be highly statistically sig-
nifi cant and generate very impressive  P  values and risk 
ratios. However, it must be recognized that the absolute 
rate of events often remains quite low in the patient subset 
at  “ increased ”  risk. Furthermore, the cost of this identifi ca-
tion is often prohibitive when viewed on a per event or per 
patient basis. 

 This concept was nicely demonstrated in a study by 
Berman  et al  53  on symptomatic patients with a low clinical 
likelihood of CAD studied by SPECT sestamibi. During 20 
months of follow - up, only patients with an abnormal ses-
tamibi study suffered death or myocardial infarction. This 
difference was statistically highly signifi cant ( P    =   0.007). 
However, this increment in prognostic value was clearly 
not cost effective, as noted by the authors. Although the 
cost analysis by the authors was quite detailed, the cost 
ineffectiveness of this approach is readily apparent with 
very simple analysis. The 107 patients in the abnormal 
group suffered only three events during 20 months of fol-
low - up. In order to identify the abnormal group, testing 
was required in 548 patients. Using a Medicare reimburse-
ment fi gure of $700 per test, 22  more than $383   000 of testing 
would be required to identify the abnormal cohort. The 
cost of testing alone would therefore exceed $127   000 per 
possible event prevented. This simple analysis ignores the 
additional costs that would accrue from the subsequent 
cardiac catheterizations and coronary revascularizations 
that would be necessary in the high - risk group in order to 
attempt to prevent the three events. (There is obviously no 
certainty that the three events could actually be prevented 
by revascularization.) 

 Attempts to screen asymptomatic individuals to prevent 
subsequent CAD events are well intentioned but have 
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   Introduction 

 Although large effects on survival arising from certain 
treatments may occasionally be obvious from simple obser-
vation (as, for example, when cardioversion for ventricular 
fi brillation avoids otherwise certain death), the vast major-
ity of interventions have only moderate effects on major 
outcomes and hence are impossible to evaluate without 
careful study. Unfortunately, enthusiasm for the biologic 
foundations of a particular therapeutic approach often 
leads to exaggerated hopes for the effects of treatment on 
major clinical outcomes. These hopes may be based on 
dramatic laboratory measures of effi cacy or on the types of 
surrogate outcome that are commonly studied before drugs 
go into Phase III or IV studies; for example, a drug may 
almost completely prevent experimental ischemia pro-
gressing to infarction or practically abolish experimental 
thrombosis. However, these large effects on surrogate end-
points very rarely translate into large effects on major clini-
cal outcomes; the overwhelming message from over three 
decades of clinical trials in cardiology is that the net effects 
of most treatments are typically moderate in size. This 
chapter explains why large - scale randomized evidence, 
either in a single  “ mega - trial ”  or in a meta - analysis of 
similar trials, is generally an absolute requirement if such 
moderate effects on major outcomes are to be characterized 
reliably. 

 It is important to appreciate that progress in cardiologic 
practice, and in the prevention of cardiovascular disease, 
has been and remains dependent on the availability of 
large - scale randomized trials and of appropriately large -
 scale meta - analyses of such trials. In the management and 
prevention of acute myocardial infarction (MI), for example, 
these methods have helped to demonstrate that fi brinolytic 

therapy, 1 – 4  aspirin, 2,4,5  blood pressure - lowering treatments, 6  
and statins 7,8  all produce net benefi ts which, although indi-
vidually moderate in size, have together produced a sub-
stantial improvement in the prognosis of acute MI. Similarly, 
the demonstration that angiotensin - converting enzyme 
(ACE) inhibitors and beta - blockers produce moderate 
reductions in the risk of death, cardiovascular disease and 
rates of hospitalization for worsening heart failure 9,10  has 
improved the outcome of patients with chronic heart failure.  

  Clinical trials: minimizing biases and 
random errors 

 Any clinical study whose main objective is to assess moder-
ate treatment effects must ensure that any biases and any 
random errors that are inherent in its design are both sub-
stantially smaller than the effect to be measured. 11  Biases in 
the assessment of treatment can be produced by differences 
between randomized arms in factors other than the treat-
ment under consideration. Observational (that is, non - 
randomized) studies, in which the outcome is compared 
between individuals who received the treatment of interest 
and those who did not, can be subject to large biases. 12  
Avoidance of biases can only be guaranteed by proper ran-
domized allocation of treatment, blinded outcome assess-
ment and appropriate statistical analysis, with no unduly 
data - dependent emphasis on specifi c subsets of the overall 
evidence (Box  3.1 ). 11,13    

  Avoidance of moderate biases 

  Proper randomization to prevent foreknowledge of 
treatment allocation 
 The fundamental reason for random allocation of treatment 
in clinical trials is to maximize the likelihood that each type 
of patient will have been allocated in similar proportions 
to the different treatment strategies being investigated. 14  A 
key requirement is that treatment allocation should be con-
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cealed at the point of randomization since, if the next treat-
ment allocation can be deduced by those entering patients, 
decisions about whether to enter a patient may be affected 
and, as a result, those allocated one treatment might differ 
systematically from those allocated another. 15  For example, 
in the Captopril Prevention Project (CAPPP) trial, 16  enve-
lopes containing the antihypertensive treatment allocation 
could be opened before patients were irreversibly entered 
into the study. Highly signifi cant differences in pre - entry 
blood pressure between the treatment groups, which were 
too large to have been due to chance, may well have been 
the result of this design weakness. 17  Proper randomization 
therefore requires that trial procedures are organized in a 
way that ensures that the decision to enter a patient is made 
irreversibly and without knowledge of the trial treatment 
to which a patient will be allocated. Once randomized, it 
is also generally desirable to  “ blind ”  both the patient and 
their doctor (whenever feasible) to the allocated treatment, 
for reasons discussed below.  

  Blinding of treatment allocation and of 
outcome assessment 
 While randomization should ensure a valid, i.e. unbiased, 
assessment of the effectiveness of a study drug, substantial 
bias can still be introduced if there is the potential for sub-
jective judgment in the reporting, evaluation or data pro-
cessing of clinical events (particularly when such judgments 
are made with knowledge, or suspected knowledge, of the 
treatment allocation) or if patients or their doctors are 

themselves aware of the treatment to which they have been 
randomized (since their subsequent healthcare and health 
behaviors may differ systematically from the comparison 
group in a way that infl uences clinical outcomes). Patients 
(and their doctors) should therefore be blinded to the ran-
domized treatment wherever possible and, critically, study 
outcomes should be evaluated by people who are  unaware 
of the allocated treatment . 

 Of course, some drugs may produce characteristic side 
effects which cannot effectively be hidden from a doctor or, 
indeed, from a well - informed patient. In some types of 
trials it may be impossible to blind a patient to the treat-
ment received (e.g. surgical intervention trials). Moreover, 
even when blinding of patients and doctors is theoretically 
possible, in some circumstances it could act as a barrier to 
the practical feasibility of the study through the introduc-
tion of unnecessary complications and cost (for instance, in 
a trial where the doses of different study drugs need to be 
adjusted during the follow - up period). To overcome such 
problems, PROBE 18  (Prospective Randomized Open - label 
Blinded Endpoint) study designs are increasingly being 
employed (e.g. in the Anglo - Scandinavian Cardiac Out-
comes Trial (ASCOT) 19  and the Incremental Decrease in 
Endpoints through Aggressive Lipid lowering (IDEAL) 
study 20 ). The key feature of a PROBE design is that patients 
are aware of the study medication to which they have been 
randomized, as are their doctors. (It is important to note 
that, while patients and their doctors are unblinded to 
treatment allocation in a PROBE trial, it remains critically 
important that randomization procedures prevent fore-
knowledge of the next treatment to be allocated, and that 
outcome assessors are blinded to study allocation.) A 
potential for bias exists, however, if knowledge of a patient ’ s 
study medication results in any differential reporting of 
study outcomes by study staff or differential use of con-
comitant drugs. This can be largely mitigated by the use of 
clearly defi ned and verifi able outcomes, blinded outcome 
adjudication and various means of evaluation of all or a 
random subset of patients to assess whether events have 
been missed, and whether any  “ missingness ”  is differen-
tial. The potential advantages of PROBE designs include 
their reduced cost and their similarity to standard clinical 
practice. However, it is important that these benefi ts are not 
achieved at the expense of moderate biases in estimates of 
treatment effects.  

  Intention - to - treat analyses 
 Even when studies have been properly randomized and 
blinded, moderate biases can still be introduced by inap-
propriate analysis or interpretation. This can happen, for 
example, if patients are excluded after randomization, par-
ticularly when the prognosis of the excluded patients in 
one treatment group differs from that in the other (such as 
might occur, for example, if non - compliant participants 

BOX 3.1  Requirements for reliable assessment of 
MODERATE treatment effects 

       1.     Negligible biases (that is, guaranteed avoidance of 
MODERATE biases)  
   •      Proper randomization (non - randomized methods 

cannot guarantee the avoidance of moderate biases)  
   •      BLINDING of treatment allocation, if feasible, and of 

outcome assessment  
   •      Analysis by ALLOCATED treatments (that is, an 

 “ intention - to - treat ”  analysis)  
   •      Chief emphasis on OVERALL results (with no unduly 

data - derived subgroup analyses)  
   •      Systematic META - ANALYSIS of all the relevant 

randomized trials (with no unduly data - dependent 
emphasis on the results from particular studies)    

  2.     Small random errors (that is, guaranteed avoidance of 
MODERATE random errors) 
    •      LARGE NUMBERS OF EVENTS (with minimal data 

collection as detailed statistical analyses of masses of 
data on prognostic features generally add little to the 
effective size of a trial)  

   •      Systematic META - ANALYSIS of all the relevant 
randomized trials       



PART I  General concepts and critical appraisal

28

were excluded after randomization). This point is well 
illustrated by the Coronary Drug Project, 21  which com-
pared clofi brate versus placebo among around 5000 
patients with a history of coronary heart disease. In this 
study, patients who took at least 80% of their allocated 
clofi brate ( “ good compliers ” ) had substantially lower fi ve -
 year mortality than  “ poor compliers ” , who did not (15.0% 
vs 24.6% respectively;  P    =   0.0001). However, there was a 
similar difference in outcome between good and poor com-
pliers in the placebo group (15.1% vs 28.3%;  P     <    0.00001), 
suggesting that good and poor compliers were prognosti-
cally different even after allowing for any benefi ts of actu-
ally taking clofi brate. 21  Under the null hypothesis of no 
treatment effect, the least biased assessment of the treat-
ment effect is that which compares all those allocated to 
one treatment versus all those allocated to the other (that 
is, an  “ intention - to - treat ”  analysis), irrespective of what 
treatment they actually received. 22  

 Because some degree of non - compliance with allocated 
treatments may be unavoidable in randomized trials, inten-
tion - to - treat analyses will tend to underestimate the effects 
produced by full compliance. However,  “ on treatment ”  (or 
 “ per protocol ” ) analyses, which estimate treatment effects 
through analyses of compliant patients, are potentially 
biased; it is more appropriate to calculate an  “ adjustment ”  
based on the level of compliance and then to apply this to 
the estimate of the treatment effect provided by the inten-
tion - to - treat comparison. 23  For example, in a meta - analysis 
of the randomized trials of prolonged use of antiplatelet 
therapy among patients with occlusive vascular disease, 
the average compliance one year after treatment allocation 
seemed to be around 80%. 24  Application of this estimate of 
compliance to the proportional reduction of about 30% in 
non - fatal MI and stroke estimated from intention - to - treat 
analyses of these trials suggests that full compliance with 
antiplatelet therapy might produce reductions in risk of 
about 35 – 40%.  

  Inappropriate use and interpretation of 
subgroup analyses 
 In the medical literature a particularly important source 
of bias is unduly data - dependent emphasis on selected 
trials or on particular subgroups of patients. Such emphasis 
is often entirely inadvertent, arising from a perfectly rea-
sonable desire to understand the randomized trial results 
in terms of who to treat, which treatments to prefer or 
disease mechanisms. However, whatever its origins, selec-
tive emphasis on particular parts of the evidence can often 
lead to seriously misleading conclusions. This is because 
the identifi cation of categories of patients for whom treat-
ment is particularly effective (or ineffective) requires sur-
prisingly large quantities of data. Even if the real sizes of 
the treatment effects do vary substantially among sub-
groups of patients, subgroup analyses are so statistically 

insensitive that they may well fail to demonstrate these 
differences. On the other hand, if the real proportional risk 
reductions are about the same for everybody, subgroup 
analyses can vary so widely just by the play of chance that 
the results in selected subgroups may be exaggerated. 
Indeed, it can be shown that if an overall treatment effect 
is conventionally statistically signifi cant at the 5% level (i.e. 
 P    =   0.05), and patients are randomly split into two equal -
 sized groups, then there is a 1 in 3 chance that there will 
be a statistically signifi cant treatment effect in one group 
and a non - signifi cant effect in the other. 25  Thus, even when 
signifi cant  “ interactions ”  are found, they may be a poor 
guide to the sizes (and even the directions) of any genuine 
differences, owing more to chance than to reality. 

 However, even if true differences in the effect of a treat-
ment do exist between different groups of patients, then 
under certain circumstances, the overall treatment effect 
can still provide a better estimator of the effect in any given 
subgroup than the estimate actually derived from that sub-
group (the mathematical theory of James - Stein estimators 
provides formal mathematical support for this). 26  The 
logical basis for placing emphasis on overall trial results is 
that, when there is defi nite and consistent evidence of 
benefi t (and negligible hazard) in all categories of patients 
that have been studied extensively (such as for statins in 
the prevention of major vascular events) 8 , then although 
the relative benefi t in another (relatively unstudied) cate-
gory might not be exactly the same, it is unlikely to be 
vastly different and, in particular, is extremely unlikely to 
be zero. Nonetheless,  “ exploratory ”  data - derived sub-
group analyses are still widely reported in medical journals 
and at scientifi c meetings, with potential adverse conse-
quences for medical care. 

 An example of how subgroup analyses have resulted in 
inappropriate management of patients is provided by the 
early trials of aspirin for the secondary prevention of stroke. 
Here, emphasis on the results in men led to a situation 
where, for almost 20 years, the US Food and Drug Admin-
istration approved the use of aspirin only for men; subse-
quent evidence shows this to have been a mistake, with 
aspirin reducing the risk of vascular events among high - risk 
people by about one quarter irrespective of sex. 24  A further 
example is provided by the large Italian GISSI - 1 trial com-
paring streptokinase versus control after acute MI. The 
overall results favored streptokinase but subgroup analyses 
suggested that streptokinase was benefi cial only in patients 
without prior MI. Fortunately, the GISSI investigators were 
circumspect about this fi nding 3  and their caution turned out 
to have been wise, as a subsequent overview of all the large 
fi brinolytic trials showed that the proportional benefi ts were 
similar, irrespective of a history of MI. 1  Many thousands of 
patients with a previous history of MI might well have been 
denied fi brinolytic therapy, however, if the apparent pattern 
of the results in the GISSI - 1 subgroups had been believed.   
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  Avoidance of moderate random errors 

  Trials may produce false - negative results 
 Whereas the avoidance of moderate biases requires careful 
attention to both the randomization process and the analysis 
and interpretation of the available trial evidence, the avoid-
ance of moderate random errors requires large studies. 
When making inferences about the likely true effect of a 
drug based on observations in a clinical trial, there are two 
types of error that can be made. A type I error occurs if a 
trial reaches a false - positive result, i.e. when it appears that 
a benefi cial treatment effect has been demonstrated but the 
drug is actually ineffective. The second, type II, error occurs 
when a trial achieves a false - negative result, i.e. when the 
estimated effect of a benefi cial treatment fails to reach sta-
tistical signifi cance. A critical part of the design of any clini-
cal study is a decision about how small these type I ( α ) and 
type II ( β ) error rates need to be. Together with an estimate 
of the minimum size of the effect one wishes to detect, these 
error rates determine the number of events required in a 
trial. The smaller the desired type I and type II error rates 
for a trial, the more patients that trial will need to recruit to 
be able to demonstrate any true treatment effects. Con-
versely, for a fi xed sample size, the  “ power ”  (which is the  a 
priori  probability, 1  –   β , of avoiding a false negative) of a trial 
to detect  “ meaningful ”  treatment effects reduces rapidly if 
the true magnitude of a treatment effect has been overesti-
mated at the design stage. For example, as illustrated in 
Figure  3.1 , in a trial of 10   000 participants in which one - fi fth 

of the control group has the primary endpoint, the power 
(at a type I error rate of 1%) to detect a true relative risk 
reduction of 20% would be excellent ( > 99%), but the power 
to detect a true reduction of 10% would be less than 1 in 2.   

 The power of a trial to identify a true treatment effect is 
greatly reduced if the true relative risk reduction is smaller 
than anticipated. However, it is also reduced if the study 
outcome occurs in a smaller than expected proportion of 
those randomized. Trials of major outcomes therefore need 
to accumulate large numbers of primary endpoints before 
the results can be guaranteed to be statistically (and hence 
medically) convincing. For example, the early trials of 
intravenous fi brinolytic therapy for acute myocardial 
infarction were individually too small to provide reliable 
evidence about any moderate effects of this treatment on 
mortality, although several did identify an increased risk 
of serious bleeding. As a result, fi brinolytic therapy was not 
used routinely until the GISSI - 1 3  and ISIS - 2 2   “ mega - trials ”  
provided such defi nite evidence of benefi t that treatment 
patterns changed rapidly. 27  It is worth noting, however, 
that GISSI - 1 and ISIS - 2 each included more than 10   000 
patients and 1000 deaths but had they only been one - tenth 
as large, the observed reduction in mortality would not 
have been conventionally signifi cant and would therefore 
have had much less infl uence on medical practice. 

 When a clinical trial fails to demonstrate a statistically 
signifi cant difference between two treatment groups, either 
there is not a true difference or, if there is, the trial was too 
small to detect it. In some circumstances, however, an 
appropriate objective may be the demonstration that two 
or more treatments are equally effective, in which case the 
statistical framework for the trial analysis is quite different 
from that required when the aim is to demonstrate treat-
ment differences. The underlying model assumptions in 
such an  “ equivalence ”  study are essentially a reversal of 
those used in a conventional study design: the null hypoth-
esis, rather than being one of no true difference between 
treatments, is that a small true difference  Δ  of size at least 
 δ , say, exists between treatments (i.e. | Δ |    ≥     δ  where  δ     >    0) 
and the aim is to accumulate evidence against this hypoth-
esis. Hence, if the null hypothesis is rejected, the implica-
tion is that | Δ |    <     δ , i.e. the effects of each treatment differ 
by no more than the small amount  δ . Similarly, in a non -
 inferiority trial, where the object is to demonstrate that a 
new drug is at least as good as an existing one, the null 
hypothesis would be expressed as  Δ     ≤     −  δ  (assuming that 
positive values of  Δ  are taken to mean that the new drug 
is better than the old one). Rejection of this hypothesis 
would imply that  Δ     >     −  δ ; that is, the new drug has either 
similar or superior effects to the old one. Appropriate selec-
tion of the null hypothesis for a given clinical question 
plays a critical role not only in determining the sample size 
needed, but also in dictating how the results should be 
interpreted. Unfortunately, there are numerous examples 
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     Figure 3.1     Power to detect different relative risk reductions in a trial of 
10   000 patients (5000 active vs 5000 control), an outcome rate of 20% 
in the control group and a type I error rate of 0.01.  
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of trials that were designed to test for a difference between 
two drugs, but were subsequently interpreted under a dif-
ferent null hypothesis.  

  Effect of non - compliance on study power 
 Even in a situation where a trial is designed to have suffi -
cient statistical power to address its primary hypothesis, 
study power can quickly be eroded through higher than 
expected levels of non - compliance. This is because the 
sample size needed to achieve a given power is inversely 
proportional to the  square  of the difference, between treat-
ment groups, in the proportions taking study treatment or 
a non - study equivalent. For example, suppose a trial of 
10   000 patients was originally designed so that it had 80% 
power, at a type I error rate of 5%, to address its primary 
hypothesis, but that the sample size calculations assumed 
full compliance among all trial participants. Then suppose 
that during the trial 20% of those allocated active treatment 
stop taking it ( “ drop outs ” ) and 10% of those allocated 
control start taking the active treatment, or non - study 
equivalent, instead ( “ drop ins ” ). In these circumstances, the 
actual sample size that would have been needed to main-
tain study power is 20   000 patients (since 10   000/[1    –    0.2    –    
0.1] 2     ≈    20   000). It is therefore crucial that strenuous efforts 
are made to maintain compliance during a trial. In the Clop-
idogrel in Unstable angina to prevent Recurrent Events 
(CURE) trial, 28  for instance, many patients having a percu-
taneous coronary intervention were treated with open - label 
clopidogrel during the procedure and so discontinued allo-
cated treatment; these patients were encouraged to restart 
afterwards in order to maximize the likelihood of the trial 
reaching a clear result for its primary outcome of cardiovas-
cular death, non - fatal myocardial infarction or stroke.   

  Need for large - scale randomized trials 

 If the aim is to detect a moderate difference in a major clini-
cal outcome then randomization is essential to avoid mod-
erate biases and large numbers of events are required to 
avoid moderate random errors. The only study design that 
can be guaranteed to detect such differences, therefore, is a 
large - scale randomized trial. Trials of the effects of treat-
ments on major outcomes can only be made large if they 
are kept as simple as possible. In particular, as many as 
possible of the main barriers to rapid recruitment need to 
be removed. An important way in which trial design can 
facilitate this is to limit the amount of information that is 
recorded. For example, data recorded at baseline can often 
be restricted to important clinical details, including at most 
only a few major prognostic factors and only a few variables 
that are thought likely to infl uence substantially the benefi ts 
or hazards of treatment. Similarly, the information recorded 
at follow - up need not be extensive and can be limited to 
those major outcomes that such studies have been designed 
to assess, and to approximate measures of compliance. 

(Other outcomes that are of interest but which do not need 
to be studied on such a large scale may be best assessed in 
separate smaller studies or in subsets of these large studies 
when this is practicable.) Likewise, complicated eligibility 
criteria and inappropriately detailed consent procedures, 29  
both of which consume time and resources unnecessarily, 
can prevent the recruitment of large numbers of patients. 
Furthermore, if trials are complex they are likely to involve 
a high cost per patient, which again tends to limit their size. 
Either way, complexity is rarely a virtue in trials designed 
to assess major outcomes, whereas simplicity can some-
times lead to the rapid randomization of very large numbers 
of patients, and to results that change clinical practice 
within very short periods of time. 2,27  

 Large - scale randomized trials are costly, but their value 
for money can be greatly enhanced by randomizing patients 
twice or more to different types of treatments. Such  “ facto-
rial designs ”  can assess more than one study hypothesis at 
little additional cost, and there are numerous examples 
illustrating the effi ciency of this design for improving clini-
cal care. For instance, in the MRC/BHF Heart Protection 
Study, 20   536 patients at high risk of vascular disease were 
randomized both to daily simvastatin or matching placebo 
and to antioxidant therapy or matching placebo (so that 
one - quarter of the patients received both simvastatin and 
antioxidant therapy, one quarter received simvastatin only, 
one quarter received antioxidant therapy only, and one -
 quarter received neither). 7,30  This  “ 2    ×    2 ”  factorial design 
allowed the Heart Protection Study to assess the separate 
effects of simvastatin and antioxidant therapy on the risk 
of death from any cause (with each comparison involving 
about 10   000 patients allocated to active drug versus 10   000 
allocated placebo). Factorial designs also provide the ideal 
setting for testing whether the size of the effect of one treat-
ment depends on whether another is given (i.e. whether 
there are any  “ interactions ”  between treatments), though 
surprisingly large numbers of patients are needed for this 
purpose. A common concern over the use of factorial 
designs is the potential for adverse drug interactions, 
potentially affecting patient safety, compliance or study 
power. However, a review of factorial trials published 
between 2000 and 2002 found that treatment interactions 
were rare  –  in only two out of 31 tests for interaction (from 
26 trials) were  “ signifi cant ”  interactions detected. 31  

  The  “ uncertainty principle ”  
 For ethical reasons, randomization is appropriate if, and 
only if, both the doctor and the patient feel substantially 
uncertain as to which trial treatment is best. The  “ uncer-
tainty principle ”  maximizes the potential for recruitment 
within this ethical constraint (see Box  3.2 ). In addition, if 
many hospitals are collaborating in a trial then whole-
hearted use of the uncertainty principle encourages 
clinically appropriate heterogeneity in the resulting trial 
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Hence, a key question that the DMC should consider prior 
to recommending the termination of a trial is whether the 
current evidence is likely to lead to a material change in 
clinical practice. If the answer is no, then suffi cient uncer-
tainty probably remains for the trial to be allowed to con-
tinue. However, as the number of planned interim analyses 
increases, so does the overall type I error rate. If, for 
example, one employs the conventional p    <    0.05  “ thresh-
old ”  value at which to reject the null hypothesis, the actual 
false - positive rate is 8% for two analyses (i.e. one interim 
analysis and one fi nal analysis), almost 15% for fi ve analy-
ses and nearly 20% for 10 analyses. 34  

 Various  “ stopping rules ”  have therefore been proposed 
to help maintain the overall type I error rate of a trial when 
multiple interim analyses are planned. 35  The O ’ Brien –
 Fleming rule, for instance, increases the stringency of the 
nominal signifi cance level for rejecting the null hypothesis 
at each interim analysis, thereby offering an opportunity 
for early termination only when initial results are extreme, 
while essentially maintaining the type I error rate of the 
predetermined fi nal analysis. 36  Similarly, an approach pro-
posed by Haybittle 37 , and later supported by Peto  et al  22 , 
recommends termination of a trial at an interim analysis 
only if the evidence against the null hypothesis is very 
strong (e.g.  P     <    0.001), so that the overall type I error rate 
after the fi nal analysis (should the trial continue that far) is 
essentially unaffected.    

  Large - scale meta - analysis 

 Because meta - analyses are appearing in medical journals 
with increasing frequency it is useful to be able to judge the 
reliability of such reviews and, in particular, the extent to 
which confounding, biases or random errors could lead to 
misleading conclusions. (In randomized trials,  “ confound-
ing ”  exists when a comparison of a treatment with a control 
group involves the routine co - administration in one group, 
but not the other, of another intervention that might affect 
the outcome.) To avoid any possibility of confounding, and 
to avoid any uncertainty about which trials to consider, 
meta - analyses should generally include only unconfounded 
properly randomized trials. The main problems that then 
remain are those of biases and random errors. 

  Small - scale meta - analyses may be unreliable 

 Two types of bias could affect the reliability of a meta -
 analysis: those that occur within individual trials and those 
that relate to the selection of trials. More empirical research 
into the numerous biases that can occur within randomized 
trials would be valuable. However, it is clear from existing 
studies that, for example, inadequate concealment of treat-
ment allocation and inadequate blinding do quite often 
result in exaggerated estimates of treatment effect, 38,39  and 

BOX 3.2  The uncertainty principle 

    A patient can be entered if, and only if, the responsible 
physician is substantially uncertain as to which of the trial 
treatments would be most appropriate for that particular 
patient. A patient should not be entered if the responsible 
physician or the patient is, for any medical or non - medical 
reason, reasonably certain that one of the treatments that 
might be allocated would be inappropriate for this 
particular individual (in comparison either with no 
treatment or with some other treatment that could be 
offered to the patient in or outside the trial). 32   

population which, in large trials, may add substantially to 
the practical value of the results. Among the early trials of 
fi brinolytic therapy, for example, most of the studies had 
restrictive entry criteria that precluded the randomization 
of elderly patients, and so those trials contributed nothing 
of direct relevance to the important clinical question of 
whether treatment was useful in older patients. Other trials 
that did not impose an upper age limit, however, did include 
some elderly patients and were therefore able to show that 
age alone is not a contraindication to fi brinolytic therapy. 1    

 Thus, homogeneity of those randomized may be a 
serious defect in clinical trial design, whereas heterogene-
ity may be a scientifi c strength; after all, trials do need to 
be relevant to a very heterogeneous collection of future 
patients. Therefore, adoption of the  “ uncertainty principle ”  
not only ensures ethicality and clinically useful heterogene-
ity, but is also easily understood and remembered by busy 
collaborating clinicians, thereby helping to encourage the 
randomization of large numbers of patients.  

  Interim analyses, stopping rules and the  DMC  
 Trials can only be made large if they have proper oversight. 
Trial management committees, trial steering committees 
and data monitoring committees all have important roles 
to play in the successful running of a large trial. For 
instance, if suffi cient evidence accumulates during a trial 
that one treatment is clearly better than the other, and that 
the results would be expected to have a substantial impact 
on clinical practice, the trial may need to be stopped or 
modifi ed. Such oversight is typically the responsibility of 
the trial ’ s Data Monitoring Committee (DMC; also some-
times called the Data and Safety Monitoring Board  –  
DSMB), upon review of unblinded  “ interim ”  analyses. The 
DMC balances the welfare of the patients in the trial against 
the welfare of future patients, whose care may be affected 
by the results of the trial. If a trial is stopped early, the 
estimate of the treatment effect will be less precise and, as 
a consequence, might fail to have a major infl uence on 
future clinical practice. (On average, it will also be biased, 
overestimating the effect of treatment that would have 
been observed had the trial been allowed to run its course. 33 ) 
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that the inappropriate postrandomization exclusion of par-
ticular patients is common. 40  Including such trials in a 
meta - analysis would most likely manifest as an increase in 
heterogeneity of treatment effect between the studies (pos-
sibly in addition to a systematic bias). Such  “ methodologi-
cal ”  defects can have unpredictable consequences for a 
particular trial, however, and no generalization about the 
size, or even direction, of the resultant bias is possible. 

  Publication bias 
 A particular problem in performing a meta - analysis 
involves the process of identifying all relevant trials. Unfor-
tunately, the subset of trials that is eventually published 
(and hence which is conventionally available) is often a 
biased sample of the trials that have been done. Trials are 
more likely to be submitted for publication if their results 
are strikingly positive than if they are negative or null. 41 – 44  
Such  “ publication bias ”  can, along with other sources of 
bias, produce surprisingly impressive - looking evidence of 
effectiveness for treatments that are actually useless. 45  The 
particular circumstances in which publication bias has con-
tributed to producing misleading estimates of treatment 
are diffi cult to identify, and it is still more diffi cult to gen-
eralize about the exact size of any bias when it does occur. 
The problem with incomplete ascertainment is likely to be 
particularly acute within small meta - analyses that contain 
no more than a few hundred major outcomes and which 
consist mainly of small published trials. This is because 
results from trials with only a limited number of endpoints 
are subject to large random errors, and such trials are there-
fore particularly likely to generate implausibly large effect 
estimates. If publication bias then results in emphasis on 
the more promising of these small trial results, the remain-
ing summary odds ratios are likely to be unreliable. 46  

 One example where publication bias might have infl u-
enced interpretation of treatment effects is in the trials of 
magnesium among people who have had a myocardial 
infarction (Fig.  3.2 ). In the early 1990s there was consider-
able optimism that infusions of magnesium might limit the 
damage arising from blockage of the coronary artery. Eight 
small trials,  47 – 54   including a total of only about 1500 patients, 
had in aggregate found a statistically signifi cant, but 
implausibly large, benefi t (42/754 deaths among those 
allocated magnesium versus 86/740 among the controls, 
2 P     <    0.001), leading some to argue that magnesium should 
be widely used without the need for further randomized 
evidence. Nevertheless, two subsequent trials, one (LIMIT -
 2)  55   involving 2300 patients and the other (ISIS - 4)  56   involv-
ing 58   000 patients, were set up to assess the possible effects 
of magnesium much more reliably. The fi rst, published in 
1992, yielded a moderately promising reduction in mortal-
ity risk of about one quarter.  55   However, a few years later, 
the much larger ISIS - 4 trial yielded a completely unpromis-
ing result,  56   so that the overall evidence by that time (includ-
ing four more small trials identifi ed after LIMIT - 2)  57 – 60   
based on  ∼ 60   000 randomized patients was non - signifi cantly 
adverse (Fig.  3.2 ). However, some cardiologists still 
remained hopeful that magnesium might prove to be effec-
tive among specifi c subgroups, such as older patients who 
could be treated within a few hours of reperfusion therapy 
or those not eligible for reperfusion therapy. Accordingly, 
the MAGIC trial subsequently randomized 6200 such 
patients to magnesium versus placebo but, in 2002, reported 
that there was no evidence of any benefi t to such patients. 61    

 The lesson to be learned here is that, unless the particular 
circumstances of a small - scale meta - analysis suggest that 
publication bias is unlikely, it may be best to treat such 
results as no more than  “ hypothesis generating ” . On the 
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     Figure 3.2     Magnesium in acute myocardial 
infarction: one - month mortality.  
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other hand, a thoroughly conducted meta - analysis that in 
aggregate contains suffi cient numbers of major outcomes 
to constitute  “ large - scale ”  randomized evidence 1,8,24  is 
unlikely to be materially affected by publication bias and, 
provided there are no serious uncontrolled biases (see 
above) within the individual component trials, is likely to 
be fairly trustworthy  –  although, even then, inappropriate 
subgroup analyses may generate mistaken conclusions. A 
further lesson to be learned is that in the absence of large -
 scale randomized evidence, formal statistical tests for 
publication bias, for instance those based on detecting 
asymmetry in plots of trial effect size against associated 
standard errors, can be severely underpowered 62  and 
therefore misleadingly reassuring. For instance, based on 
the 12 small magnesium trials prior to LIMIT - 2, ISIS - 4 and 
MAGIC, Egger ’ s test for funnel plot asymmetry 63  gives a 
 P  - value of 0.24 (i.e. no evidence of publication bias). Only 
when all the trials are considered together does the evi-
dence for publication bias become clear ( P    =   0.0001).   

   “ Fixed - effect ”  versus 
 “ random - effect ”  methods 

 Two general approaches exist for combining the results 
from different trials in a meta - analysis:  “ fi xed - effect ”  and 
 “ random - effect ”  methods. In a fi xed - effect method, a 
weighted average of the like - with - like comparisons within 
each trial is calculated (with bigger trials having propor-
tionally more weight than smaller trials). Consequently, the 
resulting effect estimate is not directly infl uenced by any 
heterogeneity among the true effects of treatment in differ-
ent trials. This terminology is, however, unsatisfactory, for 
it misleadingly suggests that any heterogeneity between 
the true effects of treatment in different trials is assumed 
to be zero, whereas no such unjustifi ed assumptions are 
involved. 64  A better terminology for the fi xed - effect method, 
therefore, might be  “ assumption free ” . Random - effect 
methods, on the other hand, estimate the heterogeneity in 
treatment effects across trials and incorporate this variabil-
ity into the estimate of the overall result. However, this 
approach relies on the assumption that the different trial 
designs were randomly selected from some underlying 
set of possibilities (i.e. it assumes representativeness) 
which, in most cases, is extremely unlikely to be true. 
Indeed, in certain circumstances, such  “ assumed represen-
tativeness ”  methods can lead to small, potentially seriously 
biased studies gaining an inappropriately large statistical 
weight at the expense of larger, more reliable studies, 
which can lead to importantly wrong answers: applied to 
the 15 separate magnesium trials in Figure  3.2 , a standard 
 “ random - effects ”  meta - analysis yields a summary odds 
ratio of 0.67 (95% CI 0.52 – 0.85; 2 P     <    0.001), suggesting, 
quite incorrectly, that magnesium reduces mortality by 
about one - third.  

  Use of meta - regression to 
investigate heterogeneity 

 It is not uncommon for clinical trials of a particular drug 
to give rise to somewhat different estimates of treatment 
effect (indeed, one would expect them to give slightly dif-
ferent estimates because of sampling variation). However, 
if these differences are substantially larger than would be 
expected by chance alone (i.e. when there is statistically 
signifi cant heterogeneity between the trial results), it may 
be possible to identify reasons for the differences. 65  In par-
ticular,  “ meta - regression ”  can be used to relate the primary 
results of each trial to underlying features of the trial popu-
lation, in the same way that standard regression techniques 
relate observations made on individuals to potential 
 “ explanatory variables ” . 66  Say, for instance, that the effec-
tiveness of a drug depends on the dose used, the duration 
of treatment, and the age of the patient, and that all of these 
factors differed, on average, between a series of reported 
trials. Essentially, meta - regression would allow one to look 
at the trial results  “ adjusted ”  for these differences, to see if 
the apparently disparate results can be explained by them, 
and to allow estimation of any residual heterogeneity. 

 For example, in the Cholesterol Treatment Trialists ’  col-
laboration of 14 randomized controlled trials of statin 
therapy, the relative reduction in the risk of vascular events 
in the different trials was found to be linearly related to the 
LDL cholesterol reduction achieved in the trials (i.e. the 
difference in mean follow - up LDL cholesterol levels 
observed between those patients allocated a statin and 
those allocated placebo). 8  As a consequence, substantial 
statistical heterogeneity ( χ  2    =   37.4 on 13 degrees of freedom, 
 P    =   0.0004) between the effects on major vascular events in 
each of the 14 trials was observed (since the trials in which 
a big lipid difference between the treatment groups was 
observed tended to fi nd larger proportional reductions in 
major vascular events than the trials in which smaller lipid 
differences were observed). However, by standardizing the 
trial results to correspond to a common 1   mmol/L differ-
ence in LDL cholesterol between the two treatment groups, 
the between - trial statistical heterogeneity was greatly 
reduced ( χ  2    =   10.1,  P    =   0.70) and was no longer statistically 
signifi cant. 8  

 However, it is important to note that while meta - 
regression techniques can sometimes lead to an improved 
understanding of the reasons for apparent differences in 
trial results, they are susceptible to ecologic bias (also 
known as aggregation bias), 67  which is the bias that can be 
introduced through examination of associations at the 
 “ study ”  rather than at the  “ individual ”  level. Figure  3.3 , for 
example, shows a hypothetic example in which, for each of 
four different studies A – D, the true relationship between a 
particular risk exposure and the incidence of disease is 
positive and linear. However, when average levels of the 
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in all the studies, and analytical methods can be standard-
ized. In particular, the availability of IPD permits the use 
of detailed  “ time - to - event ”  analyses for estimation of the 
effects of treatment on patient survival. The collection of 
detailed information in a really large meta - analysis that 
includes several thousand major outcomes, such as death 1  
or cancer recurrence, 69,70  also makes it feasible to identify 
particular groups of individuals in whom the benefi ts or 
hazards of treatment are especially great. (Where it has 
been possible to establish co - operation between trialists 
before any of the trial results are known, having just a few 
prespecifi ed subgroup hypotheses can provide some pro-
tection against unduly data - dependent emphasis on par-
ticular results in an IPD meta - analysis. 71 ) In some conditions 
(such as breast cancer 69 ) IPD meta - analyses can also be 
updated over time to take account of continued follow - up 
of patients beyond  “ in - trial ”  treatment periods, allowing 
for reliable estimation of long - term treatment effects many 
years after the individual trials have ended. Collaboration 
with trialists from across the world may also lead to a more 
global and balanced interpretation of the results.   

  Can observational studies substitute for 
large - scale randomized trials/
meta - analyses? 

 As the resources will never be suffi cient to allow large, 
simple trials to address all the questions of clinical interest, 
there have been suggestions that observational studies 
might be able to provide reliable estimates of the effects of 
particular treatments. Non - randomized studies do not nec-
essarily provide inaccurate estimates of the effects of treat-
ments, but the point is that they cannot be  guaranteed  to 
produce reliable estimates because of biases that are inher-
ent in their design. Even when treated and control groups 
appear similar in key prognostic factors, non - randomized 
studies can still give seriously misleading results, leading 
to over -  or underestimations of treatment effects which can 
be large enough to lead studies to falsely conclude signifi -
cant fi ndings of benefi t or harm. 72  It may well be diffi cult 
or impossible to avoid such biases or to adjust for their 
effects. 73  A review of different statistical methods for adjust-
ing estimated treatment differences in non - randomized 
studies (e.g. using standardization, regression or propen-
sity score methods) found that adequate correction was 
only possible when selection depended on a single factor 
(moreover, in some situations, adjusted results were  more  
biased than unadjusted results). 72  When non - randomized 
studies suggest that certain treatments have surprisingly 
large effects, such fi ndings are often refuted when those 
treatments are assessed in large randomized trials. 74  For 
example, the claims of hazards with digoxin in heart 
failure, 75  based on non - randomized evidence, were not 
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     Figure 3.3     Hypothetical example of the potential effects of ecologic 
bias. The circles represent average risk exposure levels and average 
disease incidence rates observed in four hypothetical studies A − D. At the 
 “ study level ”  (i.e. drawing a line through the four circles) there is a clear 
inverse association between exposure to the risk factor and disease risk. 
However, this masks the fact that, within each study, the opposite is 
observed. The  “ ecological bias ”  (which, in this case, must have arisen 
because of large differences between the studies in at least one 
important risk factor) has, therefore, totally reversed the direction of 
the true risk − relationship.  

risk exposure for each study are plotted against average 
disease incidence rates, the relationship is apparently 
inverse. The cause of this bias would typically be other dif-
ferences between the studies that importantly modify indi-
vidual risk (i.e. the bias could be due to confounding). It 
is therefore important that, when ecologic analyses are 
performed, estimates are standardized for potential con-
founders wherever possible. Nonetheless, such statistical 
adjustments might only be able to partially remove these 
effects. The only way to guarantee avoiding ecologic bias is 
to obtain information on individual participants.    

  Individual patient data meta - analyses 

 Meta - analyses based on individual patient data (IPD) 
rather than aggregate patient data (i.e. from summary 
information presented in publications) are generally 
thought of as the  “ gold standard ”  of meta - analysis. 68  While 
it may be more costly and time consuming to perform an 
IPD meta - analysis, it offers several clear advantages. Data 
can be checked centrally and the quality of the randomiza-
tion and follow - up procedures assessed. Furthermore, it 
may be possible to use common defi nitions and outcomes 
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confi rmed by the very large randomized DIG (Digitalis 
Investigation Group) trial. 76  Even if non - randomized com-
parisons happen to get the right answer then nobody will 
really know that they have done so. 

 However, there are several scenarios in which a random-
ized controlled trial may be unnecessary, inappropriate, 
impossible or inadequate. 77  Rare adverse effects with 
extreme relative risks can often be recognized reliably by 
careful clinical observation or by other non - randomized 
methods, and such relative risks are sometime best quanti-
fi ed in case – control or cohort studies (as for the greatly 
increased risk of rhabdomyolysis from taking cerivastatin 
with the fi brate drug gemfi brizol). 78,79  Non - randomized 
observational studies are also unavoidable when there are 
substantial ethical or legal obstacles to performing a ran-
domized controlled trial or when the outcome of interest is 
in the distant future (for example, the long - term conse-
quences of oral contraceptives may not manifest for 
decades), making it diffi cult to perform a trial. However, 
when the primary aim is to assess moderate treatment 
effects (whether benefi cial or adverse) on major outcomes 
within a reasonable time frame, non - randomized studies 
are of limited practical value.  

  Conclusion 

 Many interventions in cardiology practice produce only 
moderate effects on major outcomes such as death or 
serious disability. However, even a moderate effect of treat-
ment, if demonstrated clearly enough for that treatment to 
be widely adopted, can prevent disabling events or death 
in substantial numbers of people. Moreover, if, as in the 
treatment of acute myocardial infarction, more than one 
moderately effective treatment can eventually be identi-
fi ed, the combination of two or three improvements indi-
vidually moderate in outcome may collectively result in 
substantial health gains. In some instances suffi cient infor-
mation is already available from large - scale randomized 
trials  –  or, better still, from meta - analyses of those trials  –  to 
allow the balance of risk and benefi t of particular treat-
ments to be defi ned for particular patients. But many 
important questions have still not been answered reliably, 
and there remains a need for many more large  “ stream-
lined ”  mega - trials, and meta - analyses of such trials, to help 
resolve some of the outstanding clinical uncertainties in the 
management of cardiovascular disease.  
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  Introduction 

 Economics is concerned with how to allocate scarce 
resources among alternative uses effi ciently and effectively. 
It is a fundamental principle of economics that resources 
are limited relative to human wants, and that those 
resources have alternative uses. 1  Consequently, when 
people say that the cost of healthcare has grown too high, 
they mean that the quantity of resources fl owing toward 
medical care has grown to the point where additional 
funds cannot be spent on other things that society values, 
such as education, public safety, environmental protection, 
public works, pensions for the retired or disabled, or assis-
tance to the poor. The fact that most people put a very high 
value on health does not mean that they are willing to 
provide limitless resources to medical care. Indeed, the 
goal of improving health and longevity may also be served 
by non - medical expenditures on programs such as nutri-
tional supplements, a safe and clean water supply, police 
and fi re protection or safety improvements to roads. 

 The cost of medical care has been rising steadily for the 
past 40 years in all developed countries 2  but it has only 
been in the past decade that the level of expenditure has 
become so large as to cause alarm among policy makers, 
payers, and the general public (Table  4.1 ). The steady 
expansion of healthcare has now begun to meet substantial 
resistance in the large industrial countries, and new poli-
cies and payment mechanisms have been introduced to 
contain the rising cost of medical care. As a consequence, 
physicians must now consider cost as they design pro-
grams to prevent, diagnose, and treat disease. Cardiovas-
cular diseases consume a large share of healthcare resources 
(Table  4.2 ), so cardiovascular specialists must be particu-
larly knowledgeable about health economics.   

 This chapter will attempt to outline the major principles 
of health economics relevant to cardiovascular medicine. 
First, some general concepts of health economics will be pre-
sented. Second, methods to identify and compare the costs 
of cardiovascular interventions will be described. Finally, the 
principles of cost - effectiveness analysis will be discussed.  

  General  c oncepts 

 Various societies have adopted different systems to pay for 
healthcare and these systems refl ect societal values and the 
historical experience within each country. The United 
Kingdom has a national health service, Canada has national 
health insurance, France and Germany have public/private 
fi nancing for healthcare, and the United States has a per-
plexing and evolving patchwork of public and private 
health insurance systems. These are very different systems 
for fi nancing healthcare and yet each is faced with the same 
issues of how to allocate the limited resources available to 
best provide healthcare. Each country is also facing the 
same steady rise of healthcare costs, despite the wide dif-
ferences in the ways they fi nance healthcare. 

 Provision of cardiovascular services requires resources in 
all societies, irrespective of the method of fi nancing or deliv-
ering healthcare. Coronary bypass surgery, for example, is 
very resource intensive, requiring cardiac surgeons, a 
cardiac anesthesiologist or anesthetist, a perfusionist, 
several nurses, and considerable quantities of specialized 
supplies and equipment. Postoperative care also requires 
skilled nurses and physicians, with support from special-
ized supplies, equipment, and facilities. Each health profes-
sional involved in cardiac surgery spends the scarce resource 
of time to care for the patient  –  time that could be put to 
other valuable uses, such as care for other patients. The 
drugs used, the disposable supplies, the operating room 
equipment, even the hospital building, all cost money. All 
of these are true costs to the system, even if the coronary 
bypass operation is performed  “ for free ”   –  that is, without 



CHAPTER 4  Understanding concepts related to health economics

39

 Table 4.1      US  national healthcare expenditures, 2006 

   Category      US $  (billions)     Percentage  

  Hospital care    651.8        33  

  Physician services    447.0        22  

  Other professional services    215.7        11  

  Drugs, supplies    275.2        14  

  Nursing home care    126.1        6  

  Home healthcare    53.4        3  

  Public health    61.7        3  

  Administration    156.8        8  

  Total  *      1987.7        100  

    *    per capita,    $   6641   

  Source :    Health Affairs 2007;26:w242 – w253  

 Table 4.2     Resources devoted to cardiovascular care in the  USA , 
2005 

   Category     Cardiac 
n ( × 10 3 )  

   Percentage 
of total use  

  Deaths  a      802    33%  

  Hospital admissions  b      6   159    18%  

  Myocardial infarction    683      

  Heart failure    1   079      

  Cerebrovascular disease    985      

  Operations and procedures  b      6   989    16%  

  Cardiac catheterization    1   209      

  Coronary bypass surgery    355      

  Coronary angioplasty    1   265      

  Pacemaker related    384      

  Physician offi ce visits  c      82    8%  

  Electrocardiograms    31      

  Prescriptions  c      335   301    17%  

     Sources :    a    NCHS Monthly Vital Statistics Report 2007;56(No. 5)   

   b    NCHS Advance Data 2007 (No. 385)  

   c    NCHS Advance Data 2007 (No. 387)     Sources :    a    NCHS Monthly Vital 

Statistics Report 2007;56(No. 5) 
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     Figure 4.1     General relationship between increasing healthcare 
resources (horizontal axis) and health outcomes (vertical axis). At point A, 
outcomes are improving rapidly with increased resources and treatment is 
cost effective. At point B, outcomes are still improving with increased 
resources, but at a rate that is not cost effective. At point C, increased 
resources are no longer improving outcome (that is,  “ fl at of the curve ” ), 
and at point D increased resources actually lead to worse outcomes, 
through iatrogenic complications and overtreatment.  

charge to the patient. The scene in the operating room, the 
postoperative recovery areas, and the hospital wards is 
much the same in the United Kingdom, Canada, France, 
Germany, and the United States despite the different ways 
in which these societies pay for medical care. The resources 
used in the care of patients and the increasing sophistication 
of that care drive healthcare costs up in each of these coun-
tries, irrespective of the way in which such care is paid for. 

 Another basic concept of economics is the so - called  “ law 
of diminishing returns ” . This concept is illustrated in Figure 
 4.1 , in which the quantity of resources used in healthcare is 
plotted on the horizontal axis and the resulting health 
benefi ts on the vertical axis. In the case of the patient with 

an acute myocardial infarction, for example, survival would 
be improved as more resources are applied, such as pre-
hospital transportation, electrocardiographic monitoring, 
access to defi brillation, and a competent team to deliver 
coronary care. Outcomes might be further improved by 
reperfusion therapy, but with a greater increment in sur-
vival from using a cheaper, basic approach (streptokinase, 
for example) relative to no therapy than from more expen-
sive alternatives (such as tissue plasminogen activator or 
primary angioplasty). The extra benefi t from adding even 
more aggressive care will be smaller still, and at some point 
the patient may be harmed by overly aggressive care. 
Helping physicians to defi ne the optimal point on this 
curve (Fig.  4.1 ) is one of the goals of economic analysis.    

  Determination of  c osts 

 The cost of producing a particular healthcare service can 
be defi ned in a variety of ways. The cost of performing a 
coronary angiogram can be used as a specifi c example that 
will illustrate the various aspects of cost and how the cost 
might be measured. 

 Performing a coronary angiogram requires a variety of 
resources, including radiographic equipment, trained per-
sonnel (including an angiographer and technical assistants), 
and specialized supplies such as catheters, radiographic con-
trast, and sterile drapes. The equipment needed is very 
expensive to purchase and the healthcare facility where it is 
installed may require special modifi cations to insure proper 
radiation shielding and adequate electrical power. The 
capital cost for a coronary angiography laboratory will be 
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considerable, perhaps $2 – 3 million, depending on the type 
of equipment purchased. The laboratory will have a physical 
lifespan of perhaps 7 – 10 years, although technologic innova-
tions may lead to replacement of the equipment before the 
end of its physical lifespan. The cost of building an angiog-
raphy suite represents a large  fi xed cost  for coronary angiog-
raphy, a cost that is roughly the same whether the laboratory 
performs 200 or 2000 angiograms per year. The cost per case 
is lower in the high - volume laboratory, however, because the 
fi xed equipment costs can be spread over more cases. Thus, 
if the equipment costs $2.5 million and has a useful life of 10 
years, the prorated share of fi xed costs for each patient in the 
low - volume laboratory performing 200 cases per year is:

    

whereas in the high - volume laboratory (2000 cases per 
year) the prorated share of fi xed costs per case would be:

     

 Procedures that have high fi xed costs will be performed 
with greater economic effi ciency in centers that have suf-
fi cient volume to spread those fi xed costs over a larger 
number of individual patients. (There may be additional 
advantages to larger procedure volumes as well, since the 
technical profi ciency is higher and clinical outcomes of 
many procedures are usually better when performed in 
higher volume clinical centers. 3 – 5 ) Procedures with lower 
fi xed costs will have a smaller effect of volume on costs. 

 In contrast to the fi xed equipment costs, the cost of 
supplies consumed in performing coronary angiography 
varies directly with the volume of cases performed, and the 
supply cost per case will be fairly constant irrespective of 
the volume of cases performed (apart from the small effect 
of discounts available to large - volume purchasers). The 
cost of laboratory staff falls in between these two extremes, 
in that the hours worked in the catheterization laboratory 
by technical staff can be varied somewhat according to the 
volume of cases performed, but some staff effort is required 
regardless of patient volumes, such as supervisors. 

 Hospital overhead is also a real cost but one that is less 
directly linked to any one medical service or procedure. Hos-
pitals must pay for admitting offi ces, the medical records 
department, central administration, the laundry service, the 
cafeteria, housekeeping and utilities, to name just a few areas. 
These costs cannot be tied easily to the coronary angiography 
procedure in the same way as the cost of the catheters or 
radiographic contrast. Most facilities assign a share of these 
costs to patient care services according to a formula such as 
the step - down method. Discussion of specifi c methods to 
allocate hospital overhead is beyond the scope of this chapter 
but can be found in several articles and books.  6,7  
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is illustrated in Figure  4.2 . In general, the cost per case 
declines as more cases are performed, up to the limit of the 
facility ’ s capacity (for example, 2000 cases). If volume 
increases further, more facilities must be built, increasing the 
cost per case, as more fi xed costs are spread over a few more 
patients. Figure  4.2  also illustrates the distinction between 
concepts of  “ marginal cost ”  and long run  “ average cost ” . The 
marginal cost is the added cost of doing one more case. In an 
already equipped and staffed coronary angiography labora-
tory, the marginal cost of performing one more procedure is 
just the cost of the disposable supplies consumed in the case: 
the catheters, radiographic contrast, and other sterile sup-
plies. In the example of Figure  4.2 , the marginal cost is $250 
per case. The marginal cost is lower than the average cost per 
case ($375 per case), which also includes a prorated share of 
the salaries of the laboratory staff, depreciation of the labora-
tory equipment costs, and the facility ’ s overhead costs.   

 It is important to distinguish  “ cost per case ”  from  “ total 
health system costs ” . The example above suggests that it is 
more economically effi cient to perform 2000 procedures per 
year in one center (total cost $750   000/year) than it is to 
perform 500 procedures per year in each of four centers (total 
cost $1   500   000/year). Of course, if the four centers each per-
formed 2000 procedures per year instead of 500 procedures, 
the total cost to the health care system would be higher 
overall ($3   000   000/year) even though the cost per case 
would have been reduced (from $750/case to $375/case).  

  Estimation of  c osts 

 The cost of providing a specifi c service, such as coronary 
bypass surgery, can be established in several alternative 
ways. In principle, one valid way to measure cost would 
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     Figure 4.2     Cost per case for coronary angiography as a function of 
clinical volume. Assumes fi xed costs per laboratory of $250000 per year, 
and marginal (that is, variable) costs of $250 per case. When volume 
reaches 2000 cases per year in a laboratory, the model assumes an 
additional laboratory will be built. The dotted line indicates the  “ long run 
average ”  cost per case of $375.  
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be to identify a competitive market for medical service, and 
note the charge (price) for coronary bypass surgery in that 
market. While competitive market pricing might work well 
for commodities such as consumer electronic devices or 
farm products, it is not well suited to medical care, where 
there are few competitive markets. An alternative method 
is to take note of the charges for a service and apply cor-
rection factors to estimate cost more accurately. A third 
method to estimate costs is to examine in detail the resources 
used to provide a service, and apply price weights to the 
resources used. 8  

 Most health economic studies currently use this third 
method to measure the costs of care. The price weights are 
taken from standardized reimbursement schedules (for 
hospital or outpatient services) or average prices (for drugs 
and supplies) paid in the community. A consistent set of 
price weights should be used, taking all the prices from the 
US Medicare system, for instance, or all from the US private 
insurance market.  

  International  p erspectives 

 With the advent of large multicenter clinical trials that 
enroll patients from several countries, interest has devel-
oped in cost comparisons between countries for the same 
service. Cost estimation as part of large randomized trials 
will enhance clinical decision making, as the randomized 
design is the strongest way to compare all outcomes of 
therapeutic alternatives, including cost. Extension of cost 
comparisons across national borders introduces a number 
of technical and conceptual issues that deserve discussion. 

 Different countries measure cost in their respective 
national currencies, so that readers in another country need 
to convert between units (for example, UK pounds or euros 
to US dollars). These conversions can be done using cur-
rency exchange rates or the closely related purchasing 
power parity factors. The differences between countries in 
units of measurement are fairly simple to address. 

 A more thorny issue in international comparisons is dif-
ferences in the relative prices of the resources used 
to provide a service and differences in resource profi les 
used to provide a service. Thus, if the cost of service  j  is 
defi ned as:
    

then cost may differ among countries due to differences in 
the quantity of resources used to provide a service, price 
differentials for the same resources, or both. A specifi c 
example will help illustrate these concepts (Table  4.3 ). Care 
of a patient with acute myocardial infarction given throm-
bolysis includes the cost of the drug, the cost of basic hos-
pital care, and the cost of additional tests and treatments 
in the convalescent phase. Table  4.3  presents hypothetical 

Cost Quantity ij Price ijj = ( ) × ( )∑

 Table 4.3     Effect of differences in medical prices on costs of 
alternative treatments 

        Country 1     Country 2  

   Tx A     Tx B     Tx A     Tx B  

  Drug ($)    2000    200    1500    150  

  Nursing hours    50    54    50    54  

  Nursing wages ($)    30    30    35    35  

  Total ($)    3500    1820    3250    2040  

  Cost savings ($)    1680    1210  

  Cost ratio B/A    52%    63%          

   Tx, treatment   

 Table 4.4     Effect of differences in resource utilization on costs of 
alternative treatments 

        Country 1     Country 2  

   Tx A     Tx B     Tx A     Tx B  

  Drug/nursing ($)    3500    1820    3250    2040  

  Coronary angiography    40%    60%    10%    15%  

  Angio cost ($)    1000    1000    1000    1000  

  Total ($)    3900    2420    3350    2190  

  Cost savings ($)    1480    1160  

  Cost ratio (B/A)    62%    65%          

   Tx, treatment   

costs of basic care in two countries, with monetary values 
expressed in dollar units for simplicity. The costs of drugs 
in Country 1 are higher than in Country 2, where drug 
prices are strictly regulated. The time spent by the hospital 
staff to care for the patient are quite similar in Country 1 
and Country 2 (50 hours per patient for Treatment A and 
54 for Treatment B, a difference due to lower complication 
rates with Treatment A). The average hourly compensation 
for hospital staff is, however, higher in Country 2, so that 
total personnel costs are higher as well. Thus, both cost 
savings and the relative costs of Treatment A and B are 
different in these two healthcare systems, due to different 
prices for the same resources used to care for a myocardial 
infarct patient.   

 There may also be differences in the level of resource use 
between countries, especially for discretionary procedures 
such as coronary angiography. Suppose that the use of 
Treatment A cuts the use of coronary angiography by one -
 third, partially offsetting the higher cost of the drug. If, 
however, the baseline rates of angiography are different 
between countries, the cost implications of reducing angi-
ography by one - third in each country will be quite different 
(Table  4.4 ). A reduction by one - third in the high rate of 
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angiography in Country 1 (from 60% to 40%) provides a 
$200 cost offset per patient, whereas a reduction by one -
 third in the low rate of angiography in Country 2 (from 
20% to 15%) provides only a $50 cost offset per patient.   

 International comparisons of the cost of therapies can 
thus be affected by (a) differences in resource use patterns 
that refl ect differences in practice style and the organiza-
tion of medical care, and (b) differences between countries 
in the prices attached to specifi c resources, such as health-
care wages, drugs, and supplies. Data from cost studies can 
be most readily applied in different practice environments 
if the study provides information on both resource con-
sumption patterns and price weights attached to the spe-
cifi c resources used, as well as a summary cost measure. 
This detail is needed for readers to understand the appli-
cability of the cost fi ndings to their own practice settings.  

  Cost -  e ffectiveness  a nalysis 

 The cost of providing a particular medical service can be 
measured, but determination of whether the service pro-
vides good value for the money spent is a more diffi cult 
judgment. Cost - effectiveness analysis is a method of weigh-
ing the cost of a service in light of the health effects it 
confers in an attempt to facilitate the ultimate value judg-
ment about whether the service is  “ worth ”  the cost. 

 Cost - effectiveness analysis is one of several alternative 
analytic methods, each with its own strengths and limita-
tions. 6  If two alternative therapies are either known to yield 
identical results or can be shown to be clinically equivalent, 
they can be compared on the basis of cost alone. This form 
of analysis, which is termed  “ cost - minimization analysis ” , 
is particularly appropriate for commodities such as drugs, 
supplies, and equipment that can be expected to yield 
equivalent results when applied clinically. In such situa-
tions, the relative costs of the alternatives become the pre-
dominant consideration. 

 Many alternative therapies are known to differ both in 
clinical outcomes and in cost. In this situation, both the 
difference in cost and the difference in effectiveness of the 
therapeutic alternatives must be measured and weighed 
against each other. When the effectiveness on intervention 
is measured in clinical terms (for example, lives saved, 
years of life added), the analysis is termed  “ cost effective-
ness ” . If the clinical measures of effectiveness are translated 
into monetary units, the term  “ cost – benefi t analysis ”  is 
applied. Cost – benefi t analysis has been used to guide 
public policy in areas outside medicine, such as in the con-
struction of transportation systems or whether to remove 
or reduce environmental exposures. Cost – benefi t analysis 
measures the effects of programs in monetary terms, so that 
net cost (in dollars) can be compared with net benefi ts 
(in dollars). Since there is great reluctance on the part of 

physicians and health policy makers to assign a dollar 
value to saving a life or improving a patient ’ s function, 
cost - effectiveness analysis rather than cost – benefi t analysis 
has been applied predominantly to medical problems. 

 Cost - effectiveness analysis was fi rst applied to medical 
programs only 30 years ago 9,10  and has since been widely 
used. 11 – 13  The principles of cost - effectiveness analysis for 
medical programs have been examined in detail by a 
task force convened by the United States Public Health 
Service. 14 – 16  A group of experts attempted to establish con-
sensus on a number of methodologic issues, with the goal 
of standardizing the technical aspects of cost - effectiveness 
analysis among studies, thereby enhancing their compara-
bility. The principles articulated by this group are reason-
able and should guide this important fi eld in its next 20 
years. 

 A basic principle of cost - effectiveness analysis is that the 
analysis should compare alternative programs and not 
look at any single program in isolation. Thus, a drug to 
treat life - threatening arrhythmias might be compared with 
placebo, or an implantable cardioverter defi brillator might 
be compared with a drug. In essence, cost - effectiveness 
analysis must always answer the question  “ cost effective 
compared with what? ” . 

 Another principle is that the costs included in cost - effec-
tiveness analysis should be comprehensive. The cost of a 
specifi c therapy should include the cost of the intervention 
itself (for example, thrombolytic therapy for acute myocar-
dial infarction) and the costs of any complications the 
therapy induced (for example, bleeding), less any cost 
savings due to reduction of complications (such as heart 
failure). The need for other concomitant therapy should also 
be included, which is particularly important when assess-
ing the cost effectiveness of screening programs or diagnos-
tic testing strategies. The length of follow - up should be 
suffi cient to include all relevant costs and benefi ts  –  such as 
readmissions to the hospital due to treatment failures. Non -
 monetary costs directly related to the medical intervention 
should also be included, such as the cost of home care by 
the patient ’ s family, since omission of these costs would bias 
assessments toward programs that rely on unpaid work by 
family members or volunteers. Other costs not directly 
related to the intervention, however, such as the patient ’ s 
lost wages or pension costs, are omitted by convention from 
the measured costs in a cost - effectiveness analysis. 

 Another important issue in cost - effectiveness analysis is 
the perspective taken by the analysis. There is general 
agreement that the analysis should include all relevant 
costs, regardless of who pays them. This principle is known 
as  “ taking the societal perspective ”  and it assures a com-
plete accounting of costs in the analysis. A hospital, for 
instance, may not care about the out - of - pocket costs paid 
directly by the patient but these are real costs and should 
be considered in the analysis. 
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 Medical costs may accrue over long periods of time, 
especially in preventive programs or the treatment of 
chronic disease. Time scales of more than a year or so bring 
up two related but distinct issues  –  infl ation and discount-
ing. The nominal value of any currency changes over time; 
a dollar in 1998 had more purchasing power than a dollar 
in 2008. Studies conducted over long time periods will 
need to correct for the changing value of currencies, typi-
cally by application of the Consumer Price Index (or the 
GDP defl ator). Application of the Consumer Price Index 
removes the effect of infl ation but does not address the 
separate issue of time preference for money. Even in a 
country free of infl ation, citizens would prefer to receive 
$100 today than a promise they will be paid $100 in a year. 
One might have to promise to pay more money in a year, 
say $103, to compensate for the delay. The same is true in 
health programs: we would prefer to be paid today instead 
of in the future, and we would also prefer to pay our obli-
gations in the future rather than today. Use of a discount 
rate provides a way to correct for the lower value of future 
costs relative to current costs. The technical experts ’  con-
sensus is that future costs should be discounted at a rate 
equivalent to the interest paid on safe investments such as 
government bonds in an infl ation - free environment, or 
about 3% per year. The effect of alternative discount rates 
between 0% and 5 – 10% per year should also be checked to 
document the sensitivity of the analysis to future costs. 

 In summary, a cost - effectiveness analysis should include 
all medical costs, including those of complications of 
therapy and adverse effects prevented. The study should 
be of suffi cient duration to measure all relevant costs and 
benefi ts of the treatment. All costs and benefi ts should be 
included, regardless of who bears or receives them. In 
studies covering more than a year or so, corrections should 
be made for infl ation, and 3% per year discount rate should 
be applied to follow - up costs.  

  Measuring  e ffectiveness 

 The effectiveness of an intervention in practice can be mea-
sured in a variety of ways, with different outcome mea-
sures most appropriate for specifi c applications. Physiologic 
endpoints are often used in clinical trials, with the result of 
therapy assessed by a laboratory measure such as millime-
ters of mercury for blood pressure or episodes of non -
 sustained ventricular tachycardia on an electrocardiographic 
monitor. Laboratory measures are useful in judging the 
physiologic effects of therapy and its mechanism of action, 
but these surrogate markers may not predict the ultimate 
effect of therapy on mortality and morbidity, as vividly 
illustrated by the results of the Cardiac Arrhythmia Sup-
pression Trial. 16  Physiologic endpoints are also tied closely 
to one specifi c disease, making comparisons against other 

benchmark therapies diffi cult. The patient and public are 
most concerned with the effect of therapy on survival and 
on their ability to function  –  that is, upon the length and 
quality of life. A common denominator measure of effec-
tiveness is thus the life - years of expected survival or qual-
ity - adjusted life - years (QALYs). This measure is relevant to 
patients and to the public and can be applied to virtually 
any therapy. 

 Mortality is a common endpoint in clinical trials and 
leads directly to the measure of life - years of survival. The 
mean life expectancy of a cohort of patients is equal to the 
area under a standard survival curve. The difference in life 
expectancy between two therapies is therefore equal to the 
difference in the areas under their respective survival 
curves. Since many clinical studies do not follow patient 
cohorts long enough to observe complete survival times for 
all patients, some assumptions and modeling of long - term 
survival may be needed to estimate the full survival benefi t 
of therapy for a cost - effectiveness analysis. 17  

 Improvement in quality of life is often as important to 
patients as reducing mortality, and it is often the main goal 
of therapies, such as the relief of disabling angina or 
improvement in exercise tolerance. A quality of life measure 
can be translated into a scale that ranges from a low of 0.0 
(the worst possible health state, usually taken as death) to 
1.0 (perfect health). This quality of life measure is multi-
plied by the length of time a patient spends in the health 
state to yield a QALY. Thus:
    

where QALY   =   the quality - adjusted life - years,  Q  i    =   the 
quality factor for follow - up period  “ i ”  and  t  i    =   the length 
of time spent in period  “ i ” . This equation shows that the 
effectiveness of a treatment, as measured in QALYs, can be 
improved by enhancing either the patient ’ s quality of life 
( Q  i ) or the patient ’ s length of life ( t  i ), or both.  

  Calculation of  c ost  e ffectiveness 

 After the costs of therapy and the medical effectiveness of 
therapy have been assessed, cost effectiveness (CE) can be 
calculated as:
    

where Cost 1  and Cost 2  represent the costs of program 1 and 
program 2, respectively, and QALY 1  and QALY 2  represent 
the effectiveness of programs 1 and 2, respectively. 

 There are several implications of using this formula. 
First, cost - effectiveness ratios that are positive (that is,  > 0) 
result if and only if one alternative has both higher cost 
and greater effectiveness  –  that is, Cost 2     >    Cost 1  and 
QALY 2     >    QALY 1  (or the reverse: Cost 2     <    Cost 1  and 

QALY= i iQ t×∑
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QALY 2     <    QALY 1 ). Cost - effectiveness ratios of less than zero 
are not generally important for decision making, since they 
arise only when one alternative has both lower costs and 
greater clinical effectiveness than the other; for example, 
Cost 2     >    Cost 1  and QALY 2     <    QALY 1 . In this case, program 1 
is superior in all respects: it has better outcomes and lower 
cost than program 2 and thus is said to  “ dominate ”  the 
alternative. The decision of which program to recommend 
is therefore simple. 

 Most commonly, one of two therapeutic alternatives has 
higher costs and greater effectiveness, and use of the 
formula yields a cost - effectiveness ratio greater than zero. 
One treatment may have a cost - effectiveness ratio of $5000 
per year of life saved and another might have a ratio of 
$75   000 per year of life saved. Since it is problematic to 
assign a dollar value to life, interpretation of these ratios is 
best made by consideration of benchmarks  –  other gener-
ally accepted therapies that serve as a rough gauge to an 
 “ acceptable ”  cost - effectiveness ratio. Renal dialysis is a 
form of therapy that most people would consider expen-
sive, and yet dialysis is an intervention that the USA and 
most other industrialized countries provide as a life - saving 
therapy. The end - stage renal disease program in the USA 
costs about $50   000 a year per patient and if this therapy 
were withdrawn, the patient would die. Thus, renal dialy-
sis has a cost - effectiveness ratio of $50   000 per year of life 
saved (or if one considers the reduced quality of life for a 
dialysis patient, perhaps $75   000 per quality - adjusted year 
of life saved). Therapies with cost - effectiveness ratios con-
siderably more favorable than renal dialysis (that is, 
 < $20   000) would be considered very cost effective, whereas 
therapies with cost effective ratios much higher (say 
 > $125   000) would be considered too expensive. 

 Different societies may come to different conclusions 
about the level of cost effectiveness they consider good 
value. Wealthy countries with high per capita incomes are 
more willing to pay for expensive therapies than are poor 
countries. For instance, the percentage of gross domestic 
product and per capita health spending in Eastern Europe 
is much less than in Western Europe or North America, and 
these countries have not chosen to provide expensive ser-
vices such as bypass surgery as readily or as frequently. The 
World Health Organization has suggested three times GDP 
per capita as a rough guide for the cost - effectiveness 
threshold. 

 A therapy that is cost effective is not necessarily afford-
able in the setting of limited resources. In particular, the 
aggregate effect of a new therapy on healthcare expendi-
tures depends on both the number of patients treated and 
the incremental cost per patient. Expensive treatments for 
common diseases may raise costs by billions of dollars (e.g. 
coronary stents, implantable defi brillators). Decisions to 
adopt new technologies will consider the aggregate bud-
getary impact, not just the cost - effectiveness ratio. 

 Decisions about funding programs might be more equi-
table and rational when guided by the relative cost effec-
tiveness of programs. When studies use similar methods to 
measure cost and effectiveness, cost - effectiveness ratios 
can be compared to rank the economic attractiveness of 
alternatives. Tables comparing various treatments, such as 
Table  4.5 , have been termed  “ league tables ”  because of 

 Table 4.5     Cost effectiveness of selected cardiovascular therapies 

   Strategy     Patient group     Cost effectiveness  a    

  Statin    Post - MI    Saves dollars and 

lives  

  Men 45 – 54      

  Chol  ≥ 250      

  ACE inhibitor    CHF    Saves dollars and 

lives  

  EF  < 35%      

  Radiofrequency 

ablation  

  WPW, post cardiac 

arrest  

  Saves dollars and 

lives  

  Physician counseling    Smoking    $1300  

  Beta - blocker    Post - MI    $3600  

  High - risk      

  CABG    Left main CAD    $9200  

  Severe angina      

  Beta - blocker    Post - MI    $20   200  

  Low - risk      

  Statin    Primary prevention    $20   200  

  Men 55 – 64      

  Chol  > 300      

  Three risk factors      

  tPA vs SK    Acute MI    $32   800  

  ICD    Sustained VT    $35   000  

  CABG    Two - vessel CAD    $42   500  

  Angina      

  Statin    Primary prevention    $78   300  

  Men 55 – 64      

  Chol  > 300      

  No other risk factors      

  PCI    Mild angina (COURAGE)    $168   000 18   

  CABG    Single - vessel CAD    $1   142   000  

  Mild angina      

  Statin    Primary prevention    $2   024   800  

  35 – 44 year old women      

  Chol  > 300      

  No other risk factors      

    a    $ values, dollars per year of life added.  

  ACE, angiotensin -  converting enzyme inhibitor; CABG, coronary artery 

bypass graft; CAD, coronary artery disease; CHF, congestive heart 

failure; Chol, Cholesterol; EF, ejection fraction; ICD, implantable 

cardioverter defi brillator; MI, myocardial infarction; tPA, tissue 

plasminogen activator; SK, streptokinase; VT, ventricular tachycardia; 

WPW, Wolff – Parkinson - White syndrome.   

  Source :   adapted from Kupersmith  et al.  10 – 12  
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their similarity to the athletic league standings published 
in newspapers. Given the uncertainty inherent in measur-
ing cost and effectiveness of medical interventions, and the 
methodologic variations among studies, only relatively 
large differences in cost - effectiveness ratios should be con-
sidered signifi cant. Thus, a program with a cost - effective-
ness ratio of $5000 per life year added is much better than 
one with a ratio of $30   000. Programs with ratios of $25   000 
and $30   000 are so close that no fi rm conclusion about the 
relative values should be drawn.   

 A league table of cost - effectiveness ratios may help guide 
policy decisions about which therapies to provide within 
a health care system, but other factors also affect such 
decisions. The total budgetary impact of a therapy is the 
product of the number of treated patients and the net cost 
per patient. Two therapies with similar cost - effectiveness 
ratios may have quite different impacts on the health care 
budget, which policy - makers must consider as well. Fur-
thermore, cost - effectiveness concerns economic effi ciency, 
but policymakers also have to consider the distribution of 
resources and ensure fairness. They may decide to cover 
the only available therapy for a certain disease, even though 
it has a less favorable cost - effectiveness ratio than a second -
 line treatment for a different disease.  

  Patient  s election and  c ost  e ffectiveness 

 Drugs and procedures in medicine are applied to different 
patient groups for different clinical indications. The medical 
effectiveness of therapies varies considerably according to 
patient selection. Cholesterol - lowering therapy, for instance, 
will extend the life expectancy of a patient with multiple 
cardiac risk factors more than it will for a patient with the 
same cholesterol level and no other cardiac risk factors. 
Coronary bypass surgery provides greater life extension to 
a patient with left main coronary artery obstruction than it 
does to a patient with single vessel disease. 18  The cost -
 effectiveness ratio for these therapies will therefore vary 
among patient subgroups due to the impact of patient char-
acteristics on the clinical effectiveness of therapy, which 
forms the denominator of the cost - effectiveness ratio. Simi-
larly, the cost of a particular therapy may also vary accord-
ing to patient characteristics, since the therapy itself may 
be more or less expensive according to different patient 
subgroups, or the likelihood of costly complications may 
be higher or lower in different groups of patients. 

 The clinical effectiveness of a therapy is generally the 
most important factor determining cost effectiveness. The 
reasons for this importance are (a) that clinical effectiveness 
of a therapy generally varies more among patients than 
does the cost of therapy, and (b) the value of the cost -
 effectiveness ratio is more sensitive to changes in the 
denominator (effectiveness) than to changes in the numera-

tor (cost). In the last analysis, a therapy must be clinically 
effective before it can be cost effective. Cost - effectiveness 
analysis relies more on the assessment of medical effective-
ness than it does on determination of cost.  

  Diagnostic  t ests and  c ost  e ffectiveness 

 Cost - effectiveness analysis has been applied primarily to 
assess specifi c therapies or therapeutic strategies, for which 
it is natural to measure effectiveness in terms of patient 
outcome. The principles of cost effectiveness can be extended 
to analyze screening tests and diagnostic strategies as well, 
but some additional factors must also be considered. 

 Therapies are expected to improve patient outcome 
 directly , by intervening in the pathophysiology of disease 
processes. In contrast, a diagnostic test is expected to provide 
the physician with information about the patient, which in 
turn is expected to improve management and thereby  indi-
rectly  improve patient outcome. The value of a test is there-
fore linked closely with patient selection for therapy, and 
the value of testing may well change as new therapies are 
developed or alternative tests become available. 

 The information provided by a test may be used in differ-
ent decisions, and the test may be more or less useful in 
these different settings. An exercise electrocardiogram, for 
example, can be used as a diagnostic test for coronary 
disease, a prognostic test for patients with recent myocardial 
infarction, a monitoring test to assess the effect of anti - 
ischemic therapy or even as a way to establish target heart 
rates for an exercise training program. The effi cacy and cost 
effectiveness of applying the exercise electrocardiogram will 
be different for these varied uses of the information pro-
vided by the test. The value of the test will depend on the 
indication for which it is used, much as the value of a beta -  
blocker will vary whether it is used to treat hypertension or 
as secondary prevention after a myocardial infarction. 

 The same test (for example, the exercise ECG) applied 
for the same purpose (such as diagnosis of coronary 
disease) will provide more information in some groups of 
patients than in others. As discussed elsewhere in this 
book, a diagnostic test provides more value if used when 
the pretest probability of disease is intermediate than when 
it is either very high or very low. The test has the most 
value when the result is likely to change the estimated 
probability of disease such that clinical management is 
changed. Tests that never change patient management 
cannot change patient outcome, which is the  “ bottom line ”  
in assessing cost effectiveness.  

  Conclusion 

 Economic analysis is designed to assist decisions about the 
allocation of scarce resources. Physicians now must address 
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the cost implications of clinical decisions, and be aware of 
the effects on scarce resources. Economic effi ciency is but 
one of many goals, however, and issues of fairness and 
humaneness are also central to medical care and must be 
considered as well.  
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   Magnitude of the  p roblem 

 Throughout the last few decades, non - cardiac surgery has 
made substantial advances in treating diseases and improv-
ing patient quality of life, and as a result, the number of 
patients undergoing non - cardiac surgery is growing. A 
recent study used surgical data from 56 countries around 
the world to determine that globally there are over 230 
million major surgical procedures undertaken annually. 1  
The fact that cardiac and pediatric surgery only account 
for a minority of major surgical cases suggests that over 
200 million adults undergo major non - cardiac surgery 
annually. 

 Non - cardiac surgery is associated with an increased risk 
of major vascular complications (i.e. vascular death, non -
 fatal myocardial infarction, non - fatal cardiac arrest, and 
non - fatal stroke). A recent review found only one study, 
by Lee and colleagues, 2  that evaluated the incidence of 
major perioperative vascular complications in a prospec-
tive cohort that fulfi lled the following criteria: more than 
300 patients, the patients were relatively unselected (i.e. not 
restricted to patients referred to internal medicine or to 
patients with or at high risk of coronary artery disease), not 
restricted to a specifi c type of surgery (e.g. orthopedics), 
and required patients to have at least one measurement of 
a cardiac biomarker or enzyme after surgery. 3  This study 
suggests that major perioperative vascular events occur in 
1.4% (95% confi dence interval (CI) 1.0 – 1.8%) of adults 
undergoing elective non - cardiac surgery. Conservative 
estimates suggest that at least half of the 200 million adults 

undergoing non - cardiac surgery are in an at - risk age 
group. 4  These data together with the data from the Lee 
study suggests that worldwide, 1 – 1.8 million adults suffer 
a major perioperative vascular complication annually. 

 There is concern, however, that this is a substantial 
underestimation of the actual incidence. The recent Peri-
Operative ISchemic Evaluation (POISE) trial included 8351 
patients from 190 hospitals in 23 countries in a randomized 
controlled trial comparing the effects of a beta - blocker rela-
tive to placebo among patients undergoing non - cardiac 
surgery. 5  The incidence of major perioperative vascular 
complications in the POISE trial was more than three times 
higher than what was predicted by the Revised Cardiac 
Risk Index, which was developed from the study by Lee 
and colleagues. This suggests the possibility that the 
current incidence of major perioperative vascular compli-
cations is substantially higher than the estimate from the 
Lee study. Several limitations associated with the Lee study 
support this position. Lee  et al  did not include stroke as an 
outcome, and excluded patients undergoing emergency 
surgery. 2  Emergent cases represent about 10% of non - car-
diac surgeries 6  and patients undergoing emergency surgery 
are at higher risk of major perioperative vascular events 
than patients undergoing elective surgery (odds ratio (OR) 
2.6, 95% CI 1.2 – 5.6). 7  The data from Lee and colleagues are 
over 15 years old. Considering that patients with coronary 
artery disease are living longer and there has been a prac-
tice pattern shift towards advanced care for the elderly 
(including surgery), this suggests that older patients with 
high burdens of coronary artery disease are now surviving 
to develop other conditions that require an operation and 
these elderly patients are undergoing surgery. 

 These limitations support the fi nding in the POISE 
trial, and this suggests that the current worldwide inci-
dence of adults suffering a major perioperative vascular 
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complication in the fi rst 30 days after surgery is probably 
in the range of 3 – 5.4 million annually. This is in the range 
of the global incidence of new patients acquiring human 
immunodefi ciency virus (HIV) annually, 8  and identifi es 
major perioperative vascular complications as a similarly 
common and important public health problem.  

  Preoperative  r isk  p rediction 

  Need for  p reoperative  r isk  p rediction 

 Accurate estimation of perioperative vascular risk in 
patients undergoing non - cardiac surgery is important to 
guide perioperative management and to allow patients and 
physicians to make informed decisions about the appropri-
ateness of surgery. The majority of non - cardiac surgeries 
are elective procedures. An accurate estimate of risk facili-
tates patient and physician decision making. For example, 
if an elderly female with multiple risk factors undergoing 
hip arthroplasty for osteo - arthritis was accurately informed 
that her risk of a major perioperative vascular event 
was 10 – 12%, she may decide to defer surgery for a year, 
living with suboptimal quality of life until after her grand -
 daughter ’ s wedding. Further, accurate perioperative 
cardiac risk prediction can inform management decisions 
(e.g. whether to delay or cancel surgery or type of anes-
thetic approach) and monitoring decisions (e.g. whether a 
patient should go to a telemetry unit after surgery).  

  Clinical  r isk  p rediction 

 Researchers have developed two types of clinical models 
 –  generic and Bayesian  –  to estimate perioperative cardiac 
risk in patients undergoing non - cardiac surgery. The 
generic risk models estimate a patient ’ s risk of a periopera-
tive cardiac event through determination of how many 
predictors of risk (e.g. history of coronary artery disease, 
diabetes, emergency surgery) an individual patient fulfi lls. 

The Bayesian risk models modify the average cardiac event 
rate for a specifi c surgery or group of comparable surgeries 
(pretest probability) through use of a patient ’ s individual 
index score (likelihood ratio), which is based upon how 
many predictors of risk (e.g. history of coronary artery 
disease, diabetes) an individual patient fulfi lls. The result 
provides an estimate of the patient ’ s risk of a perioperative 
cardiac event (post - test probability). 

 Four clinical models developed to predict perioperative 
cardiac events fulfi ll the following criteria: assessed in  > 300 
patients, validated at least within the original study, and not 
restricted to a specifi c type of non - cardiac surgery (e.g. vas-
cular surgery). 2,7,9,10  Table  5.1  presents information on the 
studies that developed these clinical models and Table  5.2  
presents their scoring systems. All studies had a small to 
moderate number of events and were underpowered to 
assess the independent effect of each variable given the 
number of variables assessed. These clinical models were 
designed to predict cardiac outcomes of varying importance, 
and no model included stroke. Table  5.3  presents the studies 
that have evaluated the predictors of stroke in patients under-
going non - cardiac surgery. 11 – 15  Although there are few studies 
and most observed few events, they do suggest overlap 
between the predictors of stroke and major cardiac events in 
patients undergoing non - cardiac surgery. The study with the 
most number of perioperative strokes (i.e. 61 strokes) sug-
gests that perioperative stroke is a serious outcome (i.e. 18% 
died and 31% were care dependent at discharge). 15     

 The Revised Cardiac Risk Index is the simplest of the 
models to use and is more predictive than the Original 
Cardiac Risk Index. 2,7  Of the two Bayesian models, the Vet-
erans Affairs Model is simpler to use and the one study that 
compared these two models suggested the Veterans Affairs 
Model was as predictive as the Modifi ed Cardiac Risk 
Index. 7  Although several studies have compared the 
predictive accuracy of the generic and Bayesian risk 
models, 2,7,9,16,17  only two have used pretest probabilities in 
the Bayesian models based upon contemporary data from 
the hospitals included in the studies. 7,9  The most recent of 

 Table 5.1     Studies that have developed clinical models to predict cardiac events in patients undergoing non - cardiac surgery 

   Study     Name of model     Type of model     N     Outcome     Number of events  

  Goldman 10     Original Cardiac Risk Index    Generic    1001    Cardiac death, MI, pulmonary edema or 

ventricular tachycardia  

  58  

  Detsky 9     Modifi ed Cardiac Risk Index    Bayesian    455    Cardiac death, MI or pulmonary edema    30  

  Lee 2     Revised Cardiac Risk Index    Generic    4315    Cardiac arrest, MI, pulmonary edema, 

complete heart block  

  92  

  Kumar 7     Veterans Affairs Model    Bayesian    1121    Cardiac death, MI, pulmonary edema, cardiac 

arrest, unstable angina, new or worsening 

CHF without pulmonary edema  

  91  

   MI, myocardial infarction; CHF, congestive heart failure.   
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 Table 5.2     Clinical models to predict cardiac events in patients undergoing non - cardiac surgery   

   Original Cardiac Risk 
Index 10   

   Modifi ed Cardiac Risk Index 9      Revised Cardiac Risk 
Index 2   

   Veterans Affairs Model 7   

   Computation of cardiac 
risk score  

   Pre - test probability     Index score     Computation of 
cardiac risk score  

   Pretest probability     Index score  

   Variables     Pts     Surgery     Risk     Variables     Pts     Variables     Pts     Surgery     Risk     Variables     Pts  

  Age  > 70 

 MI within 6   mo 

 S 3  gallop or JVD 

 Important VAS 

 Abn rhythm 

  > 5 PVCs/min 

 Poor status 

 High - risk Sx 

 Emergency Sx  

  5 

 10 

 11 

 3 

 7 

 7 

 3 

 3 

 4  

  Aortic 

 Carotid 

 Peripheral vas 

 Orthopedic 

 Intrathoracic/

intraperitoneal 

 Head and neck 

 Minor  

  16% 

 15% 

 6% 

 14% 

 8% 

 3% 

 2%  

  MI within 6   mo 

 MI  > 6   mo 

 CCSC angina 3 

 CCSC angina 4 

 U/A  ≤ 3   mo 

 APE  < 1   wk 

 APE ever 

 Critical VAS 

 Abn rhythm 

  > 5 PVCs 

 poor status 

 Age  > 70 

 Emergency Sx  

  10 

 5 

 10 

 20 

 10 

 10 

 5 

 20 

 5 

 5 

 5 

 5 

 10  

  High - risk Sx 

 IHD 

 Prior CHF 

 Prior CVA 

 Insulin 

therapy 

 Cr  > 2   mg/dL  

  1 

 1 

 1 

 1 

 1 

 1  

  Aortic 

 Carotid 

 Peripheral vasc 

 Misc vasc Sx 

 Intra - abdominal/

Intrathoracic 

 Interm - risk Sx 

 Low - risk Sx  

  32% 

 10% 

 15% 

 10% 

 13% 

 3% 

 1%  

  MI within 6   mo 

 Emergency Sx 

 MI  > 6   mo 

 Prior CHF 

 Abn rhythm  

  25 

 15 

 10 

 10 

 10  

  Pts    Risk of 

event  

  A patient ’ s post - test probability of an event is 

determined by using the total index score to 

modify the pretest probability using a 

likelihood ratio nomogram specifi c for this 

index  

  Pts    Risk of 

event  

  A patient ’ s post - test probability of an event is 

determined by using the total index score to 

modify the pretest probability using a 

likelihood ratio nomogram specifi c for this 

index  

  0 – 5 

 6 – 12 

 13 – 25 

  ≥ 26  

  0.9% 

 7% 

 13% 

 78%  

  0 

 1 

 2 

  ≥ 3  

  0.5% 

 1.3% 

 4% 

 9%  

   abn rhythm, rhythm other than sinus or premature atrial contractions on last preoperative electrocardiogram; APE, alveolar pulmonary edema; CCSC, 

Canadian Cardiovascular Society Class; CHF, congestive heart failure; Cr, creatinine; CVA, stroke or transient ischemic attack; IHD, ischemic heart 

disease; JVD, jugular vein distension; mo, months; poor status, PO 2     <    60, PCO 2     >    50   mmHg, K    <    3.0, HCO3    <    20   meq/L, blood urea nitrogen  > 50, 

creatinine  > 3.0   mg/dL, abnormal serum glutamic oxalacetic transaminase, signs of chronic liver disease, or patient bedridden from non - cardiac causes; 

Pts, points; PVCs, premature ventricular contractions; U/A, unstable angina; vasc, vascular; VAS, valvular aortic stenosis; low - risk Sx, low - risk surgery (e.g. 

ophthalmology, maxillofacial, plastic, low - risk orthopedic, urologic, general surgery and non - thoracotomy thoracic procedures); Interm - risk Sx, 

intermediate risk surgery (e.g. neurosurgery, ENT surgery, major orthopedic surgery); high - risk Sx, high - risk surgery (e.g. intraperitoneal, intrathoracic, or 

aortic surgery); misc vasc Sx, miscellaneous vascular surgery (e.g. all lower extremity amputations, arteriovenous access procedures).   

these two studies demonstrated superior prediction capa-
bilities of the Bayesian risk models. 7   

 Despite this fi nding, the current predictive accuracy of 
the Modifi ed Cardiac Risk Index and the Veterans Affairs 
Model is uncertain because there is no high - quality study 
that has established contemporary complication rates for 
individual surgeries or groups of comparable surgeries, 
and it is unknown if contemporary complication rates at 
one institution are applicable to another institution. Further, 
it is unclear whether the Bayesian models would demon-
strate superior prediction capabilities if the generic risk 
models included more specifi c surgeries or groups of com-
parable surgeries as risk factors, because it is likely that the 
type of surgery a patient undergoes infl uences the proba-
bility of a vascular complication. 

 The Vascular events In non - cardiac Surgery patIents 
cOhort evaluatioN (VISION) Study is a prospective cohort 
study of 40   000 patients undergoing non - cardiac surgery in 
several countries around the world (ClinicalTrials.gov, 
number NCT00512109). A primary objective of this study is 
to develop a current clinical risk estimation model for pre-
dicting major perioperative vascular complications. Until 
further studies like the VISION Study are complete, physi-
cians need a practical clinical risk index. The Revised 
Cardiac Risk Index from the Lee study is the simplest 
to use in clinical practice, and several studies have vali-
dated the factors included in the index as independent pre-
dictors of major perioperative vascular complications. 18  The 
Revised Cardiac Risk Index consists of six equally weighted 
risk factors: high - risk surgery (intraperitoneal, intrathoracic 
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 Table 5.3     Predictors of stroke in patients undergoing non - cardiac surgery 

   Study     Enrolment 
years  

   Design     Patient population     Events     Predictors of perioperative 
stroke  

  Larsen 11     1981 – 1983    Single center 

prospective 

cohort study  

  2463 patients  > 40 years old who had elective 

or acute non - cardiac surgery; carotid surgery 

cases were excluded  

  3 TIAs and 

6 strokes  

  Prior CVD, coronary artery 

disease, PVD, and hypertension 

predicted perioperative stroke 

and TIA in unadjusted analyses 

( P     <    0.001,  < 0.001,  < 0.05, and 

 < 0.05, respectively)  

  Landercasper 12     1981 – 1988    Single center 

retrospective 

cohort study  

  Patients who had general anesthesia were 

included, those who had cerebrovacular or 

neurosurgery were excluded; 173 of the 7690 

patients had a prior history of stroke  

  5 strokes    Prior stroke predicted 

perioperative stroke in 

unadjusted analysis ( P     <    0.001)  

  Parikh 13     NR    Single center 

case – control 

study  

  19 patients who suffered a perioperative 

stroke after general or vascular surgery and 19 

controls matched for age and procedure 

operated on during the same time period; 

patients who had carotid endarterectomies 

were excluded  

  19 strokes    Prior hypertension, neurologic 

symptoms, abnormal cardiac 

rhythm predicted perioperative 

stroke in unadjusted analyses 

( P    =   0.02, 0.02, and 0.04, 

respectively)  

  Rockman 14     1988 – 1993    Singe center 

retrospective 

cohort study  

  Patients who had a carotid endarterectomy 

were included; those who had surgery for 

recurrent carotid stenosis and non -

 atherosclerotic disorders were excluded; 183 of 

the 606 patients had a prior history of stroke  

  13 strokes    Prior stroke predicted 

perioperative stroke in 

unadjusted analysis ( P    =   0.01)  

  Limberg 15     1986 – 1996    Single center 

case – control 

study  

  61 patients who suffered an ischemic stroke 

after non - cardiac surgery and 122 randomly 

selected controls matched for age, sex, 

procedure, and year of surgery; patients who 

had heart, brain, vessel or neck surgery were 

excluded  

  61 strokes 

(ischemic)  

  AOR for prior CVD   =   13 (95% 

CI 2.1 – 74); AOR for COPD   =   9 

(95% CI 2.5 – 31); AOR for 

PVD   =   8 (95% CI 2.3 – 28); AOR 

for admission MAP   =   1.04 (95% 

CI 1.01 – 1.07)  

   AOR, adjusted odds ratio; CVD, cerebrovascular disease; COPD, chronic obstructive pulmonary disease; PVD, peripheral vascular disease; MAP, mean 

arterial pressure; TIA, transient ischemic attack; NR, not reported; neurologic symptoms, optic migraine, transient ischemic attack, and stroke.   

or suprainguinal vascular surgery), history of ischemic 
heart disease, history of congestive heart failure, history of 
cerebrovascular disease (i.e. stroke or transient ischemic 
attack), use of insulin therapy for diabetes, and a preopera-
tive serum creatinine  > 175    μ mol/L ( > 2.0   mg/dL). Table  5.4  
presents data from the original study and demonstrates the 
percentage risk of patients suffering a major perioperative 
cardiac event (i.e. cardiac death, non - fatal myocardial 
infarction, and non - fatal cardiac arrest) and the correspond-
ing 95% confi dence intervals, based on the number of risk 
factors met. As stated above, the observed event rate in the 
recent large international POISE trial demonstrated an 
observed event rate that was three times higher than that 
predicted by the Revised Cardiac Risk Index. Therefore, 
physicians may want to double or triple the estimates from 
Table  5.4  until further data are available.    

  Non -  i nvasive  c ardiac  s tress  t esting 

 Although clinical risk indices help to identify patients at 
risk of a major vascular complication, they underestimate 
risk in a substantial proportion of patients. 3,17  This likely 
occurs because for a prolonged period of time prior to 
undergoing surgery, many patients have limited mobility 
(e.g. patients with arthritis, peripheral vascular disease, 
cancer). Some of these patients have underlying cardiac 
disease but are not active enough to experience symptoms. 
Although it is likely that researchers will develop more 
accurate clinical risk indices, it is also likely that a substan-
tial proportion of patients undergoing non - cardiac surgery 
(e.g. patients with limited mobility, diabetes) will require 
further evaluation beyond clinical symptoms to optimize 
their risk assessments. 
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 Table 5.4     Perioperative cardiac risk estimation based upon 
predictors in the  R evised  C ardiac  R isk  I ndex 

   Number of 
risk factors  

   Percentage risk of patients 
suffering a major 
perioperative cardiac event  

   95% CI  

  0    0.4%    0.1 – 0.8%  

  1    1.0%    0.5 – 1.4%  

  2    2.4%    1.3 – 3.5%  

   > 3    5.4%    2.8 – 7.9%  

 This table is reproduced with permission from Devereaux  et al . 3  

   Risk factors   =   high - risk surgery (intraperitoneal, intrathoracic or 

suprainguinal vascular surgery), history of ischemic heart disease 

(defi ned as a history of myocardial infarction, positive exercise test, 

current complaint of ischemic chest pain or nitrate use, or ECG with 

pathologic Q waves; patients with prior coronary bypass surgery or 

angioplasty were included only if they had such fi ndings after their 

procedure), history of congestive heart failure (defi ned as a history of 

heart failure, pulmonary edema or paroxysmal nocturnal dyspnea; an 

S3 gallop or bilateral rales on physical examination, or a chest 

radiograph showing pulmonary vascular resistance), history of 

cerebrovascular disease (i.e. stroke or transient ischemic attack), use 

of insulin therapy for diabetes, and a preoperative serum creatinine 

 > 175    μ mol/L ( > 2.0   mg/dL).  

  Major perioperative cardiac event   =   cardiac death, non - fatal myocardial 

infarction or non - fatal cardiac arrest; note that this table does not 

include postoperative cardiogenic pulmonary edema and complete 

heart block, which were included as outcomes in the Lee index.   

 To address this problem researchers have assessed the 
prognostic capabilities of non - invasive cardiac stress 
tests (e.g. stress echocardiography, nuclear scintigraphy 
imaging), prior to non - cardiac surgery. 3  A recent meta -
 analysis evaluating these two tests demonstrated that they 
have only moderate negative likelihood ratios (stress echo-
cardiography 0.23 and stress perfusion imaging 0.44), and 

more than a third of the patients who suffered a major 
perioperative cardiovascular event had a negative test 
result. 19  The studies that directly compared these tests sug-
gested there was no difference between the two tests 
regarding their positive likelihood ratios. When either of 
these tests had a moderate - to - large defect it was associated 
with a positive likelihood ratio of 8; however, this test 
result was only present in a small proportion of patients 
(i.e.  < 15% of the patients undergoing one of these tests). 

 These data likely represent a best - case scenario for these 
tests because the results report the direct association between 
the non - invasive cardiac stress test and the risk of a major 
perioperative cardiovascular outcome. Because of the cost 
and time associated with these tests, the more relevant data 
are whether these non - invasive cardiac stress tests provide 
additional predictive value, beyond clinical variables, for 
the occurrence of major perioperative cardiovascular events. 
Most of the studies have not assessed whether these non -
 invasive cardiac stress tests provide independent prog-
nostic information. The studies that have undertaken 
multivariable analysis are unreliable because they did not 
include all the known independent clinical variables or the 
analysis had too few events for the number of variables 
assessed. 20 – 24  The results and the limitations of these data 
leave considerable uncertainty as to the role of non - invasive 
cardiac stress testing prior to non - cardiac surgery.  

  Preoperative  BNP  and  NT  -  pro  BNP   m easurement 

 Ventricular myocytes secrete brain natriuretic peptide 
(BNP), a prohormone, and its inactive cleavage product 
N - terminal fragment of the prohormone (NT - proBNP) into 
the blood in response to myocardial stretch and isch-
emia. 25,26  Plasma BNP and NT - proBNP are powerful predic-
tors of death and major adverse cardiovascular events in 
patients with stable coronary artery disease, acute coronary 
syndromes, and congestive heart failure. 27 – 31  Table  5.5  

 Table 5.5     Adjusted association between pre - operative  BNP / NT  -  p ro BNP  level and perioperative cardiovascular event 

   Study and year of 
publication  

   Marker and 
threshold (pg/mL)  

   Outcome     No of events/no of 
patients in study  

   Adjusted OR 
(95% CI)  

  Dernellis 2006 32     BNP (189)    Cardiac death, non - fatal MI, pulm. edema, VT    96/1590    34 (17 – 69)  

  Feringa 2006 33     NT - proBNP (533)    Death, non - fatal MI    13/170    17 (3 – 106)  

  Cuthbertson 2007 34     BNP (40)    Death, myocardial injury, arrhythmia  †      12/204    7 (2 – 29)  

  Cuthbertson 2007 35     BNP (170)    Cardiac death, myocardial injury    11/40    14 (2 – 98)  

  Cardinale 2007 36     NT - proBNP (various  *  )    Atrial fi brillation    72/400    28 (13 – 59)  

  Yun 2008 37     NT - proBNP (201)    Cardiac death, non - fatal MI, pulm. edema, 

non - fatal stroke  

  25/279    8 (2 – 27)  

   MI, myocardial infarction; pulm., pulmonary; VT, ventricular tachycardia; ACS, acute coronary syndrome.   

   *    Authors employed six age -  and sex - dependent thresholds;   

   †    resulting in hemodynamic compromise or requiring intervention.   
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reports six studies that have evaluated the independent 
association between a preoperative BNP or NT - proBNP 
measurement and major perioperative cardiovascular 
events. 32 – 37  All studies suggest that an elevated preopera-
tive BNP or NT - proBNP measurement is a strong indepen-
dent predictor of a major perioperative cardiovascular 
event. Although there are limitations to these studies 
regarding the number of events, variations in the outcomes 
and thresholds evaluated, and the width of the confi dence 
intervals, these results are encouraging. A large substudy 
(10   000 patients) of the VISION Study currently under way 
is evaluating the prognostic capabilities of preoperative 
NT - proBNP and will provide further insights into whether 
NT - proBNP, a relatively cheap and easily accessible test 
compared to the non - invasive cardiac stress tests, can 
enhance perioperative clinical risk predictions.     

  Perioperative  m yocardial  i nfarctions 

 Considering the major perioperative vascular complica-
tions (i.e. vascular death, non - fatal myocardial infarction, 
non - fatal cardiac arrest, and non - fatal stroke) myocardial 
infarction is the most common event. For example, in the 
POISE trial 1.6% of patients suffered a vascular death, 0.7% 
suffered a stroke, 0.5% suffered a non - fatal cardiac arrest, 
and 5.0% suffered a myocardial infarction in the fi rst 30 
days. 5   

  Pathophysiology of  p erioperative 
 m yocardial  i nfarction 

 Rupture of atherosclerotic plaque with superimposed arte-
rial thrombosis constitutes the underlying pathophysiol-
ogy in the majority of  non - operative  myocardial infarctions. 38  
Between 64% and 100% of patients with non - operative 
myocardial infarctions have coronary artery plaque fi ssur-
ing 39,40  and 65 – 95% have an acute luminal thrombus. 40 – 44   

 A commonly proposed mechanism of perioperative 
myocardial infarction relates to myocardial oxygen supply 
demand mismatch. 45  Fluid shifts, catecholamine surges, 
hypotension, anemia, pain, hypothermia, and hypoxia can 
occur during and after major non - cardiac surgery and tran-
siently increase myocardial oxygen demand. 3  In coronary 
vessels with high - grade stenoses or occlusions, the supply 
response may be limited, resulting in supply/demand mis-
match myocardial infarction. Consistent with this hypoth-
esis, two small retrospective autopsy studies ( < 70 patients 
in total) that reported the coronary pathology of patients 
who suffered a fatal perioperative myocardial infarction 
revealed that two - thirds of patients had signifi cant left 
main or three - vessel coronary artery disease. 46,47  Most of 
the patients did not exhibit plaque fi ssuring and only about 
one - third had an intracoronary thrombus. Although these 

data require cautious interpretation because the timing of 
the autopsies relative to the myocardial infarctions may 
have allowed resolution of intracoronary thrombus, these 
data suggest that a substantial proportion of fatal periop-
erative myocardial infarctions may be secondary to an 
increase in oxygen demand in the setting of a fi xed coro-
nary artery stenosis. 

 Although POISE does not provide direct evidence 
regarding the pathophysiology of perioperative myocar-
dial infarction, some of the fi ndings challenge the theory 
that perioperative myocardial infarction result from an 
increase in oxygen demand in the setting of fi xed coronary 
artery stenoses. 5  In POISE, perioperative beta - blockers pre-
vented myocardial infarctions (beta - blockers 4.2% v placebo 
5.7%; hazard ratio (HR) 0.73; 95% CI 0.60 – 0.89;  P    =   0.0017) 
but increased clinically signifi cant hypotension (systolic 
blood pressure less than 90   mmHg that someone inter-
vened upon; beta - blockers 15.0% vs placebo 9.7%; HR 1.55; 
95% CI 1.38 – 1.74;  P     <    0.0001). Clinically signifi cant hypo-
tension had the largest population - attributable risk for 
perioperative death and perioperative stroke but appeared 
to have minimal impact on the risk of perioperative myo-
cardial infarction. Because myocardial oxygen supply is 
critically dependent on maintaining coronary blood fl ow 
during diastole, hypotension of suffi cient severity to cause 
stroke and death would be expected to further compromise 
coronary perfusion in patients with pre - existing fi xed coro-
nary artery stenosis, thereby increasing the risk of periop-
erative myocardial infarction with beta - blockers rather 
than reducing the risk. Therefore, the POISE results suggest 
the possibility that other mechanisms beyond increased 
oxygen demand in the setting of a fi xed coronary artery 
stenosis are involved in the pathogenesis of perioperative 
myocardial infarction. 

 An additional or alternative mechanism of perioperative 
myocardial infarction is that the acute stress of surgery and 
mechanical tissue injury induce a hypercoagulable state 
that increases the risk of coronary thrombus formation at 
the sites of a fi ssured plaque or low coronary fl ow. This 
mechanism might also explain the reduction in periopera-
tive myocardial infarction seen with beta - blockers in POISE 
because sympathetic hyperactivity promotes hypercoagu-
lability by upregulating coagulation and platelets and 
downregulating fi brinolysis, and this effect can be sup-
pressed by beta - blocker therapy. 48 – 51   

 Consistent with the thrombosis hypothesis, a small study 
of 21 patients who suffered a perioperative myocardial 
infarction who had undergone a coronary angiography 
prior to vascular surgery revealed that the majority of non -
 fatal perioperative myocardial infarctions occurred in 
arteries without high - grade stenoses, suggesting that these 
events may result from acute coronary artery thrombosis 
superimposed on fi ssured coronary artery plaques. 52  
Further, evidence to support this hypothesis comes from 
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the Coronary Artery Revascularization Prophylaxis (CARP) 
trial 53  which randomized 510 patients undergoing elective 
vascular surgery, who had at least one coronary artery with 
a  ≥ 70% stenosis that was suitable for revascularization, to 
receive coronary artery revascularization or no coronary 
artery revascularization before vascular surgery. This trial 
did not demonstrate a signifi cant reduction in periopera-
tive myocardial infarctions in the patients who fi rst under-
went coronary revascularization prior to their non - cardiac 
surgery. If hemodynamically signifi cant stenoses are the 
major cause of perioperative myocardial infarctions, it is 
surprising that there was no reduction in the risk of a peri-
operative myocardial infarction despite coronary revascu-
larization prior to non - cardiac surgery. 

 These limited and confl icting data regarding the patho-
physiology of perioperative myocardial infarction high-
light the need for large studies to provide insights. Such 
studies will inform the selection of appropriate preventive 
and management interventions to evaluate in subsequent 
large randomized controlled trials.  

  Diagnosing  p erioperative  m yocardial  i nfarction 

 A recent review identifi ed studies assessing patients under-
going non - cardiac surgery, that required patients to have 
at least one measurement of a cardiac biomarker or enzyme 
after surgery, and reported whether patients who suffered 
a perioperative myocardial infarction experienced cardiac 
symptoms. 54  This review identifi ed three studies that 
included a total of 1309 patients, and 38 of these patients 
suffered a perioperative myocardial infarction. 55 – 57  Although 
the small sample size requires cautious interpretation, the 
fi ndings were striking. Of the patients who suffered a peri-
operative myocardial infarction, only 14% experienced 
chest pain and only 53% had any potential sign or symptom 
that could have suggested a myocardial infarction. 

 These results are similar to the fi ndings in the recent 
POISE trial, which also monitored cardiac biomarkers or 
enzymes in all patients for the fi rst 3 days after surgery. Box 
 5.1  presents the defi nition used for myocardial infarction 
in the POISE trial, in which only 35% of the patients suf-
fering a perioperative myocardial infarction had ischemic 
symptoms. 5  The fact that approximately 75% of these myo-
cardial infarctions occurred within the fi rst 48 hours after 
surgery helps to explain why so many patients may not 
have experienced ischemic symptoms (i.e. this is a period 
when the majority of patients receive high - dose analgesic 
medication to blunt surgical discomfort). These data 
suggest perioperative myocardial infarctions present dif-
ferently from the majority of myocardial infarction in the 
emergency room and that perioperative myocardial infarc-
tions are at high risk of going undetected if troponin mea-
surements are not monitored for the fi rst few days after 
surgery. The ongoing VISION Study will provide further 

BOX 5.1  Diagnostic criteria for perioperative myocardial 
infarction in the  POISE  trial              

    The diagnosis of perioperative myocardial infarction 
required any one of the following  

   Criterion 1     A typical rise of troponin or a typical fall of 
an elevated troponin or a rapid rise and fall 
of CK - MB. Patients also had to have one of 
the following:  
     1.     ischemic signs (e.g. chest, arm or jaw 

discomfort; shortness of breath)  
  2.     development of pathologic Q waves in 

two contiguous leads on an ECG  
  3.     ECG changes indicative of ischemia in at 

least two contiguous leads  
  4.     coronary artery intervention (e.g. 

percutaneous coronary intervention)  
  5.     new or presumed new cardiac wall 

motion abnormality on echocardiography 
or new or presumed new fi xed defect on 
radionuclide imaging     

   Criterion 2     Pathologic fi ndings of an acute myocardial 
infarction  

   ECG, electrocardiogram.       

insights into this issue in a large unselected population of 
patients undergoing non - cardiac surgery who are having 
troponins monitored throughout the fi rst 3 days after 
surgery.    

  Do  p erioperative  m yocardial  i nfarctions  m atter 
and  i s  s urveillance  j ustifi ed? 

 A relevant question is whether a perioperative myocardial 
infarction alters prognosis to an extent that would justify 
routine monitoring for this event. In the POISE trial 
both asymptomatic and symptomatic perioperative myo-
cardial infarctions were independent predictors of death 
at 30 days (OR 3.45; 95% CI 2.20 – 5.41 and OR 3.31; 95% 
CI 1.78 – 6.15, respectively). Smaller studies have also sug-
gested that an elevation of a troponin measurement after 
surgery is an independent predictor of death in the fi rst 
year after surgery. 58,59  These data suggest perioperative 
myocardial infarctions alter prognosis in an important 
way. 

 Another relevant question is whether detecting periop-
erative myocardial infarctions that would have otherwise 
gone unrecognized will allow physicians to improve 
patient outcomes. A present, there are no randomized con-
trolled trials evaluating interventions among patients suf-
fering a perioperative myocardial infarction. Therefore, it 
remains unproven that physicians detecting perioperative 
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myocardial infarction can improve patient outcomes, but 
there is a strong rationale to suspect that the detection of 
perioperative myocardial infarctions will enhance patient 
outcomes. 

 Between 10% and 20% of patients suffering a periopera-
tive myocardial infarction will die prior to hospital dis-
charge, 57,60  and it is logical to assume that early detection 
of a myocardial infarction will afford physicians the great-
est opportunity to prevent death, as is the case in the non -
 operative setting. A number of strategies for managing 
detected perioperative myocardial infarctions are more 
likely to benefi t than harm patients, including: (1) more 
frequent monitoring of vital signs to allow early detection 
and reversal of cardiovascular instability; (2) management 
in a telemetry monitored unit or cardiac care unit; (3) iden-
tifying and correcting potential contributing factors (e.g. 
hypoxia, anemia); (4) optimal intravascular volume man-
agement to minimize the risk of heart failure; and (5) a few 
therapies known to benefi t patients suffering a non - opera-
tive myocardial infarction (e.g. acetyl - salicylic acid (ASA), 
angiotensin - converting enzyme (ACE) inhibitor). 61   

 We believe that it is also reasonable to suspect that even 
patients who would survive to hospital discharge, despite 
having suffered an undetected perioperative myocardial 
infarction, can benefi t from detection of their myocardial 
infarction. Approximately 10% of patients who suffer a 
perioperative myocardial infarction with or without signs 
or symptoms will suffer a major cardiac event within 1 year 
of hospital discharge after surgery. 57,62,63  Given that the 
majority of these patients have some degree of underlying 
coronary artery stenosis, 46,47,52  it would seem prudent to 
offer these patients long - term management with known 
benefi cial secondary prophylaxis cardiac interventions 
(e.g. beta - blocker, HMG CoA reductase inhibitor (statin)), 
until defi nitive perioperative myocardial infarction ran-
domized controlled trials are conducted.   

  Prevention of  p erioperative 
 v ascular  c omplications 

 The plethora of triggers and activated mechanisms (e.g. 
pain, fasting, hypothermia, bleeding/anemia, platelet acti-
vation, hypercoagulability, infl ammation, sympathetic acti-
vation) 3  that may result in a perioperative myocardial 
infarction suggests many potential prophylactic interven-
tions. This multitude of triggers and mechanisms also sug-
gests it is unrealistic to expect that any single intervention, 
which is likely to affect no more than a few triggers or 
mechanisms, will have a large effect. Realistic moderate -
 sized treatment effects can, however, have substantial 
impact in preventing major vascular complications among 
the 200 million adults globally who undergo non - cardiac 
surgery annually. 

  Beta -  b lockers 

 In the 1970s, physicians were encouraged to withhold 
beta - blockers prior to surgery out of concern that beta -
 blockers would inhibit compensatory cardiovascular 
responses when patients developed hypotension in the 
perioperative setting. 64  As research suggested that tachy-
cardia was associated with increased myocardial oxygen 
demand and perioperative cardiovascular events this led 
to physicians (starting in the 1980s) to propose using peri-
operative beta - blockers as a means to prevent major peri-
operative cardiovascular complications. 65  Two small trials 
in the 1990s (total sample 312 patients) with methodologic 
limitations (unblinded, stopped early for unexpected large 
treatment effects, failure to follow intention - to - treat prin-
ciple) suggested perioperative beta - blockers had a large 
treatment effect in preventing major cardiovascular events 
and death. 66,67  Based upon physiologic rationale and the 
results of these two trials, guideline committees recom-
mended giving perioperative beta - blockers to patients 
undergoing non - cardiac surgery who were considered at 
risk for a major perioperative cardiovascular event. 68,69  In 
2006 two moderate - sized trials (1417 patients in total), 
which did not suffer from the methodologic limitations of 
the early trials, reported no benefi t with perioperative beta -
 blockers. 70,71  Despite these new data, guideline committees 
continued to recommend perioperative beta - blockers. 72   

 Most recently, the POISE trial evaluated the effect of a 
perioperative beta - blocker versus placebo in 8351 patients 
recruited in 190 hospitals in 23 countries. 5  POISE included 
patients with or at risk of atherosclerotic disease who were 
undergoing non - cardiac surgery. The intervention was 
extended - release metoprolol succinate (metoprolol CR) or 
matching placebo. Patients had to have a systolic blood 
pressure (SBP)  ≥ 100   mmHg and a heart rate  ≥ 50 beats per 
minute (bpm) in order to receive the study drug. The 
dosing regimen in POISE was designed so that patients 
could get 200   mg of the study drug (i.e. metoprolol CR or 
matching placebo) during the fi rst 24 hours. 73  Patients 
received 100   mg 2 – 4 hours prior to surgery and then another 
100   mg 6 hours after surgery. Patients thereafter received 
200   mg of the study drug daily for 30 days. If a patient ’ s 
heart rate was below 45   bpm or their SBP    <    100   mmHg, 
their study drug was withheld until their heart rate or 
SBP recovered and then they restarted the study drug at 
100   mg orally once a day. Patients whose heart rate was 
45 – 49   bpm and SBP  > 100   mmHg delayed taking the study 
drug for 12 hours until their hemodynamic measurements 
recovered. 

 In the POISE trial 99.8% of the patients completed the 
30 - day follow - up and all analyses were undertaken accord-
ing to the intention - to - treat principle. Fewer patients in the 
metoprolol CR group (244, 5.8%) suffered the primary 
outcome (i.e. a composite of cardiovascular death, non -
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 fatal myocardial infarction, and non - fatal cardiac arrest) 
compared to the placebo group (290, 6.9%) (HR for the 
metoprolol group, 0.84; 95% CI 0.70 – 0.99;  P    =   0.04). 5  
This benefi cial effect resulted from a reduction in myocar-
dial infarction (176, 4.2%, in the metoprolol group com-
pared to 239, 5.7%, in the placebo group; HR 0.73; 95% CI 
0.60 – 0.89;  P    =   0.002). In contrast to this benefi cial effect 
there was an excess of deaths in the metoprolol CR group 
(129, 3.1%) compared to the placebo group (97, 2.3%) (HR 
1.33; 95% CI 1.03 – 1.74;  P    =   0.03). Further, there were more 
strokes in the metoprolol group (41, 1.0%) than in the 
placebo group (19, 0.5%) (HR 2.17; 95% CI 1.26 – 3.74; 
 P    =   0.005). 

 To many, the excess of deaths and strokes was a surprise 
fi nding. These fi ndings are, however, supported by a 
recently published meta - analysis of high - quality perio-
perative beta - blocker randomized controlled trials by 
Bangalore and colleagues. 74  This meta - analysis, which 
included the POISE data, demonstrated a higher death rate 
among patients assigned a beta - blocker (160, 2.8%) com-
pared to control (127, 2.3%) (OR 1.27; 95% CI 1.01 – 1.61; I 2  
27%), and a higher risk of non - fatal strokes among patients 
assigned a beta - blocker (38, 0.7%) compared to control (17, 
0.3%) (OR 2.16; 95% CI 1.27 – 3.68; I 2  0%). 74   

 Further analyses in the POISE trial offer insights into 
whether and how metoprolol CR may have resulted in an 
excess of deaths and strokes. More patients assigned meto-
prolol CR (625, 15.0%) compared to placebo (404, 9.7%) 
experienced clinically signifi cant hypotension (i.e. a 
SBP    <    90   mmHg that someone had to do something about) 
(HR 1.55; 95% CI 1.38 – 1.74;  P     <    0.0001).  Post hoc  multivari-
able analyses were undertaken and population - attributable 
risks (PARs) were reported, which represent the proportion 
of all outcomes attributable to the relevant risk factor if 
causality were proven. Clinically signifi cant hypotension 
had the largest PAR (37.3%) for death and the largest 
intraoperative/postoperative PAR (14.7%) for stroke. 
These fi ndings suggest that an important pathway through 
which perioperative metoprolol CR caused death and 
stroke might be clinically signifi cant hypotension. 

 The fi nding of excess deaths related to shock with peri-
operative beta - blockers is similar to the signal seen in the 
world ’ s largest non - operative beta - blocker trial (i.e. the 
COMMIT trial), which randomized 45   852 patients to meto-
prolol CR or placebo in acute myocardial infarction. 75  In the 
COMMIT trial there was no impact on 30 - day mortality but 
there was a statistically signifi cant increase in death due to 
shock with beta - blocker therapy. 75  The main difference 
between POISE and COMMIT was that clinically signifi -
cant hypotension was more common in the perioperative 
setting in POISE than in the acute myocardial infarction 
setting in COMMIT, and this may explain why the overall 
balance of total mortality went up in POISE and was 
neutral in COMMIT. 5,75    

  Questions  r aised  a fter  POISE  

 Some authors have suggested that the beta - blocker dose 
used in POISE was too high. 76  Would a lower dose of a 
perioperative beta - blocker provide the benefi ts seen in 
POISE without the demonstrated risks? POISE used meto-
prolol CR (a long - acting beta - blocker) and targeted a dose 
that represents 50% of the maximum daily therapeutic dose 
(MDTD). Considering the two small positive beta - blocker 
trials  –  that have a total sample that is 4% of POISE ’ s 
sample size  –  upon which the guidelines primarily based 
their recommendations, the fi rst of these trials used ateno-
lol (a long - acting beta - blocker) and targeted a dose that 
represents 50% of the MDTD. 66  The second used bisoprolol 
(a long - acting beta - blocker) starting at a dose that repre-
sents 25% of the MDTD and allowed titration to 50% of the 
MDTD. 67  The next largest perioperative beta - blocker trial 
after POISE is the DIPOM trial, which randomized 921 
patients. 70  DIPOM used metoprolol CR and targeted a dose 
that represents 25% of the MDTD. The 30 - day data from 
DIPOM demonstrated a trend towards excess deaths and 
strokes with metoprolol CR despite using half the POISE 
dose. Consistent with these fi ndings are the results of the 
recent perioperative beta - blocker meta - analysis by Banga-
lore and colleagues that demonstrated a consistent fi nding 
of excess deaths and strokes with various perioperative 
beta - blockers and dosing regimens. 74  Although it is possi-
ble that a different perioperative beta - blocker dosing 
regimen may provide the benefi ts seen in POISE while 
avoiding the risks, the current evidence suggests this is 
unlikely. 

 Some authors have suggested that there is a benefi t 
to starting a beta - blocker earlier than the initiating time 
used in POISE. 76  Considering that POISE demonstrated 
that a beta - blocker resulted in a benefi cial effect when start-
ing just a few hours prior to surgery (e.g. reduction in 
risk of myocardial infarction), the relevant question is 
whether starting a beta - blocker weeks prior to surgery 
would make the drug safe. Although this is possible, 
the POISE results offer insights that suggest it is not prob-
able. In POISE 9.7% of the patients in the placebo group 
developed clinically signifi cant hypotension. Therefore, a 
titrated beta - blocker dose that appears effective preopera-
tively is unlikely to inform what dose of a beta - blocker is 
safe after surgery when clinically signifi cant hypotension 
is common. Another relevant question relates to the 
practicality of seeing patients preoperatively, initiating a 
beta - blocker, and seeing them a few more times before 
surgery to titrate their beta - blocker. Given that worldwide 
there are likely 100 million at risk adults undergoing non -
 cardiac surgery annually and most preoperative clinics see 
patients very close to the time of surgery, the practicality 
of starting and titrating a beta - blocker before surgery is 
questionable. 
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 Another relevant question is how physicians should 
manage patients undergoing non - cardiac surgery who are 
already taking a beta - blocker. POISE does not directly 
inform this question, because it excluded patients who 
were already taking a beta - blocker prior to surgery. Issues 
to consider include the following: the potential exacerba-
tion of cardiac ischemia that may occur from stopping a 
beta - blocker acutely before a patient undergoes surgery; 
and the beta - blocker dose that is safe in the non - operative 
setting may still exacerbate clinically signifi cant hypoten-
sion after surgery and result in the negative consequences 
demonstrated in POISE. Until a large, adequately powered 
trial is undertaken to directly inform this issue, physicians 
may want to consider halving the patient ’ s beta - blocker 
dose around the time of surgery (i.e. starting on the morning 
of surgery and continuing for the fi rst few days after 
surgery) and to only administer the beta - blocker if the 
patient ’ s SBP is  > 115 – 120   mmHg. This suggestion tries to 
balance the concern about beta - blocker withdrawal isch-
emia and exacerbating clinically signifi cant hypotension 
after surgery with a beta - blocker. This suggestion is not, 
however, informed from strong direct evidence, and there-
fore physicians will have to individualize the perioperative 
management of each patient who is on a beta - blocker until 
strong direct evidence becomes available.   

  Take -  a way  m essage from  POISE  

 POISE suggest that for every 1000 patients with a similar 
risk profi le undergoing non - cardiac surgery, metoprolol 
CR would prevent 15 patients from suffering a myocardial 
infarction, three from undergoing cardiac revasculariza-
tion, and seven from developing new clinically signifi cant 
atrial fi brillation. POISE also suggests that metoprolol CR 
would result in an excess of eight deaths, fi ve patients suf-
fering a stroke, 53 experiencing clinically signifi cant hypo-
tension, and 42 experiencing clinically signifi cant 
bradycardia. Patients who would place three times more 
value on avoiding a perioperative stroke (a majority of 
which resulted in death, incapacitation or a patient requir-
ing help with everyday activities) compared to a periopera-
tive myocardial infarction (a minority of which resulted in 
death or ischemic symptoms), or who are unwilling to 
accept a probable increase in mortality, would not want a 
perioperative beta - blocker. 

 POISE has another take - away message that goes beyond 
perioperative beta - blockers. Guidelines have recom-
mended perioperative beta - blockers for over a decade. 
Even if only 10% of physicians acted on the guideline rec-
ommendations throughout the last decade (several studies 
suggest  > 30% of physicians prescribed a perioperative 
beta - blocker to the at - risk patients), 77 – 79  100 million patients 
would have received a beta - blocker around the time of 

surgery. If the results of POISE are widely applicable, 
throughout the last decade 800   000 patients would have 
died prematurely and 500   000 patients would have suffered 
a stroke because they were given a beta - blocker around the 
time of surgery. This highlights the risk in assuming a 
perioperative beta - blocker regimen has benefi t without 
substantial harm, and the importance and need for large 
randomized trials in the surgical setting. 

  Alpha - 2  a gonists 

 Like beta - blockers, alpha - 2 agonists attenuate the stress 
response but through a different mechanism. Alpha - 2 ago-
nists act on central and presynaptic receptors to inhibit the 
release of norepinephrine, causing an overall reduction in 
central sympathetic outfl ow. 80,81  A meta - analysis of alpha - 2 
agonists included 12 non - cardiac surgery randomized con-
trolled trials that assessed three alpha - 2 agonists (clonidine, 
dexmedetomidine, mivazerol). 82  The authors of this sys-
tematic review reported separately the results for patients 
who had vascular surgery and patients who had non - 
vascular non - cardiac surgery. The meta - analysis demon-
strated a statistically signifi cant reduction in both deaths 
(39 events; relative risk (RR) 0.47; 95% CI 0.25 – 0.90) and 
myocardial infarction (110 events; RR 0.66; 95% CI 0.46 –
 0.94) with alpha - 2 agonist therapy among the patients who 
underwent vascular surgery. The investigators found no 
effect on mortality (31 events; RR 1.09; 95% CI 0.52 – 2.09) 
and myocardial infarction (62 events; RR 1.25; 95% CI 0.83 –
 2.21) among the patients who underwent non - vascular 
non - cardiac surgery. The six trials that reported hypoten-
sion did not support an increase with administration of an 
alpha - 2 agonist around the time of non - cardiac surgery (RR 
1.03; 95% CI 0.89 – 1.21;  P  for heterogeneity 0.22). 

 Clonidine is the most widely available alpha - 2 agonist, 
and it has a number of effects that make it attractive as a 
potential agent to prevent major cardiovascular complica-
tions around the time of non - cardiac surgery. Perioperative 
clonidine results in documented sympatholysis, 83,84  anes-
thetic/sedative/ anxiolytic/analgesic effects, 85 – 87  and anti -
 shivering effects 88  and is able to reduce tissue necrosis 
factor (TNF) - alpha and myocardial oxygen uptake. 89,90  A 
meta - analysis of two small randomized control trials (total 
sample size 358 patients) and another small randomized 
controlled trial (sample size 190 patients), published since 
the systematic review, have demonstrated that periopera-
tive administration of clonidine reduces the incidence of 
myocardial ischemia in patients undergoing non - cardiac 
surgery without signifi cantly affecting hemodynamic 
stability. 84,91  This is in contrast to a meta - analysis of trials 
of perioperative beta - blockers that demonstrated a clear 
increase in hypotension requiring treatment across 10 non -
 cardiac surgery trials (RR 1.27; 95% CI 1.04 – 1.56; I 2  6%). 92  
Although these results are encouraging, they warrant a 
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cautious interpretation. Confi rmation of these results is 
required in a large, well - designed trial.  

   ASA  

 Immediately after non - cardiac surgery, patients experience 
a rise in circulating platelet release products. 93  Platelet 
surface catalyzing coagulation reactions facilitate thrombin 
generation and these events may promote thrombus for-
mation and lead to arterial occlusion in the perioperative 
setting. 3  Acute withdrawal of chronic ASA results in a pro-
thrombotic state (i.e. increased thromboxane A2 and 
decreased fi brinolysis). 94,95  Given these physiologic changes, 
ASA initiation or continuation for chronic users, which 
inhibits platelet aggregation, may prevent major periopera-
tive vascular events. 96   

 A systematic review of antiplatelet therapy versus 
placebo in patients undergoing infrainguinal bypass 
surgery identifi ed 10 randomized controlled trials, of 
which six evaluated the effects of ASA. 97  There were 76 
vascular events (i.e. vascular death, non - fatal myocardial 
infarction or non - fatal stroke) among the 893 patients ran-
domized to antiplatelet therapy compared to 92 vascular 
events among the 872 patients randomized to placebo (OR 
0.76; 95% CI 0.54 – 1.05). 

 In contrast to this encouraging evidence, the Pulmonary 
Embolism Prevention (PEP) trial suggested worse cardiac 
ischemic outcomes with ASA therapy in patients undergo-
ing surgery for a hip fracture. 98  There were 105 cardiac 
ischemic events (i.e. death due to ischemic heart disease or 
non - fatal myocardial infarction) among the 6679 patients 
randomized to ASA compared to 79 cardiac ischemic events 
among the 6677 patients randomized to placebo (HR 1.33; 
95% CI 1.00 – 1.78). More ASA patients (197) compared to 
placebo patients (1570 suffered a postoperative bleeding 
episode requiring a transfusion (relative risk increase (RRI) 
24%; 95% CI 1 – 53%). In the PEP trial ASA therapy did, 
however, prevent pulmonary emboli (HR 0.43; 95% CI 
0.18 – 0.60). 

 Given the clear evidence that ASA prevents cardiovascu-
lar events in the non - operative setting, 99  the confl icting ran-
domized controlled trial evidence surrounding the impact 
of ASA on perioperative vascular events, and the likelihood 
of increased bleeding risk with perioperative ASA, there is 
a need for a large randomized controlled trial to determine 
the balance of benefi ts and risks of ASA in patients undergo-
ing non - cardiac surgery. Until such a trial is completed, 
physicians will have to weigh the increased risk of bleeding 
against the potential but yet unproven vascular benefi ts.  

  Statins 

 Some authors have suggested the statins may prevent 
major perioperative vascular complications through plaque 

stabilization and improved endothelial function. 100  A recent 
meta - analysis of 10 non - cardiac surgery observational 
studies demonstrated a reduction in the composite outcome 
of death and acute coronary syndrome among patients 
receiving a perioperative statin (OR 0.70; 95% CI 0.53 – 0.91); 
however, this benefi t was only seen among the retrospec-
tive studies (OR 0.65; 95% CI 0.50 – 0.84) and was not dem-
onstrated in the pooled estimate from the three prospective 
cohort studies (OR 0.91; 95% CI 0.65 – 1.27). 101  A recent large 
retrospective cohort study raised a safety concern related 
to perioperative statin use when it demonstrated an 
increased adjusted risk of delirium after non - cardiac 
surgery associated with statin use (OR 1.33; 95% CI 1.16 –
 1.53). 102  The authors suggest this increased risk of delirium 
with statin use may have occurred as a result of altered 
cerebral blood fl ow autoregulation. 102,103   

 Three randomized controlled trials have evaluated the 
effects of a perioperative statin among patients undergoing 
non - cardiac surgery, but two of these studies are only pub-
lished in abstract form as of January 2009. The one full - text 
published trial randomized 50 patients to receive atorvas-
tatin and 50 patients to receive placebo who were undergo-
ing vascular surgery. 104  Patients started taking the study 
drug at least 2 weeks prior to vascular surgery and contin-
ued for a period of 45 days. Four patients in the atorvas-
tatin group and 13 in the placebo group suffered the 
primary outcome (a composite of cardiac death, non - fatal 
myocardial infarction, ischemic stroke, and unstable 
angina) at 6 months after surgery (relative risk reduction 
69%; 95% CI 18 – 89%). One of the trials reported in abstract 
form was an unblinded trial that randomized 1066 patients 
to fl uvastatin XL 80   mg daily or control therapy starting a 
median of 34 days prior to non - cardiac surgery. 105  There 
was no effect on the primary outcome (a composite of 
cardiac death and myocardial infarction) at 30 days after 
surgery, with 3.2% of fl uvastatin patients and 4.9% of 
control patients experiencing the primary outcome (HR 
0.65; 95% CI 0.35 – 1.10). There were, however, only 43 
primary events in this trial. The second trial, only available 
in abstract form, randomized 253 patients to fl uvastatin XL 
80   mg daily and 247 patients to placebo, a median of 34 
days prior to vascular surgery. 106  Fewer patients in the fl u-
vastatin group (27 patients, 10.9%) experienced the primary 
outcome (myocardial ischemia) compared to the placebo 
group (47 patients, 18.9%) (OR 0.56; 95% CI 0.35 – 0.89). The 
abstract also reports that fewer fl uvastatin patients suffered 
the secondary outcome (a composite of cardiac death and 
non - fatal myocardial infarction) (OR 0.48; 95% CI 0.24 –
 0.95); however, there were only 37 secondary events. 

 A meta - analysis evaluating the effect of early statin 
therapy in almost 18   000 patients suffering an acute coro-
nary syndrome demonstrated no statistically signifi cant 
effect on myocardial infarction until 24 months and no 
effect on cardiovascular death until 24 months. 107  These 
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results contrast the quick and large effects suggested in the 
small perioperative trials. 

 Given the limited nature of the current perioperative 
statin effi cacy data, the contrasting non - operative data, and 
the potential safety concern, it is diffi cult to outline a fi rm 
perioperative statin recommendation. Until a large trial 
with a lot of events is undertaken, physicians will have to 
weigh the limited available data when deciding whether to 
prescribe a perioeprative statin.  

  Neuraxial  b lockade 

 Uncontrolled pain after surgery leads to stimulation of the 
sympathetic system and activation of coagulation cascade, 
which leads to an increase in heart rate, arterial pressure, 
myocardial oxygen demand, and hypercoagulability. 3  
Effective epidural blockade provides superior analgesia 
and may therefore reduce perioperative vascular events. 108  
A meta - analysis of 141 trials involving 9559 patients dem-
onstrated a decrease in the incidence of death (total of 247 
deaths) after surgery with neuraxial blockade (epidural 
and spinal anesthesia) (OR 0.70; 95% CI 0.54 – 0.90), and 
neuraxial blockade also demonstrated a signifi cant reduc-
tion in vascular events (venous thrombotic events, myocar-
dial infarctions), bleeding requiring a transfusion, and 
pneumonia. 109  A subsequent meta - analysis of 11 trials that 
included 1173 patients evaluated the effects of postopera-
tive epidural analgesia and demonstrated a trend towards 
a lower rate of perioperative myocardial infarction (total of 
44 myocardial infarctions) with epidural analgesia (OR 
0.56; 95% CI 0.30 – 1.03). 110   

 Since the publication of these meta - analyses, two moderate - 
sized randomized controlled trials have been published. 
Despite better postoperative pain relief, the Multicenter 
Australian Study of Epidural Anesthesia (MASTER) trial 
found no effect of epidural anesthesia and analgesia on 
death (5.2% versus 4.3% in the treatment and control group, 
respectively) and cardiovascular events (25.7% versus 
24.0% in the treatment and control group, respectively) 
among the 915 participants who underwent major abdomi-
nal surgery. 108  Similarly, the Veterans Affairs Co - operative 
Study (VACS, n   =   1021) failed to observe a benefi t with 
epidural anesthesia/analgesia (death occurred in 20 versus 
17 patients and myocardial infarction in 44 versus 57 
patients assigned to the treatment and control groups, 
respectively). 111  The lack of signifi cant fi ndings in these two 
trials may simply relate to their limited power. But these 
are the two largest trials and relatively free of biases.  

  Cardiac  r evascularization 

 The Coronary Artery Revascularization Prophylaxis 
(CARP) trial evaluated the management strategy of preop-
erative coronary artery revascularization prior to non - 
cardiac surgery. 53  Patients undergoing elective vascular 

surgery for an abdominal aortic aneurysm or severe clau-
dication were recommended for coronary angiography. 
Patients were eligible if they had at least one coronary 
artery with a  ≥ 70% stenosis that was suitable for revascu-
larization; 33% of the patients who participated in the trial 
had three - vessel coronary artery disease. The trial excluded 
patients with unstable angina, left main coronary artery 
stenosis  ≥ 50%, a left ventricular ejection fraction  < 20% or 
severe aortic stenosis. 

 It randomized 258 patients to receive coronary artery 
revascularization before vascular surgery and 252 patients 
to receive  no  coronary artery revascularization before vas-
cular surgery, and patients were followed for a mean of 2.7 
years. Among the patients assigned to coronary artery 
revascularization, 38% underwent CABG surgery, 55% 
underwent PCI, and 7% did not receive coronary revascu-
larization. The primary outcome of total mortality during 
the long - term follow - up demonstrated 70 deaths in the 
revascularization group and 67 in the no revascularization 
group (RR 0.98; 95% CI 0.70 – 1.37). 

 A recent pilot trial randomized 101 patients undergoing 
major vascular surgery who demonstrated extensive 
cardiac ischemia on their preoperative cardiac stress test. 112  
Coronary angiography in the patients assigned to coronary 
revascularization prior to non - cardiac surgery demon-
strated three - vessel coronary disease in 67% of the patients. 
The primary outcome (a composite of death and myocar-
dial infarction) at 30 days after the index surgical procedure 
occurred in 21 patients (43%) assigned to receive coronary 
revascularization prior to their vascular surgery and in 
17 (33%) assigned to receive  no  coronary artery revascular-
ization before their vascular surgery (HR 1.4; 95% CI 
0.73 – 2.8). 

 Although these two trials do not exclude the possibility 
of a reduction in risk from preoperative coronary artery 
revascularization prior to non - cardiac surgery, they do not 
support any benefi t from this invasive, time - consuming, 
and costly intervention.   

  Conclusion 

 Non - cardiac surgery is common, and annually several 
million patients will suffer a major vascular complication 
in the fi rst 30 days after surgery. Clinical risk factors such 
as coronary artery disease and cerebrovascular disease can 
help to identify patients at risk of a major perioperative 
vascular complication. A preoperative NT - proBNP mea-
surement may substantially enhance perioperative vascu-
lar risk prediction and troponin measurements for the fi rst 
few days after surgery hold great promise as a surveillance 
strategy to allow physicians to avoid missing the majority 
of perioperative myocardial infarctions. The results of the 
POISE trial, which demonstrated that a perioperative beta -
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 blocker prevented myocardial infarctions but at a cost of 
excess strokes and deaths, highlight why large periopera-
tive trials are necessary. There is encouraging evidence that 
several interventions (e.g. clonidine) may prevent major 
perioperative vascular complications; however, there is an 
urgent need for large trials to evaluate these interventions. 
Current evidence does not support a management strategy 
of coronary artery revascularization prior to non - cardiac 
surgery.  
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  Introduction 

 Remarkable advancements have been made over the last 
several decades in our understanding of the basic mecha-
nisms and treatments related to cardiovascular diseases. 
This has led to dramatic improvements in public health. 
Between 1960 and 2000, for example, overall life expec-
tancy for newborns in the United States increased by nearly 
seven years with approximately 70% of these gains in sur-
vival resulting specifi cally from lower rates of cardiovas-
cular death. 1  For coronary artery disease (CAD) alone, 
age - adjusted mortality fell by more than 50% during the 
past two decades. 2  Similar patterns of improvements in 
survival have also been noted for patients with heart 
failure, despite an overall rising prevalence of this condi-
tion due to aging populations. 3,4   

 Importantly, many of these benefi ts have been attributed 
to the discovery of evidence - based therapies in cardiology. 
Aspirin, beta - blockers, angiotensin - converting enzyme 
(ACE) inhibitors and statins can reduce the risk of death 
after acute myocardial infarction (AMI) by 20 – 35%. 5,6  The 
timely use of acute reperfusion therapy in ST elevation 
myocardial infarction lowers mortality by an additional 
25%. 7  In heart failure, ACE inhibitors, angiotensin receptor 
blockers (ARB) and aldosterone blockers have all been 
linked to signifi cant improvements in quality of life as well 
as lower rates of hospital admissions and mortality in 
patients with impaired left ventricular (LV) systolic func-
tion. 8  Similar advances have been noted in atrial fi brillation 
with anticoagulation therapy, 9  acute stroke management 
with fi brinolytic therapy, 10  and in the primary and second-
ary prevention of cardiovascular events using aspirin, 
statins and lifestyle modifi cations like smoking cessation 
counseling. 11   

 Development of new therapies has been the traditional 
role of large national biomedical enterprises like the 
National Institutes of Health (NIH), as well as the pharma-
ceutical and device industries. Over the last several decades, 
this framework has been enormously successful in expand-
ing the  “ evidence ”  behind much of what we know. 
However, it has clearly fallen short in its ability to guide 
these same scientifi c breakthroughs into routine clinical 
practice. Despite established data supporting their use, 
long - term adherence rates to evidence - based therapies 
such as aspirin, beta - blockers and statins in patients with 
CAD remain low in community - based practices across the 
United States, at between 45% and 70%. 12  For heart failure, 
long - term adherence rates for ACE inhibitors may be as 
low as 20%. 12  In fact, some estimates suggest that it takes 
on average 17 years for new therapies to be adopted into 
widespread clinical practice. 13  Simply increasing the use of 
existing evidence - based therapies in cardiology would 
have profound implications for the healthcare system and 
enhance the public health as much as new discoveries.  

  Practice  g aps,  k nowledge  t ranslation and 
 q uality  i mprovement  s cience 

 The practice gaps between  “ what we know ”  and  “ what we 
do ”  have been well documented and widely recognized by 
policy makers and providers, although the reasons for 
them are less certain. 14  Moreover, these practice gaps are 
not limited to any single country or healthcare system but 
have been shown in a variety of regions and settings. 15  
Strategies to address these challenges were introduced 
years ago but gained much more momentum during the 
1990s, evolving from approaches that relied on the passive 
diffusion of knowledge to recent efforts to incorporate 
information technology and systems engineering into a 
transformation of the healthcare delivery system. Yet 
despite these advances, substantial practice gaps remain in 
medicine and these have been diffi cult to overcome. In its 
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landmark report in 2001, the Institute of Medicine (IOM) 
referred to these practice gaps as the  “ quality chasm ”  and 
called for renewed efforts to develop better systematic 
approaches for bringing evidence to the bedside. 16   

 Accordingly, this chapter focuses on strategies for 
improving the implementation of evidence - based cardiol-
ogy based on research in knowledge translation. Knowl-
edge translation has been described variably but a 
frequently cited defi nition is the one proposed by the Cana-
dian Institutes of Health Research:

   “ Knowledge translation is a dynamic and iterative 
process that includes synthesis, dissemination, exchange 
and ethically sound application of knowledge to improve 
the health of [populations], provide more effective health 
services and products and strengthen the health care 
system. ”  17     

 Furthermore, the scientifi c investigation of specifi c methods 
to promote the use of research fi ndings in clinical practice 
may be considered  “ quality improvement ”  science or 
research. 18  In different settings, similar concepts have been 
labeled as  “ knowledge transfer research ”  and  “ implemen-
tation science or research ” . In this chapter, we most fre-
quently use the terms  “ knowledge translation ”  and  “ quality 
improvement science ” . 

 In the following sections, we discuss (1) the overall scope 
of the problem in practice gaps, (2) possible barriers identi-
fi ed in translating evidence to clinical practice, and (3) spe-
cifi c approaches that have been studied in quality 
improvement science to overcome these barriers. Many of 
the issues raised here are universal to medicine but we try 
to focus on examples in cardiology while still highlighting 
broader themes. We end the chapter by briefl y discussing 
unique challenges faced in quality improvement science, 
including the growing tension between the immediate 
desire to improve quality and the rigor required for objec-
tively studying its improvement.  

  Practice  g aps:  s cope of the  p roblem 

 Evidence - based medicine has been described as  “ the con-
scientious, explicit, and judicious use of current best evi-
dence in making decisions about the care of individual 
patients ” . 19  The application of evidence - based medicine 
therefore is necessarily dependent upon the existence of a 
mature base of knowledge that can inform providers of 
what treatments are appropriate (and inappropriate) in 
specifi c clinical settings. Despite the fact that persistent 
voids continue to remain in some key clinical areas within 
cardiology, no specialized fi eld of medicine is as well 
developed or evidence - based. This makes cardiology 
ideally suited in many ways for providers to optimize their 

use of evidence - based approaches. Yet even in areas of 
cardiology with a clear base of evidence, like acute myo-
cardial infarction (AMI), heart failure, atrial fi brillation and 
hypertension, the practice gaps between  “ what we know ”  
and  “ what we do ”  remain large and extend across the 
entire spectrum of care from inpatient to outpatient set-
tings (Table  6.1 ).   

  Hospital  s etting 

 Practice gaps in the inpatient setting have been demon-
strated for a number of disease processes in cardiology. For 

 Table 6.1     Recent examples of practice gaps in cardiovascular disease 

   Condition     Example  

  Coronary 

artery disease  

   Beta - blocker use: 

    •      Hospital data from 2004 indicate that mean 

performance at US hospitals for beta - blockers at 

admission remains at 85% (Jha  et al  2005 86   )  

   •      Outpatient data from 1998 to 2000 indicate that 

45% of patients with prior myocardial infarction 

remain on long - term beta - blockers (McGlynn  et al  

2003 12 )     

  Heart failure     ACE inhibitor use: 

    •      Inpatient data from 2002 to 2003 found that 

median rates of compliance with ACE inhibitors in 

hospitalized patients with heart failure and left 

ventricular systolic dysfunction are suboptimal at 

72% (Fonarow  et al  2005 25 )  

   •      Outpatient data suggest that only 60 – 65% of 

Medicare patients with heart failure and left 

ventricular systolic dysfunction who are discharged 

on ACE inhibitors remain on these agents 90 days 

after their hospitalization (Butler  et al  2004 87   )     

  Atrial 

fi brillation  

   Anticoagulation: 

    •      Among 5333 inpatients and outpatients with atrial 

fi brillation enrolled in 35 countries in the Euro 

Heart Survey between 2003 and 2004, 67% of 

eligible patients and 49% of ineligible patients 

were prescribed oral anticoagulation therapy 

(Nieuwlaat  et al  2005 29 )     

  Hypertension     Blood pressure management: 

    •      NHANES data from 1999 to 2000 suggest that 

only 31% of patients with hypertension in the US 

had blood pressures under adequate control. 

Furthermore, 31% were not even aware of their 

disease (Wang and Wang 2004 88   )  

   •      REACH Registry data found 55% of patients with 

a history of atherothrombosis and hypertension to 

have elevated blood pressures noted at their clinic 

visit (Bhatt  et al  2006 31 )     
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example, acute reperfusion therapy with either fi brinolytic 
therapy or primary percutaneous coronary intervention 
(PCI) in ST elevation myocardial infarction reduces mortal-
ity and morbidity. While the use of acute reperfusion 
therapy has improved over recent years, recent data suggest 
that worldwide, as many as a third of eligible patients still 
do not receive it even at centers capable of delivering both 
treatments. 20  Furthermore, the overall effectiveness of acute 
reperfusion therapy is highly dependent upon its timely 
delivery, but both fi brinolytic therapy and primary PCI are 
often administered after long delays. Data from just a few 
years ago suggest that fewer than 50% of patients in the 
United States were treated with primary PCI within 90 
minutes or fi brinolytic therapy within 30 minutes. 21  Similar 
practice gaps have been noted in other countries, including 
those in the developing world. In India, for example, evi-
dence - based therapies like acute reperfusion therapy, beta -
 blockers, ACE inhibitors (or ARBs) and statins are used in 
between 50% and 60% of hospitalized patients with acute 
coronary syndromes. 22   

 Others have documented wide regional variation in the 
appropriate use of cardiac catheterization and PCI after 
AMI (including data that suggest both under -  and overuti-
lization). 23,24  In a recent analysis of nearly 45   000 patients, 
investigators noted that regions of the United States with 
a higher intensity of invasive procedure utilization per-
formed cardiac catheterization at increased rates in both 
appropriate (i.e. for an ACC/AHA Class I indication) and 
inappropriate (i.e. for an ACC/AHA Class III indication) 
situations. 24  In addition, the use of invasive procedures was 
inversely correlated to the baseline risk of the patient 
assessed by their Global Registry of Acute Coronary Events 
(GRACE) risk score. 

 Similar patterns of practice gaps in the inpatient setting 
(including recent trends toward improvement) have also 
been demonstrated in heart failure and atrial fi brillation. 25,26  
For example, the initial Euro Heart Surveys found rates of 
ACE inhibitor and beta - blocker use of 61.8% and 36.9%, 
respectively, among hospitalized patients with heart 
failure, 27  although these numbers have improved some-
what in more recent surveys. 28  Among inpatients and out-
patients patients with atrial fi brillation enrolled at 182 
hospitals in 35 countries in the Euro Heart Survey, roughly 
two - thirds of eligible patients were prescribed oral antico-
agulation therapy. 29  Furthermore, oral anticoagulation 
therapy was not targeted at those patients who were the 
highest risk for stroke but instead depended upon non -
 clinical factors such as the availability of outpatient labora-
tory monitoring. 30    

  Outpatient  s etting 

 In 2003, McGlynn  et al  published a landmark study dem-
onstrating that just over 50% of patients received  “ recom-

mended ”  care for a variety of healthcare conditions in the 
outpatient setting, using a complex survey design of 12 
metropolitan areas of the United States between 1998 
and 2000. 12  Recommended care in this study primarily 
focused on processes of care that were defi ned using 
the RAND - UCLA modifi ed Delphi method to specifi c iden-
tify quality indicators through expert panels. Although 
rates of compliance with recommended care were gener-
ally higher for CAD (68%) and heart failure (64%) than 
other disease - specifi c conditions, critical practice gaps 
were still noted. For example, only 45% and 61% of patients 
with myocardial infarction received beta - blockers and 
aspirin, respectively, despite the absence of clear contrain-
dications and strong evidence of long - term benefi t with 
both. Rates of recommended care associated with atrial 
fi brillation were even less and dropped below 25%. 
Furthermore, the investigators noted broad differences in 
practice gaps based on the  “ mechanism ”  required for per-
forming recommended care, regardless of the healthcare 
condition. Care that was related to direct encounters with 
providers or medications had the highest proportion of 
compliance at approximately 70%, whereas counseling 
or education was performed in fewer than 20% of cases 
(Table  6.2 ).   

 Similar fi ndings were also noted in the international 
REACH registry, which enrolled nearly 68   000 patients 45 
years or older with evidence of atherosclerotic disease from 
5473 physician practices across 44 countries. 31  Physician 
practices in this registry included a broad mix of clinical 
practices such as primary care providers and specialists; 
urban, rural and suburban environments; and offi ce - based 
and hospital - based settings. Importantly, this study noted 
suboptimal adherence rates with statins (69%) and anti-
platelet agents (79%) in these patients, as well as evidence 
for undertreatment of hypertension, with 50% of patients 
found to have elevated baseline blood pressures above 
140/90 mmHg.  

  Disparities and the  r isk -  t reatment  p aradox 

 Key patterns have emerged from these studies with impor-
tant clinical and policy implications. First, practice gaps 
that have been documented in clinical practice have con-
sistently been largest among vulnerable populations, 
including the elderly, minority patients and women. These 
appear to be particularly evident for expensive and 
resource - intensive procedures, such as coronary revascu-
larization and implantable cardioverter defi brillators 
(ICDs). 32 – 34  The extent to which these practice gaps are due 
to biological factors, reduced access to care, or systematic 
biases in the delivery of care to vulnerable populations 
is unclear. A similar association between practice gaps 
and socioeconomic status has also been recognized, includ-
ing examples from developing countries. In the CREATE 
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 Table 6.2     Adherence to outpatient quality indicators by mechanism in a random sample of  US  adults from 12 metropolitan areas   (from McGlynn 
 et al  2003 12 )   

   Indicator area     No. of indicators     No. of participants 
eligible  

   Total no. of times indicator 
eligibility was met  

   Percentage of recommended 
care received (95% CI)  *    

  Encounter or other intervention    30    2843    4,329    73.4 (71.5 – 75.3)  

  Medication    95    2964    8,389    68.6 (67.0 – 70.3)  

  Immunization    8    6700    9,748    65.7 (64.3 – 67.0)  

  Physical examination    67    6217    19,428    62.9 (61.8 – 64.0)  

  Laboratory testing or radiography    131    5352    18,605    61.7 (60.4 – 63.0)  

  Surgery    21    244    312    56.9 (51.3 – 62.5)  

  History    64    6711    36,032    43.4 (42.4 – 44.3)  

  Counseling or education    23    2838    3,806    18.3 (16.7 – 20.0)  

    *    CI denotes confi dence interval. All pairwise differences were statistically signifi cant at  P     <    0.001 except those between medication and encounter or 

other intervention ( P    =   0.02), physical examination and immunization ( P    =   0.001), surgery and immunization ( P    =   0.004), and surgery and physical 

examination ( P    =   0.05). The difference between surgery and laboratory testing or radiography was not signifi cant ( P    =   0.39).   

registry, for example, 30 - day mortality was signifi cantly 
higher in poor hospitalized patients with acute coronary 
syndromes when compared with rich patients in 50 cities 
across India. Importantly, this mortality difference was 
largely explained by differences in rates of evidence - based 
therapy use. Studies such as the CREATE registry have 
provided invaluable insights by focusing on low -  and 
middle - income countries where 80% of the global burden 
of cardiovascular disease exists. In general, there remains 
a paucity of data from these countries on practice gaps 
and additional work is urgently needed to improve 
our understanding of clinical practice patterns in these 
regions. 

 Second, there is evidence supporting a  “ risk - treatment ”  
paradox for many evidence - based therapies. That is, those 
patients who may stand to benefi t the most from a therapy 
paradoxically are the least likely to receive it. Among 
nearly 1500 patients in the EFFECT cohort with heart 
failure and LV systolic dysfunction, ACE inhibitor, ARB 
and beta - blocker use were inversely associated with the 
severity of the patient ’ s condition and their predicted risk 
of death in the upcoming year. 35  After accounting for poten-
tial contraindications to therapy, low - risk patients were 
more likely to receive ACE inhibitors or ARBs (adjusted 
hazard ratio (HR), 1.6) and beta - blockers (adjusted HR, 1.8) 
than high - risk patients (both I    <    0.001). Similarly, another 
population - based study from Ontario found statin use to 
be signifi cantly lower among high - risk patients with estab-
lished CAD or diabetes mellitus. 36  Interestingly, recent data 
suggest that much of the risk - treatment paradox may be 
explained by clinical factors not typically captured in 
administrative data, including functional limitations and 
depressive symptoms. 37     

  Barriers to  k nowledge  t ranslation 

 A number of common barriers to implementing evidence -
 based medicine in clinical practice have been identifi ed. We 
focus here primarily on barriers related to provider - level 
(e.g. physician and hospital) and system - level factors. 
While we recognize the importance of patient - level factors 
in the use of evidence - based therapies, it is beyond the 
scope of this discussion. One simple conceptual model for 
understanding these barriers suggests that incorporating 
new therapies into clinical practice proceeds from changes 
in  knowledge  to  attitudes  to  behavior  (Fig.  6.1 ). 38,39  This model 
mirrors other approaches that emphasized the progression 
from awareness to acceptance to adoption among provid-
ers, 40  but slightly differs by noting that each step is poten-
tially independent of others in the process. For example, 
behavior can be changed through incentives at the organi-
zational - level without necessarily improving knowledge or 
attitudes among providers.   

  Knowledge 

 Improving knowledge relies on providing new information 
to clinicians primarily through increasing their awareness 
of the published literature. The enormous size and com-
plexity of contemporary biomedical research make this a 
particularly challenging barrier to implementing evidence -
 based medicine. For example, in 2006 the top 10 clinical 
cardiovascular journals alone published 4065 articles, aver-
aging 78 articles per week. It is clearly impossible for busy 
providers in clinical practice today to stay on top of the 
latest developments even in a specialized fi eld like cardiol-
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     Figure 6.1     Barriers to use of guidelines and evidence - based medicine.  (From Cabana  et al , 38  with permission.)   

ogy. An understanding of this barrier has led to the devel-
opment of guidelines and evidence - based summaries to 
synthesize the published literature by professional organi-
zations and other groups. In fact, it is one of the key moti-
vations for writing this textbook.  

  Attitudes 

 Even when providers become familiar with the available 
evidence, recommendations may be incomplete or confus-
ing. This can lead to barriers to changing the attitudes of 
providers (i.e. their acceptance of new evidence). For 
example, summary clinical guidelines and consensus state-
ments from expert panels may be large, unmanageable or 
poorly developed. 41  Confl icting recommendations also can 
arise if different (and sometimes competitive) organiza-
tions produce separate guidelines for the same disease 
process. Finally, attitudes can limit acceptance when pro-
viders feel that recommendations inadequately refl ect the 
nuances of clinical practice, making them less applicable to 
their patients or their healthcare system.  

  Behavior 

 Barriers to the adoption of behavior can still exist even 
when providers have moved beyond awareness and accep-
tance of evidence. Adoption of behaviors can be particu-
larly challenging since it requires that changes occur in the 
actual performance of a task at the provider or organiza-
tional level. For providers, barriers to adoption can vary 
from factors as ordinary as the infl uence of habit and 
routine to more complex issues that refl ect lack of time or 
resources. 42  Organizational - level factors that impact on 
behavior include reimbursement or payment structures for 

providing care as well as the availability of or access to 
specialized services and medications. 

 Finally, it is important to recognize that patients can also 
indirectly infl uence the adoption of new recommendations 
by providers. A perceived lack of adherence to lifestyle 
recommendations by patients has been described as a fre-
quent reason by providers for inconsistent recommenda-
tions about smoking cessation. 43  This also can be problematic 
in cases where patients often have set expectations for 
receiving a particular service. For example, providers may 
be reluctant not to pursue cardiac catheterization in an 
active individual with a low - risk stress test who believes it 
is necessary based on personal experiences (e.g.  “ My father 
had it done! ” ).  

  Multiple  b arriers 

 It is rare for a single barrier to be responsible for the limited 
use of an evidence - based therapy. Instead multiple barriers 
often contribute to poor implementation, and barriers iden-
tifi ed in one clinical environment may be less relevant for 
other areas or settings. For example, high out - of - pocket 
drug costs may be a pertinent barrier to statin use in 
patients with CAD, while limited availability of a high -
 quality program may be an important barrier for cardiac 
rehabilitation. In patients interested in smoking cessation, 
drug costs for nicotine replacement therapy and the avail-
ability of counseling programs could play important 
roles. Similarly, in urban areas barriers to timely access 
for primary PCI could be accomplished by redesigning 
emergency medical services to integrate new technologies 
like prehospital electrocardiography (ECG). 44  However, 
large geographic distances between hospitals with and 
without cardiac catheterization laboratories would limit 
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the applicability of this approach in rural healthcare 
systems. 45   

 Important socioeconomic factors can also affect patterns 
of adoption for evidence - based therapies, especially 
depending upon the structure of the healthcare delivery 
system into which these therapies are introduced. For 
example, an important reason why behavior modifi cations 
such as smoking cessation, nutritional counseling and 
cardiac rehabilitation may be diffi cult to implement is 
that most physicians are not traditionally trained in the 
skills required for these activities and reimbursement is 
disproportionately low for them. In contrast, physicians 
have a greater proclivity for performing diagnostic tests 
and therapeutic procedures since these are what they are 
often trained to do best and because their reimbursement 
is more aligned with these services. This has a potentially 
perverse effect on a healthcare system by encouraging 
overuse of expensive procedures (even when marginally 
effective) and underuse of useful simple diagnostic and 
therapeutic approaches (even when evidence - based and 
cost effective). 46   

 An important limitation of existing literature in quality 
improvement science is that interventions are often devel-
oped without researchers fi rst rigorously studying what 
local barriers may be contributing to insuffi cient knowl-
edge translation. Furthermore, even when intervention -
 based studies report the presence of local barriers, 
descriptions frequently lack adequate detail. In a large 
review of studies examining barriers to guideline use 
among physicians, Cabana and colleagues found that just 

     Figure 6.2     The three translational steps on the roadmap from evidence into clinical practice.  (From Dougherty and Conway, 47  with permission.)   

half of all intervention - based studies reported more than 
one category of barriers in their results. 38  Without a better 
appreciation of what barriers may have been present at 
baseline, it is impossible for readers to judge whether the 
fi ndings associated with an intervention would be appli-
cable in their own clinical practices.   

  Strategies for  q uality  i mprovement 

 There have been a number of studies exploring different 
strategies for overcoming barriers to the implementation of 
evidence - based medicine in cardiology and improving 
quality. These strategies have evolved signifi cantly over the 
years from simple educational interventions (i.e. one - time 
dissemination of educational materials) targeted at improv-
ing provider knowledge to complex and multifaceted 
approaches designed to leverage information and systems -
 based technologies (i.e. computerized order entry and 
reminders). On the  “ road map ”  for moving basic research 
into clinical practice, Dougherty and Conway have distin-
guished research in quality improvement science from 
other translational research and identifi ed it as the third 
translational step (i.e.  “ T3 ” ) (Fig.  6.2 ). 47     While the fi rst two 
translational steps focus primarily on moving evidence 
from basic science research to clinical effi cacy (i.e.  “ T1 ” ) 
and clinical effectiveness (i.e.  “ T2 ” ), T3 research should be 
focused on understanding how evidence - based medicine 
can be reliably delivered to broad populations of patients 
across different healthcare settings.   
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  Evolution of  s trategies 

 According to David Naylor, strategies aimed at knowledge 
translation have developed in four phases over the years, 
evolving as our understanding of barriers improved. 48  The 
fi rst group of strategies initially relied exclusively on 
 “ passive diffusion ”  of evidence - based medicine into clini-
cal practice (i.e.  “ Just publish it ” ). 48  In this scenario, provid-
ers were largely responsible for accessing, reviewing and 
then incorporating new evidence by themselves. During 
this time period, proponents believed that the key to quality 
improvement was to educate providers to be effi cient con-
sumers of evidence - based medicine. Given the growing 
size and complexity of the medical literature, however, it 
soon became obvious that it was impossible for most pro-
viders to remain abreast of current developments, even 
within a narrow fi eld, without help. This led to the second 
group of strategies aimed at developing guidelines and 
consensus statements to synthesize the literature for pro-
viders (i.e. an  “ active diffusion ”  of information exemplifi ed 
by the documents that are now routinely produced by the 
American College of Cardiology (ACC) and American 
Heart Association (AHA)). 48   

 However, simply producing guidelines does not always 
change clinical practice in a reliable manner. The third 
group of strategies, which arose from this understanding, 
represents what Naylor refers to as the  “ Era of Industrial-
ization ” . 48  Strategies during this time refl ected a growing 
interest in applying quality improvement tools from other 
industries to measuring, evaluating and then managing 
provider behavior. Rather than specifi c interventions, these 
strategies frequently emphasized incremental process - of -
 care improvements and were exemplifi ed by the concepts 
of continuous quality improvement (CQI) and total quality 
management (TQM) adopted by the manufacturing indus-
try during the 1980s. 49  Moving beyond a framework of 
CQI/TQM, the most recent group of strategies has focused 
on incorporating advances in information technology and 
systems engineering to completely redesign clinical path-
ways. 48  These strategies are exemplifi ed by computerized 
ordering and reminder systems, as well as the develop-
ment of clinical information tools to aid in informed deci-
sion making between patients and providers.  

  A  g eneral  f ramework for 
 c ategorizing  s trategies 

 One useful framework for categorizing strategies aimed at 
improving the implementation of evidence - based medicine 
is by the level of care within the healthcare system that the 
strategy is targeting. The Cochrane Collaboration ’ s Effec-
tive Practice and Organization of Care (EPOC) group has 
used this type of framework to identify four categories of 
quality improvement interventions:  provider - level ,  organiza-

tional - level ,  fi nancial - level , and  regulatory - level  interven-
tions. 50  Provider - level (i.e. professional) interventions 
include those aimed at continuing medical education, audit 
and data feedback. Organizational - level interventions are 
those aimed at the systems level that might include the 
incorporation of physician extenders or nursing in case 
management programs. Financial - level interventions are 
aimed at using economic incentives to infl uence clinical 
practice. Regulatory - level interventions include strategies 
such as public reporting of processes of care or outcomes, 
changes in medical liability or regionalization of special-
ized services. Specifi c examples from each of these catego-
ries that have been frequently discussed in the literature 
are presented in greater detail in Table  6.3 . 51    

  Education 

 Interventions aimed at improving provider awareness of 
guidelines or evidence - based recommendations are among 
the most studied in the published literature. Specifi c 
approaches include workshops or conferences targeted at 
large groups of providers, distribution of printed or elec-
tronic material to inform providers of new developments 
through mass media, and  “ academic detailing ”  that uses a 
trained individual to target and inform a particular pro-
vider (or group) about an explicit recommendation. Local 
opinion leaders are often utilized in these approaches. 
These types of interventions are frequently used in cardiol-
ogy when guidelines have been updated or new therapies 
are discovered.  

  Reminder  s ystems 

 Another common area of focus for interventions is the use 
of reminder systems that target providers. Paper - based or 
electronic reminder systems have been utilized to prompt 
providers to recognize patient - specifi c information during 
an encounter. When electronic, these reminder systems can 
also be supplemented with decision support tools to guide 
providers toward appropriate referrals or medication 
adjustments when indicated. These types of interventions 
have been used successfully during outpatient visits for 
notifying providers of cardiovascular risk assessment and 
helping with decisions about initiating statins. 52    

  Audit and  d ata  f eedback 

 The use of audit and feedback systems has been well 
studied at both the provider and organizational levels. This 
type of intervention frequently presents data to individual 
clinicians, groups of clinicians, a hospital or even a larger 
healthcare system. Data that are typically reported include 
summaries of the proportion of eligible patients within 
their practice or institution that receive a treatment or other 
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 Table 6.3     Common examples of quality improvement interventions   (from Shojania and Grimshaw 2005 18 )   

   Strategy defi nition and examples     Effectiveness  

  Provider education  –  examples:  

      •      Conferences or printed educational materials detailing current 

recommendations for management of a particular condition  

   •      Educational outreach visits to providers ’  offi ces, usually targeting more specifi c 

aspects of care, such as appropriate medication choices for a target condition     

      •      Generally ineffective if judged on the basis of improving 

patient outcomes  

   •      If judged in terms of increasing provider knowledge, can 

be effective     

  Provider reminder systems and decision support (systems for prompting health 

professionals to recall information relevant to a specifi c patient or clinical 

encounter; when accompanied by a recommendation such systems are classifi ed 

as clinical decision support)  –  examples: 

   •      Sheet on front of chart alerting provider to date of the patient ’ s most recent 

mammogram and its result  

   •      Computer - generated suggestion to intensify diabetes medications based on 

most recent HbA1c values     

      •      Reminders often effective if well integrated with 

workfl ow  

   •      Decision support sometimes effective, but less so for the 

more complex situations in which it would be most 

desirable     

  Audit and feedback (summary of clinical performance for an individual provider 

or clinic, transmitted back to the provider)  –  example: 

   •      Reports to providers or provider groups summarizing percentages of their 

eligible patients who have achieved a target outcome (cholesterol below a 

certain value) or received a target process of care (counseling about smoking 

cessation), accompanied by recommended targets     

      •      Small to modest (at best) benefi ts for various forms of 

audit and feedback (such as report cards, benchmarking)  

   •      Variations in format may explain some of the observed 

variations in effectiveness, in addition to providers ’  

attitudes toward the accuracy or credibility of the reports     

  Patient education  –  examples:  

      •      Individual or group sessions with nurse educator for patients with diabetes  

   •      Medication education from a pharmacist for patients with heart failure     

      •      Modest to large effects for some conditions and patient 

populations     

  Organizational change  –  example:  

      •      Changes in the structure or organization of the healthcare team or setting 

designed to improve processes or outcomes of care     

      •      Mostly positive results for case management and disease 

management programs  

   •      Mixed results for total quality management and 

continuous quality improvement     

  Financial incentives, regulation, and policy  –  examples:  

      •      Financial bonuses for achieving target level of compliance with targeted 

processes of care  

   •      Change from fee - for - service to salaried or capitated reimbursement systems     

      •      Some evidence for achieving target goals, but also for 

concerning decreases in access and confl icts of interest 

in physician – patient relationships     

recommendation relative to national or local peer provid-
ers. The National Cardiovascular Data Registry (NCDR) 
sponsored by the American College of Cardiology provides 
this type of benchmarking information routinely to 
hospitals on established quality indicators. Regional exam-
ples of audit and data feedback have shown substantial 
quality improvements in PCI and coronary artery bypass 
grafting (CABG). For example, use of quarterly data feed-
back to clinicians and hospitals in a statewide PCI registry 
was associated with improved clinical outcomes and 
reduced practice variation in quality indicators related to 
vascular complications, contrast - related nephropathy and 
stroke. 53    

  Disease and  c ase  m anagement  p rograms 

 These types of programs include any structured system 
designed for co - ordinating the diagnosis, treatment or 
ongoing management of a patient through a person or team 
in collaboration with the primary provider. Many of these 
programs have been studies in heart failure and have sug-
gested benefi ts in reducing resource utilization and improv-
ing quality of life. 54  However, the heterogeneous nature of 
heart failure and case management programs often makes 
it diffi cult to tease out what (if any) aspects of these types 
of interventions are most responsible for their effectiveness 
and their potential generalizability to other clinical set-
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tings. This has led to tremendous challenges with imple-
menting disease and case management programs in clinical 
practice. 55    

  Financial and  r egulatory  i nterventions 

 Financial interventions aim to improve the use of evidence -
 based medicine in clinical practice by modifying reim-
bursement systems for providers. The goal of these types 
of interventions is to reward behavior by providers and 
organizations that promotes quality and effi ciency of care. 
Examples include changes from fee - for - service to capitated 
reimbursement systems as well as pay - for - performance 
programs. Pay - for - performance programs have drawn 
recent attention since these efforts attempt to tie evidence 
of improvement in quality indicators to increased reim-
bursement for services. Regulatory interventions include 
public reporting of outcomes and process - of - care mea-
sures. In some states like New York and California, public 
reporting has already been well established for several 
years for CABG. 56  This is also true in the United Kingdom 
where the Healthcare Commission now provides a national 
system with information on outcomes after CABG for hos-
pitals and surgeons. 57  In addition, the Centers for Medicare 
 &  Medicaid Services (CMS) now publicly report process -
 of - care measures for quality indicators in acute myocardial 
infarction, heart failure and other disease processes across 
hospitals. 58    

  Overall  e ffectiveness of  s trategies 

 Several themes have emerged from studies examining 
strategies for improving the use of evidence - based medi-
cine, many of which have been summarized in a series of 
systematic reviews and meta - analyses. In 1995, two sys-
tematic reviews were published that analyzed available 
data on strategies aimed at improving guideline use by 
providers, primarily through education - based interven-
tions. 59,60  Both reviews found that no strategy consistently 
appeared to produce large or sustained benefi ts (i.e. no 
 “ magic bullet ” , according to the title of one article). Both 
systematic reviews also suggested that the most effective 
approaches were  “ active ”  and  “ multifaceted ” . Multifac-
eted refers to the simultaneous use of multiple strategies 
as an intervention (i.e. reminder systems combined with 
auditing and data feedback). In contrast, passive and 
simple strategies had little or no effect on changing behav-
ior (i.e. a one - time dissemination of paper - based educa-
tional materials). 

 However, effects of more complex interventions applied 
at the provider level have not always been consistent. 
Audit and data feedback, for example, appeared to have a 
limited impact unless they were repetitively applied or 
coupled with other strategies. A more recent systematic 

review  –  actually a systematic review of 41 systematic 
reviews on interventions to change provider behavior  –  
suggested that even those strategies that were determined 
to be effective have a largely modest impact on increasing 
the use of evidence - based medicine. 61  In this analysis, the 
median absolute improvements in recommended care 
varied from 6% to 14% across different types of interven-
tions and there was great heterogeneity both across and 
within any specifi c intervention. Clinical reminders showed 
the greatest variation, with 14 cluster - randomized trials 
showing reported median effects of this intervention 
varying from  - 1.0% to 34.0%. This is not entirely unex-
pected. By necessity, strategies are tested in variable envi-
ronments and sometimes across different providers or 
disease processes, making it likely that there would be 
inconsistent effects under these different circumstances. 
Finally, unlike the two prior systematic reviews, this latest 
study did not fi nd signifi cant improvements associated 
with the use of active and multifaceted interventions rela-
tive to other interventions. 

 The evidence base for organizational - , fi nancial -  and 
regulatory - level interventions has also shown mixed 
results. Case management programs in heart failure have 
been studied extensively but the impact of their utilization 
on clinical outcomes has shown large variation. In one 
recent meta - analysis, there were wide differences in the 
pre -  and postdischarge components that were included. 
These varied from telephone follow - up to clinic follow - up 
to home visits. Duration of programs, time commitments 
and costs also differed. Not surprisingly, the effect of case 
management programs also varied, with studies suggest-
ing anywhere from an approximately 50% relative risk 
reduction in repeat hospitalizations to no effect. 62  This het-
erogeneity was signifi cant and has been implicated as a 
potential reason why case management programs may be 
underutilized in heart failure. 63   

 Data exist that suggest that compensation systems for 
providers can impact on the use of evidence - based thera-
pies. A market - level analysis of 56 medical groups affi liated 
with 15 integrated healthcare systems in the United States 
in 2001 found that compensation incentives and managed 
care pressures infl uenced the use of clinical guidelines, 
critical pathways and case or disease management pro-
grams by physicians. 64  A more recent example of fi nancial -
 level interventions being pushed forward as a strategy for 
encouraging the adoption of evidence - based medicine is 
pay - for - performance programs introduced in the United 
States. While these programs all link changes in process of 
care and outcome measures to reimbursement, they vary 
substantially on where to apply the level of fi nancial incen-
tive and its size. In a recent systematic review of empirical 
studies that examined the relationship between fi nancial 
incentives and quantitative measures of quality improve-
ment, Petersen  et al  found that six studies focused on 
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physician - level incentives, seven focused on provider 
groups, and two on healthcare system levels. 65  The majority 
of these studies did suggest improvements in process - of -
 care measures, most of which were targeted toward pre-
ventive services. 

 However, there was some evidence that unintended con-
sequences also occurred, including adverse selection of 
patients (i.e. the avoidance of more severely ill patients) 
and less provider attention to aspects of care that are not 
subject to incentives. Furthermore, a recent analysis of the 
voluntary CRUSADE registry found no evidence that insti-
tuting a pay - for - performance program that was tied to 
bonus payments by CMS improved the use of evidence -
 based therapies in AMI using a composite measure. 66  
Among the 54 hospitals within the pay - for - performance 
program, higher rates of improvement were noted relative 
to 446 control hospitals for two individual measures: 
aspirin use at discharge (odds ratio (OR), 1.31; 95% confi -
dence interval (CI), 1.18 – 1.46) and smoking cessation coun-
seling (OR, 1.50; 95% CI, 1.29 – 1.73). These mixed data, lack 
of suitable targets for measurement, and potential concerns 
about unintended consequences have pushed some to 
advocate for pay - for - participation programs, especially to 
improve quality for procedures. 67   

 Regulatory - level interventions are being used more 
extensively even within loosely organized healthcare 
systems like those in the United States. As with other types 
of interventions, the data supporting regulatory - level inter-
ventions are mixed and heterogeneous. For example, public 
reporting of outcomes for hospitals and clinicians is a com-
monly used regulatory strategy although there are few 
empirical data supporting its use. In 2000, Marshall  et al  
reviewed seven reporting systems in the United States 
(including the New York CABG reporting program) and 
found little evidence that consumers or physicians used (or 
trusted) the data, although hospitals appeared more 
responsive to it. 68  A more recent updated systematic review 
on the topic found increasing support that public reporting 
stimulates quality improvement efforts at the hospital 
level, but otherwise concluded that data on the impact of 
these programs remain scant. 69  As with pay - for - perfor-
mance programs, however, there are challenges with select-
ing appropriate metrics to report and for public reporting 
to potentially lead to unintended consequences with the 
adverse selection of patients. A recent analysis of two large 
statewide PCI registries by Moscucci  et al  found that public 
reporting may have led clinicians to avoid PCI in higher -
 risk patients in New York as compared with Michigan. 70   

 Similarly, the use of certifi cate - of - need (CON) programs 
as a regulatory - level intervention to improve quality has 
shown mixed results with potential improvements in utili-
zation balanced by concerns of restricting access to special-
ists and specialized cardiovascular procedures. A recent 
study using data from the Medicare program suggested 

that mortality rates after CABG among benefi ciaries were 
lower in states with certifi cate - of - need regulations, poten-
tially due to the concentration of these procedures at 
higher - volume hospitals. 71  Furthermore, a separate analy-
sis in the Medicare population suggested that although 
certifi cate - of - need regulations decrease the overall use of 
these procedures, these effects are negligible in those with 
strong clinical indications such as high - risk patients after 
AMI that require cardiac catheterization. 72   

 Finally, expanding healthcare insurance and drug cover-
age to more individuals may also dramatically impact on 
the use of evidence - based therapies given that out - of -
 pocket spending is a signifi cant barrier to utilization for 
patients. In one analysis based on a computer - based simu-
lation model, expanding full coverage of medication ben-
efi ts to insured patients after AMI would result in 1.1 fewer 
deaths and 13.1 fewer recurrent AMIs while saving insur-
ers nearly $6000 in costs per patient. 73  However, the chal-
lenge of regulatory - level interventions like expanded drug 
coverage is that their likelihood of success depends strongly 
upon the political, social and cultural settings of a health-
care system.   

  Future  d irections 

 Improving the use of evidence - based medicine in cardiol-
ogy remains an important but challenging goal for health-
care systems around the world. Three areas that will need 
to be addressed in the future relate to (1) the growing 
tension between the immediate need for quality improve-
ment efforts and the time required to perform quality 
improvement science, (2) the development of stable funding 
sources and infrastructure for T3 translational research 
dedicated to moving evidence - based medicine generated 
at academic medical centers into clinical practice in the 
community, and (3) the creation of formal educational 
pathways for both individual and institutional providers 
that are dedicated to implementing quality improvement 
within their local environments. 

  Balancing  q uality  i mprovement  e fforts and 
 q uality  i mprovement  s cience 

 Methodological approaches for assessing strategies for 
improving the use of evidence - based medicine have under-
gone substantial transformation as patient safety and 
quality improvement efforts have become increasingly 
emphasized over the last decade. Early study designs 
focused on case reports, case series and pre/post study 
designs. The primary goal of investigators was to rapidly 
report experiences with innovative strategies to allow for 
quick dissemination. However, more recent efforts have 
emphasized the need for a strong theoretical framework in 
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designing interventions and implementing them within 
rigorous study designs where their impact can be accu-
rately assessed. As stated eloquently by Shojania and Grim-
shaw in a recent review on this topic:  “ Strategies for 
implementing evidence - based medicine require an evi-
dence base of their own ” . 18   

 A recent article by Auerbach and colleagues has compre-
hensively summarized the arguments for and against rapid 
dissemination of interventions in quality improvement 
without an adequate scientifi c base of knowledge (Table 
 6.4 ). 74  Numerous examples exist where shortcomings in 
study designs have suggested large benefi ts for interven-
tions that were subsequently overturned after more rigor-
ous evaluations. For example, the recent AFFECT trial was 
a cluster randomized controlled trial that examined the 
effectiveness of hospital report cards generated by admin-
istrative data on process of care and outcome measures in 
AMI among 76 Canadian hospitals. 75  While the use of hos-
pital report cards had been reported as successful in a 
number of observational studies, this carefully conducted 
study found no evidence supporting this approach. Rather 
than being seen as a  ‘ negative ’  trial, the AFFECT trial pro-
vides important information on the limitations of report 

cards for benchmarking, which is critically important given 
the widespread dissemination of this type of intervention. 
A similar challenge has been raised in recent debates 
regarding the Institute for Healthcare Improvement ’ s 
 “ 100,000 Lives Campaign ” . This national campaign was 
clearly successful at galvanizing interest in patient safety 
at more than 3000 participating hospitals across the United 
States, but its true impact on outcomes remains 
controversial. 76,77     

 In fact, Ting and colleagues 78  have argued that quality 
improvement science may benefi t from following the same 
stepwise paradigm that has guided the development of 
scientifi c breakthroughs for the last several decades. Based 
on this framework, strategies in quality improvement 
should progress from preclinical, Phase I and II trials 
focused on feasibility at single centers toward larger and 
more defi nitive Phase III and IV trials that address broader 
implementation (e.g. the AFFECT trial). 79  This type of 
approach has been described in the United Kingdom 
Medical Research Council ’ s research phases for complex 
interventions (e.g. case management programs for heart 
failure or strategies for increasing uptake of guidelines 
by clinicians) (Fig.  6.3 ). 79  Early research phases in this 

 Table 6.4     Arguments for and against the rapid dissemination of interventions in quality improvement   (from Auerbach  et al  2007 74 )   

   Argument     Why proceeding quickly is critical     Why evaluation is critical  

  We cannot wait  –  the need to 

improve the quality of care is urgent  

  Thousands of patients are injured or killed 

each year by medical errors  

  The need to improved the treatment of many diseases 

is equally urgent, yet we demand rigorous evidence 

that a therapy works before recommending it widely  

  Any effort to improve quality is better 

than the current state of affairs  

  On balance, the harms of quality 

improvement are likely to be far less than 

those of the status quo  

  Knowledge of the harms and opportunity costs of 

quality improvement is important for an 

understanding of the net benefi t to patients and 

healthcare systems, which is often small  

  Emulating successful organizations 

can speed effective improvement  

  Emulation and collaboration provide an 

effi cient means of disseminating potentially 

effective solutions  

  Emulation and collaboration can incorrectly promote 

or even overlook interventions that have not worked  

  The effectiveness of some quality 

improvement strategies is obvious  

  Insistence on evidence may lead us to 

underuse interventions that are obviously 

effective  

  Even though many quality improvement practices 

have a simple rationale, they may be less effective 

than expected and can be diffi cult to implement fully  

  Innovation can be catalyzed by 

dissemination of strategies that have 

promise but are unproven  

  Preliminary data provide an important 

opportunity to speed innovation and 

improve care rapidly  

  Flawed, biased or incomplete data may lead to 

adoption of interventions that are ineffective or 

harmful  

  The framework of evidence - based 

medicine does not apply to quality 

improvement  

  The nature of quality improvement exempts 

it from the usual strategies of assessment  

  Given the complexity of quality and safety problems, 

the complexity of their causes, and how little we 

understand them, we should use rigorous study 

designs to evaluate them  

  Developing evidence in quality 

improvement is too costly  

  The resources and expertise required to 

evaluate quality and safety interventions 

rigorously make trails impractical, particularly 

when the fi eld is moving so quickly  

  As compared with the large opportunity costs 

incurred by wide implementation of ineffective quality 

and safety strategies, investments in better evaluation 

would be small  
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framework focus on establishing the  ‘ effi cacy ’  of quality 
improvement interventions in at least one setting and are 
designed using traditional methodologies from industrial 
quality improvement, the social sciences, cognitive psy-
chology, human factors engineering, and organizational 
theory. All of these disciplines represent the  ‘ basic sciences ’  
of quality improvement. Later research phases examine the 
generalizability and long - term implementation of interven-
tions aimed at quality improvement in larger and more 
diverse settings.    

  Funding and  i nfrastructure for  q uality 
 i mprovement  s cience 

 The challenges associated with knowledge translation and 
quality improvement science are not unique to a particular 
healthcare system or country. Funding agencies worldwide 
that are involved in the biomedical and health sciences 
have a direct interest in ensuring that scientifi c break-
throughs are translated into clinical practice in their own 
local communities. For this to happen though, these agen-
cies have recognized that they must play a more active and 
integral role in knowledge translation. Specifi c activities 
that these groups may use to ensure this include (1) requir-
ing all grant proposals in clinical research to describe plans 
for knowledge translation and to use this as a criterion for 
funding and/or (2) explicitly increasing funding opportu-
nities for research that is focused on developing new strate-

gies in quality improvement science. Funding agencies can 
also be instrumental in early dissemination by promoting 
fi ndings through traditional (i.e. journals) and non - 
traditional (television) media sources. In a recent qualita-
tive survey of 33 funding agencies across the world, 
knowledge translation was directly or indirectly referred to 
in 23 mission statements but relatively new to all these 
groups. 80  Moreover, funding agencies appeared to have 
widely differing views of what knowledge translation even 
meant, their requirements of researchers to participate in 
it, and how engaged the funding agencies should be in this 
process overall. 80   

 One potential solution that has been widely discussed 
for expanding the infrastructure for quality improvement 
science is the development of practice - based research net-
works. The simple concept behind practice - based research 
networks is that our traditional notions of research need to 
move outside traditional academic environments into 
those clinical practice settings where the great majority of 
care is routinely delivered. There unfortunately is little 
infrastructure at this time for conducting research in these 
typically non - academic and outpatient environments. For 
these reasons, there has been great interest in providing 
resources to expand their development, particularly in the 
United States. Westfall and colleagues have pointed out 
how the NIH Roadmap supports practice - based research 
networks as part of its plan to re - engineer clinical research 
within the framework of the Clinical and Translational 

     Figure 6.3     Sequential research phases for developing evidence in complex interventions.  (From Campbell  et al , 79  with permission.)   
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Science Awards (CTSAs). 81  Of course, practice - based 
research networks do not only provide an infrastructure for 
examining interventions. They also have the advantage of 
supporting observational study designs to understand 
where practice gaps really exist in real - world settings.  

  Improving  p rovider  e ducation in  s trategies for 
 q uality  i mprovement 

 Optimizing the use of evidence - based medicine requires 
that individual and institutional providers will have the 
necessary skills to evaluate their own performance and to 
design tailored solutions that meet the needs of their local 
clinical practice. These issues become critical given that 
skills and knowledge may decline with the number of 
years physicians are out in practice. 82  Providers therefore 
must be life - long learners and continually improve their 
own knowledge base and training in quality improvement, 
but these areas have not been a traditional focus of training. 
In the past, formal training in quality improvement was 
uncommon during medical school or even postgraduate 
training. This has changed remarkably in recent years, 
though. Accreditation of postgraduate training programs 
in the United States is now tied to competency in systems -
 based practice and practice - based learning. 83  Even for phy-
sicians who have completed training and are actively 
in practice, recertifi cation depends upon demonstrating 
knowledge in self - evaluation of practice performance. 84   

 It is encouraging that a recent review of 39 studies on the 
effectiveness of teaching quality improvement to clinicians 
suggested that most appeared to apply established adult 
learning principles such as self - directed learning and 
refl ection. 85  However, educational outcomes showed more 
consistent improvements than clinical outcomes which 
were rarely reported. Furthermore, while the majority of 
studies described providing teaching content to implement 
and evaluate local systems for changes, few taught about 
the larger healthcare system or patients ’  perspectives about 
the system. Further research is clearly needed to develop 
better methods for training providers in these skills as 
efforts to improve knowledge translation and quality 
improvement science expand in coming years.   

  Conclusion 

 Substantial developments have been made over the last 
several decades in our understanding of the role of evi-
dence - based medicine in cardiology. However, while there 
has been an improved understanding of the basic mecha-
nisms and treatments related to cardiovascular diseases, 
we have clearly fallen short in our ability to guide scientifi c 
breakthroughs into routine clinical practice. The practice 
gaps between  “ what we know ”  and  “ what we do ”  continue 

to challenge policy makers and providers. Strategies to 
address these practice gaps through more effective knowl-
edge translation continue to gain momentum, transform-
ing from earlier approaches that relied on the passive 
diffusion of knowledge to recent efforts to incorporate 
information technology and systems engineering into a 
transformation of the healthcare delivery system. These 
strategies frequently utilize complex interventions that can 
be aimed at multiple levels of the healthcare delivery 
system. As these strategies move forward, there remain 
important challenges in the need to improve the evidence 
base for quality improvement science, to create stable 
funding and infrastructure for these efforts, and to improve 
provider education in this area.  
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  Introduction 

 Medical standards are applicable to a number of occupa-
tional groups. Some of these are voluntary codes of prac-
tice, some statutory. The police and armed forces are 
examples, as is the offshore oil industry. Employers have a 
duty of care to protect employees from harm as well as 
guarding against medical conditions which may have a 
detrimental effect on performance in the workplace. Like-
wise, employees have an obligation to indicate any medical 
condition which might erode ability in the discharge of 
duty. 

 Medical standards exist for all transport modalities 
including roads, railways, shipping and in the air to protect 
both the individual as well as third parties. The develop-
ment of these standards was initially empiric rather than 
evidence based. This no longer applies to aviation, and to 
some extent to road transport, both of which have based 
their fi tness requirements on risk of event. As it is impos-
sible in one short chapter to review the evidence base for 
the breadth of cardiologic standards across the workplace, 
it is intended to consider road and, more specifi cally air 
transport as examples of the application of evidence - based 
medicine (EBM) to achieve the twin goals of safety and 
good practice. 

 Passenger transportation does not have to be completely 
safe and the controling legislation does not require it to be 
so. It has to be  “ safe enough. ”  It is self - evident that the 
good conduct of a means of transport requires it to be fi t 
for purpose. Design, construction, maintenance and opera-
tion should be sound and reliable. This implies the need 
for regulation. The concept of safety criticality suggests 
that the consequences of failure of any aspect of the enve-

lope need to be identifi ed, minimized and tolerable in the 
operational environment. Sometimes systems are dupli-
cated (redundant) but not always if a suffi ciently low target 
failure rate can be achieved without. How, then, can these 
targets be identifi ed and met? 

 People operate motor cars, railway trains and aircraft 
and may fail due to health or other considerations. This 
event rate, like the vehicles they operate, can be to some 
extent predetermined. Age makes a contribution. Decre-
ment in human function or performance may be associated 
with sudden catastrophic failure or subtle, with gradual 
loss of effi ciency. The safe operation of a system of trans-
portation involves a level of medical fi tness of those 
responsible for the lives of others.  

  The  r egulatory  p rocess 

 Operational standards (including medical standards) in 
civil aviation are agreed by international statute  1   and are 
implemented by national agencies (e.g.. the Civil Aviation 
Authority (CAA) in the UK). There may be additional 
supranational oversight (e.g.. the European Aviation Safety 
Agency (EASA)). There are also agreed European stan-
dards for the regulation of driving, including medical stan-
dards.  2,3   Medical fi tness to fl y and to drive has been swept 
up into the legal frameworks of the Western world, and 
elsewhere. Some medical conditions are inconsistent with 
driving or fl ying status and an adverse decision may ter-
minate employment. Some cardiologic conditions such as 
coronary artery disease, on account of their large outcome 
databases, lend themselves to risk modeling. Others such 
as atrial fi brillation, due to symptomatic capriciousness, 
are more diffi cult. And there are orphans such as the long 
QT syndrome where risk stratifi cation is based on slender 
outcome data, but where decisions still have to be taken. 
Third - party safety takes precedence but best practice is 
paramount to avoid the adoption of clinical courses of 
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action solely for the purpose of the preservation of employ-
ment. The need for good governance in the decision - 
making process requires no further emphasis.  

  Modes of  t ransport and  r egulation 

 Regulation got off to an early start and in 2500 years BC 
the Cretans required maintenance and loading inspection 
of their ships, a practice which was revived in Europe in 
the Middle Ages. It was not until 1894 in the UK that the 
load line on a ship was made law in an attempt to reduce 
the number of vessels and crews lost from overloading. In 
1930 international agreement was achieved. In Europe, the 
development of the European Union led to a harmoniza-
tion process for all land (and air) based activities. This was 
to include competition, taxation (inevitably), safety and 
technical requirements, track rules and signaling, where 
appropriate. The endpoint was to be interoperability of 
road and rail across the continent. Currently 1.2 million 
lives are lost in road transport accidents each year, with 
some 0.5 billion injuries, worldwide. Although observa-
tional data are scarce, medical incapacitation accounts for 
only 0.1% of road traffi c accidents of which some 25% may 
be attributed to cardiologic causes.  4   Historically, but with 
certain exceptions, the railways have had the best safety 
record on land.  

  The  a viation  e nvironment 

 Aviation also has an impressive safety record and is tightly 
regulated. In 2006, 2.1 billion passengers were carried in 
some 35 million scheduled and non - scheduled fl ying hours 
for the loss of 863 passengers. The average sector length is 
now 2 hours. This has doubled in the last 30 years. Aviation 
is the only system of mass transportation that is regulated 
by international statute. All contracting states have treaty 
status with the International Civil Aviation Organization 
(ICAO), a safety directorate of the United Nations Organi-
zation. All are bound to maintain the standards in Annex 1 
to the Convention on International Civil Aviation (ICAO 
Annex 1).  1   The Standards and Recommended Practices 
(SARPs) are promulgated in Annexes to the Convention 
and are regularly updated. The Standards are safety directed 
and obligatory. Recommended Practices are not so binding. 

 The ICAO cardiologic Standard is enshrined in eight 
brief paragraphs but may be interpreted by  “ accredited 
medical conclusion ”  to permit ongoing licensing provided 
fl ight safety will not be jeopardized. ICAO also publishes 
guidance material. In Europe and elsewhere, an opera-
tional multi - crew limitation (OML) may be imposed to 
prevent a pilot from fl ying on single - crew operations if the 
risk of medical (cardiologic) event is perceived as too high. 

 The Joint Airworthiness Authorities framework in 
Europe was set up in 1970, later becoming the Joint Avia-
tion Authorities (JAA). The medical standards in the Joint 
Aviation Requirements FCL part 3 Medical  5   related guid-
ance material were the fi rst comprehensive approach, 
worldwide, to provide a written protocol. The cardiologic 
standards originated from four cardiologic workshops  6 – 9   
specifi cally tasked to the interface with aviation. These 
have been amplifi ed in the UK by a series of algorithms 
showing pathways of problem management which guide 
medical fi tness and certifi cation. This material has been 
adopted outside Europe but has no regulatory status else-
where. The EASA  10   is the legally based successor to the 
JAA. Within the curtilage of this chapter, the terms  certifi -
cate  and  license  (to fl y) are used synonymously whilst  fi tness  
indicates fi tness to fl y. The class 1 certifi cate relates to pro-
fessional aircrew and the class 2 certifi cate to private pilots 
These are regulatory terms and should not be confused 
with classes of recommendations and levels of evidence as 
used in this book.  

  Aviation  a ccident  e xperience  d ue to 
 m edical  c ause 

 Eighty percent of fatal aircraft accidents are attributable to 
 “ human factors. ”  One - third of airline pilots admit to some 
level of incapacitation whilst on duty at some time during 
their career,  11   most commonly due to gastroenteritis. Sig-
nifi cant medical cause incapacitation is rare, mainly because 
such events are rare in the population of pilot age ( < 65 
years for professional pilots). Subtle incapacitation (see 
above) leading to error may be as important as complete 
incapacitation. It can be caused by illness, fatigue or the 
effects of medication. Routine medical scrutiny, which 
includes resting electrocardiography, identifi es a few of 
those at increased risk of cardiologic mishap, allowing 
intervention, e.g. hypertension, diabetes. Alternatively, 
problems may present spontaneously, e.g. myocardial 
infarction, stroke. Notwithstanding, the UK license loss 
from cardiovascular cause remains low at  < 0.1%/thousand 
professional license holders per annum. 

 There were 29 airline accidents, worldwide, attributable 
to medical incapacitation during the years 1946 – 1985. 
There were fi ve fatal accidents attributed to acute coronary 
events during the years 1961 – 1968.  12 – 14   In 1972 the HS 
Trident G - ARPI (known as Papa India) crashed 150 seconds 
into its fl ight when it stalled due to premature retraction of 
a leading edge lift device. This fatal error was attributed in 
part to incapacitation of the captain by an acute coronary 
event. One hundred and eighteen people died.  15   

 In the aftermath of the Papa India disaster a number of 
initiatives were taken nationally and internationally. The 
ICAO required regular incapacitation training of multi -
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 crew pilots; fl ight deck voice recorders were also man-
dated. Some well - travelled cardiologists were so shaken by 
the event that the American College of Cardiology  16   and 
the Royal College of Physicians of London  17   called for 
increased cardiologic scrutiny of pilots. This was to include 
exercise electrocardiography. But middle - aged otherwise 
fi t males have a low probability of fatal/non - fatal coronary 
event and this recommendation was not evidence based in 
safety terms, nor justifi able in (Bayesian) terms of condi-
tional probability. Had exercise electrocardiography been 
adopted it would have led to many more pilots being 
investigated for disease they did not have (false - positive 
responders) than those who did (true - positive responders). 
And, as an investigation for coronary artery disease, exer-
cise electrocardiography is only 60 – 70% sensitive in the 
asymptomatic middle - aged male. 

 The Papa India disaster is the worst UK aviation accident 
to date. The pilot population at the time was relatively old 
and there was no crew training for recognition of incapaci-
tation of a colleague. Following the accident, pilots were 
subsequently reviewed more rigorously but inconsistently 
as there were no agreed protocols of review. Since 1974, 
improved crew training, better cockpit resource manage-
ment, better safety systems and better aircraft design have 
all contributed to the exceptional safety levels which are 
now being achieved in multi - crew (more than one pilot) 
airline operations. There have been almost no accidents/
incidents attributable to pilot incapacitation in the 2/3 
billion hours fl own since, in spite of deaths and incapacita-
tions which have continued to occur whilst aircrew are on 
their duty period.  

  Evidence -  b ased  m edicine and  w orkshops 
in  a viation  c ardiology 

 Pre - empting Sackett  et al   18   by nearly two decades, it was 
evident that there was a need for an authoritative overview 
of the evidence base on the presentation, natural history, 
outcome and impact of intervention on the common, and 
sometimes not so common, cardiologic conditions to make 
regulatory decisions more scientifi c, objective and fair. This 
led to the four workshops in aviation cardiology which 
took place between 1982 and 1998.  6 – 9   They followed the 
same pattern. Twenty - fi ve cardiologists and epidemiolo-
gists who were leaders in their fi eld, together with directly 
relevant specialists, were tasked to produce position papers 
on chosen topics. This resulted in one of the most compre-
hensive statements available on cardiologic problems and 
aircrew certifi cation available at the time, or since. 

 Devereaux  et al   19   produced a Venn diagrammatic model 
for the evolution of evidence - based clinical decisions. The 
key elements include research evidence, patient prefer-
ences and actions, the clinical state and circumstances, with 

clinical expertise being in the command or  “ overarching ”  
position. In the regulatory environment an extra dimension 
is introduced. Transport safety is concerned with the prob-
ability of an incapacitating event in the operator but the 
decision to grant medical fi tness is a binary one. The subject 
is either fi t or unfi t for the task with the exception of a 
detente where there is an OML. There are, therefore, poten-
tial confl icts between patient choice and the boundaries of 
regulation. 

 The regulator is not the pilot ’ s physician and must play 
no part in clinical management. Certain clinical choices 
may deny subsequent fi tness  –  the use of a mechanical 
valve in the management of aortic stenosis in a pilot, for 
example. The clinical indication for warfarin in this context 
is associated with fi tness denial at present in Europe on 
account of the summative risk of bleeding from the treat-
ment and the risk accruing from the underlying pathology. 
Thus although the thromboembolic rate of the tissue and 
mechanical valves in the aortic position is comparable, the 
risk of bleeding in the patient with an anticoagulated 
mechanical valve is signifi cantly higher,  20   exceeding the 
target event rate (see below). The choice of a tissue valve 
may, however, be agreed between the patient and his/her 
cardiologist in spite of its long - term poorer performance  20   
without pre - emption towards regaining fl ying status. This 
represents operation of the fourth dimension in Devereaux ’ s 
Venn diagram. The decision to replace the valve will have 
been a clinical one,  21   assuming that the pilot with aortic 
stenosis was asymptomatic. Provided the UK CAA algo-
rithm (Fig.  7.1 ), for example, can be subsequently navi-
gated successfully, a favorable fi tness statement should be 
possible.    

  The  “ 1%  r ule ”  and  b est  e vidence 

 Although the workshop proceedings were to become 
manuals of regularly updated informal guidance material, 
their ground - breaking contribution was the evolution of 
what was to become known as the  “ 1% rule. ”  Credit is due 
to Tunstall - Pedoe  22,23   who related the chance of  “ failure ”  of 
a pilot in medical terms to the risk of failure of any major 
system in the aircraft. It is derived as follows: the industry 
target fatal accident rate for large jet aircraft is 1 in 10 
million fl ying hours. Not more than 1 in 10 of such events 
should be due to a major system failure (i.e. the pilot) and 
not more than 1 in 10 of those due to failure of a subsystem 
(i.e. medical incapacity). This makes for an objective of 1 
fatal accident in 1000 million hours from all - cause medical 
incapacitation. 

 This target will be met provided the all - cause crew 
medical failure rate does not exceed 1%/annum  –  the 
approximate cardiovascular mortality of a 66 - year - old 
male in North West Europe. This is argued as follows: there 
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     Figure 7.1     Algorithm for certifi cation to fl y following the diagnosis of aortic stenosis. The cut - off points relate to the hierarchy of increasing risk 
assumed by reduction in valve area, and the prognostic implications of the presence of valvular calcifi cation, left ventricular hypertrophy and the 
presence or absence of reduced left ventricular ejection fraction (Class I). Note that in the regulatory process, the terms  “ Class 1 ”  and  “ Class 2 ”  refer 
to the level of fi tness assessment for professional and private aircrew respectively.  

JAA Class 1/2 certification - Aortic valve stenosis

Aortic valve
murmur

NOTES:

1) May require OML (Class 1) or OSL (Class 2) whilst under investigation.

2) By a cardiologist acceptable to the Aeromedical Section (AMS). Systolic function should be
normal (EF >60%) and Aortic valve calcification should be minimal.

3) The cardiology report will be reviewed by the AMS. It may be necessary to see the
investigations in which case the actual tracings/films/videos will be requested. In difficult cases a
secondary review panel of cardiologists will be convened.

4) The principal measurement to determine medical certification of pilots with aortic stenosis is
aortic valve area during echocardiography. Suggested certificatory assessment, based on
European Society of Cardiology Guidelines.

Flying may need to be restricted
(note 1)

Results acceptable
to the AMS (note 3)

UK Civil Aviation Authority 06/08
Aviation House
Gatwick Airport South
West Sussex RH6 OYR

Certification based on echocardiogram
findings and clinical assessment

(note 4)

Follow-up (AMS - note 5)

If no cardiac symptoms:

Cardiology review (note 2) to include:
     Echocardiography
     Other investigations as necessary
     (i.e. exercise ECG)

MEAN AORTIC GRADIENT
(Echo-Normal flow conditions)
0–30 mm Hg
30–50 mm Hg
>50 mm Hg

VALVE AREA

>1.5 cm2

1–1.5 cm2

<1 cm2

Indexing valve area to Body Surface Area (BSA) can be useful in cases of unusually large or small
BSA (Moderate 0.6–0.9 cm2 /m2; Severe <0.6cm2 /m2)

However, other factors will need to be considered in each case, including

       Left ventricular hypertrophy
       Reduced left ventricular diastolic function
       Reduced left ventricular ejection fraction
       Aortic regurgitation
       Pull back pressure gradients measured during catheter studies are 10–15 mm Hg lower than
       echocardiographically measured peak pressures

5) Follow up at the discretion of the AMS - at least annual echocardiography if mean pressure
gradient 30 mm Hg or more

SEVERITY

Mild
Moderate
Severe

CERTIFICATION

Unrestricted Class 1/2
Class 1 OML / Unrestricted Class 2
Unfit all classes

are 10   000 hours in a year (actually 8760 hours). If incapaci-
tation occurs at 1% each year, the risk in any one hour will 
be 1 in 100    ×    10   000  –  1 in 1 million. But there are two crew 
members and only 10% of the fl ight is critical (take off, 
climb out, approach and landing) and with adequate train-
ing (based on simulator data) only 1 in 100 such incidents 
will lead to an accident. 

 Thus the medical incapacitation  of one of the two crew 
members  should not lead to an accident more often than 1 
in 1 million 1 in 10    ×    1 in 100, i.e. 1 in 1   000 million hours. 
This coincides with the industry target for an unpredicted 
total loss which experience has shown to be realistic and 
appropriate. The chance of both pilots suffering medical 
incapacitation in the same hour will be the square of the 
individual risk (1 in 1 million    ×    1 in million  –  1    ×    10  12  ) which 
is extremely remote. The carriage of two pilots should, 
therefore, guarantee safety in all but the most adverse cir-

cumstances. In contrast, the single - pilot operation is 
uniquely vulnerable.  24,25   

 In modeling the 1% rule, total cardiovascular mortality 
and coronary artery mortality were used as these are the 
most easily defi ned endpoints in the expression of cardio-
vascular risk. Co - morbid, non - lethal events, including stroke 
and unstable angina, will be 2 – 3 times as common but in 
the regulatory environment, screening by self - declaration 
following event will have removed some of this risk. Thus 
a 1% mortality in the general population is equivalent to a 
1% event rate in the regulatory environment.  23   

 Further development of the rule by Mitchell and Evans  26   
has suggested that the target event rate could be relaxed 
to 2%  for multi - crew operations  without appreciable increase 
in risk to fl ight safety. This they based on a number of 
factors including reduced relative fl ight criticality brought 
about by longer fl ight duration and better equipment. 
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Furthermore, since the late 1970s, cardiovascular mortality 
in the UK has fallen 46%  27,28   in the under - 65 year age group 
but in actuarial terms this risk reduction is  “ lost ”  in 3 – 4 
years.  29,30   In other words a subject ’ s  “ cardiologic age ”  
at somatic age 64 years, now, is the equivalent of what it 
used to be at age 60, 25 years ago. Partly as a result of this, 
the age of professional pilot retirement from passenger -
 carrying operations has been increased from 60 to 65 
years. 

 The impressive safety achievement in multi - crew opera-
tion is impossible in single - crew operations where the 
whole fl ight is critical in the context of pilot  “ failure ”  from 
any cause, including medical. In this environment the fatal 
accident rate due to failure by the single crew member will 
always be signifi cantly worse than the medical incapacita-
tion rate. The chance of being killed as a passenger in a 
single - pilot machine from any cause is likely to be one or 
two orders of magnitude ([mult]10 – 100) greater than in the 
multi - crew operation. 

 The foregoing arguments are predicated on the aviation 
environment but the principles are applicable elsewhere. 
In road and rail transportation, with a single crew operator, 
there may be suffi cient warning of illness to permit safe 
conduct of a machine to a standstill. In rail transport the 
 “ dead man ’ s handle ”  safety device is designed to stop the 
vehicle in the event of incapacitation of the driver. It is not 
universally fi tted. 

 The 1% rule was evolved to defi ne an appropriate cut - off 
point for denying multi - crew operational fi tness to a pilot; 
it is not a yardstick for judging single crew fi tness. In the 
context of coronary artery surgery, for example, if the pre-
dicted risk of event is  < 1%/annum, the pilot may be fi t for 
multi - crew, but not single - crew operation. With the geo-
metric increase in risk of occult coronary artery disease 
with age, it is not easy to determine placement of the risk 
cursor with its all - or - nothing impact on certifi cation to fl y. 
Doubling cardiovascular risk at age 60 years will be associ-
ated with a substantial increase in absolute risk when com-
pared with age 40 years.  30    

  Specifi c  c ardiologic  i ssues in  a ircrew 

 Fitness to fl y has evolved signifi cantly over the years in 
tandem with the diagnostic, pharmacologic and interven-
tional progress that has been made in medicine. The bound-
aries of fi tness are under constant review as challenges to 
stretch the envelope in regulatory terms are made. The 
interface between regulation and cardiology is as broad as 
the specialty itself and for this reason only two of the most 
common cardiologic conditions will be considered in more 
detail  –  coronary artery disease and atrial fi brillation, 
whilst a third, rare, condition will also be examined. A 
fuller treatment of the subject is available.  31   

  Health  m aintenance 

 Of all occupational groups, aircrew are in one of the most 
favorable positions for health maintenance. Required as 
they are to pass regular medical examinations in order to 
maintain fi tness (and thereby employment), it would be 
surprising if, as an occupational group, professional pilots 
did not enjoy a long retirement. Experience has shown this 
to be the case (Fig.  7.2 ). In the American Airlines study,  32   
the median survival of pilots achieving age 60 in a sample 
of 2209 pilots and fl ight engineers was to age 83.8 years 
whilst that of age - matched white males was 78.2 years. 
This study is the only signifi cantly robust one available 
although a number of other reports have suggested a 
similar effect. One from the UK contained limited data  33   
and a similar one from Japan suggested increased longev-
ity although the study was not suffi ciently highly powered 
to estimate the survival benefi t.  34       

  Prevention of  c ardiovascular  d isease 

 If regular medical scrutiny is to be benefi cial, the outcome 
must be acted upon, if indicated. There is abundant evi-
dence that increased cardiovascular risk in terms of mor-
bidity and mortality is present when one or more of the 
cardinal vascular risk factors is present. These include 
hypertension, increased total cholesterol, diabetes, smoking, 
obesity, sedentary lifestyle and the sometimes overlooked 
but increasingly powerful risk input of age. The European 
Health Charter  35,36   advocates the development and imple-
mentation of comprehensive health strategies and policies 
(Class I). This is to some extent enshrined in the new EASA 
requirements.  37   

 A comprehensive review of the evidence and strategy for 
cardiovascular disease prevention is available  36   but in spite 
of this, it is not uncommon for a pilot in middle years to 
present with the signs of established hypertension, for 
example, when previously recorded levels have been 
within the normal range. There are a number of possible 

     Figure 7.2     Survival probability curves of American Airline male pilots 
and an age -  and sex - matched sample of the general population. 
 (Reproduced with permission from the United States Federal Aviation 
Administration.  32  )   
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explanations including lack of awareness of, or a willing-
ness to ignore, the importance and value of intervention in 
the preservation of cardiovascular health.  

  Coronary  a rtery  d isease 

 Loss of license to fl y from cardiovascular cause remains 
signifi cant in the Western world in spite of the impressive 
fall in cardiovascular mortality. Neuropsychiatric problems 
are similarly important. The two most common cardiologic 
problem areas are coronary artery disease and the arrhyth-
mias. Coronary artery disease, on account of its stealth, 
capricious presentation (often without diagnostic prodro-
mal symptoms) and its ability to cause complete or subtle 
incapacitation, is important, notably in the single - crew 
operational environment. Increased chance of its presence 
can be calculated from risk algorithms but it remains what 
Rose has called the  “ prevention paradox ”  in that only 
three - fi fths of subsequent events will occur in those in the 
top quintile of vascular risk. Purging high - risk asymptom-
atic individuals from the workforce has been attempted in 
the past, elsewhere, but was abandoned. In Europe, further 
investigation, particularly of single - crew operators, with 
exercise electrocardiography may be carried out and is 
routine at age 65 and 4 yearly thereafter. Although a pilot 
can be counselled on strategies of risk reduction, denial 
of fi tness cannot be predicated on risk alone in the absence 
of evidence of disease although this has been attempted 
in certain states. It is possible to restrict such pilots to 
multi - crew operation but this appears diffi cult to apply 
consistently. 

 Coronary artery disease, unlike certain other cardiovas-
cular disorders (such as thoracic aortic aneurysm), is not 
specifi cally disbarred under the European (EASA) rules. 
NPA 200817c: MED. B.005. (b)1 states  “ Applicants shall not 
possess any cardiovascular disorder which is likely to 
interfere with the safe exercise of the privileges of the appli-
cable licence(s). ”   37   The regulator, post hoc, is not as con-
cerned with the fi rst presentation of coronary disease as 
with its subsequent stability. In general terms the best - risk 
applicant will be asymptomatic, not receiving antianginal 
therapy, have no coronary obstruction  > 50% in any vessel 
unattended by percutaneous coronary intervention (PCI) 
or graft surgery, unless subtending a completed myocar-
dial infarction ( > 30% in the proximal left anterior descend-
ing and left main stem vessels). Left ventricular function 
shall be good (ejection fraction  > 50%, however measured). 
Furthermore, the predicted risk of co - morbid MACE (major 
adverse cardiac event) has to be not more than that encom-
passing a mortality of the order of 1% per annum  –  see 
above. Finally, intervention against vascular risk factors 
present shall have been taken. This is a pretty tall order and 
some might question how durable the guiding principle of 
the 1% rule (recently relaxed to 2% per annum  26  ) is in the 

context of multiple stent implantation, in spite of concomi-
tant pharmacologic intervention with statins and angioten-
sin - converting enzyme inhibitors (ACEI) for both their 
effect on outcome and their pleiotropic effect on plaque 
stability.  38,39   

 Coronary artery disease lends itself to the mathematic 
modeling of risk on account of the massive amount of 
outcome data available. In the early days of recertifi cation 
following coronary surgery, the validity of the step was 
underscored by Chaitman  et al   40   who compared the sur-
vival of best - risk post coronary surgical patients with the 
profi le of the pilot population who had undergone full 
revascularization, and who had normal or near normal left 
ventricular function, with a Framingham peer group. The 
surgical patients fared signifi cantly better over a 5 - year 
period. Under the circumstances it was both equitable and 
safe to allow fi tness to fl y (Class I, Level C1). 

 The postsurgical MACE rate is reassuringly fl at 6 months 
later. The subsequent trajectory following stenting is less 
favorable than after coronary surgery.  41 – 45   The post - stent 
12 - month outcome in the recently published OLYMPIA 
data  42   using the Taxus stent  “ in the real world environ-
ment ”  was 4.5% for cardiac death, myocardial infarction 
and re - intervention alone. This is above what is tolerable 
in the aviation environment although some of the candi-
dates in this study would have been excluded on the basis 
of age or co - existing pathology. 

 Figure  7.3  shows the rate of revascularization (for recur-
rent symptoms) following fi rst intervention in the study of 
Hannan  et al .  43   After the implantation of a drug - eluting 
stent in this comparative study of coronary artery surgery 
versus coronary stenting (PCI) for multi - vessel coronary 
artery disease, the 18 - month repeat PCI rate was 28.4% 
versus 5.1% following coronary surgery (CABG) ( P  < 0.001) 
although only one - quarter of interventions were for target 
vessel revascularization. This implies incomplete revascu-
larization fi rst time round, itself a reason for the denial of 
fi tness status. It will also be noted that after the 6 - month 
regulatory required waiting period, the revascularization 
rate has slowed but these data do not include other 

     Figure 7.3     Revascularization following coronary artery surgery (CABG) 
and drug - eluting stenting (PCI).  (Reproduced with permission from 
Hannan  et al .  43  )   
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MACE events. A similar increased need for reintervention 
following revascularization with a coronary stent when 
compared with bypass surgery was also noted by Serruys ’  
group.  44,45     

   Case  h istory 2 

 The subject, DF, was a 53 - year - old Airline Transport Pilot License 
(ATPL) holder who experienced indigestion - like symptoms whilst 
on a stopover in Hong Kong. He was asymptomatic on the return 
fl ight on which he acted as pilot in command. He sought medical 
advice when the symptoms recurred 2 weeks later. He was found 
to have borderline hypertension (156/88) and a total cholesterol 
of 6.4   mmol/L. He was a non - smoker and non - diabetic. He 
completed 8.1 minutes of the Bruce exercise protocol before 
being stopped by chest pain and diagnostic ST - T changes. 
Coronary angiography demonstrated proximal near obstruction of 
the right main vessel with non - fl ow limiting disease (30% 
stenosis) in the proximal left anterior descending coronary artery. 
The circumfl ex system showed early disease only. 

 As he was symptomatic, the right coronary artery was stented, 
the hypertension treated with an ACEI and the elevated 
cholesterol with a statin, both of which have been suggested to 
have a benefi cial pleiotropic effect on atheromatous plaque 
stability.  38,39   Following a normal pharmacologic stress thallium 
myocardial perfusion scan (MPI) and an echocardiogram 
indicating well - preserved left ventricular function, he was 
assessed fi t for multi - crew operation only, subject to annual 
review with exercise electrocardiography. Although there is no 
evidence of outcome benefi t, either for coronary artery bypass 
grafting or coronary stenting in this clinical situation, the 
presence of symptoms and exercise - induced myocardial ischemia 
justifi es the interventional approach, in addition to medication 
(Class I, Level C2). Six months later he was asymptomatic and 
had undergone a pharmacologic stress thallium MPI.  49,50   He was 
assessed fi t for multi - crew operation subject to annual follow - up 
with exercise electrocardiography.    

  Case  h istory 1 

 The subject, JK, was a 57 - year - old Air Traffi c Control Offi cer 
(ATCO) who developed midsternal discomfort on fi rst effort in 
cold weather. When guiding aircraft on the approach to London 
Heathrow airport at times of high traffi c density he experienced 
similar symptoms and sought medical advice. He was 
normotensive (132/82) but there was a family history of coronary 
artery disease. He had smoked one pack of cigarettes a day until 
aged 40 and had a total cholesterol of 7.3   mmol/L. Exercise 
performance was limited by chest pain with diagnostic 
electrocardiographic change at 6 minutes 45 seconds of the 
Bruce treadmill protocol whilst subsequent coronary angiography 
confi rmed the presence of proximal three - vessel coronary artery 
disease. Although the evidence is not recent, three controlled 
trials have shown the benefi t of surgical revascularization in this 
context, versus medication, and the excellent outcome and low 
event rate in  “ best - risk ”  subjects  40,46   (Level A). 

 JK underwent quadruple bypass grafting including insertion of the 
left internal mammary artery into the anterior descending coronary 
artery. Six months later he was returned to duty having competed 
11 minutes of the Bruce protocol without abnormality and having 
reduced his total cholesterol to 4.1   mmol/L with a statin.    

  Comment 

 Would a percutaneous intervention (coronary angioplasty/
stenting) have been appropriate if technically feasible? At 
the preintervention conference it was agreed by the attend-
ing cardiologists that the percutaneous (PCI) approach was 
technically feasible. Inspection of the data, however, sug-
gests that it is diffi cult to show a benefi t both in survival 
terms as well as for MACE - free survival in this context.  47   
In the COURAGE trial  47   which included 2287 subjects, the 
event rate for patients in the medically treated group was 
the same as in the angioplasty group over a mean of 4.6 
years (the majority of the stents were bare metal). Compos-
ite death, myocardial infarction and stroke, together with 
hospitalization for acute coronary syndrome, was 20.0% in 
the PCI group and 19.5% in the medically treated group. 
Additionally, in the PCI group 21.1% had undergone 
further revascularization over the 4.6 - year period (Level 
A). Such rates comfortably exceed the target event rate of 
1 – 2% mortality with associated co - morbid events. 

 The event rate following stenting makes it less desirable 
than coronary artery surgery and there seems little reason 
to revise the earlier view of Webb - Peploe  48   that the proce-
dure should be restricted in the aviation context to the 
reduction of not more than two lesions which should 

  Comment 

 The current UK CAA algorithm for recertifi cation to fl y in 
the context of known coronary artery disease is shown in 
Figure  7.4  (Class I).    

  Atrial  fi  brillation 

 Atrial fi brillation is the most common sustained rhythm 
disturbance. In the Renfrew/Paisley study, its incidence 
was 0.4/1000 person - years in subjects aged 45 – 49 years 
rising to nearly 2.0/1000 person - years in subjects aged 
60 – 64 years.  51   Twenty - fi ve percent of males  > 40 years will 
develop the arrhythmia during their lifetime. Whereas the 
Renfrew population will not refl ect the pilot population, it 
mirrors the Framingham experience  52   in terms of age -
 skewed prevalence. In Framingham the prevalence of atrial 
fi brillation appears to be increasing and was associated 

exclude the proximal left anterior descending and left main 
vessels (Class I, Level A). 
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     Figure 7.4     Algorithm for certifi cation to fl y following the diagnosis of coronary artery disease. Important issues are full revascularization and 
preservation of left ventricular function which powerfully predicts outcome.  

UK Civil Aviation Authority 04/05
Aviation House
Gatwick Airport South
West Sussex RH6 0YR
UK

Results acceptable
to the AMS (note 8)

Coronary artery disease including:
    Myocardial infarct
    Coronary artery surgery
    Angioplasty/stenting

JAA Class 1/2 certification - Coronary artery disease

Grounded of
6 months

Cardiology review (note 1)
    Symptoms/treatment/risk factors (note 2)
    An angiogram shall be available (note 3)
    Shall require:
        Exercise ECG (note 4)
        Echocardiogram (note 5)
        Myocardial perfusion scan (angioplasty/stent only - note 6)
    May require:
        24-hour ECG (note 7)

Operational assessment (note 9):
    Class 1 OML (Operational Multi-Crew)
    Class 2 unrestricted
    Class 2 OSL (Safety pilot)

  Follow-up at AMS discretion (note 10)

NOTES:

1) By a cardiologist acceptable to the Aeromedical Section (AMS).

2) No angina or antianginal medication. Risk factors shall be assessed and reduced to an
appropriate level. All applicants should be on acceptable secondary prevention treatment.

3) Angiogram - obtained around the time of, or during, the ischaemic myocardial event. 
There shall be no stenosis more than 50% in any major untreated vessel, in any vein/artery 
graft or at the site of an angioplasty/stent, except in a vessel supplying an infarct. More 
than two stenoses between 30% and 50% within the vascular tree should not be 
acceptable. The whole coronary vascular tree shall be assessed (particular attention should 
be paid to multiple stenoses and/or multiple revascularisations). An untreated stenosis 
greater than 30% in the left main or the proximal left anterior descending coronary 
artery should not be acceptable.

4) Exercise ECG - should be symptom imited to a minimum of Bruce stage 4 or equivalent, 
with no evidence of myocardial ischaemia or significant rhythm disturbance.

5) Echocardiogram - myocardial function shall be assessed and show no important 
abnormality of wall motion and a LV ejection fraction of 50% or more.

6) Myocardial perfusion scan - showing no evidence of reversible ischaemia shall be 
required at least 6 months after angioplasty/stenting, but not after other events 
(myocardial infarction or bypass grafting) unless there is doubt about myocardial 
perfusion.

7) 24 hour ECG - may be necessary to assess the risk of any significant rhythm disturbance.

8) The cardiology report will be reviewed by the AMS. It may be necessary to see the 
investigations, in which case the actual tracings/films/videos will be requested. Further 
investigations may be required. In difficult cases a secondary review panel will be 
convened.

9) Class 1 recertification will require a multi-crew limitaion (OML). Unrestricted Class 2 
certification is possible having completed all the above investigations. Class 2 safety pilol 
(OSL) recertification is possible having completed a satisfactory exercise ECG test (as in 
note 4).

10) Periodic follow/-up (at least annually for the first 5 years) shell include a specialist 
cardiology review, cardiovascular risk assessment and an acceptable exercise ECG (as in 
note 4 above). In all cases coronary angiography and/or myocardial perfusion scanning 
shall be considered at any time if symptoms, signs or non-invasive tests indicate cardiac 
ischaemia. In all cases of coronary artery vein bypass grafting (except Class 2 OSL) a 
myocardial perfusion scan shall be performed 5 years after the procedure (if not done
before).

with a fi vefold increased risk of stroke overall. This and 
heart failure contributed to the excess mortality observed. 
In the Euro Heart survey of atrial fi brillation,  53   the mean 
age of the population was higher than the pilot population 
(65 +/ −  14 years) and two - thirds had hypertension, 
one - third ischemic heart disease. It also complicated valvu-
lar heart disease (rheumatic mitral valve disease increases 
the risk of cerebral thromboembolism 10 - fold), primary 
muscle disease as well as metabolic and other disorders. In 
about 25% of the population  < 65 years the arrhythmia may 
be  “ lone ”  and not associated with any demonstrable abnor-
mality at presentation although genetic predisposition is 
attracting increasing attention. 

 Atrial fi brillation may be seen as an isolated self - limiting 
event in a normal subject following vomiting or alcoholic 
excess, for example. It may be conveniently divided into 
isolated (single episode sometimes with provocative cir-

cumstance), paroxysmal (self - terminating), persistent (per-
sisting  > 1 week and until cardioversion) and permanent 
(immutable) forms. It may be completely asymptomatic, 
occasionally symptomatic and/or intolerable. It may cause 
distraction (subtle incapacitation) or syncope (complete 
incapacitation). It may be suppressed completely, partially 
or not at all by medication which may or may not give side 
effects. The potential for side effects (tremor and persis-
tence of vision) of the class 1C antiarrhythmic agents 
(e.g. propafenone, fl ecainide) disbars them as a rule in the 
aviation but not road transport environment. Finally it is 
associated with an increased risk of cerebral thromboem-
bolism, the incidence of which increases sharply with age, 
if hypertension, diabetes, heart failure or structural abnor-
mality is present, or if previous thromboembolism has 
occurred. Even in the absence of stroke, atrial fi brillation is 
associated with memory impairment, cognitive dysfunc-
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tion and hippocampal atrophy.  54,55   Against this unpromis-
ing background the regulator has to develop some ground 
rules. 

 The requirements for fl ying status following the diagno-
sis of atrial fi brillation are similar to those for other cardio-
vascular conditions. The applicant shall be free of symptoms 
under all circumstances and the predicted event rate shall 
not exceed that of the co - morbid event rate refl ected by an 
annual cardiovascular mortality of 1%. Freedom from 
symptoms can only be determined at consultation but 
further insight may be obtained by exercise electrocardiog-
raphy. The diagnosis  per se  does not disbar certifi cation to 
fl y but if other pathology co - exists it is likely to deny fi tness 
in view of the increasing risk of thromboembolic stroke. 
The long - term outcome is not different whether the subject 
maintains sinus rhythm with the use of (permitted) thera-
peutic agents or remains in atrial fi brillation with rate 
control.  56,57   

 The assessment of risk of cerebral thromboembolism and 
mitigation of the risk of stroke is a central component of 
the management of atrial fi brillation. The choice of an anti-
platelet agent versus anticoagulation with warfarin has 
been well researched.  58,59   In European aviation, at present, 
warfarin and similar products such as phenindione are 
prohibited due to lack of reliability and risk of hemorrhage. 
In one review, the annual risk of bleeding in subjects receiv-
ing warfarin was identifi ed as 0.6% (fatal), 3.0% (major) 
and 9.6% (minor), about fi ve times the rate expected 
without warfarin.  60   The risk appears to be highest at the 
start of treatment, the fi rst month bearing 10 times the risk 
of that a year later. Signifi cant co - morbidity and age 
increase the risk whilst tight control of the INR between 2.0 
and 3.0 reduces it. Warfarin reduced the thromboembolic 
risk in non - valvular atrial fi brillation by two - thirds  61   
although the risk of cerebrovascular hemorrhage was 
doubled to 0.46%/annum. In the regulatory environment 
this risk has to be added to the uncovered stroke risk as 
well as to associated co - morbidity. A recent overview 
reports a relative risk reduction of 60% for all stroke (isch-
emic plus hemorrhagic).  62   

 Aspirin is not contraindicated in fl iers and its use reduced 
the risk of stroke by 21% in three trials  63   (Level A). The 
CHADS2 risk graticule was created by assigning one point 
each for the presence of congestive heart failure, hyperten-
sion, age  > 75 years and diabetes mellitus whilst two points 
were given for a history of stroke or transient ischemic 
attack.  64   It has proved superior to other models in the pre-
diction of low and high risk of stroke. The crude annual 
stroke risk, on no treatment, for CHADS2 grade 0 is 1.2% 
and 2.8% for CHADS2 grade 1. Assuming the use of aspirin, 
lowest risk non - valvular atrial fi brillation, whether parox-
ysmal, persistent or permanent, is acceptable in aviation 
subject to the ability to fulfi ll the algorithm in Figure  7.5  
(Class I, Level A).   

 

  Case  h istory 3 

 The pilot was a normotensive 37 - year - old Senior First Offi cer with 
no signifi cant past medical history. He was receiving no 
medication and his alcohol intake was 10 units (8 g)/week. He 
presented with asymptomatic well - controlled atrial fi brillation at 
routine examination. His cardiovascular system was otherwise 
normal. He completed 13 minutes of the Bruce exercise protocol, 
achieving a maximum instantaneous heart rate of 230 beats/
minute. His echocardiogram was normal and ambulatory 
monitoring revealed no signifi cant other rhythm disturbance. 
There was no RR interval  > 3.0 s. As his atrial fi brillation was 
paroxysmal, he was asymptomatic and his thromboembolic risk 
judged to be acceptable (i.e. CHADS2 score 0), he was returned 
to fl ying. He was treated with aspirin and an OML was imposed 
to deny single - pilot operating privileges on smaller aircraft. He 
remained in paroxysmal atrial fi brillation for 4 years but for the 
last 7 has been in this rhythm permanently. Apart from atrial 
fi brillation, his resting and exercise electrocardiograms, and 
echocardiogram have remained normal.    

  Regulatory  o rphans and the  l ong  QT   s yndrome 

 As has been seen above, regulatory medical decision 
making evolves as the science of medicine moves forward. 
It must remain ethical and be fully justifi able.  65   The great 
majority of applicants will have no health issues and satisfy 
the requirements laid down. Most cardiologic problems are 
to some extent age related and have suffi cient data in the 
literature for safe and fair fi tness recommendations. Certain 
conditions such as the ion channelopathies are associated 
with an increased risk of ventricular tachycardia (torsades 
de pointes), syncope and sudden death (SCD) and are suf-
fi ciently newly described for the outcome database to be 
inadequate for fully informed judgment. In this circum-
stance either the pilot has to be made unfi t (the easy option) 
or a best evidence view taken which relies to some extent 
on knowledge of the operational safeguards which exist. 

 

  Case  h istory 4 

 The pilot was a 38 - year - old asymptomatic normotensive airline 
captain who had previously undergone routine 
electrocardiography without comment having been passed. When 
he changed his employer, a computer - read recording correctly 
identifi ed a prolonged QTcB (480   ms)  –  male normal  < /= 440   ms 
(see ECG 1, Fig.  7.6a ). He underwent exercise electrocardiography 
which demonstrated non - sustained slow ventricular tachycardia 
on recovery (see ECG 2, Fig.  7.6b ). A subsequent echocardiogram 
and magnetic resonance imaging were normal. Two repeat 
exercise electrocardiograms following treatment with a beta -
 blocking agent were normal. His 24 - hour Holter recording, off 
treatment, showed no atrial or ventricular ectopic activity. The 
confi guration of the ST segments and T waves, notably in V5 and 
V6, suggested the long QT2(a) variant.  66        
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JAA Class 1/2 certification - Atrial fibrillation (AF)

Temporarily unfit

Initial results and
treatment acceptable

(note 2)

Class 1 OML
Class 2 (likely to be OSL)

Follow-up (note 3)

Follow-up results and
treatment acceptable

(note 4)

Class 1/2 Unrestricted
Follow-up (note 5)

UK Civil Aviation Authority 01/05
Aviation House
Gatwick Airport South
West Sussex RH6 0YR
UK

Cardiology review (note 1)
    Blood tests
    Exercise ECG
    24-Hour ECG(s)
    Echocardiogram
    Further tests as necessary

Atrial
fibrillation

NOTES:

1) By a cardiologist acceptable to the Aeromedical Section (CAA approved cardiologist - Class 1, local cardiologist - Class 2).

      Blood tests - Thyroid function normal. Alcohol as a cause of AF should be excluded with a minimum of LFTs (to include     
GGT) dnd MCV.

      Exercise ECG - Bruce protocol and maximal effort or symptom limited. At least 9 minutes with no significant 
abnormality of rhythm or conduction, nor evidence of myocardal ischaemia. (See UK CAA exercise ECG protocol).

24 hr ECG - More than one may be required The following criteria should be met.
             If in sinus rhythm (ie single original episode of AF) - No episodes of AF and no pauses >2.5 secs whilst awake.
             Established AF - RR interval >300 msecs and <3.5 secs (ie no very rapid rates or long pauses). Ventricular arrhythmia
             should not exceed an aberrant beal count >2% of total, with no complex forms
             Paroxysmal AF - As above plus the longest pause on recapture of sinus rhythm should not exceed 2.5 sec whilst       

awake.

      Echocardiogram - Shell show no significant selective chamber enlargement or significant structural or functional 
abnormality, and a LVEF of 50% or more.

      Further tests - may include repeat 24 hour ECG recordings, electrophysiological studies,cardiac MRI, myocardial  
perfusion scanning and/or coronary angiography.

2) The cardiology report(s) will be reviewed by the AMS. It may be necessary to see the investigations, in which case the 
actual tracings/films/videos will be requested. In difficult cases a secondary review panel of cardiologists may be convened.

Acceptable treatment includes sotalol or other beta-blocking drugs, verapamil and digitalis. Exceptionally flecainide or 
propafenone may be uesd (Class 1 - permanent OML restriction). Amiodarone is unacceptable for Class 1, but may be 
acceptable for Class 2 (maximum dose 200 mg daily, night flying will require an AMS ophthalmological review). 
Anticoagulation is not acceptable

3) Only Class 2 pilots with a documented recurrence free period from a single episode of AF are likely to obtain 
unrestricted certification at this time. Initial follow-up cardiology review should be 6 monthly to include a minimum of 24 
hour ECG monitoring.

4) Likely to be 2 years for Class 1 and 1 year for Class 2. A single original episode of AF with no recurrence will allow 
unrestricted Class 1/2 certification. Other cases will require individual assessment. It is unlikely that a pilot over ege 65 with 
other than a single episode of AF will gain an unrestricted certificate (Class 1 or 2).

5) Subsequent follow-up at the discretion of the AMS.

     Figure 7.5     Algorithm for certifi cation to fl y following the diagnosis of atrial fi brillation. Only subjects with  “ lone ”  atrial fi brillation (no structural 
abnormality of the heart, no history of hypertension or diabetes and no metabolic cause) can be considered and then only if asymptomatic. The 
disturbance may be paroxysmal, persistent or permanent (see text). These are updated from time to time and reference needs to be made to the CAA 
website (Class I).  

  Comment 

 Over 300 mutations on seven genes (LQT1 – 7) have been 
described. Transmitted as autosomal dominant genes, all 
involve fast and slow activating delayed potassium repo-
larizing currents with the exception of the LQT3 which 
involves the SCN5A sodium encoding gene shared by the 
Brugada syndrome.  67   All are characterized by risk of ven-
tricular tachycardia, syncope, cardiac arrest and sudden 
death. Data are incomplete and although the highest event 
rate seems to occur before adulthood,  68,69   the natural history 
of the condition remains to be fully characterized, particu-
larly in later years. A recent review of some 18   500 UK Class 
certifi cate holders over a 10 - year period revealed exactly 
100 males in whom the QTcB exceded the upper limit of 
normal (440   ms). All were asymptomatic and in only fi ve 
the QTcB excoeded 480   ms. All were, and have remained, 

asymptomatic. All except one, an ATCO, retained their 
licenses, most with an OML endorsement.  70   

 There are differences in presentation, LQT1 tending to 
occur with exercise, LQT2 with sudden arousal such as 
noise, and LQT3 at rest. There are also differences in 
response to treatment as the LQT2 variant may obtain less 
benefi t from beta - blockade.  71   Ventricular tachycardia and 
aborted sudden death justify an implantable defi brillator. 
Excessive prolongation of the QTc ( > 500   ms) predicts events 
in LQT1 and 2 but not LQT3  68   and the locus of the mutation 
is also predictive.  71   The overall event rate is higher in LQT1 
and 2 but the lethality of an event is higher in LQT3.  68,72   In 
due time, it is likely that genomic profi ling of the individ-
ual will enable risk profi ling with more confi dence. 

 On an  ad hominem  basis, the regulatory issue is to balance 
the safety advantage of maintaining the fl ying status of a 
10   000 hour pilot with the risk of an adverse cardiac event. 
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     Figure 7.6     (a) The resting electrocardiogram 
of a 38 - year - old airline captain with the LQT2 
pattern and a QTcB of 480   ms. (b) Same 
patient: immediate postexercise non - sustained 
ventricular tachycardia.  
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Any prodromal event would deny certifi cation, as would 
any subsequent event. Priori  et al   68   suggested that the inci-
dence of fi rst cardiac arrest/sudden death  < 40 years in 
LQT2(a), before therapy. is 0.46%/year although the risk is 
not linear and data beyond 40 years are scant. This may be 
expressed as risk/hour  –  0.00525% and for any arbitrary 6 
minutes of fl ight criticality (i.e. during take off and 
landing),  26   0.000525%. In the general population the annual 
incidence of sudden death in the age range 20 – 75 years is 
0.1%/annum  –  0.0011%/hour  73   but this will be age skewed 
and whatever additional burden the LQT proband carries, 
he/she will bear a cumulative additional age - related risk 
from coronary artery disease, for example. This additional 
increase in relative risk is not acceptable for an operational 
situation where the sole co - pilot could be inexperienced. 

However, in certain long - haul operations, a third (some-
times a fourth) pilot is carried which would all but abolish 
the operational risk but for a very limited period. The regu-
latory authority was advised to consider the possibility of 
a limitation to heavy crew operation only, with an upper 
age cut - off, in the absence of further evidence of any event, 
of 60 years (Class I, Level C2).   

  Conclusion 

 The interface between evidence - based medicine and the 
regulatory environment refl ects some of the most interest-
ing and challenging problems in cardiology. Before regula-
tion was based on scientifi c principles, fi tness determination 
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was arbitrary with implications both for safety and for the 
prosperity and well - being of the professional groups 
involved. Progress in cardiology should be matched by 
improved and enlightened attitudes to certifi cation. 

  Note 

 Some of the material in this chapter relates to legally based 
requirements for medical fi tness in the transportation 
industries. The statements and opinions are those of the 
author and have no regulatory standing. Those requiring 
further guidance should consult the relevant authority. The 
UK CAA algorithms (reproduced with permission) are 
regularly updated and are available at the web address 
provided at the end of the chapter.   
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  Introduction 

 In the second half of the 20th century, cardiovascular dis-
eases (CVD) became the dominant cause of global mortal-
ity and a major contributor to disease - related disability. At 
the beginning of the 21st century, this pattern has become 
even more pervasive as the CVD epidemic accelerates in 
many developing regions of the world, even as it retains 
its primacy as the leading public health problem in the 
developed regions.  1 – 9   

 An estimated 17.5 million people died from cardiovas-
cular diseases in 2005, representing 30% of all global deaths. 
Of these deaths, an estimated 7.6 million were due to coro-
nary heart disease and 5.7 million were due to stroke. Over 
80% of cardiovascular deaths took place in low -  and mid-
dle - income countries and occurred equally in men and 
women.  1   The low -  and middle - income countries contrib-
uted 83.8% of all CVD deaths and 88.5% of disability -
 adjusted life - years (DALY) loss attributed to CVD that year. 

 Around 9 million stroke cases were reported to occur in 
2004. Large geographic differences exist in the burden of 
stroke as well as its case fatality rates globally. There is an 
increasing trend in the incidence of stroke in developing 
countries as opposed to the decreasing or stabilizing trend 
in developed countries. While coronary heart disease 
(CHD) was the dominant form of CVD in the developed 
countries, Latin America and India, stroke was the leading 
cause of cardiovascular deaths in sub - Saharan Africa and 
China. Epidemiologic studies in developing countries 
provide evidence that stroke mortality rates tend to be 
higher than coronary heart disease rates, and may be con-
siderably higher than in developed countries.  1,2   In 2004, 
low -  and middle - income countries contributed to 86.7% of 
global deaths due to cerebrovascular diseases. Hyper-

tension and diabetes are more widely prevalent in stroke 
patients in developing countries as compared to developed 
countries.  3   

 The rise and recent decline of the CVD epidemic in the 
developed countries have been well documented.  9 – 12   The 
identifi cation of major risk factors through population -
 based studies and effective control strategies combining 
community education and targeted management of high -
 risk individuals have together contributed to the fall in 
CVD mortality rates (inclusive of coronary and stroke 
deaths) that has been observed in almost all industrialized 
countries. It has been estimated that, during the period 
1965 – 90, CVD - related mortality fell by 50% or so in Aus-
tralia, Canada, France and the United States and by 60% in 
Japan.  8   Other parts of Western Europe reported more 
modest declines (20 – 25%).  9   The decline in stroke mortality 
has been more marked compared to the decline in coronary 
mortality. In the United States, the decline in stroke mortal-
ity commenced nearly two decades earlier than the decline 
in coronary mortality and maintained a sharper rate of 
decline.  11   During the period 1979 – 89, the age - adjusted mor-
tality from stroke declined, in that country, by about one -
 third while the corresponding decline in coronary mortality 
was 22%.  11   In Canada, Japan, Switzerland and the United 
States, stroke mortality has declined by more than 50% in 
men and women aged 65 – 74 years since the 1970s.  12   In 
Japan, where stroke mortality outweighs coronary mortal-
ity, the impressive overall decline in CVD mortality is prin-
cipally contributed by the former. 

 However, recent trends in some of the developed coun-
tries have provoked some concern. A fl attening of age -
 adjusted mortality rates for major cardiovascular diseases 
in the USA has been reported since 1990, with an especially 
well - documented absence of a decline in stroke mortality 
since that year. This has been accompanied by an increase 
in mortality from congestive heart failure. Lack of decline 
in incidence of CHD and stroke, fall in the rate of decrease 
in cardiovascular risk factor levels and rising levels of 
obesity since 1990 have all been incriminated as factors 
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responsible for such a plateau effect on CVD mortality rates 
in USA over the past decade.  13   

 Within Europe, there is a considerable variation in car-
diovascular and all - cause mortality on both a national and 
a regional level. Mortality from both CHD and CVD has 
continuously been decreasing in most Western European 
countries over the last three decades. In most Central and 
Eastern European countries, on the other hand, cardiovas-
cular mortality increased during the 1970s and 1980s and 
started to decline or stabilize in the early to mid - 1990s. 
Despite the recent decrease, rates are considerably higher 
in most Central and Eastern European countries. With 
regard to cerebrovascular mortality rates, a different pattern 
is observed. Cerebrovascular mortality is reduced in 
the center of Western Europe, with the lowest national 
mortality rates in Switzerland, France, Norway, Spain, The 
Netherlands and Italy. Countries and regions with higher 
mortality rates surround this circle of reduced mortality 
such as the Central and East European Countries as well 
as some Mediterranean countries including Greece, Portu-
gal and certain regions of Southern Spain and Italy.  14   

 CHD, previously considered rare in sub - Saharan Africa, 
now ranks eighth among the leading causes of death in 
men and women. A wide variety of studies from Ethiopia, 
Ghana, Kenya, Nigeria, Tanzania and Zaire suggest that the 
incidence and prevalence of CVD is increasing, especially 
in urban and semi - urban areas.  15   This is the result of 
adverse behavioral and lifestyle changes associated with 
urbanization and epidemiologic transition. 

 Developing countries like China and India have experi-
enced an epidemiologic transition in a much shorter time 
than many countries. Mortality analysis of China shows 
that deaths due to chronic diseases have increased as a 
proportion of all deaths, from 41.7% in 1973 to 74.1% in 
2005, with CVD being a major contributor. China already 
has 177 million adults with hypertension.  16   An increasingly 
larger number are at risk of cardiovascular diseases because 
of smoking, dietary changes and reduced physical activity. 
In India, too, cardiovascular disease is now the leading 
cause of death, accounting for 29% of all deaths in 2005. 
The risk factors are also on the rise, as evidenced by a 
number of community surveys in different regions of the 
country. India is presently home to 40 million persons with 
diabetes and 118 million hypertensive individuals. These 
are projected to increase even further by 2025.  17   

 Rheumatic heart disease (RHD) continues to be a burden 
in developing countries, although there is an overall 
decline in the incidence and deaths resulting from RHD. 
Of 12 million people currently affected by rheumatic 
fever and RHD, two - thirds are children between 5 and 15 
years of age. There are around 300   000 deaths each year 
with 2 million people requiring repeated hospitalization 
and 1 million likely to require surgery in the next 5 – 20 
years.  18   

  Early  a ge of  CVD   d eaths in 
 d eveloping  c ountries 

 Although the present high burden of CVD deaths is itself 
a reason for attention, a greater cause of concern is the early 
age of CVD deaths in developing countries compared to 
developed countries. Globally, more than 38% of CVD 
deaths occurred below the age of 70 years in 2002. Deaths 
from cardiovascular diseases in people younger than 70 
years accounted for 21% of all deaths.  19   Age - specifi c CVD 
mortality rates for those between 35 and 64 years have 
increased many - fold between 1984 and 2002 in less devel-
oped countries. This kind of concentration of CVD deaths 
among people of working age (35 – 64 years) is not seen in 
industrialized nations. In India, China, Russia and Brazil, 
30 – 40% of the CVD deaths occur in people of working age. 
The Philippines has over 50% of its CVD deaths in this age 
group, 8 – 10 times higher than the Western experience.  20   

 South Asians have a greater prevalence of coronary risk 
factors than the rest of the world, and coronary artery 
disease often manifests at an early age.  21   Asians tend to 
have slimmer body build than Westerners, with less muscle 
mass and connective tissue than stockier subjects.  22   Further, 
Asian populations have a different fat distribution pattern 
from the Western population and are more prone to central 
obesity, even at low BMI levels.  23   Such considerations raise 
the possibility that the risks associated with adiposity at 
lower levels of BMI are greater in Asian population.   

  Epidemiologic  t ransition and the 
 e volution of the  CVD   e pidemic 

  What  i s the  “  t ransition ” ? 

 The health status and dominant disease profi le of human 
societies have been historically linked to the level of their 
economic development and social organization at any 
given stage. The shift from nutritional defi ciencies and 
infectious diseases, as the major causes of death and dis-
ability, to degenerative disorders (chronic diseases like 
CVD, cancer, diabetes) has marked the economic ascent of 
nations as they industrialized. This shift has been called the 
epidemiologic transition. 

 The economic and social changes that propel this transi-
tion are related to a rise in per capita income, greater invest-
ments in public sanitation, housing and healthcare, assured 
availability of adequate nutrition and technologic advances 
in medical care. Life expectancy rises as causes of child-
hood and early adult mortality decline. This, in turn, leads 
to a decline in fertility. The age profi le of the population 
changes from a pyramidal distribution dominated by 
the young to a columnar structure where adults and the 
elderly progressively expand their numbers. This has been 
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described as the demographic transition. Since the disease 
profi le is also linked to the age profi le of the population, 
the health transition encompasses the effects of the epide-
miologic and demographic transitions.  

   CVD   p rofi le at  d ifferent  s tages of the 
 e pidemiologic  t ransition 

 The model of epidemiologic transition originally described 
by Omran,  24   with three phases (the age of pestilence and 
famine, the age of receding pandemics;,the age of degen-
erative and man - made diseases), was later modifi ed to 
include a fourth phase (the age of delayed degenerative 
diseases).  25   Life expectancy progressively increases from 
around 30 years in the fi rst phase to over 70 years in the 
fourth phase. The shift to a dominant chronic disease 
profi le occurs in the third phase. As the average life expec-
tancy exceeds 50 – 55 years, the proportionate mortality due 
to CVD begins to exceed that of infectious diseases.  26   

 The transition not only occurs between the broad disease 
categories but also within them. The disease profi le within 
CVD alters at each phase of the epidemiologic transition. 
In the fi rst phase (the age of pestilence and famine), CVD 
accounts for 5 – 10% of deaths.  26   The major causes of CVD 
are, however, related to infectious and nutritional defi cien-
cies. Thus, RHD and cardiomyopathies (e.g. Chagas’ 
disease) are the main CVD in this phase. Even as countries 
emerge from this phase, the residual burden of chronic 
valvular heart disease and congestive heart failure often 
remains for some period. These effects are still evident in 
sub - Saharan Africa and parts of South America and South 
Asia.  26   

 In the second phase (the age of receding pandemics), the 
decline in infectious disease which accompanies socio - 
economic development ushers in changes in diet. As the 
subsistence nutrition changes to more complete diets, the 
salt content of the food increases. Hypertension and its 
sequelae (hypertensive heart disease and hemorrhagic 
stroke) now affect the population whose average age also 
has risen with increased life expectancy. Some residual 
burden of RHD and cardiomyopathies is also evident. 
These non - atherosclerotic diseases contribute to 10 – 35% of 
deaths. This pattern currently prevails in parts of Africa, 
North Asia, and South America.  26   

 In the third phase (the age of degenerative and man -
 made disease), accelerated economic development and 
increased per capita incomes promote lifestyle changes in 
diet, physical activity, stress, and addictions. A diet rich in 
calories, saturated fat and salt is accompanied by reduced 
physical activity through increased use of mechanized 
transport and sedentary leisure time pursuits. The meta-
bolic mismatch leads to obesity, increased blood lipids, 
diabetes, and elevated blood pressure. Tobacco consump-
tion, especially cigarette smoking, starts as a pleasurable 

pastime and turns into a severe addiction. These factors 
result in the onset of clinically manifest atherosclerotic vas-
cular disease (CHD, atherosclerotic stroke, and peripheral 
vascular disease) at around 55 years of age. Such patterns 
fi rst occur in the upper socio - economic classes who have 
disposable income to expend on rich diets, tobacco and 
transport vehicles. Several countries in South America and 
Asia currently manifest this pattern. As the epidemic 
advances further and involves all social strata, with homog-
enization of risk behaviors and risk factors across the popu-
lation, the death toll of CVD rises to range between 35% 
and 65% of all deaths. This scenario is currently observed 
in Eastern Europe. 

 In the fourth phase (the phase of delayed degenerative 
disease), a number of changes occur in the society to modify 
risk behaviors and reduce risk factor levels in the popula-
tion. Health research augments the knowledge of CVD risk 
factors. The desire to reduce the adverse impact of CVD on 
individuals as well as on society steers the community as 
well as the policymakers to apply this knowledge for 
disease prevention and health promotion. Community 
awareness through education, as well as its ability to exer-
cise healthy choices through supportive regulatory mea-
sures, empowers its members to adopt healthier lifestyles. 
Saturated fat and salt consumption declines and leisure -
 time physical activity and exercise programs are avidly 
pursued. With concerns over the effects of active and 
passive smoking, tobacco consumption falls. Simultane-
ously, medical research makes available new technologies 
which are very effective in saving lives, modifying the 
course of disease, and reducing the levels of risk factors. All 
of these changes, in unison, delay the onset of disease, 
lower the age - standardized mortality rates and reduce the 
disability. The contribution of CVD to total mortality falls 
to 50% or below. These patterns are now established in most 
of North America, Western Europe, and New Zealand.  26   

 Recent developments in some countries of Eastern 
Europe, with sharp declines in life expectancy and other 
health indices, led to a fi fth phase of health transition being 
postulated.  7   In this stage of  “ social upheaval and health 
regression ” , the CVD spectrum too may witness a reversal 
with CHD and stroke occurring at younger ages, resulting 
in a fall in life expectancy, as in Russia. Further transition 
may also occur in the future, due to health impacts of 
global climate change and environmental degradation 
which can profoundly infl uence both infectious diseases 
and chronic diseases.  

  Variations in the  t ransition 

 There are, however, variations on this theme. Even within 
Europe, for example, there is still a clear north - east to 
south - west gradient in mortality from CHD. With regard 
to the east – west gradient, dietary fat intake appears to play 
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a major role. In Eastern Europe, higher consumption of 
saturated fat was reported during the 1980s and early 
1990s. In Poland, changes in the dietary fat intake during 
the 1990s, leading to a more favorable ratio of polyunsatu-
rated to saturated fat, were associated with a drop in mor-
tality from CHD by approximately one - quarter. The 
attribution of single risk factors to regional variation may 
also vary depending on geographic location of the area of 
interest. For example, regional differences between Israel, 
Germany and Greece were found to be associated particu-
larly with differences in blood pressure levels.  14   

 The results of the Sino - MONICA study (1987 – 93) in 
China have shown large differences in the occurrence of 
coronary and stroke events, with higher rates in northern 
provinces and lower rates in southern provinces. This geo-
graphic difference in CVD mortality and incidence refl ects 
underlying differentials in risk factor profi les (like hyper-
tension and cholesterol levels).  27,28   Prevalence of CHD in 
the Japanese population remains lower than that in the US 
and other Western populations. However, lifestyle changes 
in recent decades have been accompanied by the increasing 
prevalence of hypercholesterolemia and diabetes, and 
recent data indicate an increase in prevalence of CHD.  29   
The prevalence of lipid risk factors in younger Japanese 
people is now similar to that in the US. 

 The question of  “ arrested epidemiologic transition ”  is 
also raised with respect to some of the developing coun-
tries. If poverty continues to be a major problem for them, 
will they experience the CVD epidemic in its full fury or 
will the pre - transitional diseases of nutrition and infection 
continue to occupy the center stage? Even now, there is 
evidence that the social gradient has begun to reverse for 
risk factor levels and even for morbidity measures in some 
populations in the developing world.  5   Unless economic 
development is greatly stunted in some countries, it is 
likely that the model of epidemiologic transition will be 
applicable to most of the developing world. 

 The transition to the atherothrombotic phase of the epi-
demic may be preceded by a sharp fall in the burden of 
hemorrhagic strokes. The recent decline in CVD mortality 
reported from South Korea refl ects such a fall in the contri-
bution from hemorrhagic strokes, while thromobotic stroke 
and coronary heart disease burdens have just begun to 
rise.  30   The model of  “ health transition ” , while very useful, 
is not immutable and is likely to vary according to both 
levels of development and the nature of public health 
responses to social transition. 

 The model of health transition should also not lead to 
complacency regarding the high absolute burdens and 
early deaths in the developing countries. For example, even 
in a country in  “ early transition ”  like Tanzania, the stroke 
mortality rates in the age group of 15 – 59 years in rural and 
urban areas are 2 – 4 times higher than those in UK, in a 
similar age group.  31    

  Early and  l ate  a dopters 

 The pace of epidemiologic transition will vary both among 
countries and within countries. Usually lifestyle changes 
towards risk - prone behaviors occur fi rst in the higher 
socio - economic groups and urban communities for whom 
the innovations of modernity are more easily accessible 
and affordable. As these innovations diffuse and become 
routinely available at prices amenable to mass consump-
tion, the poorer sections and rural communities also join 
the CVD bandwagon. Soon the awareness of CVD risks as 
well as the economic independence to make healthy life-
style choices in relation to diet and leisure time exercise 
(along with the greater ability to access healthcare) moves 
the  “ early adopters ”  in the affl uent and urban strata into a 
reduced risk zone. The burden of CVD then is largely con-
centrated in the lower socio - economic groups and rural 
populations who continue to practice high - risk behaviors 
and display elevated risk factor levels.  24   These  “ late 
adopter ”  groups also will slowly alter their behaviors, 
lower their levels of risk and reduce their burden of CVD, 
as healthcare responses to the CVD epidemic become uni-
versally effective. The progressive reversal of CVD risk 
factors with increasing levels of urbanization is now 
evident in India.  32   

 This is the evolutionary profi le of the CVD epidemic, as 
evident from the analysis of mature epidemics in industrial 
nations and the advancing epidemics in the developing 
countries. Differences within countries and between coun-
tries, suggested by cross - sectional views at any point in this 
evolution, should not obscure the longitudinal perspective 
of an evolving epidemic in which most countries will tra-
verse similar paths, albeit at different times determined by 
their pace of development. Global shifts in CVD risk factors 
and their refl ection in global CVD trends indicate that all 
countries and communities have far more in common in 
terms of disease causation than the differences which 
demarcate them. The challenge of epidemiologic transition 
is not whether it will happen in the developing countries, 
but whether we can apply the available knowledge to tele-
scope the transition and abbreviate phase three of the 
model in these countries.   

  Projections 

 The Global Burden of Diseases study estimates that annual 
mortality from non - communicable diseases will rise from 
an estimated 28.1 million deaths in 1990 to 49.7 million in 
2020.  7   CVD, which accounts for a large proportion of these, 
will rise as a result of the accelerating epidemic in the 
developing countries. CHD will continue to be the leading 
cause of death in the world and, in terms of DALY lost, will 
rise from its fi fth position in 1990 to top the DALY table in 
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2020.  7   Men as well as women in the developing countries 
will experience the largest rise in CHD and stroke mortality 
rates across the world (Table  8.1 ).   

 The profi le of DALY loss attributable to CVD in 1990 in 
various regions of the world and the projected estimates 
for 2020 (Table  8.2 ) also indicate a large rise.  4   Among the 
developed countries, the sharp decline in the industrial 
nations is partly offset by the rise in the former socialist 
countries.   

 Deaths attributable to tobacco, a risk factor for CVD and 
other chronic diseases, are projected to rise from 3.0 million 
in 1990 to 8.4 million in 2020. The largest increases will be 
in India, China and other developing countries in Asia, 
where tobacco - attributable deaths will rise from 1.1 million 
to 4.2 million in 2020.  33   

 These projections have been updated on the basis of 
substantial improvements in data availability and methods 
for dealing with incomplete and biased data (Table  8.3 ). 
According to the revised model, age - specifi c death rates for 
most chronic diseases are projected to decrease slightly at 
rates of around 0.5 – 1.0% per year in low -  and middle -
 income countries. This is with the exceptions of lung cancer 
and chronic obstructive pulmonary disease (which are 
increasing because of the tobacco epidemic) and diabetes 
mellitus (which is increasing because of projected increases 
in the prevalence of overweight and obesity). Adverse 
trends for some risk factors like overweight and physical 
inactivity were probably more than offset in the selected 
countries by improved control of other risk factors like high 

blood pressure, high blood cholesterol and tobacco smoking 
and improved access to effective treatment interventions. 
Total deaths from cardiovascular diseases and diabetes are 
projected to rise to 14.3 million in 2015 and 17.3 million in 
2030 in 23 selected low -  and middle - income countries.  19   
Just under half of these deaths will occur in people younger 
than 70 years compared to 27% in high - income countries.    

  Mechanisms  w hich  p ropel a 
 c ardiovascular  d isease  e pidemic in 
 d eveloping  c ountries 

  Demographic  c hanges  d ue to the 
 e pidemiologic  t ransition 

 A major public health challenge, identifi ed by recent analy-
ses of global health trends, is the projected rise in both 
proportional and absolute CVD mortality rates in the 
developing countries over the next quarter century. The 
reasons for this anticipated acceleration of the epidemic are 
many.  5   In the second half of the 20th century, most develop-
ing countries experienced a major surge in life expectancy. 
This was principally as a result of a decline in deaths occur-
ring in infancy, childhood and adolescence and was related 
to more effective public health responses to perinatal, infec-
tious and nutritional defi ciency disorders and to improved 
economic indicators like per capita income and social indi-
cators like female literacy in some areas. These demo-
graphic shifts have augmented the ranks of middle - aged 
and older adults. The increasing longevity provides longer 
periods of exposure to the risk factors of CVD, resulting in 
greater probability of clinically manifest CVD events. The 
concomitant decline of infectious and nutritional disorders 
(competing causes of death) further enhances the propor-
tional burden due to CVD and other chronic lifestyle -
 related diseases. 

 The ratio of deaths due to pre - transitional diseases 
(related to infections and malnutrition) to those caused by 
post - transitional diseases (like CVD and cancer) varies 

 Table 8.1     Global % change in  CHD  and stroke mortality 
1990 – 2020 

        CHD     Stroke  

   Men     Women     Men     Women  

  Developed countries    48    29    56    28  

  Developing countries    137    127    124    107  

  World    100    80    106    78  

 Adapted from Murray and Lopez.  4   

 Table 8.2     Contribution of cardiovascular disease to  DALY  loss 
(percentage of total) 

   Region     1990     2020  

  World    10.85%    14.7%  

  Developed countries    25.7%    22.0%  

  Developing countries    8.9%    13.8%  

 Adapted from Murray and Lopez.  4   

 Table 8.3     Millions of projected deaths and  DALY  s  for all chronic 
diseases as a proportion of deaths and  DALY  s  for all causes in 23 
selected low -  and middle - income countries for 2005, 2010 and 2030 

        2005     2015     2030  

  Deaths (all ages)    23.1 (61%)    27.2 (66%)    34.3 (71%)  

  Deaths in people younger 

than 70 years  

  11.2 (46%)    12.4 (50%)    13.7 (53%)  

  DALYs    496 (50%)    538 (55%)    597 (59%)  

 Adapted from Abegunde  et al .  19   
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among regions and between countries, depending on 
factors like the level of economic development and literacy 
as well as availability and access to healthcare. The direc-
tion of change towards a rising relative contribution of 
post - transitional diseases is, however, common to and con-
sistent among the developing countries.  34   The experience 
of urban China, where the proportion of CVD deaths rose 
from 12.1% in 1957 to 35.8% in 1990, illustrates this 
phenomenon.  35    

  Population  e xpansion and  a ging 

 The aging of all populations heightens the importance of 
CVD both in people of working age and in those who are 
beyond working age. The world population is expected to 
rise from 5.71 billion in 1995 to 8.29 billion in 2025. By 2020, 
the median age of the population in much of the develop-
ing world will begin to approach that of the West. By 2040, 
the total number of people more than 65 years old in more 
developed countries will be only one - third of the number 
in less developed countries.  20   

 While all the countries have experienced and will con-
tinue to experience a signifi cant increase in population 
aged 65 and over, a difference is noted in  “ young ”  coun-
tries (those with a higher proportion of people aged less 
than 65 years). It will fi rst produce a bulge of people of 
working age. Although overall dependency will fall, com-
bined with changes in the demographic profi le, this will 
result in a large number of adults potentially vulnerable to 
CVD. By 2020, the number of persons aged 65 years or 
above is projected to reach more than 690 million globally, 
with 460 million in the developing countries.  36   In India, for 
example, the population is expected to rise from 683.2 
million in 1981 to somewhere between 1253.8 and 1480.5 
million in 2021. Simultaneously, the proportion of adults 
aged 35 years or above will rise from 28.4% of the popula-
tion to 42.4%.  37    

  Increased  s tandard of  l iving  l eading to 
 d eleterious  h ealth  b ehaviors 

 A third reason to arouse concern is that, if population levels 
of CVD risk factors rise as a consequence of adverse life-
style changes accompanying industrialization and urban-
ization, the rates of CVD mortality and morbidity could 
rise even higher than the rates predicted solely by demo-
graphic changes. Both the degree as well as the duration of 
exposure to CVD risk factors would increase as a result of 
higher risk factor levels coupled with a longer life expec-
tancy. Increase in body weight (adjusted for height), blood 
pressure and cholesterol levels in Chinese population 
samples aged 35 – 64 years, between the two phases of the 
Sino - MONICA study (1984 – 86, 1988 – 89) and the substan-
tially higher levels of most CVD risk factors in urban popu-

lation groups compared to rural population groups in 
India, provide evidence of such trends.  35   The increasing use 
of tobacco in a number of developing countries will also 
translate into higher mortality rates of CVD, lung cancer 
and other tobacco - related diseases, while undesirable alter-
ations in diet and physical activity are also impacting 
adversely on cardiovascular health. 

 In developing countries, risk factors often increase with 
rising incomes (hypertension and obesity). partly attribut-
able to changing diet, that has more fats, salt and calories, 
and partly to increasing body weight and less exercise 
among the affl uent.  20   The global availability of cheap veg-
etable oils and fats has resulted in greatly increased fat 
consumption among low - income countries in recent 
years.  38   The transition now occurs at lower levels of the 
gross national product than previously and is further accel-
erated by rapid urbanization. In China, for example, the 
proportion of upper - income persons who were consuming 
a relatively high - fat diet ( > 30% of daily energy intake) rose 
from 22.8% to 66.6% between 1989 and 1993. The lower and 
middle income groups also showed a rise (from 19% to 
36.4% in the former and from 19.1% to 51.0% in the latter).  30   
The Asian diet, traditionally high in carbohydrates and low 
in fat, has shown an overall decline in the proportion of 
energy from complex carbohydrates along with an increase 
in the proportion of fat.  38   The globalization of food produc-
tion and marketing is also contributing to the increasing 
consumption of energy - dense foods that are poor in dietary 
fi ber and several micronutrients.  39   

 The rising tobacco consumption patterns in most devel-
oping countries contrast sharply with the overall decline in 
the industrial nations.  40   Recent projections from the World 
Health Organization suggest that by the year 2020 tobacco 
will become the largest single cause of death, accounting 
for 12.3% of global deaths.  33   India, China and countries in 
the Middle Eastern crescent will by then have tobacco con-
tributing to more than 12% of all deaths. It is estimated 
from a recently conducted study in India that by 2010, the 
annual number of deaths from smoking will be about 1 
million, 70% of which will occur in the middle age group. 
Also 20% of excess mortality among those resulting from 
cardiovascular diseases could be attributed to smoking 
alone.  41   Reports also indicate that the greatest increase in 
tobacco use between 1998 and 2005 occurred in persons 
between the ages of 15 and 24 years.  42    

  Thrifty  g ene 

 A  “ programming ”  effect of factors promoting selective sur-
vival may also determine individual responses to environ-
mental challenges and, thereby, the population differences 
in CVD. The  “ thrifty gene ”  has been postulated to be a 
factor in promoting selective survival, over generations, of 
persons who encountered an adverse environment of 
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limited nutritional resources.  43   While this may have proved 
advantageous in surviving the rigours of a spartan envi-
ronment over thousands of years, the relatively recent and 
rapid changes in environment may have resulted in a meta-
bolic mismatch. Thus a salt - sensitive person whose forefa-
thers thrived despite a limited supply of salt now reacts to 
a salt - enriched diet with high blood pressure. It has also 
been hypothesized that populations subjected to food 
scarcity have undergone selection of a gene which increases 
the effi ciency of fat storage through an oversecretion of 
insulin in response to a meal. While this favors survival in 
a situation of low caloric availability, a current excess of 
caloric intake may lead to obesity, hyperinsulinemia, dia-
betes, and atherosclerosis. Similarly, an insulin - resistant 
individual whose ancestors may have survived because a 
lack of insulin sensitivity in the skeletal muscle ensured 
adequate blood glucose levels for the brain in daunting 
conditions of limited calorie intake and demanding physi-
cal challenges may now respond to a high - calorie diet and 
a sedentary lifestyle with varying degrees of glucose intol-
erance and hyperinsulinemia. While such mechanisms 
seem plausible, their contribution to the acceleration of 
the CVD epidemic in the developing countries remains 
speculative.  

  Maternal –  f etal  e xposures  a s a  c ause 
of  m idlife  CVD  

 A recently reported association which, if adequately vali-
dated by the tests of causation, may have special relevance 
to the developing countries is the inverse relationship 
between birth size and CVD in later life.  44 – 50   The  “ fetal 
origins hypothesis ”  states that adverse intrauterine infl u-
ences like poor maternal nutrition lead to impaired fetal 
growth, resulting in low birth weight, short birth length, 
and a small head circumference. These adverse infl uences 
are postulated to also  “ program ”  the fetus to develop adap-
tive metabolic and physiologic responses which facilitate 
survival. These responses, however, may lead to disor-
dered responses to environmental challenges as the child 
grows, with an increased risk of glucose intolerance, hyper-
tension and dyslipidemia in later life, with adult CVD as a 
consequence. While an increasing body of global evidence 
for the hypothesis has been provided by observational 
studies, it awaits further evaluation for a causal role. The 
association of small birth size and  “ rebound adiposity ”  in 
early childhood, with adult - onset diabetes in an Indian 
cohort, lends credibility to the role that early life infl uences 
play in programmed susceptibility to adult metabolic and 
vascular diseases but the interaction with later environ-
mental infl uences needs to be better studied.  51   If it does 
emerge as an important risk factor for CVD, the popula-
tions of developing countries will be at an especially 
enhanced risk because of the vast numbers of poorly nour-

ished infants who have been born in the past several 
decades. The steady improvement in child survival will 
lead to a higher proportion of such infants surviving to 
adult life when their hypothesized susceptibility to vascu-
lar disease may manifest itself.  

  Ethnic  d iversity 

 Although ethnic diversity in CVD rates, risk factor levels 
and risk factor interactions are evident from population 
studies, the extent to which genetic factors contribute 
is unclear. It is only after demographic profi les, environ-
mental factors and possible programming factors are 
ascertained and adjusted for that differences in gene fre-
quency or expression can be invoked as a probable expla-
nation for interpopulation differences in CVD.  52   The extent 
to which chronic diseases, including CVD, occur within 
and amongst different populations is determined by 
genetic – environmental interaction which occurs in a wide 
and variable array, ranging from the essentially genetic to 
the predominantly environmental. This is perhaps best 
illustrated by the knowledge gained from studies in 
migrant groups, where environmental changes due to 
altered lifestyles are superimposed over genetic infl uences. 
These  “ natural experiments ”  have been of great value in 
enhancing the understanding of why CVD rates differ 
amongst ethnic groups. The classic Ni - Hon - San study of 
Japanese migrants revealed how blood cholesterol levels 
and CHD rates rose from Japan to Honolulu and further 
still to San Francisco, as Japanese communities in the three 
areas were compared.  53   Similarly, the Tokelau islanders 
who migrated to New Zealand had a higher risk of diabetes 
and were more obese compared to non - migrants.  54   The 
Boston -  Irish Diet Heart Study, a study of the effects of Irish 
migration to USA, used sib comparison methodology and 
highlighted the role of key dietary factors attributable to 
relatively high burden of CHD.  55   

 The experience gleaned from the study of South Asians, 
Chinese and Pima Indians further elucidates the complexi-
ties of ethnic variations in CHD.  56 – 58   The comparison of 
Afro - Caribbeans, South Asians and Europeans in UK 
brought out the sharp differences in central obesity, glucose 
intolerance, hyperinsulinemia and related dyslipidemia 
between the three groups despite similar profi les of blood 
pressure, body mass index and total plasma cholesterol.  59   
Migrant studies have demonstrated a 1.1 – 3.8 CHD mortal-
ity ratio among migrants from the Indian subcontinent 
when compared to local populations.  60 – 62   However, urban –
 rural comparisons within India,  37   as well as migrant Indian 
comparison with their non - migrant siblings,  63   reveal large 
differences in these conventional risk factors. Thus, where 
the environment is common but gene pools differ, the non -
 conventional risk factors appear to be explanatory of risk 
variance, while when the same gene pool is confronted 
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with different environments, the conventional risk factors 
stand out as being of major importance. 

 The extent to which ethnic diversity in response to CVD 
risk factors infl uences the course of the CVD epidemic in 
different developing countries remains to be studied. 
However, the experience of some of the migrant groups 
(e.g. South Asians) portends severe epidemics in the home 
countries as they advance in their transition.   

  Strategies to  d eal with 
the  c oronary  e pidemic 

  Risk  f actor 

 Decades of research, embracing evidence from observa-
tional epidemiology and clinical trials, have demonstrated 
that CHD is multifactorial in causation. The term  “ risk 
factor ”  was fi rst used in the context of CHD.  64   A risk factor 
must fulfi ll the criteria of causality: strength of association 
(high relative risk or odds ratio), consistency of association 
(over many studies), temporal relationship (cause preced-
ing the effect), dose – response relationship (the greater the 
exposure, the higher the risk), biologic plausibility, experi-
mental evidence and, very importantly, evidence from 
human studies. Several such risk factors have been identi-
fi ed, ranging from the established  “ major ”  factors like 
smoking, elevated blood cholesterol and hypertension 
(conventional risk factors) to the recently investigated 
factors like homocysteine, lipoprotein A, apolipoprotein 
B, triglycerides, non - esterifi ed fatty acids and C - reactive 
protein. 

 A major case – control study, involving 52 countries, has 
identifi ed nine easily measured risk factors (smoking, 
lipids, hypertension, diabetes, obesity, diet, physical activ-
ity, alcohol consumption and psychosocial factors) that 
account for 90% of the risk of acute myocardial infarction 
(AMI). The INTERHEART study found that these risk 
factors are the same in almost every geographic region and 
every racial/ethnic group worldwide and are consistent in 
men and women. The strongest risk predictor was the 
apoB/apoA1 ratio (a more reliable marker of cholesterol 
risk), followed by current smoking. These two risk factors 
together predict 66.4% of all AMIs, worldwide. Five factors 
(smoking, lipids, hypertension, diabetes and abdominal 
obesity) accounted for 80% of the population - attributable 
risk. This landmark study provides the scientifi c basis for 
current intervention options even in countries where classic 
cohort studies have not been conducted to identify coro-
nary risk factors.  65   

   “ Clinical ”   v s  “  p revention ”   n orms 
 The need for making  “ clinical ”  decisions related to the 
management of these risk factors led to defi nition of thresh-

old levels of risk and practice guidelines based on those. 
These  “ clinical norms ”  erroneously came to be identifi ed, 
by health professionals as well as the community, to also 
represent the prevention norms. The former are defi ned by 
evidence of benefi t exceeding risk when an intervention 
reduces a risk factor below a particular level (the net benefi t 
being demonstrated in clinical trials specifi cally designed 
for that purpose). The latter, however, are usually identi-
fi ed from observational studies (long - term longitudinal 
prospective studies of large cohorts) and denote the optimal 
values of the risk factor at which the risk of developing 
disease is minimal. 

 The targeting of individuals is promoted by the  “ clinical ”  
approach of healthcare providers who seek to identify 
persons at  “ high risk ”  of disease or its outcomes for inten-
sive investigation and intervention. Thus thresholds are 
defi ned to categorize persons with  “ high cholesterol ”  or 
 “ high blood pressure ”  and implement individualized 
control strategies. Attention and action above this thresh-
old often contrast with indifference and inertia below it. 

 As trial evidence is gathered, the clinical norms may 
progressively move towards the prevention norms, as in 
the case of cholesterol or hypertension where the thresh-
olds for intervention have been lowered dramatically in the 
last decade. They may, however, remain higher than the 
prevention norms, since clinical trials may be conducted at 
a stage in the natural history where the risks of prior expo-
sure may not be completely reversible and also because the 
intervention may itself be associated with some adverse 
effects. Thus the benefi ts of lowering a risk factor may 
appear less than those that may occur by preventing its rise 
in the fi rst place.  

  The  c ontinuum of  r isk 
 It is clear that even though lifestyle disorders affl ict some 
individuals, they arise from causes that are widespread in 
the population as a whole. Risk factors like cholesterol and 
blood pressure operate in a continuum of progressively 
increasing risk rather than through an all - or - none relation-
ship suggested by cut - off values. For example, a systolic 
blood pressure (SBP) in the range 130 – 139   mmHg carries a 
higher risk than values in the range 120 – 129   mmHg for 
both heart attacks and strokes. While a SBP of 180   mmHg 
carries a much higher risk for an individual than 140   mmHg, 
the number of persons in any population who have SBP 
values in the range 130 – 139   mmHg is higher than those 
with values of 180   mmHg or higher. The Multiple Risk 
Factor Intervention Trial ’ s (MRFIT) cohort study in the 
United States revealed that of all heart attacks which are 
attributable to SBP, 7.2% arise from the 0.9% segment of the 
population which represents the 180+   mmHg range, while 
20.7% of all such heart attacks occur in the 22.8% segment 
of the population which has pressures in the range 130 –
 139   mmHg  66   (Fig.  8.1 ). Similarly, 57% of all excess deaths 



CHAPTER 8  Global perspective on cardiovascular disease

103

12.8

Excess
CHD

deaths
(%)

7.2

6.8

10.1

19.5

23. 4

20.7

9.9

2.4110–119 

120–129 

130–139 22.8

High
blood
pressure

140–149 

150–159 

160–169 

170–179 

≥180 

SBP
(mmHG)

-

Men (%)

0.9

1.2

6. 2

2.7

28.4

19.0 

<110 
6.1

     Figure 8.1     The risk pyramid for blood 
pressure and coronary heart disease (CHD): 
baseline SBP and CHD death rates for men 
screened in MRFIT. ( Adapted with permission 
from Stamler  et al .  66  )   

attributable to diastolic blood pressure occur in the range 
80 – 95   mmHg compared to only 15% which occur in the 
high range of 105 – 130   mmHg.   

 This dichotomy is also clearly seen in the Framingham 
Study on coronary risk factors.  66   People with a blood cho-
lesterol level of 300   mg/dL run 3 – 5 times the risk of CHD 
as do people at a cholesterol level of 200   mg/dL. At choles-
terol levels over 300   mg/dL, 90 out of 100 people devel-
oped the disease in the next 16 – 30 years of follow - up in 
Framingham. At cholesterol levels under 200   mg/dL, the 
rate was 20 out of 100 during the same period. However, 
more than twice as many people developed CHD with 
cholesterol levels under 200   mg% all their lives as did those 
with cholesterol levels over 300   mg%. This is because a 20% 
fraction of a 45% segment of the population is a much 
larger number than a 90% fraction of a 3 – 5% segment of 
the population.  67   

 Thus, for most causal factors, there is a  “ risk pyramid ” . 
Those at the top of the pyramid are at the highest indi-
vidual risk of disease but those at the lower levels of the 
pyramid account for the largest number of cases in the 
community because they constitute the largest segment of 

the population. Any approach which targets only those at 
the highest risk produces limited gains for the community, 
despite conferring defi nite benefi ts to the individuals in 
that category. 

 The concept that  “ sick individuals arise from sick popu-
lations ”  was propounded and proved by Geoffrey Rose.  68,69   
He demonstrated that risk factor  “ distributions ”  through-
out the population are predictive of disease burden in that 
community. The mean (average) levels of a risk factor 
across different populations correlate with the proportions 
of high - risk individuals in those populations, whatever the 
cut - off value is. Thus, as the average blood pressure value 
rises amongst populations, the proportion of hypertensive 
individuals also rises. In each population, there are groups 
who represent the extremes of the risk profi le (very low 
risk versus very high risk). However, the proportion at 
 “ high risk ”  would be determined by the average value of 
that risk factor in the population. This in turn is dependent 
on the dominant behaviors that characterize the society at 
each stage of its development. 

 While Rose highlighted the importance of shifting the 
distribution at the level of any country ’ s population, the 
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principle is also relevant to the global population as a 
whole. With the developing countries acquiring higher 
levels of risk, the global distributions of blood pressure and 
cholesterol are shifting rightwards. Even if preventive mea-
sures succeed in reducing the risk levels in the developed 
countries, which have experienced high risk so far, global 
deaths due to CVD will continue to rise because the larger 
populations of the developing countries constitute the bulk 
of the distribution. Meaningful impact on global CVD will 
occur only when preventive measures effectively reduce 
the risk levels in the developing countries. We need to 
move the global bell curve of each risk factor leftwards.  

  Multiplicative  r isk 
 The process of identifying and estimating the independent 
risk associated with any single risk factor led to clinical and 
preventive strategies targeting it in isolation. However, 
observational studies like Framingham and MRFIT have 
clearly revealed that the co - existence of multiple risk factors 
confers a magnifi ed risk which is multiplicative rather than 
merely additive. A smoker with modest elevations of cho-
lesterol and diastolic or systolic blood pressure is at a 
greater risk of coronary death than a non - smoker with 
severe hypertension or marked hypercholesterolemia. In 
the MRFIT study, a non - smoker with SBP less than 
118   mmHg and a total serum cholesterol level less than 
182   mg% had a 20 - fold lower risk of coronary death than a 
smoker with a SBP exceeding 142   mmHg and a serum cho-
lesterol exceeding 245   mg% (age - adjusted CHD mortality 
of 3.09 vs 62.11, per 10   000 person - years). A smoker who 
has a SBP of 132 – 141   mmHg and a serum cholesterol of 
203 – 220   mg% has a CHD mortality risk of 28.87 per 10   000 
person - years, compared to a risk of 12.36 in a non - smoker 
with a SBP below 118   mmHg but with a serum cholesterol 
exceeding 245   mg%.  70   

 The demonstration of such multiplicative risk has led to 
the concept of  “ comprehensive cardiovascular risk ”  or 
 “ total risk ” , quantifying an individual ’ s overall risk of CVD 
resulting from the confl uence of risk factors.  71   Both clinical 
and preventive strategies are veering away from unifacto-
rial risk reduction to multifactorial risk modifi cation, to 
reduce this overall risk in individuals as well as in 
populations.   

  Prevention 

  High -  r isk  a pproach for  p revention 
 Having recognized that environmental risk factors do not 
affect only a few individuals in isolation but are spread 
across populations, with a continuous rather than a thresh-
old relationship to disease, how should that infl uence 
disease control strategies? The health policy debate, until 
recently, was on whether to focus the control strategies on 
individuals at the highest risk of disease (in view of their 

markedly elevated risk factor levels) or on the population 
as a whole (aiming to achieve modest reductions in the risk 
of most members of that community). The high - risk 
approach aims at identifying persons with markedly ele-
vated risk factors and, therefore, at the highest risk of 
disease.  66   These individuals are then targeted by interven-
tions which aim to reduce the risk factor levels. If success-
ful, the benefi ts to individuals are large, because the 
individual ’ s risks are large. However, since the number of 
people in this high - risk category is proportionately much 
smaller than those in the moderate - risk group, the overall 
benefi ts to society are limited in terms of deaths or disabil-
ity avoided. 

  “ High - risk individuals can be defi ned as those aged 
between 40 – 79 years with a history of non - fatal coronary 
heart disease/cerebrovascular event or having an esti-
mated absolute risk of dying from any cardiovascular 
event of 15% or more in the next 10 years. Absolute risk 
can be determined from country - specifi c risk charts that 
rely on easily measurable risk factors. (Fig.  8.2 ). For 
instance, the absolute risk chart given here was generated 
by categorizing simulated population according to sex, 
age, smoking status, systolic blood pressure and Body 
Mass Index. Countries can adopt different risk prediction 
strategies and the basic approach described here is only 
suggestive and not prescriptive. With more sophisticated 
algorithms that better target those at high risk, such as 
measurement of cholesterol/plasma glucose, both the costs 
and benefi ts can be expected to increase.  72      

  Population  a pproach for  p revention 
 In contrast, the population approach aims at reducing the 
risk factor levels in the population as a whole, through 
community action.  68   Because there is a continuum of risk 
associated with most risk factors, this mass change will 
result in mass benefi t across a wide range of risk. While 
individual benefi ts are relatively small, the cumulative 
societal benefi ts are large ( “ the prevention paradox ” ). The 
strategy is also behaviorally more appropriate. If the eating 
habits in the community alter towards preferred consump-
tion of foods with lower saturated fat and salt content and 
a greater daily intake of fresh fruit and vegetables, even the 
high - risk individual on a prescribed diet will fi nd a sup-
portive ambience which does not mark him out as a deviant 
from social norms. If a new generation grows up in an 
environment where healthy behavior is considered 
common practice, its average blood cholesterol level may 
remain below 200   mg% rather than around 240   mg% and 
thus people will be at a lower risk than even the benefi ciary 
of the high - risk strategy. However, the risks and benefi ts of 
such a strategy are less obvious to those in the moderate -
 risk range. The motivation for change is, therefore, not as 
strong as for those in the high - risk group. The gratifi cation 
of achieving readily identifi able success in high - risk indi-
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     Figure 8.2     Example of an absolute risk chart 
using age, sex, smoking status, systolic blood 
pressure, and Body Mass Index.  * Numbers are 
10 - year risk of fatal ischemic heart disease or 
cardiovascular events in Mexico.  (Adapted 
from Lim  et al .  72  )   

viduals, through drugs or other powerful interventions, is 
also denied to the physicians in the population strategy 
where the potential benefi ciaries, though many, are faceless 
and nameless. Since such  “ anonymity of prevention ”  
denies the pleasure of individual rescue acts, physician 
motivation for community counseling is neither strong nor 
sustained.  68   Policymakers can, however, ill afford to ignore 
the imperatives of investing in a population approach 
which will pay large long - term dividends in the control of 
lifestyle diseases. Health professionals too must recognize 
the benefi ts of this strategy to play a strong advocacy role 
for health - promoting behaviors in the community. 

 The impact of the population strategy is likely to be 
large, as suggested by an estimate that if every American 

had a diastolic blood pressure value which is a mere 
2   mmHg lower than his or her present value, the number 
of heart attacks that could be prevented would exceed 
those that could be avoided by effectively treating every 
person with a diastolic pressure of 95   mmHg or higher. The 
corresponding benefi t for preventing paralytic strokes 
would be 93% of those avoided by drug therapy.  73   Such 
blood pressure changes can be effectively achieved and 
sustained through modest reductions in weight and salt 
intake or through exercise. 

 The success of population strategies has been demon-
strated both in developed countries (e.g. Finland) and in 
developing countries (e.g. Mauritius).  74,75   The North Karelia 
Project demonstrated large reductions in CVD mortality 
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(50.1% in males and 63.5% in females), CHD mortality 
(53.4% and 59.8%) and all - cause mortality (39.5% and 40.4%) 
during the 20 years intervention period. This resulted from 
a series of community - based strategies designed to change 
dietary behavior through media campaigns in collaboration 
with the food industry and agricultural policy changes. As 
people changed their behavior in terms of dietary prefer-
ence, the food industry perceived new opportunities and 
developed products with less oil. Agriculturists developed 
a new type of rapeseed plant that grew well in the cold 
northern climate of Finland. This sold well and market pro-
portion of unsaturated to saturated fats increased. Salt 
reduction was also adopted by food producers.  20   

 Another example of a macroeconomic intervention that 
seems to have had an impact on CVD rates comes from 
Poland. The fall in heart disease deaths in 1992 – 94 coin-
cided with a switch in Poland from consuming animal fats 
to vegetable fats. This resulted from a government decision 
to cut subsidies for animal fats and impose taxes, thus 
raising the price of animal fats to consumers and making 
vegetable oils more competitive. There followed a 23% 
decline in the availability of animal fats products and a 48% 
increase in the supply of vegetable fat products.  20   

 In a comprehensive community - based project in China, 
notable outcomes included a reduction in the annual heart 
disease and stroke deaths among hypertensives from 1.6% 
to 0.8% between 2000 and 2002. An increase in the propor-
tion of people participating in planned regular physical 
activity increased from 41% to 84% in the same period.  76   
Yet another sodium intervention project (1989 – 92) demon-
strated a signifi cant net reduction in sodium intake among 
men in different educational and occupational groups. The 
mean systolic blood pressure decreased by 3   mmHg for the 
total population.  77   The Mauritius project included a gov-
ernment - led program that changed the main cooking oil 
from a predominantly saturated fat palm oil to soybean oil 
high in unsaturated fatty acids. Overall, total cholesterol 
concentration fell by 14% during the 5 - year study (1987 –
 92). These examples demonstrate the ability to change 
behavior through macroeconomic and health promotion 
interventions. However, evidence from other countries has 
yielded mixed results.  20    

  Combining the  s trategies 
 These strategies are not mutually exclusive but are syner-
gistic, complementary and necessary. The risks and bene-
fi ts demonstrated in high - risk individuals serve to educate 
the community about risk factors, while the population 
approach makes it easier to achieve the desired level of 
lifestyle change in high - risk individuals. The population -
 based, lifestyle - linked risk reduction approach is particu-
larly relevant in the context of the developing countries, 
where it is necessary to ensure that communities currently 
at low risk are protected from acquisition or augmentation 

of risk factors ( “ primordial prevention ” ). This is true for 
adults in the rural regions of most developing countries as 
well as for children in all populations. It is also eminently 
applicable to moderate - risk groups in urban areas, where 
lifestyle - based risk modifi cation will help avoid drug 
therapy, with its attendant economic and biologic costs. 
There will still be some people who need such pharmaco-
logic or technologic interventions because of their high - risk 
status. However, their numbers too will decrease as the risk 
profi le of the whole community gradually shifts.   

  Case  m anagement 

 Despite these preventive strategies, several individuals will 
manifest clinical disease because risks are not totally elimi-
nated in the community or because genetic susceptibility is 
strongly expressed. The success of preventive efforts will 
reduce their number as well as delay the age of onset of 
clinical events. Those who develop disease will require 
optimal clinical care which can avert early death, reduce 
disability, and assure an adequate quality of life. This man-
dates early detection of disease and management. 

 Institution of emergency care and adequate treatment of 
established cases are also key points for enhancing the 
outcomes of any cardiovascular event. The GRACE study 
reveals substantial differences in the management of acute 
coronary syndrome (ACS) patients based on hospital type 
and geographic location.  78   However, with improved use of 
evidence - based pharmacologic and interventional thera-
pies, signifi cant reductions were observed in the rates of 
new heart failure and myocardial infarction cases at 6 
months.  79   A prospective analysis of an ACS registry in India 
reveals that patients admitted to Indian hospitals have 
worse prognosis compared to developed countries. Most 
of the patients were poor and were less likely to get evi-
dence - based treatments and there were delays in access to 
hospital and provision of affordable treatment that could 
have resulted in higher 30 - day mortality.  80   For those who 
are at high risk, the individual - based strategies with the 
greatest accumulated evidence of effectiveness are drugs to 
prevent cardiovascular disease: blood pressure - lowering 
drugs, cholesterol - lowering drugs and aspirin. Although 
these are cost effective in low -  and middle - income coun-
tries and are available in most markets, their current 
coverage in high - risk individuals remains low.  81   The con-
tributory factors range from policymaker reluctance to 
fund provision of CVD drugs in primary healthcare to poor 
prescribing practices of healthcare providers.  

   CVD  -  r elated  e xpenditure 

  In  d eveloped  c ountries 
 Several studies in the industrialized world have attempted 
to estimate the direct healthcare costs of CVD and its clini-
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strategies, strategies involving multi - drug regimens to 
treat patients with high - risk cardiovascular disease also 
seem reasonable. All the results fall well under the Gross 
Domestic Product per head for each region, making them 
attractive options for scale - up.   

  Evidence to  s upport  a ction 

 The knowledge of cardiovascular risk factors continues to 
evolve, with continued investigation of putative risk factors 
through animal, human observational and experimental 
studies. However, there is suffi cient information available 
on the role of major risk factors to enable effective measures 
for the prevention and control of CVD to be undertaken 
worldwide. While the application of the knowledge may 
have to be contextualized to match the sociodemographic 
profi les of different populations, the global evidence on the 
causation and prevention of CVD remains relevant to all 
populations. 

 The well - substantiated model of health transition enables 
the prediction of the emerging and anticipated course of the 
CVD epidemic across different regions of the world. This 
knowledge should be utilized to telescope the transition 
and shorten the phase of many mid - life deaths through 
effective prevention. Never before in human history have 
we been so clearly forewarned of our impending destiny 
and so effectively fore - armed to alter it. It is a challenge to 
human intellect and enterprise to move this knowledge into 
the arena of action, to reduce the global burden of CVD.   
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  Introduction 

 Hundreds of millions of premature tobacco deaths could 
be avoided if effective interventions could be widely 
applied in all countries. Numerous studies from high -
 income countries, and a growing number from low -  and 
middle - income countries, provide robust evidence that 
tobacco tax increases, timely dissemination of information 
about the health risks from smoking, restrictions on 
smoking in public and work places, comprehensive bans 
on advertising and promotion, and increased access to ces-
sation therapies are effective in reducing tobacco use and 
its consequences. Cessation by the 1.1 billion current 
smokers is central to meaningful reductions in tobacco 
deaths over the next fi ve decades. Reduced uptake of 
smoking by children would yield the benefi ts chiefl y after 
2050. Price and non - price interventions are, for the most 
part, highly cost effective. 

 This chapter begins with an overview of smoking trends 
and tobacco ’ s health consequences, with a focus on cardio-
vascular disease mortality and morbidity from smoking. A 
review of the effectiveness of personal and population -
 level tobacco control interventions in reducing cardiovas-
cular disease burden follows. Finally, the constraints to 
implementing tobacco control policies are discussed.  

  Smoking  t rends 

 Tobacco use, in both smoked and non - smoked forms, is 
common worldwide. This chapter focuses on smoked 
tobacco because smoked tobacco is more common, account-
ing for about 65 – 85% of all tobacco produced worldwide,  1   

and causes more disease and more diverse types of disease 
than does oral tobacco use. 

  Prevalence 

 A systematic review of 139 studies on adult smoking preva-
lence  2   found that over 1.1 billion people worldwide smoke, 
with about 82% of smokers residing in low -  and middle -
 income countries. Table  9.1  provides an update of these 
estimates for the population in 2000. Globally, male smoking 
far exceeds female smoking, with a smaller gender differ-
ence in high - income countries. Smoking prevalence is 
highest in Eastern Europe and Central, Southern and 
Eastern Asia, where about 50% of all adults are smokers.   

 While overall smoking prevalence continues to increase 
in many low -  and middle - income countries, many high -
 income countries have witnessed decreases, most clearly in 
men. A study in 36 mostly Western countries, from early 
1980 to the mid - 1990s, suggested that the decrease in 
smoking prevalence observed among men was due to the 
higher prevalence in younger age groups of those who 
have never smoked. Among women, there was little overall 
change in smoking prevalence because the increasing prev-
alence of smokers in younger age cohorts counterbalanced 
increasing cessation in older age groups.  3    

  Cessation 

 Ex - smoking rates are a good measure of cessation at a 
population level. In some high - income countries, the prev-
alence rates of ex - smokers have increased over the past two 
to three decades. For example, in the United Kingdom, 
smoking prevalence among males over age 30 fell from 
70% in the 1950s to 30% in 2000; female smoking preva-
lence fell from 40% to 20% over the same period. Much of 
the decrease arose from cessation. Today, there are twice as 
many ex - smokers as smokers among those currently aged 
50 or over. Currently, 40% of the British male population is 
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 Table 9.1     Estimated smoking prevalence (by gender) and number of smokers, 15 years of age and over, by World Bank Region, 2000 

   World Bank Region     Smoking prevalence (percent)     Total smokers  

    Males      Females     Overall     Millions     Percent of all smokers  

  East Asia and Pacifi c    63    5    34    429    38  

  Europe and Central Asia    56    17    35    122    11  

  Latin America and the Caribbean    40    24    32    98    9  

  Middle East and North Africa    36    5    21    37    3  

  South Asia    32    6    20    178    15  

  Sub - Saharan Africa    29    8    18    56    6  

  Low and middle income    49    8    29    920    82  

  High income    37    21    29    202    18  

made up of former smokers.  4   Polish male cessation rates 
have also increased, partly due to control programs. One 
out of every four adult Polish males described himself as 
an ex - smoker.  5   In contrast, the prevalence of male ex - smok-
ers in most developing countries is low: 10% in Vietnam, 
5% in India, and 2% in China.  2,6,7   Even these low fi gures 
may be falsely elevated because they include people who 
quit either because they are too ill to continue or because 
of early symptoms of tobacco - related illness.  8     

  The  h ealth  c onsequences of  s moking 

 The health consequences of smoking are often assumed to 
be widely understood. In fact, there is wide ignorance of 
the magnitude of tobacco hazards, in terms of individual 
health and population policy. Thus, the salient aspects of 
tobacco epidemiology are outlined in this section. 

  Key  m essages for the  i ndividual  s moker 

 Over 50 years of epidemiology on smoking - related dis-
eases have led to three key messages for individual smokers 
worldwide.  9,10  
    •      The eventual risk of death from smoking is high, with 
about one - half of long - term smokers eventually being 
killed by their addiction.  
   •      These deaths involve a substantial amount of life - years 
foregone. At least half of all tobacco deaths occur at ages 
35 – 69, losing about 20 – 25 years of life, compared to the life 
expectancy of non - smokers.  
   •      Cessation works. Those adults who quit before middle 
age avoid almost all the excess hazards of continued 
smoking.    
 Globally, an estimated 1.6 million cardiovascular deaths 
were attributable to smoking in the year 2000; that is, 11% 
of all global cardiovascular deaths over the age of 30.  11   
Detailed epidemiologic reviews of worldwide mortality 

from smoking are found elsewhere.  7,12 – 16   The following dis-
cussion focuses on the consequences of smoking on adult 
cardiovascular mortality.  

  Key  m essages for  h eart  h ealth 

 The wealth of evidence linking smoking and cardiovascu-
lar disease points to three key messages pertaining to car-
diovascular health. 
   •      Heart attacks and strokes can strike suddenly and can 
be fatal if treatment is not sought immediately.  
   •      Heart attacks and strokes are made more common by 
smoking.  
   •      Quitting tobacco use reduces the chance of a heart attack 
or stroke, with benefi ts seen shortly after quitting.     

  Risks of  c ardiovascular  d isease from  s moking 

 The relative risks of fatal and non - fatal heart disease associ-
ated with smoking from selected studies  7,15,17 – 20   are depicted 
in Table  9.2 . Overall, the relative risk of non - fatal myocar-
dial infarction is higher than that of fatal disease, and risks 
are higher for males and at younger ages.    

  Current  m ortality and  d isability from  s moking 

 A recent update of indirect estimates of global tobacco mor-
tality  21   estimated that in 2000 there were 5 million prema-
ture deaths caused by tobacco. About half (2.6 million) of 
these deaths were in low - income countries. Males accounted 
for 3.7 million deaths, or 72% of all tobacco deaths. About 
60% of male and 40% of female tobacco deaths were of 
middle - aged persons (ages 35 – 69). 

 In high - income countries and former socialist economies, 
the 1 million middle - aged male tobacco deaths were largely 
composed of cardiovascular disease (0.45 million) and lung 
cancer (0.21 million). In contrast, in low - income countries, 
the leading causes of death among the 1.3 million male 
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 Table 9.2     Tobacco use and cardiovascular disease risks in selected studies 

   Source 1 /setting/study design     Disease 3      Study population 
(Age/Smoking 
status)  

   OR/RR (95% CI) 4   

   Overall     Males     Females  

   Fatal CVD   

  1) ACS CPS - II 2  cited in Peto  et al , 1992 

    USA; prospective study: 1 million 

participants  

  IHD 3  

 CeVD 3   

          2.5 

 2.7  

  2.9 

 3.4  

  2) Liu  et al , 1998 

    China; case – control study: 0.9 

million deaths  

  CVD 3  

 (ICD - 9: 390 – 415, 418 – 459)  

  35 – 69 yrs        1.2 (1.1 – 1.2)    1.0 (1.0 – 1.1)  

  3) Jha  et al , 2008 

    India; case – control study: 152   000 

participants  

  CVD 3  

 (1CD - 10: I00 - I99)  

  30 – 69 yrs        1.6 (1.5 – 1.8) 5     1.7 (1.3 – 2.1)  

   Non - fatal CVD   

  4) Parish  et al , 1995 

    UK; case – control study: 46   315 

participants  

  AMI 3     30 – 39   yrs 

 40 – 49   yrs 

 50 – 59   yrs 

 60 – 69   yrs 

 70 – 79   yrs  

  6.3 

 4.7 

 3.1 

 2.5 

 1.9  

        

  5) Rastogi  et al , 2005 

    India; case – control study: 927 

participants  

  AMI 3     Current smokers 

 Ever smokers 

 Former smokers 

 Never smokers  

      4.7 (3.2 – 6.9) 

 3.9 (2.8 – 5.6) 

 2.6 (1.6 – 4.3) 

 1.0  

    

  6) Teo  et al , 2006 

    52 countries; case – control study: 

27   089 participants  

  AMI 3     Smoking   +   chewing 

 Current smoking 

 Bidi smoking only 

 Tobacco chewing only 

 Ex - smoking 

 Passive smoking  

  4.09 (2.98 – 5.61) 

 2.95 (2.77 – 3.14) 

 2.89 (2.11 – 3.96) 

 2.23 (1.41 – 3.52) 

 1.87 (1.55 – 2.24) 

 1.2 – 1.6  

        

    1    References:  7, 15, 17 – 20   

   2    American Cancer Society  –  Second Cancer Prevention Study  

   3    IHD, ischemic heart disease; CeVD, cerebral vascular disease; CVD, cardiovascular disease; AMI, acute myocardial infarction;  

   4    OR/RR (95% CI), odds ratio/ relative risk (95% confi dence interval)  

   5    99% confi dence interval   

tobacco deaths were cardiovascular disease (0.4 million), 
chronic obstructive pulmonary disease (0.2 million), other 
respiratory disease (chiefl y tuberculosis, 0.2 million) and 
lung cancer (0.18 million). The specifi c numbers of deaths 
from tobacco and of total disability - adjusted life - years 
(DALYs) by gender are shown in Table  9.3 .  21,22   Disability 
estimates are not discussed here; however, disability is 
highly correlated with mortality in most settings.   

  Cardiovascular  m ortality from  s moking 
 Cardiovascular disease (CVD), which includes heart dis-
eases and stroke, is the leading cause of death worldwide. 
Long a problem in high - income countries, CVD is now 
recognized as a global problem. CVD accounted for more 

than one - quarter of all deaths worldwide in 2001, with 
four - fi fths of those deaths occurring in low -  and middle -
 income countries. 

 Of the 1.6 million cardiovascular deaths worldwide in 
the year 2000, 1.2 million were among men and 0.4 million 
among women. There were 0.9 million deaths in industrial-
ized regions and 0.7 million deaths in the developing 
world. The proportion of adult cardiovascular deaths 
attributable to smoking was 17% for men and 5% for 
women.  11   

 The estimated numbers of cardiovascular deaths attrib-
utable to smoking, disaggregated by region and sex, are 
depicted in Table  9.4 . The proportions of total adult cardio-
vascular deaths attributable to smoking were generally 
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 Table 9.3     Tobacco mortality and total disability - adjusted life years 
by gender and World Bank Region, 2000 

   World Bank Region     Tobacco deaths 
(thousands)  

   Total DALYs 
(thousands)  

   Males     Females     Males     Females  

  Low and middle income    2730    813    44   044    13   357  

  High income    929    548    12   304    6   866  

  World    3659    1361    56   347    20   222  

   DALYs, disability - adjusted life years  

  References:  21,22    

highest in industrialized regions (12 – 22%), where smoking 
has been common for several decades. At the same time, 
the increase in smoking over the last quarter of the 20th 
century in a number of developing regions, including parts 
of Southeast Asia, Latin America and the Eastern Mediter-
ranean, has resulted in  ≥ 10% of all current adult cardiovas-
cular deaths being attributable to smoking, the number 
being higher among men.  11      

  Disease -  s pecifi c  p atterns 
 Ezzati  et al   11   have estimated the total cardiovascular mortal-
ity attributable to smoking for all adults aged 30 years and 
over by three clusters of cardiovascular diseases (CVD): 
ischemic heart disease (IHD), cerebrovascular disease 
(CeVD), and a cluster of “other cardiovascular diseases 
including heart failure”. IHD accounted for the largest 
number of cardiovascular deaths attributable to smoking 
(870   000 deaths; 54% of all smoking - attributable cardiovas-
cular deaths) globally. This was similar in both developing 
and industrialized regions. The difference between the two 
regions, however, was that cerebrovascular disease was the 
second most common cause of deaths (30%) in developing 
countries while it was least common (22%) in industrial-
ized countries.   

  Past and  f uture  t rends in  m ortality 

 Future increases in tobacco deaths worldwide are expected 
to arise from increased smoking by males in developing 
countries, and by women worldwide. Such increases are a 
product of population growth and increased age - specifi c 
tobacco mortality rates, the latter relating to both smoking 
duration and the amount of tobacco smoked. Peto  et al   23   
have made the following calculation: if the proportion of 
young people taking up smoking continues to be about half 
of men and one - tenth of women, then there will be about 
30 million new long - term smokers each year. As noted 
above, epidemiologic studies in developed and developing 
countries suggest that half of these smokers will eventually 

die from smoking. However, conservatively assuming that 
 “ only ”  about one - third of smokers die as a result of 
smoking, then smoking will eventually kill about 10 million 
people a year. Thus, for the 25 - year period from 2000 – 2025, 
there would be about 150 million tobacco deaths or about 
6 million deaths per year on average; from 2025 – 2050, there 
would be about 300 million tobacco deaths, or about 12 
million deaths per year. 

 Further estimations are more uncertain but based upon 
current smoking trends and projected population growth, 
from 2050 – 2100 there would be an additional 500 million 
tobacco deaths. These projections for the next three to four 
decades are comparable to retrospective and early prospec-
tive epidemiologic studies in China,  6,15,16   which suggest that 
annual tobacco deaths will rise to 1 million before 2010 and 
2 million by 2025, when the young adult smokers of today 
reach old age. Similarly, results from a large retrospective 
study in India indicate that the annual number of deaths 
from smoking will be about 1 million during the 2010s, with 
about 70% (600   000 among men and 100   000 among women) 
occurring in middle age, rather than old age.  7   With other 
populations in Asia, Eastern Europe, Latin America, the 
Middle East and, less certainly, sub - Saharan Africa showing 
similar growth in population and age - specifi c tobacco 
death rates, the estimate of some 450 million tobacco deaths 
over the next fi ve decades appears to be plausible. Almost 
all of these deaths will be among current smokers.  

  Benefi ts of  t obacco  c essation 

 Current tobacco mortality statistics refl ect past smoking 
behavior, given the long delay between the onset of 
smoking and the development of disease. The prevention 
of a substantial proportion of these tobacco deaths before 
2050 requires adult cessation. For example, halving the per 
capita adult consumption of tobacco by 2020 (akin to the 
declines in adult smoking in the United Kingdom) would 
avert about 180 million tobacco deaths. Continuing to 
reduce the percentage of children who start to smoke will 
prevent many deaths, but its main effect will be on mortal-
ity rates in 2050 and beyond (Fig.  9.1 ).  6,24 – 26     

 There is substantial evidence that smoking cessation 
reduces the risk of death from tobacco - related diseases. 
Among doctors in the United Kingdom, those who quit 
smoking before the onset of major disease avoided most of 
the excess hazards of smoking.  10   The benefi ts of quitting 
were largest in those who quit before middle age (between 
ages 25 and 34 years), but were still signifi cant in those who 
quit later (between ages 45 and 54 years). 

  Benefi ts of  c essation on  c ardiovascular 
 d isease  b urden 
 Smoking cessation interventions have been identifi ed to be 
effective in the general population of smokers for primary 
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 Table 9.4     Estimated cardiovascular mortality attributable to smoking in 14 epidemiologic subregions of the world, 2000 

   Region - mortality 
stratum  

   Adult population 
(30   yrs +), millions  

   Smoking - attributable 
cardiovascular mortality  

   Proportion of total adult (30   yrs +) 
cardiovascular mortality, %  

   M     F     M     F     M     F     M   +   F  

   Developing countries   

  AFR - D    41    43    10   000    3000    6    1    3  

  AFR - E    47    50    17   000    11   000    10    4    6  

  AMR - B    85    92    50   000    26   000    15    7    11  

  AMR - D    12    12    1   000    500    3    1    2  

  EMR - B    25    22    22   000    6000    16    5    11  

  EMR - D    52    52    41   000    9000    12    3    8  

  SEAR - B    61    62    45   000    6000    18    2    10  

  SEAR - D    244    235    249   000    48   000    17    3    10  

  WPR - B    374    367    85   000    38   000    6    2    4  

   Industrialized countries   

  AMR - A    91    98    91   000    126   000    23    21    22  

  EUR - A    125    137    135   000    66   000    23    7    13  

  EUR - B    50    54    121   000    38   000    27    7    16  

  EUR - C    63    80    282   000    55   000    35    5    17  

  WPR - A    47    51    22   000    19   000    16    10    12  

   World      1317      1355      1171   000      451   500      17      5      11   

    Mortality stratum : A indicates very low child mortality and very low adult mortality; B, low child mortality and low adult mortality; C, low child 

mortality and high adult mortality; D, high child mortality and high adult mortality; E, very high child mortality and very high adult mortality  

   Regions : AFR - Africa; AMR - America; EUR - Europe; EMR - Eastern Mediterranean; SEAR - South East Asian; WPR - Western Pacifi c  

   Countries:  AFR - D: Algeria, Angola, Benin, Burkina Faso, Cameroon, Cape Verde, Chad, Comoros, Equitorial Guinea, Gabon, Gambia, Ghana, 

Guinea, Guinea - Bissau, Liberia, Madagascar, Mali, Mauritania, Niger, Nigeria, Sao Tome  &  Principe, Senegal, Seychelles, Sierra Leone, Togo. AFR - E: 

Botswana, Burundi, Central African Republic, Congo, Cote d’Ivoire, Congo, Eritrea, Ethiopia, Kenya, Lesotho, Malawi, Mozambique, Namibia, 

Rwanda, South Africa, Swaziland, Uganda, Tanzania, Zambia, Zimbabwe. AMR - A: Canada, Cuba, United States. AMR - B: Antigua, Argentina, 

Bahamas, Barbados, Belize, Brazil, Chile, Colombia, Costa Rica, Dominica, Dominican Republic, El Salvador, Grenada, Guyana, Honduras, Jamaica, 

Mexico, Panama, Paraguay, St. Kitts, St. Lucia, St. Vincent, Suriname, Trinidad  &  Tobago, Uruguay, Venezuela. AMR - D: Bolivia, Ecuador, Guatemala, 

Haiti, Nicaragua, Peru. EMR - B: Bahrain, Cyprus, Iran, Jordan, Kuwait, Lebanon, Libya, Oman, Qatar, Saudi Arabia, Syria, Tunisia, United Arab 

Emirates. EMR - D: Afghanistan, Djibouti, Egypt, Iraq, Morocco, Pakistan, Somalia, Sudan, Yemen. EUR - A: Andorra, Austria, Belgium, Croatia, Czech 

Republic, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Israel, Italy, Luxembourg, Malta, Monaco, Netherlands, Norway, Portugal, San 

Marino, Slovenia, Spain, Sweden, Switzerland, United Kingdom. EUR - B: Albania, Armenia, Azerbaijan, Bosnia, Bulgaria, Georgia, Kyrghyzstan, Poland, 

Romania, Slovakia, Tajikistan, Macedonia, Turkey, Turkmenistan, Uzbekistan, Yugoslavia. EUR - C: Belarus, Estonia, Hungary, Kazakhstan, Latvia, 

Lithuania, Moldova, Russia, Ukraine. SEAR - B: Indonesia, Sri Lanka, Thailand. SEAR - D: Bangladesh, Bhutan, North Korea, India, Maldives, Myanmar, 

Nepal. WPR - A: Australia, Brunei, Japan, New Zealand, Singapore. WPR - B: Cambodia, China, Cook Islands, Fiji, Kiribati, Laos, Malaysia, Marshall 

Islands, Micronesia, Mongolia, Nauru, Niue, Palau, Papua New Guinea, Philippines, South Korea, Samoa, Solomon Islands, Tongo, Tuvalu, Vanuatu, 

Vietnam.   

 Source:  11  

prevention of heart disease. In a pooled cohort study of 
over 19   000 normal adults with a mean duration of follow -
 up of 13.8 years, it was noticed that people who stopped 
smoking had a decreased risk of myocardial infarction 
(hazard ratio (HR) 0.71, 95% confi dence interval (CI) 0.59 –
 0.85), after adjustment for other risk factors.  27   

 Quitting smoking has also been found to be effective in 
patients with cardiovascular disease in the prevention of 
recurrence of further fatal and non - fatal cardiovascular 
events. Patients who quit smoking after successful percu-

taneous coronary intervention were at lower risk for rein-
farction and death than those who continued to smoke.  28   
In those who had undergone coronary artery bypass 
grafting, it was associated with reduced long - term mortal-
ity (relative risk (RR) 0.4 – 0.6) and need for repeat inter-
ventions (RR 0.6 – 0.7).  29,30   Effi cacy of tobacco cessation 
strategies in reducing subsequent cardiovascular mortality 
up to 50% has been shown in both hospital - based and 
clinic - based settings for smokers with coronary heart 
disease.  31 – 34      
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  Interventions to  r educe  d emand 
for  t obacco 

 Numerous studies, mostly from high - income countries, 
have examined the impact of interventions aimed at reduc-
ing the demand for tobacco products on smoking and other 
kinds of tobacco use. The small but growing number of 
studies from low -  and middle - income countries provide 
useful lessons about differences in the impact of these inter-
ventions between these countries and high - income coun-
tries. The following is a review of the impact of price and 
non - price interventions to reduce demand for smoking, 
including a discussion of each intervention ’ s impact on 
initiation and cessation. 

  Tobacco  t axation 

 Well over 100 studies from high - income countries clearly 
demonstrate that increased taxes on cigarettes and other 
tobacco products lead to signifi cant reductions in cigarette 
smoking and other tobacco use.  35   The reductions in tobacco 
use that result from higher taxes and prices refl ect the com-
bination of increased smoking cessation, reduced relapse, 
lower smoking initiation, and decreased consumption 
among continuing tobacco users. 

 Studies from the United States, United Kingdom, Canada, 
and many other high - income countries generally estimate 
that the price elasticity of cigarette demand ranges from 
 – 0.25 to  – 0.50, indicating that a 10% increase in cigarette 
prices will reduce overall cigarette smoking by 2.5 – 5.0%.  35,36   
Estimates from a limited number of studies from low -  and 
middle - income countries suggest a greater price elasticity of 
 – 0.8 in such countries. A recent study from India shows the 
“crowding - out” effect of tobacco expenditure and its impli-
cations on household resource allocation in India: tobacco -
 consuming households had lower per capita nutrition 
intake and also lower consumption of certain commodities 
such as milk, education, clean fuels, and entertainment.  37   
Other studies using survey data have concluded that half or 
more of the effect of price on overall cigarette demand 
results from reducing the number of current smokers.  38,39   
Higher taxes increase both the number of attempts at quit-
ting smoking and the success of those attempts.  40,41   A study 
in the United States suggested that a 10% increase in price 
would result in 11 – 13% shorter smoking duration or a 3.4% 
higher probability of cessation.  40   

 In the United States and the United Kingdom, increases 
in the price of cigarettes have had the greatest impact on 
smoking among the lowest income and least educated 
populations.  38,42   Furthermore, it was estimated that smokers 
in US households below median income level are four 
times more responsive to price increases than smokers in 
households above median income level. In general, esti-
mates of price elasticity for low -  and middle - income coun-
tries are about double those estimated for high - income 
countries, implying that signifi cant increases in tobacco 
taxes in these countries would be effective in reducing 
tobacco use.  

  Restrictions on  s moking 

 Over the past three decades, as the quantity and quality of 
information about the health consequences of exposure to 
passive smoking have increased, many governments, espe-
cially in high - income countries, have enacted legislation 
restricting smoking in a variety of public places and private 
worksites. In addition, increased awareness of the conse-
quences of passive smoking exposure, particularly to chil-
dren, has led many workplaces and households to adopt 
voluntary restrictions on smoking. While the intention of 
these restrictions is to reduce non - smokers ’  exposure to 
passive tobacco smoke, the policies also reduce smokers ’  
opportunities to smoke. Additional reductions in smoking, 
especially among youth, will result from the changes in 
social norms that are introduced by adopting these 
policies.  43   

 In Western populations, comprehensive restrictions on 
cigarette smoking have been estimated to reduce popula-
tion smoking rates by 5 – 15%,  44,45   and can also lead to 
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     Figure 9.1     Tobacco deaths in the next 50 years under current smoking 
patterns. Note: Peto and others (1994) estimate 60 million tobacco 
deaths between 1950 and 2000 in industrial countries. This fi gure 
estimates an additional 10 million between 1990 and 2000 in developing 
countries. The fi gure also assumes no tobacco deaths before 1990 in 
developing countries and minimal tobacco deaths worldwide before 
1950. Projections for deaths from 2000 to 2050 are based on Peto and 
Lopez, 2000  24,26  .  
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changes in social norms regarding smoking behavior, espe-
cially among youth. As with higher taxes, these restrictions 
reduce both the prevalence of smoking and cigarette con-
sumption among current smokers. Smoking bans in work-
places generally reduce the quantity of cigarettes smoked 
by 5 – 25%, and reduce prevalence rates by up to 20%.  45   The 
no - smoking policies were most effective when strong social 
norms against smoking helped to make smoking restric-
tions self - enforcing. 

 Clean indoor air laws that ban smoking in public places 
may lead to signifi cant reductions in the prevalence of 
smoking and cigarette consumption.  46   This may reduce the 
proportion of population exposed to environmental tobacco 
smoke which could in turn lead to a reduction in smoking -
 related diseases. For this and other reasons, many jurisdic-
tions are implementing laws banning smoking in public 
places. Current interest in preventive cardiology is to 
examine whether enactment of legislation to require smoke -
 free workplaces and public spaces might be associated with 
a decline in hospital admissions for and deaths due to acute 
myocardial infarction. Some of the earliest and most robust 
evidence came from the California Tobacco Control Program 
in the last decade.  47   This program combined a 25 cent tax 
increase (20% of which went to pay for the tobacco control 
program) with an aggressive media campaign along with 
community - based interventions promoting clean indoor air 
policies. Since then there has been consistent evidence of 
the positive impact of clean air ordinances on cardiovascu-
lar health from North America and Europe where jurisdic-
tions have gone smoke free. These offer non - randomized 
designs of before - and - after studies (some with concurrent 
control groups) to assess the effi cacy of smoke - free policies 
to effectively reduce heart disease rapidly (Table  9.5 ).  47 – 54   
Class of recommendation and level of evidence for these 
tobacco control interventions are shown using the grading 
schema as per the ACC/AHA (American College of Cardi-
ology/American Heart Association) guidelines.  55      

  Health  i nformation and  c ounter -  a dvertising 

 The 1962 report by the British Royal College of Physicians 
and the 1964 US Surgeon General ’ s Report were landmark 
tobacco control events in high - income countries. These 
publications resulted in the fi rst widespread press coverage 
of the scientifi c links between smoking and lung cancer. 
The reports were followed, in many countries, by policies 
requiring health warning labels on tobacco products, which 
were later extended to tobacco advertising. 

 Research from high - income countries indicates that these 
initial reports and the publicity that followed about the 
health consequences of smoking led to signifi cant reductions 
in consumption, with initial declines of between 4% and 9%, 
and longer - term cumulative declines of 15 – 30%.  56,57   Efforts 
to disseminate information about the risks of smoking and 

of other tobacco use in low -  and middle - income countries 
have led to similar declines in tobacco use in these coun-
tries.  56   In addition, mass media anti - smoking campaigns, in 
many cases funded by earmarked tobacco taxes, have gener-
ated reductions in cigarette smoking and other tobacco 
usage.  56,58   Decreases in smoking prevalence were largest in 
Western countries where the public is constantly and con-
sistently reminded of the dangers of smoking by extensive 
coverage of issues related to tobacco in the news media.  3   

 In many low -  and middle - income countries, there con-
tinues to be a lack of awareness of the risks of mortality 
and disease posed by smoking. For example, a national 
survey in China in 1996 found that 61% of smokers thought 
that tobacco did them  “ little or no harm ” .  59   In high - income 
countries, smokers are aware of the risks but a recent 
review of psychologic studies found that few smokers 
judge the size of these risks to be higher and more estab-
lished than do non - smokers, and that smokers minimize 
the personal relevance of these risks.  60    

  Bans on  a dvertising and  p romotion 

 Cigarettes are among the most heavily advertised and pro-
moted products in the world. In 2001, cigarette companies 
spent US$11.2 billion on advertising and promotion in the 
United States alone, the highest spending level reported to 
date.  61   Tobacco advertising efforts worldwide include tra-
ditional forms of advertising on television, radio, and bill-
boards; in magazines and newspapers; favorable product 
placement; price - related promotions, such as coupons and 
multi - pack discounts; and sponsorship of highly visible 
sporting and cultural events. 

 Numerous econometric studies, mostly from the United 
States and the United Kingdom, have explored the relation-
ship between cigarette advertising and promotional expen-
diture and cigarette demand. In general, these studies have 
resulted in mixed fi ndings, with most studies concluding 
that advertising has, at most, a small positive impact on 
demand.  35,57   However, critics of these studies note that 
econometric methods, which estimate the impact of a mar-
ginal change in advertising expenditures on smoking, are 
ill suited for studying the impact of advertising.  57,61,62   
Approaches employed by other disciplines, including 
survey research and experiments that assess reactions to 
and recall of cigarette advertising, do support the hypoth-
esis that increases in cigarette advertising and promotion 
directly and indirectly increase cigarette demand and 
smoking initiation.  43,63   These studies conclude that cigarette 
advertising is effective in getting and retaining children ’ s 
attention, with the strength of the association strongly cor-
related with current smoking behavior, smoking initiation, 
and smoking intentions. 

 Advertising and promotion bans on cigarette smoking 
should provide more direct evidence on the impact of 
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 Table 9.5     Population tobacco interventions and impact on  CVD  disease burden 

   Reference 47 – 54      Study design     Study setting and interventions     Impact on CVD mortality/morbidity 
(effect size)  

   Evidence  

  Fichtenberg  &  

Glantz, 2000  

  Before and after 

study at multiple 

intervals  

  California tobacco control program 

(state - wide)  

      Class IIa, 
Level B  

  pre - 1989: no intervention    California heart disease death rates comparable 

to rest of US pre - 1989  

    

  1989 – 1992: cigarettes surtax    Death rates 13% lower than expected      

  1992 – 1997: weakening of laws 

through taxcuts  

  Rose again but not as high as rest of US      

  Sargent and 

others, 2004  

  Before and after 

study  

  Helena, Montana    Signifi cant drop in admissions for AMI by  – 16 

admissions (95% CI   =    – 31.7 to  - 0.3)  
  Class IIa, 

Level B  

  Complete smoke ban for 6 

months  &  then reversal  

        

  Barone - Adesi and 

others, 2006  

  Before and after 

study  

  Piedmont region in northern Italy          

  Pre - ban period: October –

 December 2004  

  RR (95% CI)   =   0.89 (0.81 – 0.98) in Piedmont 

region  
  Class IIa, 

Level B  

  National laws banning smoking: 

Feb – Jun 2005  

  11% reduction in admissions for AMI among 

those aged 60 years+  

    

      (Additional evidence: 8.9% drop in cigarette 

sales, 7.6% reduction in cigarette 

consumption,  > 90% drop in nicotine vapor 

phase concentration in pubs  &  discos)  

    

  Bartecchi and 

others, 2006  

  Before and after 

with control  

  Pueblo, Colorado, US (control: El 

Paso, Colo)  

        

  Local smoke - free ordinance in 

Pueblo  

  Drop in AMI hospital admissions     Class IIa, 
Level B   

  1.5 yrs before ban  &  1.5 yrs after 

ban  

  RR (95% CI)   =   0.73 (0.63 – 0.85) after ban in 

Pueblo  

    

      RR (95% CI)   =   0.97 (0.89 – 1.06) during same 

period in El Paso  

    

  Juster and others, 

2007  

  Before and after 

study  

  New York state          

  Smoking ban since year 2003    8% reduction in hospital admission for AMI in 

the year 2004 after the ban  
   Class IIa, 

Level B   

      No reduction in stroke admission      

      $56 million savings in direct healthcare costs      

  Seo  &  Torabi, 

2007  

  Before and after 

with control  

  Monroe County, Indiana (control: 

Delaware)  

        

  Local smoking ban    Signifi cant drop in hospital admissions in Monroe     Class IIa, 
Level B         Non - signifi cant drop in hospital admissions in 

Delaware  

  Khuder and 

others, 2007  

  Before and after 

with control  

  Bowling Green, Ohio (control: 

Kent, Ohio)  

        

  Clean indoor air ordinance    Drop in hospital admissions for AMI     Class IIa, 
Level B     1999 – 2005    Drop by 39% after 1 year and 47% after 3 years 

in Bowling Green  

      No signifi cant change in Kent      

  Cesaroni and 

others, 2008  

  Before and after 

study  

  Rome, Italy          

  City - wide ban in 2005    Drop in hospitalization for acute coronary events      

      Reduction of 11.2% (95% CI   =   6.9% to 15.3%) 

during 2005 compared to previous 4 years  
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advertising.  58   One study using data from 22 high - income 
countries for the period 1970 through 1992 provides strong 
evidence that comprehensive bans on cigarette advertising 
and promotion lead to signifi cant reductions in cigarette 
smoking. The study predicted that a comprehensive set 
of tobacco advertising bans in high - income countries 
could reduce tobacco consumption by over 6%, taking into 
account price and non - price control interventions.  64   
However, the study concludes that partial bans have little 
impact on smoking behavior, given that the tobacco indus-
try can shift its resources from banned media to other 
media that are not banned.  

  Smoking  c essation  t reatments 

 Near - term reductions in smoking - related mortality depend 
heavily on smoking cessation. There are numerous behav-
ioral smoking cessation treatments available, including 
self - help manuals, community - based programs, and 
minimal or intensive clinical interventions.  36   In clinical set-
tings, pharmacologic treatments, including nicotine 
replacement therapies (NRT) and bupropion, have become 
much more widely available in recent years in high - income 
countries through deregulation of some NRTs from pre-
scription to over - the - counter status.  36,65   The evidence is 
strong and consistent that pharmacologic treatments sig-
nifi cantly improve the likelihood of quitting, with success 
rates two to three times those when pharmaceutical treat-
ments are not employed.  36,65,66   The effectiveness of all com-
mercially available NRTs seems to be largely independent 
of the duration of therapy, the setting in which the NRT is 
provided, regulatory status (over - the - counter versus pre-
scribed), and the type of provider.  65   Over - the - counter NRTs 
without physician oversight have been used in many coun-
tries for a number of years with good success. 

 While successful in treating nicotine addiction, the 
markets for NRT and other pharmacologic therapies are 
more highly regulated and less affordable than are nico-
tine - containing tobacco products. Recent evidence indi-
cates that the demand for NRT is related to economic 

factors, including price.  41   Policies that decrease the cost of 
NRT and increase availability, such as mandating private 
health insurance coverage of NRT, including NRT coverage 
in public health insurance programs, and subsidizing NRT 
for uninsured or underinsured individuals, would likely 
lead to substantial increases in the use of these products. 
Given the demonstrated effi cacy of NRTs in treating 
smoking, these policies could generate signifi cant increases 
in smoking cessation. 

 Over a hundred trials using NRT and nearly two dozen 
trials using bupropion have shown them to be safe and 
effi cacious tobacco cessation interventions. A systematic 
review of 20 studies by the Cochrane group has shown a 
36% reduction in crude relative risk of mortality for patients 
with CHD who quit compared to those who continued to 
smoke (RR 0.64, 95% CI 0.58 – 0.71).  67   A meta - analysis of 12 
cohorts also revealed a 46% risk reduction (odds ratio (OR) 
0.54, 95% CI 0.46 – 0.62) displaying consistency of effect 
across many regions of the world (Table  9.6 ).  68       

  Effectiveness and  c ost  e ffectiveness of 
 t obacco  c ontrol  i nterventions 

 Using a static model of the cohort of smokers alive in 2000, 
we estimate the number of smoking - attributable deaths 
over the next few decades that could be averted by (a) price 
increases, (b) NRT, and (c) a package of non - price interven-
tions other than NRT. Cost effectiveness of these policy 
interventions was calculated by weighing the approximate 
public sector costs against the years of healthy life saved, 
measured in DALYs. The details of this model have been 
published previously.  69   

  Results of  m odel  p rojections 

 The following is an updated analysis, using higher price 
increases and a greater effectiveness for NRT. This analysis is 
conservative in its assumptions about effectiveness, and gen-
erous in its assumptions about the costs of tobacco control. 

 Table 9.6     Tobacco cessation interventions and impact on  CVD  disease burden 

   Reference 67,68      Study design     Outcomes     Impact on CVD mortality/
morbidity  

   Evidence  

  Critchley  &  Capewell, 

2004  

  Systematic review of 20 

studies (12   603 patients)  

  Secondary prevention of heart 

disease; reduction in fatal  &  

non - fatal myocardial infarction  

  36% reduction in mortality: RR 

(95% CI)   =   0.64(0.58 – 0.71)  
  Class I, 

Level A  

  Reduction in non - fatal MI: RR 

(95% CI)   =   0.68 (0.55 – 0.80)  

    

  Wilson and others, 

Med 2000  

  Meta - analysis of 12 

cohorts (5878 patients)  

  Reduction in mortality after acute 

myocardial infarction  

  46% reduction in mortality: RR 

(95% CI)   =   0.54(0.46 – 0.62)  
  Class I, 

Level A  
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  Potential  i mpact of  p rice  i ncreases 
 With a price increase of 33%, it is predicted that 22 – 65 
million smoking - attributable deaths will be averted world-
wide, which is approximately equivalent to 5 – 15% of all 
smoking - attributable deaths expected among those who 
smoke in 2000; see Table  9.7 . Low -  and middle - income 
countries account for about 90% of averted deaths. Total 
smoking - attributable deaths averted worldwide ranges 
from 33 million to 92 million for a 50% price increase and 
46 million to 114 million for a 70% price increase. A 70% 
price increase would avert 10 – 26% of all smoking - attribut-
able deaths worldwide.   

 Of the tobacco - related deaths that would be averted by 
a price increase, 80% would be male, refl ecting the higher 
overall prevalence of smoking in men. The greatest relative 
impact of a price increase on deaths averted is among 
younger age cohorts. Note that these projections use con-
servative price increases. In certain countries, such as South 
Africa and Poland, recent tax increases have doubled the 
real price of cigarettes.  70    

  Potential  i mpact of  n icotine  r eplacement  t herapy 
 Provision of NRT with an effectiveness of 1% is predicted 
to result in the avoidance of about 3.5 million smoking -
 attributable deaths (Table  9.8 ). NRT of 5% effectiveness will 
have about fi ve times the impact. Again, low -  and middle -
 income countries would account for roughly 80% of the 
averted deaths. The relative impact of NRT (of 2.5% effec-
tiveness) on deaths averted is 2 – 3% among individuals 
aged 15 – 59, and lower among those aged 60 and older 
(results not shown).    

  Potential  i mpact of  n on -  p rice  i nterventions  o ther 
 t han  NRT  
 A package of non - price interventions, other than NRT, that 
decreases the prevalence of smoking by 2% is predicted to 
prevent about 7 million smoking - attributable deaths (more 
than 1.6% of all smoking - attributable deaths among those 
who smoked in 2000; see Table  9.8 ). A package of interven-
tions that decreases the prevalence of smoking by 10% 
would have an impact fi ve times greater. Low -  and middle -

 Table 9.7     Potential impact of price increases of 10%, 33%, 50%, and 70% on tobacco mortality by World Bank Region, 2000 

   World Bank Region     Smoking 
attributable 
deaths in 
millions  

   Change in number of deaths in millions  

   33% price increase     50% price increase     70% price increase  

   Low     High     Low     High     Low     High  

  Low and middle income (percent)    362     − 19.7     − 56.8     − 29.8     − 79.2     − 41.7     − 98.2  

  ( − 5.4)    ( − 15.7)    ( − 8.2)    ( − 21.9)    ( − 11.5)    ( − 27.1)  

  High income (percent)    81     − 2.1     − 8.5     − 3.2     − 12.2     − 4.5     − 16.2  

  ( − 2.6)    ( − 10.6)    ( − 4.0)    ( − 15.1)    ( − 5.6)    ( − 20.0)  

  World (percent)    443     − 21.8     − 65.3     − 33.0     − 91.5     − 46.2     − 114.3  

  ( − 4.9)    ( − 14.7)    ( − 7.5)    ( − 20.7)    ( − 10.4)    ( − 25.8)  

 Table 9.8     Potential impact of price increase of 33%, increased  NRT  use, and a package of non - price measures, 2000 

   World Bank 
Region  

   Smoking 
attributable 
deaths in 
millions  

   Change in number of deaths in millions  

   33% price increase     NRT effectiveness     Non - price 
intervention 
effectiveness  

   Low elasticity     High elasticity     1.0%     5.0%     2%     10%  

  Low and middle 

income (percent)  

  362     − 19.7     − 56.8     − 2.9     − 14.3     − 5.7     − 28.6  

  ( − 5.4)    ( − 15.7)    ( − 0.8)    ( − 4.0)    ( − 1.6)    ( − 7.9)  

  High income 

(percent)  

  81     − 2.1     − 8.5     − 0.6     − 3.1     − 1.2     − 6.1  

  ( − 2.6)    ( − 10.6)    ( − 0.8)    ( − 3.8)    ( − 1.5)    ( − 7.6)  

  World (percent)    443     − 21.8     − 65.3     − 3.5     − 17.4     − 6.9     − 34.7  

  ( − 4.9)    ( − 14.8)    ( − 0.8)    ( − 3.9)    ( − 1.6)    ( − 7.8)  



CHAPTER 9  Worldwide vascular deaths and deaths from smoking

121

 income countries would account for approximately four -
 fi fths of quitters and averted deaths. The greatest relative 
impact of non - price interventions on deaths averted would 
be among younger age cohorts. 

 Figure  9.2  summarizes the potential impact of a set of 
independent tobacco control interventions, using 33% and 
70% price increases (employing a high elasticity of  – 1.2 for 
low -  and middle - income regions and  – 0.8 for high - income 
regions), a 5% effectiveness of NRT, and a 10% reduction 
from non - price interventions other than NRT. In this cohort 
of smokers alive in 2000, approximately 443 million are 
expected to die in the next 50 years in the absence of inter-
ventions. A substantial fraction of these tobacco deaths are 
avoidable with interventions. Price increases have the 
greatest impact on tobacco mortality, with the most aggres-
sive price increase of 70% having the potential to avert 
almost one - quarter of all tobacco deaths. Even a modest 
price increase of 33% could potentially prevent 66 million 
tobacco deaths over the course of the next 50 year. While 
NRTs and other non - price interventions are less effective 
than price increases, they can still avert a substantial 
number of tobacco deaths (18 million and 35 million deaths, 
respectively). The greatest impact of these tobacco control 
interventions would occur after 2010, but a substantial 
number of deaths could be avoided even before that.   

 Note that no attempt has been made in this analysis to 
examine the impact of combining the various packages of 
interventions (for example, price increases with NRT, or 
NRT and other non - price interventions). Although a 
number of studies have compared the impact of price and 
non - price interventions, few empiric attempts have been 
made to assess how these interventions might interact. 
While price increases have been found in this analysis to 

be the most cost - effective anti - smoking intervention, policy 
makers should use both price and non - price interventions 
to counter smoking. Non - price measures may be required 
to impact the most heavily dependent smokers, for whom 
medical and social support in stopping will be necessary. 
Furthermore, these non - price measures may be effective in 
increasing social acceptance and support of tobacco price 
increases.    

  Comprehensive  t obacco  c ontrol 
 p rograms 

 In recent years, several governments, mostly in high -
 income countries, have adopted comprehensive programs 
to reduce tobacco use, often funded by earmarked tobacco 
tax revenues. These programs generally have similar goals 
for reducing tobacco use, including preventing initiation 
among youth and young adults, promoting cessation 
among all smokers, reducing exposure to passive tobacco 
smoke, and identifying and eliminating disparities among 
population subgroups.  43   Furthermore, these programs 
have one or more of four key components: community 
interventions engaging a diverse set of local organizations; 
counter - marketing and health information campaigns; 
program policies and regulations (such as taxes, restric-
tions on smoking, bans on tobacco advertising, and access 
to better cessation treatments); and surveillance and evalu-
ation of potential issues, such as smuggling.  43,71   Programs 
have placed differing emphases on these four components, 
with substantial diversity among the types of activities 
supported within each component. Disaggregating current 
tobacco control program spending reveals that the greatest 
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of awareness of the effectiveness and cost effectiveness of 
these interventions.  
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   Introduction 

 Despite overwhelming evidence of the importance and 
effectiveness of smoking cessation in the prevention and 
management of heart disease, and the availability of effec-
tive cessation interventions it is, regrettably, still the case 
that smoking cessation has not fi gured prominently among 
the interventions provided by cardiologists. In part this 
may refl ect the unfortunate and tragic persistence of out-
dated attitudes and perspectives: to the uninformed, 
smoking still remains a  “ habit ”  or  “ lifestyle choice ”  that 
can be addressed only by determination and the applica-
tion of strong will. Some cardiologists may view the 
responsibility for smoking cessation as resting with others 
 –  typically the family physician. More likely, the lack of 
familiarity with the clinical principles of smoking cessa-
tion, a misperception of their effi cacy and effectiveness, 
and a failure to appreciate the need for the systematic iden-
tifi cation of smokers combined with the delivery of proven 
interventions may have contributed to an indifference to 
intervene in the cardiac setting. 

 It has been noted that it is diffi cult to identify any condi-
tion that is as prevalent, lethal and yet so prone to neglect 
as tobacco addiction. 1  One - half of all smokers will die pre-
maturely as a consequence of their tobacco use. 2  In the 
United Kingdom it has been calculated that 40% of heart 
disease is attributable to smoking; the burden is similar in 
the USA and elsewhere in the developed world. 3 – 5  There 
can be no doubt of the causative role that tobacco addiction 
plays in the development and accentuation of cardiac and 
cardiovascular disease; the evidence is overwhelming and 
has been accumulating for decades. 6 – 7  Tobacco use is a 
principal contributor to the development of coronary artery 
disease (CAD), acute myocardial infarction (AMI), heart 

failure and the complications which inevitably follow. 
Deaths from coronary artery disease in smokers below the 
age of 45 exceed the mortality produced by any other 
tobacco - related disease. 8  Smoking cessation may have a 
greater effect on reducing mortality among smoking 
patients with CAD than any other intervention or treat-
ment. 9  Sadly, tobacco use has been described as  “ refl ecting 
a rare confl uence of circumstances: (1) a highly signifi cant 
health threat; (2) a disinclination among clinicians to 
intervene consistently; and (3) the presence of effective 
interventions ” . 10 

   “ The rapidity and potency of risk reduction, as well as 
the other health - enhancing effects associated with 
smoking cessation, argue for the prioritization of 
smoking cessation in any program of secondary preven-
tion of coronary disease. ”  

 Forrester JS, Merz CNB, Bush TL  et al   JACC  
1996; 27 :991 – 1006   

 In recent years the prevalence of smoking has declined in 
the developed world; regrettably rates of smoking in devel-
oping nations continue to rise and herald epidemics of 
tobacco - related disease for years to come. 100 million 
deaths resulted from tobacco use in the 20th century 11 ; it 
has been estimated that one billion more will occur in the 
21st. 12  A signifi cant proportion of these deaths will occur 
as a result of the development of heart disease. 

 Cardiovascular physicians pride themselves on the 
degree to which their practices are based on carefully cul-
tivated evidence derived from large, thoughtfully devel-
oped clinical trials which ultimately inform the development 
of practice guidelines. The evidence defi ning best practice 
for the treatment of smoking comes from several sources, 
principal among which are the infl uential guidelines that 
emerge regularly from the US Department of Health and 
Human Services. 10,13  

 Smoking cessation is a very powerful and highly cost -
 effi cient intervention. 14 – 16  The most recent recommendations 

10  Tobacco and  c ardiovascular  d isease: 
 a chieving  s moking  c essation in 
 c ardiac  p atients  

       Andrew   Pipe  
  University of Ottawa Heart Institute, Ottawa, Canada       

Evidence-Based Cardiology, 3rd edition. Edited by S. Yusuf, J.A. Cairns, 
A.J. Camm, E.L. Fallen, and B.J. Gersh. © 2010 Blackwell Publishing, 
ISBN: 978-1-4051-5925-8.
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are clear and direct and have specifi c implications for all 
cardiologists and cardiovascular professionals: clinicians 
and health systems must  “ consistently identify and docu-
ment tobacco use ”  among their patients and  “ treat every 
tobacco user seen in a healthcare setting ” ; clinicians should 
 “ offer every patient who uses tobacco  ...  the brief treat-
ments shown to be effective ” ; and should encourage the 
 “ use of the numerous effective medications available for 
tobacco dependence ” . 10   

  The  p athophysiology of  s moking and 
 c ardiovascular  d isease 

 Cigarette smoke contains nicotine, tar, and oxidant gases. 
Nicotine, the addictive constituent of tobacco, is delivered 
rapidly to the addiction centers of the brainstem when 
inhaled in tobacco smoke. Nicotine infl uences blood pres-
sure and heart rate and, particularly in nicotine - na ï ve sub-
jects, vasoconstriction. Carbon monoxide impairs the 
delivery of oxygen, while oxidant gases and their constitu-
ents play a major role in the initiation and progression of 
atheroma. 17  

 Atheromatous lesions develop within a blood vessel as 
the consequence of a combination of pathophysiologic pro-
cesses which impair vasomotor function, damage the 
vessel wall, accentuate the effects of elevated lipoproteins, 
and stimulate platelet aggregation and thrombosis. Ciga-
rette smoking plays a distinct role in each of these pro-
cesses. The constituents of cigarette smoke interfere with 
the availability of nitric oxide, thereby disrupting the 
normal vasomotor responses of the blood vessel wall; 
increase vascular infl ammation, contributing to an accu-
mulation of leukocytes on endothelial surfaces; promote 
the deposition of infl ammatory and proinfl ammatory 
materials within the vessel wall; contribute to the elevation 
of total cholesterol and low - density lipoprotein cholesterol 
(LDL), and reduce levels of high - density lipoprotein cho-
lesterol (HDL); increase the oxidation of LDL; accentuate 
platelet aggregation and adhesion; reduce the dissolution 
of thrombi; and contribute to plaque rupture. 7,18,19  Smoking 
also leads to elevated levels of carbon monoxide (CO), 
producing increased levels of carboxyhemoglobin and 
thereby reducing the blood ’ s capacity to carry and release 
oxygen (Box  10.1 ).   

 Notwithstanding their increased risk of atherosclerosis, 
heart disease, and coronary events, smokers have been 
noted to demonstrate improved rates of survival following 
a myocardial infarction  –  the  “ smoker ’ s paradox ”   –  a phe-
nomenon attributable to the younger age at which smokers 
experience acute coronary events, their more favorable cor-
onary anatomy, and reduced levels of co - morbidity. 20,21  

 Second - hand smoke (SHS) is a combination of exhaled 
 mainstream  smoke (15%) and the  sidestream  smoke pro-

BOX 10.1  The Perfect Storm: cigarette smoke contrib-
utes directly to the processes underlying the development 
of  CAD  

        •      Impairs nitric oxide activity  
   •      Diminishes vasomotor responses  
   •      Increases vascular infl ammation  
   •      Promotes deposition of infl ammatory materials in vessel 

wall  
   •      Oxidizes lipoproteins  
   •      Accentuates platelet aggregation  
   •      Reduces dissolution of thrombi  
   •      Contributes to plaque rupture  
   •      Increases carboxyhemoglobin levels     

duced by an idling cigarette (85%). 18  SHS is harmful and 
also contributes to platelet activation and endothelial dys-
function, distorts lipoprotein profi le, elevates levels of car-
boxyhemoglobin, accentuates infl ammation and contributes 
to the progression of atherosclerosis. 22 – 24  Exposure to SHS 
has predictably deleterious effects on cardiac function; it 
results in a 30% elevation in the risk for coronary heart 
disease.  25 – 28  The ischemic stress of exercise is accentuated 
upon exposure to SHS which may precipitate anginal 
symptoms. 29,30  Second - hand smoke exposure has been esti-
mated to cause 35   000 excess cardiovascular events each 
year in the USA and is the third leading cause of prevent-
able death 24  (Class I, Level A). 

 Smokeless tobacco, whose use has surged in North 
America in recent years, frequently produces levels of nico-
tine that are higher, and more sustained, than those seen 
with smoking. The use of these products is known to 
produce acute cardiovascular effects. 31  Blood pressure 
levels are infl uenced by the high sodium content of smoke-
less tobacco and the presence of its two pharmacologically 
active ingredients: nicotine and licorice. 32  Smokeless 
tobacco users are more likely to have elevated levels of 
both diastolic and systolic blood pressure, 33  and may have 
distorted lipoprotein profi les. 34  Insulin resistance and a 
higher prevalence of diabetes have been noted in smoke-
less tobacco users. 35,36  Physicians are advised to counsel 
users of smokeless tobacco products to quit. 37   

  The  b enefi ts of  s moking  c essation 

 Smoking cessation confers distinct and immediate benefi ts 
to the smoker with cardiovascular disease. The elimination 
of exposure to mainstream tobacco smoke (and its multi-
plicity of toxic constituents) has a rapid impact on the 
reduction of those factors which contribute to the develop-
ment and progression of atherosclerosis, removes the 
deleterious impact of smoking on established indices of 
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cardiac performance, and eliminates the stimuli for clotting 
and thrombi formation central to the development of many 
acute cardiac conditions. The likelihood of sudden death, 
the propensity for myocardial infarction or re - infarction, 
the incidence of arrhythmia and an array of postinfarction 
complications, the adverse impact of smoking on myocar-
dial contractility, and the progression of congestive heart 
failure (CHF) are all dramatically reduced following 
smoking cessation 9,38 – 42  (Class I, Level A). A very substan-
tial, 36% relative risk reduction of mortality is experienced 
following smoking cessation in those with coronary artery 

disease; this intervention is more potent than other classic 
secondary preventive strategies (e.g. cholesterol treatment) 
which, arguably, have received far greater attention in 
recent years (Table  10.1 , Fig.  10.1 ). 38  Quitting smoking pro-
duces a substantial, 30% decline in mortality in those with 
heart failure, a reduction of risk which equals or exceeds 
that produced by treatment with metoprolol, enalapril or 
spironolactone 42  (Class I, Level A).      

  Controling  e xposure to  c igarette  s moke 

 Elimination or reduction of exposure to second - hand 
smoke has a signifi cant impact on the incidence of acute 
coronary events for the individual and for the community. 
Anginal thresholds are reduced upon exposure to second -
 hand smoke; the benefi ts to the cardiac patient of the elimi-
nation of smoking in the home and work environments are 
many 19,24,43  (Class I, Level A). Evidence continues to accu-
mulate, from North America and Europe, of the benefi cial 
effects of the introduction of smoke - free policies. There has 
been a distinct and clearly documented reduction in the 
incidence of acute myocardial infarctions in several cities 
following the introduction of bans on public smoking 44 – 48  
(Class I, Level B). Cardiologists can play a signifi cant role 
in supporting the introduction of such progressive public 
health policies.  

 Table 10.1     Reducing mortality in  CHD : the benefi ts of smoking 
cessation are greater and accrue more rapidly in comparison to other 
important preventive interventions 

   Intervention     Reduction in mortality  

   Smoking cessation     36%  

   Statin therapy     29%  

   Beta - blockers     23%  

   ACE inhibitors     23%  

   Aspirin     15%  

   Source :   adapted from Critchley JA, Capewell S. JAMA;2003; 290 :
86 – 97 

     Figure 10.1     Pooled relative risks of mortality reduction when patients with CHD stop smoking: random effects meta - analysis of all 20 studies. The data 
show an overall 36% reduction in mortality associated with smoking cessation in patients with CHD.  (Reproduced with permission from Critchley J, 
Capewell S.  JAMA  2003; 290 (1):86 – 97.)   
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  Nicotine  a ddiction: the  f undamental 
 b asis of  s moking  b ehavior 

 Minimal exposure to nicotine is all that is required to initi-
ate the profound changes in neuroanatomy and neuro-
physiology that result in a brain, and a life, ordered and 
organized to ensure regular intake of nicotine. Only 
minimal exposure to nicotine via inhalation is necessary to 
produce addiction. Nicotine is arguably the most destruc-
tive of all the addictive drugs encountered in our society. 
It is the only drug which when used as intended will result 
in the premature death of one - half of all its users. The 
effects of nicotine on brain function, and ultimately behav-
ior, are mediated via a number of nicotine receptors, prin-
cipal among which is the  α  4  ß  2  nicotinic acetylcholine 
receptor (nAChR) located in the brainstem. This receptor 
is felt to be responsible for the initiation and preservation 
of the nicotine - addicted state. 49  Stimulation of nAChRs, 
principally the  α  4  ß  2  subtypes, results in a cascade of neu-
rologic stimulation involving the mesolimbic system, 
culminating in the release of dopamine and other neu-
rotransmitters in the nucleus accumbens region of the 
forebrain. Elevated levels of dopamine sustain addic-
tion by producing pleasure, stimulation and mood 
modulation. 50  

 In simple terms, the development of nicotine addiction 
can be seen as the requirement to maintain ongoing stimu-
lation of nicotine receptors in order to ensure elevated 
levels of dopamine (Fig.  10.2 ). A cigarette is a drug delivery 

device which permits the rapid introduction of nicotine, 
titration of receptor stimulation, and dopamine release. As 
addiction develops, so does a degree of tolerance or desen-
sitization at the receptor level which causes an increase in 
the absolute number of nicotine receptors. Smokers autoti-
trate their nicotine intake so as to maintain a personalized, 
idiosyncratic level of nicotine and comfort - maintaining 
levels of dopamine (Fig.  10.3 ). 51    

 In the absence of nicotine intake, a withdrawal state 
quickly develops characterized by anxiety, irritation, frus-
tration, depressed mood, lowered levels of concentration 
and restlessness. 52  As a consequence of the relative defi -
ciency of dopamine that accompanies smoking cessation, a 
prominent symptom of withdrawal is  “ hedonic dysregula-
tion ”   –  a feeling that there is minimal or no pleasure in life 
and that no enjoyment accompanies previously rewarding 
activities. 53  Smoking cessation is often accompanied by the 
emergence of depressive symptoms and mood states. It is 
the discomfort and intensity of withdrawal, in association 
with the strongly conditioned behaviors, moods, and envi-
ronmental factors associated with smoking, that can make 
this addiction so diffi cult to shed. 54  It is unlikely that non -
 smokers will ever in their lifetimes have to make the sig-
nifi cant, complex life transformation that a smoker must 
undergo to become a non - smoker. 

 It is important that clinicians appreciate the diffi culties 
associated with cessation. Unassisted, only a very small 
proportion of smokers, 3%, are able to remain abstinent 
from tobacco for a six - month period; most relapse within 
eight days. 55,56  Tobacco addiction should be viewed as a 
chronic relapsing addictive disorder requiring specifi c 
treatment for its elimination. 

 Most smokers understand the negative health conse-
quences of their addiction, wish to stop smoking, and make 
at least one or two private attempts to stop smoking each 

     Figure 10.2     Nicotine stimulates receptors in the ventral tegmental area 
of the brainstem, causing the further stimulation, via the mesolimbic 
pathway, of regions in the nucleus accumbens of the forebrain, resulting 
in the release of dopamine. The brain rapidly adapts to the presence of 
increased levels of dopamine. Addiction quickly develops following 
minimal, repeated exposure to nicotine and the ensuing dopamine 
release.  

Nucleus
Accumbens

Ventral Tegmental Area

Dopamine release

Nicotine
stimulation
of receptors

     Figure 10.3     Smokers autotitrate nicotine intake to maintain plasma 
levels so as to accentuate  “ pleasure ”  and minimize  “ discomfort ” . As 
nicotine levels rise,  “ pleasure ”  is experienced; as levels fall below a 
certain threshold,  “ discomfort ”  in the form of withdrawal or craving 
symptoms is experienced. In the neutral zone comfort is achieved without 
accentuating arousal and discomfort is avoided as abstinence symptoms 
do not develop. (Adapted with permission from Benowitz NL.  Med Clin 
North Am  1992; 76 :415 – 37.)   
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year  –  the overwhelming majority of which are unsuccess-
ful. 57  Even in the face of compelling reasons for cessation, 
smoking cessation is diffi cult  –  following a myocardial 
infarction less than one - half of patients are able to stop 
smoking 58 ; 17 – 40% of cardiac transplant recipients return 
to smoking at some point after their procedure. 59 – 62   “ Brain-
stem trumps cerebral cortex ” : it is important to realize that 
admonitions and exhortations to smoking patients are 
likely to be of only limited assistance in addressing this 
tenacious addiction, one which mandates the ongoing 
application of more insightful, evidence - based treatment 
strategies. 

 It is now understood that there are genetic predisposi-
tions affecting receptor density, the rate of nicotine metabo-
lism, the likelihood and tenacity of addiction, and the 
diffi culty that may be experienced in attempting to shed 
it. 51,63 – 65  Individuals with certain psychiatric disorders, par-
ticularly schizophrenia and its related conditions, bipolar 
and other affective disorders, and substance abuse prob-
lems have a signifi cantly increased likelihood of becoming 
smokers and a greater diffi culty with cessation. 54,66 – 68  Such 
patients have a markedly reduced life expectancy, most of 
which is accounted for by tobacco - related diseases, 
principal among which is cardiovascular disease (Class I, 
Level A).  

  Smoking  c essation: the  f undamental 
 p reventive  i ntervention 

 Smoking cessation should be the priority in the secondary 
prevention of cardiac disease 69  (Class 1, Level A). Sadly, 
there is evidence that physicians, particularly specialists, 
do not typically effectively address this preventive prior-
ity. 70  The substantial benefi ts of cessation for a cardiac 
patient occur rapidly; they equal or exceed those of other 
preventive therapies. It is important to ensure that a sys-
tematic approach is adopted in  every  professional environ-
ment (offi ce, clinic, and inpatient settings) which permits 
the identifi cation of a patient ’ s smoking status; stimulates 
the delivery of clear, unambiguous, non - judgmental advice 
regarding the importance of quitting; prompts an offer of 
ongoing assistance with cessation; ensures familiarity 
with the prescription (and titration) of commonly used 
pharmacotherapies for cessation; and facilitates appropri-
ate referral to other physicians, agencies or programs 
for follow - up where necessary or appropriate 10  (Class I, 
Level A). 

 The time - honored 5 As ( A sk  –  about smoking status; 
 A dvise  –  about the importance of quitting;  A ssess  –  the 
readiness to quit;  A ssist  –  by providing effective medica-
tions and counseling;  A rrange  –  for appropriate follow - up) 
have informed and infl uenced professional behavior for 
years. But not all elements need to be delivered personally, 

separately or intensely. Some have suggested that we think 
of  “  A sking and  A cting ” . Consistency is the hallmark of a 
successful intervention system and unless a systematic 
approach is adopted in every professional setting, the 
potential to dramatically enhance cardiac health for our 
patients and communities will be diminished. 1  

  Counseling 

 The provision of supportive counseling has been a central 
element of recommended clinical approaches to cessation 
for many years. Many physicians have misconstrued this 
recommendation, assuming that it mandates the delivery 
of time - consuming interventions inappropriate for their 
practice, environment or skill - set. Contemporary recom-
mendations clearly note that delivering minimal, strategic 
advice regarding enlisting the support of family and 
friends; the avoidance of social or environmental stimuli 
for smoking; compliance with medication; the importance 
of follow - up; and strategies for relapse management are as 
effective as more intense, sustained or highly structured 
behavioral treatments. 10,71  Strategic counseling can be 
effi ciently provided and reinforced by other clinical staff, 
other physicians or via access to quit - lines or other com-
munity cessation programs, further enhancing cessation 
rates 72,73  (Class I, Level A). 

 Smoking cessation treatment should not be seen as a 
complex undertaking (the management of anticoagulation 
or the titration of lipid - lowering or hypertension medica-
tion can be far more involved and prolonged). The imple-
mentation of a systematized approach ensures effective use 
of time and resources and assures optimal outcomes in any 
population of smokers. Ensuring that offi ce or institutional 
practices capture pertinent smoking information (e.g. at 
point of patient registration) and prompt an intervention 
(e.g. with a sticker, chart reminder or a prompt on an elec-
tronic medical record) means that clinician time can be 
used most appropriately. The provision of brief advice 
regarding smoking cessation by physicians has been dem-
onstrated to produce an increase in cessation; the advice of 
nurses may enhance cessation rates; systems which support 
such behavior will only add to effectiveness. 74,75  It is also 
clear that the failure to involve a patient in supportive 
counseling does not detract from the ability of pharmaco-
therapy to signifi cantly assist in achieving cessation. 10  

 It has long been recognized that smoking cessation may 
induce or uncover depressive mood states or disorders 76,77  
(Class I, Level A). Nicotine use is itself mood modulating 
as a consequence of its effect in producing changes in levels 
of dopamine and other transmitters. Smokers are more 
likely to have a history of depressive illness and may 
smoke because of the mood - enhancing properties of nico-
tine; quitting smoking may cause a re - emergence of those 
symptoms irrespective of the approach used in cessation. 78  
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Those with a history of depression or other mood disorders 
or a history of depression in association with cessation may 
experience a return of those symptoms and should be so 
advised while being monitored normally as part of the 
cessation process.  

  The  h ospital 

 Given that many admitted cardiac patients are smokers 
(who will frequently begin to experience symptoms of 
nicotine withdrawal shortly after admission), the majority 
of whom know the reasons for quitting and wish to quit, 57  
there is a unique opportunity in any hospital setting to 
provide specifi c, systematic assistance with cessation. Now 
a standard of care for the treatment of AMI and CHF in US 
settings, such programs can ensure the consistent delivery 
of a standardized protocol and enhance rates of cessa-
tion. 79,80  The delivery of an intensive smoking cessation 
intervention, including 12 weeks of follow - up and the pro-
vision of free pharmacotherapy to high - risk cardiovascular 
patients admitted to a coronary care unit, resulted in a 
dramatic reduction in readmission (relative risk reduction 
(RRR)   =   44%) and all - cause mortality (RRR   =   77%) over a 
24 - month period demonstrating the potential of hospital -
 based interventions for cessation (Fig.  10.4 ). 81  Smoking ces-
sation interventions commenced in hospital settings, when 
coupled with at least one month ’ s follow - up post dis-
charge, demonstrate signifi cant effectiveness in increasing 
the rate of cessation (Table  10.2 ) 82  (Class I, Level A).      

  Pharmacotherapy 

 The use of pharmacotherapy is the mainstay of successful 
cessation treatment. The benefi ts of pharmacotherapy are 
distinct and well documented (Class I, Level A). Physi-
cians have access to  ‘ three generations ’  of fi rst - line phar-
macotherapies, each of which has signifi cant, proven 

effi cacy when compared to placebo, in enhancing the likeli-
hood of successful cessation: nicotine replacement therapy, 
bupropion, and varenicline (Table  10.3 ).   

  Nicotine  r eplacement therapy ( NRT ) 
 All smokers seek to maintain a certain, personalized level 
of nicotine. In the absence of smoking, nicotine levels fall 
and stimulation of nicotinic receptors declines, resulting in 
a corresponding decline in the levels of dopamine and other 
neurotransmitters. The smoker will then begin to experi-
ence cravings and, in the absence of nicotine intake, the 
symptoms and discomfort of withdrawal emerge. The 
administration of amounts of nicotine suffi cient to approach 
familiar levels of nicotine will eliminate craving and the 
symptoms of withdrawal, allowing a smoker to acquire and 
experience a repertoire of non - smoking behaviors leading 
to ultimate cessation. It has been recognized that the dose 
of NRT and duration of therapy may need to be titrated in 
order to meet the particular nicotine needs of an individual 
smoker. Very heavy smokers are unlikely to have their nico-
tine needs addressed by standard doses of NRT provided 
in a fi xed - dose protocol. A history of heavy smoking, pro-
nounced cravings in previous quit attempts or ongoing 
craving while using standard doses of NRT indicate that an 
increase in nicotine dose may be appropriate. 

 NRT is available in a variety of forms: patch, gum, 
inhaler/vaporizer, lozenge, and nasal spray. It is important 
to emphasize that a smoker will receive less nicotine, deliv-
ered slowly via the venous system, than they would obtain 
from continued smoking. At the same time, in contrast to 
smoking, there will be no arterial delivery of nicotine, 
carbon monoxide or any of the thousands of other com-
pounds of tobacco smoke. Smokers are tolerant of the vaso-
active properties of nicotine and the safety of NRT use in 
cardiac patients has been established in a variety of set-
tings. 83 – 89  Many smokers will experience withdrawal 
symptoms shortly after admission to hospital; this has 

     Figure 10.4     A demonstration of the effect 
of an intensive in - hospital smoking cessation 
program for patients admitted with acute 
cardiovascular conditions. (a) Hospital 
readmission in intensive (ISI) vs usual care 
(UC) smoking cessation groups. (b) All - cause 
mortality in intensive (ISI) vs usual care (UC) 
smoking cessation groups. A dramatic 
reduction in readmission and all - cause 
mortality is observed over a 24 - month 
follow - up period. (Adapted with permission 
from Mohuiddin SM  et al   Chest  
2007; 131 :446 – 52.)   
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 Table 10.2     The advantage of hospital - based smoking cessation programs 

   Review: Hospital smoking  

   Comparison: 01 Interventions for smoking cessation in patients hospitalized with cardiovascular disease  

   Outcome: 01 Smoking cessation for intervention versus control by intervention intensity  

   Study or 

sub - category  

   Treatment 

n/N  

   Control 

n/N  

   OR (fi xed) 

95% CI  

   Weight 

%  

   OR (fi xed) 

95% CI  

  01 Low Intensity          

     Pelletier 1998    63/412    7/92    2.45    2.19 [0.97, 4.96]  

     Bolman 2002    103/334    110/401    17.50    1.18 [0.86, 1.62]  

     Hajek 2002    94/254    102/251    16.36    0.86 [0.60, 1.23]  

     Chouinard 2005    13/53    7/56    1.30    2.28 [0.83, 6.24]  

  Subtotal (95% CI)    1053    800    37.62    1.14 [0.92, 1.43]  

  Total events: 273 (Treatment), 226 (Control)      

  Test for heterogeneity Chi 2    =   6.73, df   =   3 (P   =   0.08), I 2    =   55.4%      

  Test for overall effect: Z   =   1.20 (P   =   0.23)      

  02 Moderate Intensity      

     Rigotti 1994    21/41    20/39    2.53    1.00 [0.41, 2.40]  

     Miller 1997    38/138    74/310    8.36    1.21 [0.77, 1.91]  

     Ortigosa 2000    26/42    31/45    2.89    0.73 [0.30, 1.78]  

  Subtotal (95% CI)    221    394    13.78    1.07 [0.74, 1.55]  

  Total events: 85 (Treatment), 125 (Control)      

  Test for heterogeneity: Chi 2    =   1.01, df   =   2 (P   =   0.60), I 2    =   0%      

  Test for overall effect: Z   =   0.37 (P   =   0.71)      

  03 High Intensity      

     Taylor 1990    47/72    20/58    1.95    3.57 [1.73, 7.39]  

     CASIS 1992    44/133    28/123    4.93    1.68 [0.96, 2.92]  

     De Busk 1994    92/131    64/121    5.02    2.10 [1.25, 3.52]  

     Miller 1997b    62/182    74/310    9.14    1.65 [1.10, 2.46]  

     Domelas 2000    28/54    16/46    2.11    2.02 [0.90, 4.53]  

     Quist - Paulsen 2003    57/115    44/120    5.50    1.70 [1.01, 2.86]  

     Reid 2003    49/125    46/127    7.02    1.14 [0.68, 1.89]  

     Froelicher 2004    64/134    55/132    7.33    1.28 [0.79, 2.08]  

     Chouinard 2005b    13/55    7/56    1.34    2.17 [0.79, 5.93]  

     Pedersen 2005    28/54    20/51    2.51    1.67 [0.77, 3.62]  

     Mohiuddin 2007    43/109    11/100    1.76    5.27 [2.53, 10.99]  

  Subtotal (95% CI)    1164    1244    48.60    1.81 [1.53, 2.15]  

  Total events: 527 (Treatment), 385 (Control)      

  Test for heterogeneity: Chi 2    =   17.57, df   =   10 (P   =   0.06), 

I 2    =   43.1%  

    

  Test for overall effect: Z   =   6.77 (P    <    0.00001)      

  Total (95% CI)    2438    2438    100.00    1.46 [1.29, 1.66]  

  Total events: 885 (Treatment), 736 (Control)      

  Test for heterogeneity; Chi 2    =   38.43, df   =   17 (P   =   0.002), 

I 2    =   55.8%  

    

  Test for overall effect: Z   =   5.84 (P    <    0.00001)      

        

  Adapted from Rigotti NA, Munafo MR, Stead LF.  Interventions for smoking cessation in hospitalised patients . Cochrane Database Syst Rev, 2007(3). 
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 Table 10.3     A comparison of the effectiveness of and abstinence rates from medications and combinations of medications compared to placebo at 
six months post quit date 

   Medication     Number of arms     Estimated odds ratio 
(95% CI)  

   Estimated abstinence rate 
(95% CI)  

  Varenicline (2   mg/day)    5    3.1 (2.5 – 3.8)    33.2 (28.9 – 37.8)  

  Nicotine nasal spray    4    2.3 (1.7 – 3.0)    26.7 (21.5 – 32.7)  

  Bupropion SR    26    2.0 (1.8 – 2.2)    24.2 (22.2 – 26.4)  

  Nicotine patch (6 – 14 weeks)    32    1.9 (1.7 – 2.2)    23.4 (21.3 – 25.8)  

  Patch (long - term;  > 14 weeks)   +   ad lib NRT (gum or spray)    3    3.6 (2.5 – 5.2)    36.5 (28.6 – 45.3)  

  Patch   +   bupropion SR    3    2.5 (1.9 – 3.4)    28.9 (23.5 – 35.1)  

  Patch   +   inhaler    2    2.2 (1.3 – 3.6)    25.8 (17.4 – 36.5)  

  Adapted from Fiore MC  et al .  Treating Tobacco Use and Dependence: 2008 Update . Rockville, MD: US Dept of Health and Human Services, Public 

Health Service, 2008. 

particular relevance for the cardiac patient. The withdrawal 
syndrome is frequently manifested by unco - operative, bel-
ligerent or aggressive behavior; the provision of NRT in 
these circumstances can be of assistance in easing the dis-
comfort of withdrawal and facilitating compliance with 
treatment, while accentuating the likelihood of successful 
cessation. 

 The effectiveness and safety of NRT have been exten-
sively studied and documented, establishing it as a fi rst -
 line choice for smoking cessation. NRT use will 
signifi cantly enhance cessation when compared to placebo 
(nicotine patch, OR   =   1.9; nicotine spray, OR   =   2.3) 89  (Class 
I, Level A). All cardiac professionals should be adept in its 
use.  

  Bupropion 
 The serendipitous recognition that the administration of 
the antidepressant bupropion signifi cantly increased spon-
taneous rates of smoking cessation led to clinical trials 
which ultimately validated the use of this drug as an aid 
to smoking cessation. 90 – 92  The development of a large evi-
dence base has since confi rmed the benefi ts of its use; like 
NRT, bupropion is now considered to be a fi rst - line 
smoking cessation medication, effectively doubling the 
rate of smoking cessation when compared to placebo 
(OR   =   2.0). 93  Its effectiveness is similar in both men and 
women 94  and has been specifi cally evaluated in the treat-
ment of smokers with cardiovascular disease, where both 
its safety and effectiveness have been evident 95  (Class I, 
Level A). 

 It is well known that smoking cessation may unmask 
depression and that nicotine may have antidepressant 
effects. 96  It was assumed that bupropion would offer some 
benefi t to those with a history of depression or those in 
whom smoking cessation unmasked a depressive state; this 
remains unproven. 91,93  Concerns have been expressed that 
antidepressants may worsen depression in those being 

treated for depression; warning statements to this effect 
have been added to labeling in the USA. Bupropion pos-
sesses noradrenergic and dopaminergic properties which 
were felt to be responsible for its effectiveness in smoking 
cessation; it is now recognized that it may also function as 
a nicotine antagonist. 

 There are known, dose - related side effects with bupro-
pion. Insomnia, dry mouth and nausea are most commonly 
reported. When side effects occur, they frequently respond 
to a reduction in dose to 150 mg per day. Reduced dosing 
has not been associated with any signifi cant decrease in 
smoking cessation effectiveness over a 12 - month period. 97  
Seizures, reported to occur in 1 in 1000 patients, are dose 
related. A history of seizures, anorexia, and recent with-
drawal from other drugs of abuse are contraindications to 
the use of this drug. The usual dose of bupropion for 
smoking cessation is 150 mg bid, achieved by increasing 
doses in the days prior to a cessation attempt. Bupropion 
has been used simultaneously with NRT and demonstrated 
enhanced benefi t in one study, though not in others. 98   

  Varenicline 
 The realization that the leaves of the  “ Golden Rain ”  shrub 
( Cytisus laburnum ) were used as a tobacco substitute during 
WWII prompted consideration of its use as an aid in com-
bating tobacco dependence. 99  Smoking the leaves of this 
plant had been advised as a strategy to quit smoking. 100  In 
Eastern European countries, cytisine, the active ingredient 
of  “ Golden Rain ” , has been used for more than 40 years in 
smoking cessation. Cytisine stimulates nAChRs while 
blocking the ability of nicotine to do the same. Refi nements 
of the molecular structure of cytisine have resulted in the 
creation of a new compound, varenicline, which binds 
avidly to the nicotine receptor, stimulates it only partially, 
and prevents nicotine binding. The result of this  “ partial 
agonist ”  and  “ antagonist ”  activity is diminished stimula-
tion of the pathways leading to dopamine release, reduced 
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levels of dopamine, and an elimination of the pleasurable 
sensations associated with smoking. An individual taking 
varenicline is less likely to crave a cigarette because of 
lessened but ongoing release of dopamine. Varenicline is 
almost completely excreted by the kidneys, and does not 
interact with commonly prescribed medications or the 
cytochrome P450 mechanisms. 

 Principal side effects of varenicline include nausea, 
insomnia and headache which diminish over time and are 
associated with low discontinuation rates. Persistent 
nausea may be addressed by reducing the dose to 0.5 mg 
twice daily; varenicline at this dose is still more effi cacious 
than placebo. 101  The FDA and European Medicines Agency 
have warned prescribers and users of varenicline to 
monitor changes in behavior and mood due to postmarket-
ing reports of depression, agitation and suicidal idea-
tion and behavior in patients attempting smoking cessation 
with varenicline. No causal relationship has been 
determined. 102  

 Varenicline is prescribed in stepped doses over a seven -
 day period to a dose of 1.0   mg twice a day, in order to 
minimize the development of nausea. Clinical trials have 
consistently demonstrated the superiority of varenicline 
for smoking cessation in comparison to placebo (OR   =   3.2) 
and bupropion (OR   =   1.66) when assessing continuous 
abstinence at 52 weeks 103  (Class I, Level A). Additional 
studies comparing varenicline to NRT and investigating its 
use in chronic obstructive airway disease (COPD) and CVD 
patients are under way.  

  Titration of  p harmacotherapy 
 Evidence accumulates of the additional effi cacy of modify-
ing the dose of or prolonging the period of treatment with 
smoking cessation therapies. Thus NRT doses may be 
increased to achieve appropriate nicotine replacement 
levels, the dose of bupropion or varenicline may be reduced 
to control side effects, and consideration can be given to 
extending the initial period of treatment with all three 
therapies. It is likely that a willingness to use these medica-
tions in this manner will increase their effectiveness in 
clinical practice. It should be noted that the medication 
protocol producing the greatest effect on abstinence rates 
is long - term NRT in association with ad libitum NRT 
(Table  10.4 ). 10     

  Other  p harmacotherapy  c onsiderations 
  Combination  t herapies     It is now recognized that combina-
tions of pharmacotherapies may enhance the likelihood of 
cessation. In particular, combinations of NRT (patch plus 
inhaler, patch plus gum) may allow more accurate and 
precise titration of nicotine; a meta - analysis comparing the 
effectiveness of long - term patch use in association with 
either gum or inhaler showed the combination to be sig-
nifi cantly more effective than patch alone (OR   =   1.9). 10  

Largely on the basis of one study, 98  the combination of NRT 
with bupropion was also more effective than patch alone 
(OR   =   1.3) (Class I, Level A).  

  Clonidine     The antihypertensive clonidine has been shown 
to be effective in smoking cessation, approximately dou-
bling cessation rates in comparison to placebo (OR   =   2.1) 
(Class I, Level A). Its side effect profi le, lack of approval 
for smoking cessation, and the need to establish a specifi c 
dosing regimen have limited its use. It is recommended as 
a second - line therapy whose use might be considered in 
patients unable to use preferred medications. When com-
pared to the use of the NRT patch, it was not signifi cantly 
more effi cacious (OR   =   1.1). 10   

  Mecamylamine     This medication has not been proven to be 
effective in smoking cessation in the two trials that have 
been performed and its use is not recommended. 10   

  Nortriptyline     A meta - analysis has demonstrated that the 
use of this antidepressant has consistently elevated rates of 
smoking cessation approximately twofold in comparison 
to placebo (OR   =   2.34), but appears less effective than NRT 
patch use (OR   =   0.9) 93  (Class I, Level A). This medication 
has not been approved for smoking cessation, has a distinct 
side effect profi le, and is recommended only as a second -
 line therapy. 10   

  Rimonabant     This compound, a selective type 1 cannabinoid 
receptor antagonist, has been subjected to clinical trials 
which have suggested it may be of help in smoking cessa-
tion (OR   =   1.61) in comparison to placebo but has not 
received approval for use as an aid to smoking cessation. 
Central cannabinoid receptors have been implicated in 

 Table 10.4     A comparison of the effectiveness of and abstinence 
rates using various medications relative to the nicotine patch 

   Medication     Number 
of arms  

   Estimated odds 
ratio (95% CI)  

  Nicotine patch (reference 

group)  

  32    1.0  

  Varenicline (2   mg/day)    5    1.6 (1.3 – 2.0)  

  Nicotine nasal spray    4    1.2 (0.9 – 1.6)  

  Bupropion SR    26    1.0 (0.9 – 1.2)  

  Patch (long - term;    >    4 

weeks)   +   NRT (gum or spray)  

  3    1.9 (1.3 – 2.7)  

  Patch   +   bupropion SR    3    1.3 (1.0 – 1.8)  

  Patch   +   inhaler    2    1.1 (0.7 – 1.9)  

  Adapted from Fiore MC  et al. Treating Tobacco Use and Dependence: 

2008 Update . Rockville, MD: US Dept of Health and Human Services, 

Public Health Service, 2008. 
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appetite control and in the development of dependence 
and habituation. 104   

  Nicotine  v accine     At least three nicotine vaccines are in 
development; there are challenges in associating the small 
nicotine molecule with a carrier (usually a virus). It is antic-
ipated that a vaccine would induce and maintain signifi -
cantly elevated levels of antibodies to nicotine, resulting in 
the production and persistence of nicotine – antibody com-
plexes which are too large to cross the blood – brain barrier. 
Stimulation of brain nicotine receptors would not then be 
possible and the  ‘ priming ’  role of minimal smoking in ini-
tiating a relapse would be eliminated. 105  Clinical trials 
continue. 105     

  Other  t herapies 

 A variety of therapies have been suggested as being helpful 
in cessation and subjected to varying forms of evaluation. 
There is no evidence to support the use of hypnosis, 106  
acupuncture, laser therapies 107  or nutritional strategies as 
being effi cacious for smoking cessation.   

  Conclusion 

 Evidence continues to accumulate of the devastation 
wrought by tobacco and the important role it plays in the 
initiation and accentuation of heart disease. Stopping 
smoking in those who have cardiac disease produces clini-
cal benefi ts that are substantial and accrue more rapidly 
than any other preventive intervention. Cardiovascular 
specialists can dramatically reduce the anticipated excess 
morbidity and mortality in their smoking patients to the 
extent that they are able to assist with cessation. The devel-
opment and implementation, in every professional setting, 
of a systematic approach to the identifi cation of all smokers; 
the provision of specifi c advice regarding, and assistance 
with, quitting; the prescription or provision of effective 
pharmacotherapies for cessation; and the organization of 
appropriate arrangements for follow - up will signifi cantly 
enhance the quality of care provided to all patients and 
optimize the likelihood of cessation (Box  10.2 ). Smoking 
cessation is the most important and most cost - effective of 
all preventive interventions. The personal, unambiguous, 
and non - judgmental advice of a cardiologist consistently 
expressed at every patient visit emphasizing the relevance 
and primacy of cessation in managing a cardiac condition 
can have a signifi cant impact on eventual rates of 
cessation.   

 The likelihood of cessation can be signifi cantly increased 
by the use of one of three effective pharmacotherapies. All 
cardiac physicians should become familiar and profi cient 
with the prescription and use of the fi rst - line cessation 

therapies: nicotine replacement therapy (NRT), bupropion, 
and varenicline. In the hospital setting, the development 
and implementation of a systematic approach to the deliv-
ery of smoking cessation services to all admitted smokers 
can be expected to signifi cantly increase the number of 
smokers who make quit attempts and achieve cessation 
success. Smoking cessation is a fundamental clinical 
responsibility of those treating smoking patients. The 
chances of cessation success are enhanced by  “ doing ordi-
nary things extraordinarily well ” . 108   
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  Introduction 

 Elevated serum cholesterol was the single most important 
cause of the 20th - century pandemic of ischemic heart 
disease, with the high - fat diet typical of many Western 
countries over the greater part of the 20th century extend-
ing more recently to non - Western countries. Modern 
cholesterol - lowering drugs (statins) can reduce risk more 
than any other single intervention.  

  Serum  t otal and  l ow -  d ensity 
 l ipoprotein  c holesterol 

 Typical values of serum total and low - density lipoprotein 
(LDL) cholesterol in Western countries are high in com-
parison with those in agricultural and hunter - gatherer 
communities, because of the high saturated fat content of 
the Western diet. Average serum cholesterol concentra-
tions (in men aged 45 – 60) are about 3 – 3.5   mmol/L in 
hunter - gatherer societies and rural China (where heart 
disease is rare), but over much of the 20th century they 
were about 5.0   mmol/L in Japan, 5.5   mmol/L in Mediter-
ranean populations, and 6   mmol/L in the USA, Britain and 
Northern Europe. 1  Use of the term  “ normal ”  in reference 
to usual or average Western cholesterol values may there-
fore be misleading (we are all  “ high ” ). In recent years cho-
lesterol levels in Japan have risen while those in the USA, 
Britain and Northern Europe have fallen a little. Average 
levels of LDL cholesterol are about 2   mmol/L lower than 
total cholesterol. 1  

 Of the average total serum cholesterol in Western popu-
lations, two - thirds is LDL cholesterol and one - quarter is 
high - density lipoprotein (HDL) cholesterol. The athero-
genic properties lie in the LDL fraction (sometimes mea-

sured as its carrier protein, apolipoprotein B, with which it 
is highly correlated). Many of the large epidemiologic 
studies and the earlier randomized trials measured only 
total serum cholesterol; total serum cholesterol has been 
used as a surrogate for LDL cholesterol. Fortuitously, the 
approximation is a good one. The absolute reduction in 
total serum cholesterol produced by diet and by most drugs 
(including statins 2 – 12 ) is similar to the reduction in LDL 
cholesterol. Observational differences in total cholesterol 
between individuals in cohort studies are a little greater 
than the corresponding differences in LDL cholesterol, but 
this  “ surrogate dilution bias ”  can readily be corrected. 13  
Much epidemiologic and clinical trial data are therefore 
available to estimate quantitatively the effect of lowering 
serum LDL cholesterol on the risk of ischemic heart disease.  

  Serum  c holesterol and  i schemic 
 h eart  d isease 

 For about two decades we have had evidence from genet-
ics, animal studies, experimental pathology, epidemiologic 
studies and clinical trials indicating conclusively that ele-
vated serum cholesterol is an important cause of ischemic 
heart disease and that lowering serum cholesterol reduces 
the risk. 14  Ten large randomized trials of statins, published 
over a 10 - year period, have ensured that this is now widely 
accepted. 2 – 12  Three important practical questions arise: the 
nature of the dose – response relationship, the size of the 
effect, and the speed of the reversal of risk. To answer these 
questions, data from both cohort studies (or prospective 
observational studies) and randomized controlled trials are 
necessary: the two are complementary. Table  11.1  summa-
rizes the advantages of each.   

  The  n ature of the  d ose –  r esponse  r elationship: 
 i s  t here a  t hreshold? 

 A plot of ischemic heart disease mortality on total serum 
cholesterol in the Prospective Studies Collaboration (PSC) 
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 Table 11.1     Relative advantages of cohort studies and randomized 
trials in assessing the relation between serum cholesterol and 
ischemic heart disease 

   Objective     Advantage (comment)  

  Statistical power    Cohort studies (recorded seven times more 

ischemic heart disease events than the trials: 

91   800 v 12   500 15,16 )  

  Dose – response 

relationship  

  Cohort studies (observation across a wide 

range of cholesterol values, from 3 to 

14   mmol/L)  

  Wide age range    Cohort studies (ischemic heart disease events 

at ages 35 – 89, but mostly 55 – 65 in trials)  

  Long - term effects 

of cholesterol 

differences  

  Cohort studies (the cholesterol differences 

between individuals observed at the start of 

the study will have been present for decades 

previously)  

  Short - term effects 

of cholesterol 

differences  

  Randomized trials (on recruitment serum 

cholesterol was the same in intervention and 

control groups)  

  Avoid bias    Randomized trials (not a major advantage  –  

bias in cohort studies can be allowed for)  

single (baseline) cholesterol measurement, there was a con-
tinuous straight - line relationship between baseline total 
cholesterol values of 3   mmol/L and 14   mmol/L, using the 
baseline cholesterol measurements to divide the cohort 
into subgroups. However, using a repeat measure to esti-
mate the mean cholesterol of each subgroup ( “ usual total 
cholesterol ” ), thereby allowing for regression dilution bias, 
the straight - line relationship extended between usual cho-
lesterol values of 4 and 9   mmol/L. The straight line estab-
lishes that there is no threshold below which a further 
decrease in serum cholesterol is not associated with a 
further decrease in risk of ischemic heart disease. The expo-
nential relationship indicated by the straight line means 
that a given absolute difference in serum cholesterol con-
centration from  any  point on the cholesterol distribution is 
associated with a constant proportional difference in the 
incidence of ischemic heart disease.   

 The absence of a threshold has in the past been conten-
tious. However, the cohort study evidence (itself conclu-
sive) 15,16  is supported by subgroup analyses according to 
baseline cholesterol in a meta - analysis of randomized con-
trolled trials showing similar proportional reduction in 
coronary heart disease (CHD) from all baseline levels, 17  by 
randomized trials showing a greater CHD risk reduction 
and a greater degree of coronary artery atheroma regres-
sion with more intensive than less intensive LDL choles-
terol reduction (from 2.6 to 2.0   mmol/L), 18,19  by ecologic 
studies, 1,14  and by experimental data on the transfer of cho-
lesterol from the blood into atheromatous lesions which 
exclude a threshold as low as 1   mmol/L. 20  People at higher 

     Figure 11.1     IHD mortality (33   853 deaths) in categories defi ned only by the baseline cholesterol measurement versus: (a) risk versus a single 
measurement of cholesterol  –  mean of baseline values in each group and (b) risk versus resurvey (usual) cholesterol  –  mean of fi rst resurvey values in 
each group (approximating mean usual values). Reproduced with permission from Prospective Studies Collaboration. 15   
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meta - analysis of 61 cohort studies showed a near - perfect 
straight - line dose – response relationship linking  propor-
tional  differences in ischemic heart disease mortality (the 
vertical axis uses a logarithmic scale) to absolute differ-
ences in serum cholesterol, across the range of cholesterol 
values in Western populations 15  (Fig.  11.1 ). Based on a 
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risk of an ischemic heart disease event should be offered a 
statin irrespective of their existing level of total or LDL 
cholesterol.  

  The  s ize of the  e ffect 

 Table  11.2  shows estimates of the long - term percentage 
decrease in the risk of an ischemic heart disease event 
according to age at event, from the Prospective Studies 
Collaboration. A reduction in total or LDL cholesterol of 
1   mmol/L is associated with a decrease in risk of ischemic 
heart disease of about 61% at age 45, 46% at 55, 31% at 65, 
20% at 75 and 17% at 85. Statins (for example, simvastatin 
40   mg, atorvastatin 10   mg) reduce LDL cholesterol by 
1.8   mmol/L; 16  from the dose – response relationship this 
would reduce the risk of ischemic heart disease events by 
about 60% on average in people aged 50 – 69 years.    

  Speed of  r eversal and  c onsistency of 
 o bservational and  t rial  d ata 

 Effi cacy of serum cholesterol reduction according to dura-
tion has been determined from the results of randomized 
trials by separate meta - analysis of all CHD events occur-
ring in the fi rst year of trials, all occurring in the second 
year of trials, etc. 16  Results are summarized in Table  11.2 , 
applicable to age 60 (the average age of sustaining an isch-
emic heart disease event in the trials). The estimate of the 
long - term effect of cholesterol reduction, from the cohort 
studies (in which the cholesterol differences between indi-
viduals are longstanding), is also shown. The proportional 
reduction in risk increases continuously with the duration 
of the cholesterol reduction: there is relatively little effect 

(11% reduction) in the fi rst year, but a 33% reduction by 
the third year and (from cohort studies) a 39% reduction in 
the long term. The similarity of the estimates of effect from 
the cohort studies and from the trial data from the third 
year onwards indicates that the reversal of risk is near 
maximal after two years  –  a surprisingly rapid effect. 

 The estimates of effect are similar in men and women, in 
people with and without previous ischemic heart disease, 
and for coronary death and non - fatal myocardial infarc-
tion. 15,17  Four randomized controlled trials have attained 
average LDL cholesterol reductions (treated minus placebo) 
exceeding 1.5   mmol/L (1.6   mmol/L on average). 16  In these 
four trials the average reduction in incidence of ischemic 
heart disease events from the third year onwards was 51% 
(95% confi dence interval (CI) 42 – 58%, compared to an 
expected value from cohort studies of 55%). 16  Trial data 
therefore show directly that LDL cholesterol reductions 
attainable with statins reduce risk by over half. Impor-
tantly, most randomized trials of statins do not show their 
full potential for preventing ischemic heart disease events 
because of  “ contamination ”   –  some patients allocated to 
the treated group leave the trial and stop taking the tablets, 
some patients allocated to the placebo group take statins, 
and the results are necessarily analyzed on an intention - 
to - treat basis. The randomized trials therefore confi rm the 
dose – response relationship shown in the cohort studies 
(the greater the cholesterol reduction, the greater the reduc-
tion in heart disease events 16 ) and confi rm the estimates 
from the cohort studies in Table  11.2  of the long - term 
reduction in risk. 

 As a parallel to the observation that a few years are nec-
essary before serum cholesterol reduction is fully effective, 
follow - up of the participants in one randomized trial after 
the trial had terminated showed that the protective effect 
persisted in previously treated patients for some years after 
the termination of the trial (LDL cholesterol was similar in 
the former treated and placebo groups during this follow -
 up period). 21    

  Dietary  f at and  s erum  c holesterol 

 The relationship between dietary saturated fat and serum 
cholesterol is shown by the data from Japan and Britain in 
Table  11.3 . This comparison is a useful one because dietary 
saturated fat differs greatly, yet dietary polyunsaturated 
fat and cholesterol are similar in the two countries, so the 
serum cholesterol difference is attributable to the saturated 
fat difference. As in other situations (salt and blood pres-
sure, for example), the size of the association varies with 
age, yet there has been a tendency to generalize to older 
age groups the results of studies conducted in younger age 
groups. Many dietary trials, for example, have been con-
ducted in people under 30. The few that have been 

 Table 11.2      PSC  age - specifi c estimates of relative risk of ischemic 
heart disease for a 1   mmol/L lower total serum cholesterol, 15  and 
estimates adjusted for the surrogate dilution bias, 13  both for a 
1   mmol/L lower  LDL  cholesterol 

   Age     Relative risk estimate     % reduction in 
ischemic heart 
disease  

   published     adjusted  

  40 – 49 

 (45 – 54)  

  0.44    0.39    61%  

  

    54%  

  39%  

  26%  

  50 – 59 

 (55 – 64)  

  0.58    0.54    46%  

  60 – 69 

 (65 – 74)  

  0.72    0.69    31%  

  70 – 79    0.82    0.80    20%  

  80 – 89    0.85    0.83    17%      
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conducted in people over 50 tend to support the above 
Japan – Britain comparison. 14  In older people a reduction in 
dietary saturated fat equivalent to 10% of calories will 
lower serum cholesterol by about 1   mmol/L, which in turn 
will reduce ischemic heart disease mortality in the long 
term by about 40%.   

 The chain lengths of saturated fatty acids infl uence the 
extent to which they increase blood cholesterol. Palmitic 
(C 16:0 ) and myristic (C 14:0 ) acids have the major effect, lauric 
acid (C 12:0 ) some effect, and stearic acid (C 18:0 ) and medium 
chain fatty acids have little or no effect. 

  Trans  unsaturated fatty acids are also important: ran-
domized trials show that they increase serum total and 
LDL cholesterol by about as much as these longer chain 
saturated fatty acids. 22,23  They are scanty in naturally occur-
ring fats but are generated by the hydrogenation of vege-
table oils for use as hardening agents in manufactured 
foods. They constitute 6 – 8% of dietary fat, or 2% of calories, 
in Western diets. 

 Naturally occurring  cis  unsaturated fatty acids reduce 
serum cholesterol by approximately half as much as longer 
chain saturated fatty acids increase it. Reduction in dietary 
cholesterol has a small effect on blood cholesterol concen-
tration. Substitution of  cis  unsaturated for saturated fats in 
the Western diet is thus the most effective change in lower-
ing the high levels of blood cholesterol in Western 
populations. 

 The reduction in serum total or LDL cholesterol that can 
easily be attained by individuals trying to alter their diet 
in isolation from family, friends and workmates is rela-
tively small (about 0.3   mmol/L or 5%). A larger serum 
cholesterol reduction, about 0.6   mmol/L (10%), is realistic 
on a community basis, as the availability of palatable low -
 fat food increases when other family members or the com-
munity alter their diet, and the dietary change is perceived 
more positively. A reduction by about 7% of calories, a 
realistic target for a high - fat population, would lower 

serum cholesterol by 0.6   mmol/L, which in turn would 
reduce the mortality from ischemic heart disease at age 60 
by 25 – 30%. Reductions in serum cholesterol of about 
0.6   mmol/L through dietary change have occurred in entire 
Western communities, in the United States and Finland for 
example. 1  Measures that facilitate such a change include 
wider public education, labeling of foods sold in supermar-
kets, and the provision of information on the fat content of 
restaurant meals. Most important is the implementation of 
national and international policies on food subsidies that 
are linked to health priorities.  

  Serum  c holesterol and  c irculatory 
 d iseases  o ther than  i schemic  
h eart  d isease 

  Stroke 

 Cohort studies show a continuous dose – response relation-
ship between serum cholesterol and ischemic stroke, 
similar to that with ischemic heart disease, but for hemor-
rhagic stroke (intracranial and subarachnoid) they show an 
 excess  risk at lower serum cholesterol levels. 15,16,24  These 
associations are particularly strong in cohort studies in 
which computed tomography (CT) scans or autopsy were 
used to distinguish ischemic and hemorrhagic strokes; 16,24  
clinical criteria alone are unreliable and may result in mis-
classifi cation. Cohort studies that do not distinguish the 
two types of stroke tend to show little or no association 
between cholesterol and stroke mortality, consistent with 
the two associations canceling each other out. Whether the 
association of lower cholesterol with hemorrhagic stroke is 
cause and effect is uncertain. It is more diffi cult to see how 
a spurious (non - causal) association with intracranial hem-
orrhage might arise through the disease (or predisposition 
to the disease) lowering serum cholesterol than was the 

 Table 11.3     Decrease in ischemic heart disease events for a 
cholesterol decrease of 1   mmol/L, according to duration of the 
cholesterol decrease, from randomized trials 16  and cohort studies  15    

        Duration of 
cholesterol 
difference  

    Decrease in risk 
(95% CI) of ischemic 
heart disease event  

  Randomized trials:    1st year    11%    (4 – 18%)  

  2nd year    24%    (17 – 30%)  

  3rd – 5th years    33%    (28 – 37%)  

   ≥ 6 years    36%    (26 – 45%)  

  Cohort studies:    decades    39%    (37 – 41%)  

 Table 11.4     Serum cholesterol and dietary saturated fat in  J apan and 
 B ritain. Data compiled from national surveys in each country  1   

   Age     Japan     Britain     Difference  

   Dietary saturated fat (% calories)   
  All ages    6%    16%    10%  

   Serum cholesterol (mmol/L)   
  20 – 29    4.5    5.0    0.5  

  30 – 39    5.0    5.6    0.6  

  40 – 49    5.1    6.0    0.9  

  50 – 59    5.2    6.2    1.0  

  60 – 69    5.0    6.2    1.2  
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case with depression and suicide or cancer. It is also 
diffi cult to see any mechanism by which the inverse asso-
ciation might be cause and effect, although experimental 
data lend some support to an interpretation of a causal 
effect of low cholesterol in that the endothelium of intrace-
rebral arteries might be weaker at very low serum choles-
terol levels. 25  

 The randomized trials of serum cholesterol reduction, 
especially the statin trials, have shown a lower incidence 
of stroke (all types combined) in treated than control 
patients. 2 – 12  However, the strokes occurring in trials 
will mostly be ischemic strokes, for three reasons: they 
were mostly all non - fatal strokes (ischemic stroke has 
a lower case fatality than hemorrhagic stroke, and the 
cohort studies recorded total stroke), the trials tended to 
recruit patients in the upper half of the serum cholesterol 
distribution, where ischemic stroke will be more common 
because of its positive association with serum cholesterol, 
and many trials recruited patients with coronary artery 
disease on entry, in whom ischemic stroke will be 
more common than hemorrhagic. These observations 
can probably reconcile the reduction in the incidence of 
stroke in trials (where most of the strokes will have been 
ischemic) with the absence of an association between serum 
cholesterol and stroke mortality in cohort studies. Trials 
that distinguished ischemic from hemorrhagic stroke 
showed that the risk of ischemic stroke was signifi cantly 
reduced by a statin, 16  but the trials recorded too few 
hemorrhagic strokes to confi rm or refute the inverse 
association with cholesterol shown in cohort studies. 
Meta - analysis of the trials showed a 20% (95% CI 14 – 26%) 
reduction in all strokes and a 28% (20 – 35%) reduction 
in ischemic stroke for a 1   mmol/L reduction in LDL 
cholesterol. 16  

 Even if the association between low cholesterol and hem-
orrhagic stroke were cause and effect, however, the 
increased mortality from hemorrhagic stroke at very low 
cholesterol concentrations is small compared to the lower 
mortality from ischemic heart disease and ischemic stroke. 
Patients who have had an ischemic stroke are at high risk 
of a recurrent event and should receive statins, as should 
patients with carotid artery disease and others at high risk. 
Patients who have had a hemorrhagic stroke should in 
general not receive statins.  

  Peripheral  a rterial  d isease 

 Observational data show an association between serum 
cholesterol and peripheral arterial disease. 26  Randomized 
trials show that statins reduce the incidence of intermittent 
claudication and, in patients with diagnosed peripheral 
arterial disease, increase pain - free walking time and reduce 
the need for surgical procedures. 27 – 29   

  Abdominal  a ortic  a neurysm 

 The pathology of this condition is complex, but abdominal 
aortic aneurysms are more common in people with coro-
nary artery or peripheral arterial disease, and are associ-
ated with a higher serum LDL cholesterol and triglyceride 
and a lower HDL cholesterol. Moreover, aneurysms show 
a tendency to develop in atheromatous areas of the aorta. 
Randomized trial data on statins and aortic aneurysms are 
scanty, and the opportunity to conduct randomized trials 
has probably passed because statins and other therapy are 
now widely used in patients with abdominal aortic aneu-
rysms too small for surgical resection and, whether or not 
they reduce the rate of expansion of such aneurysms, 
statins are indicated because of the increased risk of isch-
emic heart disease. It is unfortunate that the opportunity 
to conduct a trial, when statins were less widely used, was 
missed; a trial with aortic rupture as an endpoint would 
have been unrealistic but a small trial would have suffi ced 
to show a reduced rate of aneurysmal expansion. A non -
 randomized observational study showed that the rate of 
expansion of abdominal aortic aneurysms is about 40% 
lower in people who took statins than in those who did 
not. 30   

  Other  c irculatory  d iseases 

 Cohort studies show a strong association between serum 
cholesterol and mortality from  “ circulatory diseases other 
than ischemic heart disease and stroke ” . 15  Deaths from 
peripheral arterial disease and abdominal aortic aneurysm 
are too infrequent to account for this. It will be attributable 
mainly to poorly certifi ed ischemic heart disease: deaths 
certifi ed due to atrial fi brillation, heart failure, myocardial 
degeneration and atherosclerosis, for example.   

  Safety of  c holesterol  r eduction 

 The uncertainty concerning the excess mortality from hem-
orrhagic stroke at low serum cholesterol concentrations is 
unresolved. This apart, there are no material grounds for 
concern about hazard. Trials of  “ statin ”  drugs, particularly 
informative on safety because of the large reduction in 
serum cholesterol that they achieve, have resolved the 
issue of safety because they show no excess mortality from 
non - circulatory causes. 2 – 12,17  The excess mortality from 
cancer and accidents and suicide at very low serum cho-
lesterol in observational studies is attributable to the cancer 
or depression lowering serum cholesterol, not the reverse. 25  
Further reassurance on safety is provided by the condition 
of heterozygous familial hypobetalipoproteinemia, in 
which serum cholesterol levels are as low as 2 – 3   mmol/L. 
Life expectancy is prolonged because coronary artery 
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disease is avoided, and no adverse effects from the low 
cholesterol are recognized 31,32   –  an important natural 
experiment. 

 Statins as drugs are safe, with few adverse effects. 
Muscle disorders, particularly the rare complication of 
rhabdomyolysis, have received attention with the with-
drawal from the market of cerivastatin and the 80   mg dose 
of rosuvastatin. With other statins, rhabdomyolysis is rare. 
The incidence is 3.4 per 100   000 person - years of statin use, 
an estimate derived from two cohort studies and sup-
ported by data from a meta - analysis of randomized con-
trolled trials, with a case fatality of 10%. 33  The most 
important preventive measure is to avoid co - prescribing 
statins with gemfi brozil or with drugs that inhibit the 
CYP3A4 enzyme system (of which erythromycin and the 
azole antifungals are the most widely used). 33  Creatine 
kinase (CK) monitoring is ineffective; the elevated CK that 
characterizes rhabdomyolysis is a consequence of the 
disease, not a precursor of it. The incidence of lesser 
degrees of muscle pain and weakness, suffi cient to consult 
a doctor but insuffi cient to warrant hospital admission 
(referred to as  “ myopathy ”  or other relatively non - specifi c 
terminology) is only about 11 per 100   000 person years, 
less common than is often thought. 33  Importantly, muscle 
symptoms are almost as common in the placebo groups as 
in the statin groups in randomized trials; most muscle 
symptoms occurring in people taking statins will not be 
attributable to the statin. 33  The evidence indicates that the 
incidence of liver disease and kidney disease is not 
increased by taking statins; it is likely that statins cause 
peripheral neuropathy but the incidence is rare (12 per 
100   000 person - years) and the peripheral neuropathy gen-
erally reverses after the statin is stopped. 33  

  Why  w as  c holesterol  r eduction  c ontentious? 

 It is perhaps surprising to recollect that for many years the 
issue of lipids and cardiovascular disease was seen as 
contentious and diffi cult to resolve. Unfavorable evidence 
was reported at regular intervals between the 1960s and 
the early 1990s. The earliest trials used toxic agents to 
lower serum cholesterol, notably estrogen (in men) and 
thyroxine. Some early trials were short in duration 34  
and showed no reduction in risk, because little occurs in 
the fi rst year after lowering cholesterol (see Table  11.3 ). 
Cross - sectional studies of dietary saturated fat and serum 
cholesterol showed little or no relationship, an observation 
that was wrongly interpreted as indicating that lowering 
dietary saturated fat did not reduce cholesterol, until 
randomized trials established that it did. (The weak cross -
 sectional association arises because the inaccuracy in 
measuring individual dietary saturated fat is large in com-
parison to the small degree of variation between individu-

als in true saturated fat consumption. 35 ) Clinicians were 
reluctant to accept that there was benefi t in lowering 
average levels of serum cholesterol in high - risk patients: 
the notion that the average serum cholesterol in entire 
Western populations is high appeared counterintuitive. 
The issue of safety caused concern, as discussed above. 
Lastly, it has seemed inconsistent that serum cholesterol is 
a poor screening test yet an important cause of heart 
disease, as discussed below. All these issues are now satis-
factorily resolved.   

  Triglycerides 

 Serum triglyceride concentration was associated with the 
risk of ischemic heart disease in many cohort studies, but 
the association is subject to confounding by serum LDL 
and HDL cholesterol, diabetes and other factors. 36,37  
Whether an independent association exists is contentious. 
Very high serum levels of triglyceride caused by genetic 
defects (familial lipoprotein lipase defi ciency, for example) 
are not associated with atheroma or coronary artery 
disease, and this observation, together with the potential 
for confounding in cohort studies, suggests that a material 
cause and effect relationship between serum triglyceride 
and heart disease is unlikely.  

  High -  d ensity  l ipoprotein ( HDL ) 
 c holesterol 

 Cohort study data show an inverse association between 
HDL cholesterol (or apolipoprotein A1) and ischemic heart 
disease. The association is continuous across the range of 
values of HDL cholesterol in Western populations (0.9 –
 1.7   mmol/L), with about a threefold difference in ischemic 
heart disease mortality across that range. 15  The association 
is similar in men and women but is age dependent; at age 
40 – 49 the relative risk of ischemic heart disease was 1.63 
for a 0.33   mmol/L lower usual HDL cholesterol. 15  The asso-
ciation is widely accepted as cause and effect; the threefold 
risk gradient, the continuous  “ dose – response ”  relationship 
and the observation that the association is independent of 
LDL cholesterol or any other evident source of confound-
ing or bias support a causal interpretation. Moreover, a 
randomized trial of bezafi brate recorded a negligible 
change in LDL cholesterol but a signifi cant increase in HDL 
cholesterol, and reported a 29% reduction in myocardial 
infarction ( P    =   0.02). 38  The higher HDL cholesterol in 
alcohol drinkers contributes to their lower risk of heart 
disease, 39  the lower HDL cholesterol in smokers contrib-
utes to their increased risk. Statins increase HDL choles-
terol relatively little. Certain other cholesterol - lowering 
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drugs (such as fi brates and niacin) increase HDL choles-
terol more, but even in persons with relatively low HDL 
cholesterol the overall protective effect of these drugs is 
smaller because they reduce LDL cholesterol less, and so 
they should not be preferred to statins. 

 In a large randomized placebo - controlled trial the drug 
torcetrapib increased HDL cholesterol (by 0.9   mmol/L) 
and reduced LDL cholesterol (by 0.6   mmol/L), but surpris-
ingly showed a 25% (95% CI 9 – 44%) excess risk of cardio-
vascular events and a 22% ( − 2 – +52%) excess risk of major 
coronary events after one year. 40  The trial was terminated 
prematurely and plans to market torcetrapib were aban-
doned. The absence of a protective effect after one year 
might be explained if an increase in HDL cholesterol, 
as with a decrease in LDL cholesterol (see Table  11.3 ), 
showed little effect in the fi rst year, and the excess cardio-
vascular mortality might, at least in part, be explained by 
the action of torcetrapib in increasing blood pressure (by 
4.5   mmHg systolic/2.1   mmHg diastolic) and decreasing 
serum potassium.  

  Lipids  a s  s creening  t ests 

 Serum cholesterol reduction is important in reducing the 
risk of ischemic heart disease, but cholesterol and other 
lipids are poor population screening tests for ischemic 
heart disease. The reason for the apparent discrepancy is 
that the screening potential of a factor depends not only on 
the strength of its relationship with disease, but also on its 
variation in magnitude across individuals in a community. 
In the case of lipids, the high average values in Western 
societies place everyone at risk, and the variation between 
individuals is too small for use in population screening. By 
analogy, if everybody smoked between 15 and 25 cigarettes 
per day, cases of lung cancer would not cluster in the 
minority who smoked 25 cigarettes a day to the extent that 
those who smoked 15 or 20 could be ignored. Moreover, 
the Gaussian distribution of serum cholesterol means that 
many people have values around the average and few have 
relatively high values, so that most ischemic heart disease 
events will occur in people whose serum cholesterol is 
about average. 

 Among men aged 35 – 64, the 5% with the highest serum 
total cholesterol experience only about 12% of all deaths 
from ischemic heart disease  –  their risk is little more than 
double the population average. 36  The 5% of men with 
highest LDL cholesterol (or its carrier protein, apolipopro-
tein B) experience 17% of the heart disease deaths. 36  Includ-
ing HDL cholesterol improves this poor detection by only 
about one percentage point. Lipids cannot identify a small 
minority of the population in whom the majority of future 
heart disease deaths will cluster. In a small proportion of 
the population, however, notably persons with familial 

hypercholesterolemia, the absolute risk of death from isch-
emic heart disease at a young age is so great that it warrants 
identifi cation and treatment of affected persons, even 
though the condition accounts for a fraction of all heart 
disease deaths in a population.  

  Appropriate  p olicy 

 Because screening cannot identify a group who would  not  
benefi t from a reduction in dietary fat and serum choles-
terol, such measures should be directed at the entire popu-
lation. Serum cholesterol reductions of 0.6   mmol/L (10%), 
as discussed above, have occurred in entire Western com-
munities, facilitated by health education, the wider avail-
ability of healthy food in restaurants and supermarkets, 
and a positive image of healthy eating. A reduction of 
0.6   mmol/L is less likely when an individual attempts 
dietary change in isolation. The most important measures 
to lower cholesterol in healthy people therefore involve 
wider public education, encouragement of labeling of the 
nutrient content of foods, and the widespread availability 
of palatable low - fat foods. 

 Clinicians need to direct their activities towards high -
 risk patients, and the most important high - risk group are 
patients who have had a myocardial infarction or have 
known coronary artery disease. As a group, these patients 
face a risk of death from ischemic heart disease of about 
5% per year (untreated), a risk that varies relatively little 
with age or sex. As in healthy people, serum cholesterol 
testing cannot identify a substantial group at either materi-
ally higher or materially lower than average risk of death. 
Also, the evidence strongly indicates that there is no thresh-
old below which serum cholesterol reduction is not effec-
tive. It follows that serum cholesterol should be reduced in 
all such patients. Simvastatin 40   mg and atorvastatin 10   mg 
lowers serum cholesterol by 1.8   mmol/L (30%) and this 
will reduce mortality from heart disease by about 60% after 
two years, a substantially larger reduction in risk than can 
be achieved by any other single intervention. Other high -
 risk groups, including patients with an ischemic stroke, 
carotid artery disease and peripheral arterial disease and 
diabetics, should also receive statins routinely. Among 
people with no clinical history of vascular disease, the 
strongest risk marker is age. If coronary risk is computed 
in a person from measurements of risk factors that exclude 
age and some target is set (for example, 0.5% per year, 1% 
per year, 2% per year) almost all of us will cross that target 
at some age, and the age range across which most of us 
would cross it is relatively narrow. If the fi rst clinical mani-
festation of ischemic heart disease (which could be death) 
is to be prevented, however, there is a case for everybody 
in Western populations to take a statin above some thresh-
old of age or computed coronary risk.  
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  Conclusion 

 The high levels of serum cholesterol found in Western 
populations are a major cause of the high mortality from 
ischemic heart disease and, to a lesser extent, stroke and 
other circulatory diseases. Realistic dietary change in a 
community can lower serum cholesterol by 0.6   mmol/L 
(10%) and reduce heart disease mortality by about 25 – 30%. 
Simvastatin and atorvastatin can lower cholesterol by 

  Key  p oints 

  Serum  c holesterol and  i schemic  h eart  d isease 

  Grade  A 
      •      The effect of serum cholesterol reduction on ischemic heart 

disease mortality is large and important.  

   •      There is little reduction in risk in the fi rst year, but the 
expected reduction in risk is largely attained from the third 
year onwards.  

   •      There is no threshold across the range of cholesterol values in 
Western countries below which reducing serum cholesterol 
reduction is not worthwhile.  

   •      The greater the reduction in serum cholesterol, the greater the 
reduction in risk.  

   •      Simvastatin and atorvastatin can lower cholesterol by 
1.8   mmol/L (30%) and reduce the risk of heart disease death 
at age 60 by about 60% from the third year onwards; their 
use should be routine in people at higher risk.  

   •      Realistic dietary change in a community can lower serum 
cholesterol by 0.6   mmol/L (10%) and reduce the risk of heart 
disease death by 25 – 30% at age 60. In an individual acting 
alone, the realistic change is half this.  

   •      The proportional benefi ts are similar in men and women.     

  Serum cholesterol and other circulatory diseases 
     •      Statins reduce the risk of ischemic stroke and peripheral 

arterial disease and should be used in high - risk patients.  

   •      Cohort studies show excess mortality from hemorrhagic stroke 
at very low cholesterol levels. The interpretation is uncertain. 
The possible hazard, however, is greatly outweighed by the 
benefi t of low mortality from heart disease at very low 
cholesterol levels.     

  Screening 
     •      Lipids are poor screening tests for predicting heart disease 

death in an individual; it is not possible to identify a small 
minority in a community who will experience the majority of 
heart disease deaths.  

   •      The 5% of men with highest total serum cholesterol 
experience only about 12% of heart disease deaths.  

   •      In the extremity of the distribution, familial 
hypercholesterolemia is important to detect because the 
absolute risk of heart disease death at a young age is high, 
even though the condition accounts for only a small 
proportion of heart disease deaths.       

1.8   mmol/L (30%) and reduce the risk of heart disease 
death by about 60% from the third year onwards, and 
should be offered to all high - risk survivors. Despite the 
importance of lowering cholesterol, lipids are poor 
screening tests of individual risk, because the average risk 
is high and the range across a population is relatively 
narrow.    
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   Introduction 

 The primary purpose of this chapter is to review the evi-
dence regarding plasma lipid - altering medications, their 
mechanisms of action, dosages and dosing schedules, 
effects on lipid and lipoprotein variables, adverse effects, 
and clinical uses. The 3 - hydroxy - 3 - methylglutaryl - 
coenzyme A (HMG - CoA) reductase inhibitor agents 
(statins), which are highly effective LDL - C lowering agents, 
are reviewed, as are niacin, bile acid - sequestering agents 
(resins), fi brates, and ezetimibe. The evidence for choles-
terol lowering in such subgroups as the elderly, women, 
diabetic patients, and those with small - dense LDL particles 
is also summarized. 

 Major trials have clearly demonstrated that decreases in 
low - density lipoprotein cholesterol (LDL - C) are associated 
with reductions in total mortality, 1 – 3  coronary heart disease 
(CHD) mortality, 1 – 3  fatal and non - fatal CHD as well as 
strokes. 1 – 4  Other major trials have also shown that lowering 
LDL - C can retard the progression of coronary artery ath-
erosclerosis 5  and carotid atherosclerosis and may even 
cause their regression, as well as slowing the progression 
and occlusion of atherosclerosis in saphenous vein bypass 
grafts. 6  In both primary 2  and secondary 1,3  CHD prevention 
settings, decreases in total and cause - specifi c mortality have 
been demonstrated, and these benefi ts have been shown in 
subjects with elevated, 1,2  average, 4  and normal LDL - C 
levels. A brief review of the costs/1% LDL - C lowering/
year and cost effectiveness concludes this chapter. 

 The National Cholesterol Education Program (NCEP) 
has been instrumental in developing and promulgating 
guidelines for initiating LDL - C lowering. These guidelines, 
developed on the basis of the patient ’ s established baseline 
LDL - C and presence or absence of CHD or its risk factors, 

recommend treatment goals to attain desired levels of 
plasma LDL - C. To date, the NCEP has issued three Adult 
Treatment Panel (ATP) reports. ATP I emphasized primary 
prevention of CHD in persons with high ( > 160   mg/dL or 
4.15   mmol/L) or borderline - high LDL levels (130 – 159   mg/
dL or 3.18 – 4.15   mmol/L) and  > 2 risk factors for develop-
ment of CHD. In ATP II, persons with established CHD 
were targeted for intensive lipid - lowering therapy. 

 ATP III, disseminated in 2001, identifi es elevated LDL - C as 
the primary target of cholesterol - lowering therapy and main-
tains attention on intensive treatment of patients with CHD. 7  
It expands the indications for intensive therapy to lower levels 
of cholesterol in clinical practice. A major new feature is that 
intensive LDL - C lowering treatment is a primary prevention 
measure for persons with multiple risk factors for developing 
CHD, as identifi ed by the estimated 10 - year CHD risk score 
developed from the Framingham data. ATP III sets the optimal 
LDL - C level as  < 100   mg/dL (2.60   mmol/L) and defi nes low 
HDL - C as  < 40   mg/dL (1.04   mmol/L) (previous cutpoint was 
 < 35   mg/dL (0.91   mmol/L)). 7  

 In 2004, recommendations for modifi cations to footnote 
the ATP III LDL - C treatment algorithm were issued. 8  Based 
upon the results of fi ve major clinical outcome trials com-
pleted since the ATP III guidelines were published, a thera-
peutic option of an LDL - C goal of  < 70   mg/dL (1.82   mmol/L) 
for those at very high risk was considered a reasonable 
clinical strategy. This more aggressive goal was also 
extended to those at high risk who have baseline LDL - C 
 < 100   mg/dL (2.60   mmol/L). In addition, it was recom-
mended that those at high risk who also have high triglyc-
erides, or low HDL - C levels, be considered for combination 
therapy of nicotinic acid or a fi brate along with an LDL - C 
lowering agent. When those at high risk, or moderately 
high risk, are treated with LDL - lowering therapy, it was 
recommended that the intensity of treatment be suffi cient 
to achieve at least a 30 – 40% reduction in LDL levels. 8  

 ATP III also recommends that persons with the meta-
bolic syndrome  –  characterized by abdominal obesity, 
elevated blood pressure, insulin resistance, and athero-
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genic dyslipidemia  –  elevated triglycerides, small LDL par-
ticles, and low HDL - C should be targeted for intensive 
therapeutic lifestyle modifi cations. Atherogenic dyslipid-
emia should be treated with lipid - altering agents. 7  

 It has recently been demonstrated by the INTERHEART 
study that the Apo B to Apo A1 ratio will most completely 
capture the risk associated with dyslipidemia. 9  The role of 

BOX 12.1  New features of adult treatment panel  III  

   •      Focus on multiple risk factors  
   •      Raises persons with diabetes without CHD, most of 

whom display multiple risk factors, to the risk level of 
CHD risk equivalent  

   •      Uses Framingham projections of 10 year absolute CHD 
risk (that is, the percent probability of having a CHD 
event in 10 years) to identify certain patients with 
multiple (2+) risk factors for more intensive treatment  

   •      Identifi es persons with multiple metabolic risk factors 
(metabolic syndrome) as candidates for intensifi ed 
therapeutic lifestyle changes  

   •      Modifi cations of lipid and lipoprotein classifi cation  
   •      Identifi es LDL - C  < 100   mg/dL (2.60   mmol/L) as optimal  
   •      Raises categorical low HDL - C from  < 35 (0.91) to  < 40   mg/

dL (1.04   mmol/L)  
   •      Lowers the triglyceride classifi cation cutpoints to give 

more attention to moderate elevations  

   Adapted from  Third Report of the National Cholesterol 
Education Program (NCEP) Expert Panel on detection, 
evaluation, and treatment of high blood cholesterol in adults 
(Adult Treatment Panel III)  7    

BOX 12.2   ATP   III  classifi cation of  LDL , total and  HDL  
cholesterol 

     LDL cholesterol : 
  < 100   mg/dL (2.60   mmol/L) optimal 
 Near optimal/above optimal 
 Borderline high 
 High 
  ≥ 190   mg/dL (4.94   mmol/L), very high 

  Total cholesterol : 
  < 200   mg/dL (5.19   mmol/L), desirable 
 Borderline high 
  ≥ 240   mg/dL (6.23   mmol/L), high 

  HDL cholesterol : 
  < 40   mg/dL (1.04   mmol/L), low 
  ≥ 60   mg/dL (1.56   mmol/L), high 

  Adapted from the  Third Report of the National Cholesterol 
Education Program (NCEP) Expert Panel on detection, 
evaluation, and treatment of high blood cholesterol in adults 
(Adult Treatment Panel III)  7    

triglycerides as an independent risk factor for the develop-
ment of atherosclerosis remains controversial. The risks 
and therapeutic benefi ts of treatment have been recently 
reviewed. 12  

 Boxes  12.1  –  12.5  summarize the major new recommenda-
tions of ATP III and classifi cations of cholesterol levels. 7     

  Use of  i ndividual  l ipid -  a ltering  a gents 

 In this short,evidence - based overview, we focus on docu-
mented activities of known lipid -  and lipoprotein - altering 
drugs on lipid and lipoprotein variables, and their related 
adverse effects. We identify those issues that remain more 
speculative as such. The interested reader is referred to the 
excellent and more complete reviews by Lousberg  et al , 10  
as well as the ATP III guidelines. 7   

BOX 12.3  Major risk factors (exclusive of  LDL  choles-
terol) that modify  LDL  goals   *    

        •      Cigarette smoking  
   •      Hypertension (blood pressure  > 140/90   mmHg or on 

antihypertensive medication)  
   •      Low HDL cholesterol ( < 40   mg/dL)   †     
   •      Family history of premature CHD (CHD in male 

fi rst - degree relative  < 55 years; CHD in female fi rst -
 degree relative  < 65 years)  

   •      Age (men  > 45 years; women  > 55 years)     

 *    Diabetes is regarded as a coronary heart disease (CHD) 
risk equivalent.
 †    HDL cholesterol  > 60   mg/dL (1.56   mmol/L) counts as a 
 “ negative ”  risk factor; its presence removes 1 risk factor 
from the total count.
 Adapted from  Third Report of the National Cholesterol 
Education Program (NCEP) Expert Panel on detection, 
evaluation, and treatment of high blood cholesterol in adults 
(Adult Treatment Panel III)  7  

BOX 12.4  Three categories of risk that modify  LDL  
cholesterol goals               

   Risk category      LDL goal (mg/dL)   
  CHD and CHD risk equivalents     < 100 (2.60   mmol/L)  
  Multiple (2+) risk factors)  *       < 130 (3.38   mmol/L)  
  0 – 1 risk factor     < 160 (4.16   mmol/L)  

 *    Risk factors that modify the low density lipoprotein (LDL) 
goal are listed in BOX  12.3 . CHD indicates coronary heart 
disease.
 Adapted from  Third Report of the National Cholesterol Education 
Program (NCEP) Expert Panel on detection, evaluation, and 
treatment of high blood cholesterol in adults (Adult Treatment Panel 
III)  7  
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   HMG  -  C  o  A   r eductase  i nhibitors ( s tatins) 

 These agents have a powerful LDL - C lowering effect and 
those currently approved for use differ only in their dose –
 response curves and unit cost. 

 Mevastatin was fi rst isolated in 1976 by Endo and col-
leagues as a natural product from  Penicillium  species. A 
related natural product, lovastatin, was approved by the 
FDA for cholesterol lowering in 1987. Subsequently, simv-
astatin, pravastatin, fl uvastatin, atorvastatin, cerivastatin, 
and rosuvastatin were developed and approved for use in 
the US. 11  Cerivastatin was withdrawn later because of 
adverse effects. 

  Mechanism of  a ction:  l ipid -  a ltering  e ffects 

 Brown et al demonstrated that lovastatin inhibits HMG -
 CoA reductase, the rate - limiting enzyme in cholesterol bio-
synthesis. 13  Statins occupy a portion of the binding site of 
HMG - CoA reductase, blocking access to the active site of 
the enzyme. 14  Total body cholesterol synthesis is reduced by 
at least 20%. Ultimately a critical reduction in cholesterol 
concentration occurs in the liver cell, leading to enhanced 
production of hepatic LDL receptors 15  and increased cellu-
lar uptake of LDL - C. Further, reduced very (V) LDL biosyn-
thesis occurs via an effect upon hepatic Apo B secretion, as 
well as an increased rate of VLDL catabolism.  

  Pleiotropic  e ffects 

 In addition to reducing cholesterol biosynthesis, other 
potential antiatherogenic mechanisms of action for the 
statins are under current, intense investigation but remain 
speculative. Pleiotropic effects of statins on the vascular 
system and the arterial walls  –  affecting endothelial func-
tion, infl ammation, coagulation, plaque stabilization, and 
smooth muscle cell migration  –  have been identifi ed. 16 – 18  The 
small GTP - binding protein, Rho, has membrane localiza-
tion and may mediate the direct vascular effects of statins. 

 The PRINCE study provides clinical evidence of anti -
 infl ammatory properties of a statin. 19  In this prospective, 
randomized, cohort study, pravastatin lowered levels of 
C - reactive protein (CRP), an infl ammatory biomarker that 
is predictive of cardiovascular risk. Decreased CRP levels 
were seen as early as 12 weeks in pravastatin - treated par-
ticipants ( P     <    0.001). Pravastatin lowered the median CRP 
level by 16.9% versus placebo ( P     <    0.001) at 24 weeks. The 
decreases occurred in both the primary and secondary pre-
vention groups and regardless of sex, age, smoking, body 
mass index, baseline lipid levels, diabetes, and use of 
aspirin or hormone replacement therapy. 19  

 Results of the PPP Project  –  a meta - analysis of three 
large, placebo - controlled, randomized trials including 
almost 20   000 patients and 102   559 person - years of follow -

BOX 12.5  Recommendations for modifi cations to 
footnote the  ATP   III  treatment algorithm for  LDL  -  C  

        •      Therapeutic lifestyle changes (TLC) remain an essential 
modality in clinical management. TLC has the potential 
to reduce cardiovascular risk through several 
mechanisms beyond LDL lowering.  

   •      In high - risk persons, the recommended LDL - C goal is 
 < 100   mg/dL (2.60   mmol/L)  

  An LDL - C goal of  < 70   mg/dL ((1.82   mmol/L) is a thera-
peutic option on the basis of available clinical trial evi-
dence, especially for patients at very high risk (e.g. 
continued smoking).  
   –      If LDL - C is  > 100   mg/dL, an LDL - lowering drug is 

indicated simultaneously with lifestyle changes.  
   –      If baseline LDL - C is  < 100   mg/dL, institution of an 

LDL - lowering drug to achieve an LDL - C level 
 < 70   mg/dL is a therapeutic option on the basis of 
available clinical trial evidence.  

   –      If a high - risk person has high triglycerides or low 
HDL - C, consideration can be given to combining a 
fi brate or nicotinic acid with an LDL - lowering drug. 
When triglycerides are  > 200   mg/dL (2.26   mmol/L), 
non - HDL - C is a secondary target of therapy, with a 
goal 30   mg/dL (0.34   mmol/L) higher than the 
identifi ed LDL - C goal. The risks and therapeutic 
benefi ts of treatment associated with elevated levels of 
triglycerides have recently been reviewed. 12     

   •      For moderately high - risk persons (2+ risk factors and 
10 - year risk 10 – 20%), the recommended LDL - C goal is 
 < 130   mg/dL (3.38   mmol/L); an LDL - C goal  < 100   mg/dL 
(2.60   mmol/L) is a therapeutic option on the basis of 
available clinical trial evidence. When LDL - C level is 
100 – 129   mg/dL (2.60 – 3.38   mmol/L) at baseline or on 
lifestyle therapy, initiation of an LDL - lowering drug to 
achieve an LDL - C level  < 100   mg/dL(2.60   mmol/L) is a 
therapeutic option on the basis of available clinical trial 
evidence. 

 New evidence suggests that the Apo B to Apo A1 ratio 
will most completely capture the risk associated with 
dyslipidemia. 9   

   •      Any person at high risk or moderately high risk who has 
lifestyle - related risk factors (e.g. obesity, physical 
inactivity, elevated triglyceride, low HDL - C or metabolic 
syndrome) is a candidate for TLC to modify these risk 
factors regardless of LDL - C level.  

   •      When LDL - lowering drug therapy is employed in 
high - risk or moderately high - risk persons, it is advised 
that intensity of therapy be suffi cient to achieve at least a 
30 – 40% reduction in LDL - C levels.  

   •      For people in lower risk categories, recent clinical trials 
do not modify the goals and cutpoints of therapy.    

  Adapted from Grundy  et al . 8    
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 up  –  provide further clinical evidence that statins may be 
anti - infl ammatory and/or antithrombotic. In particular, 
statins may be benefi cial in reducing strokes. 20  Pooled data 
from two of the trials, CARE and LIPID, involving more 
than 13   000 patients, showed a 22% reduction in total 
strokes and a 25% reduction in non - fatal stroke  20  The third 
trial, WOSCOPS, had a smaller trend for reduction in total 
stroke. Pravastatin reduced the risk of non - hemorrhagic 
stroke over a wide range of lipid values in patients with 
documented CHD. 20  

 In the MIRACL trial, atorvastatin (80   mg/day) reduced 
early recurrent ischemic events in patients with acute coro-
nary syndromes. 21  The statin was initiated 24 – 96 hours 
after an acute coronary syndrome to over 3000 adults with 
unstable angina or non - Q - wave myocardial infarction 
(MI). In the atorvastatin group, 14.8% of patients had a 
primary endpoint (death, non - fatal acute MI, cardiac arrest 
with resuscitation or recurrent symptomatic myocardial 
ischemia requiring emergency rehospitalization) versus 
17.4% in the placebo group ( P    =   0.048). 21  The MIRACL 
investigators suggest that patients with acute coronary 
syndromes begin statin therapy before hospital discharge, 
regardless of baseline LDL - C levels. 

 AVERT compared the effi cacy of aggressive cholesterol -
 lowering therapy versus percutaneous transluminal coro-
nary angioplasty in low - risk, stable patients with CHD. 
Aggressive lipid lowering was superior to angioplasty in 
patients with mild to moderate CHD. Atorvastatin was 
associated with a 36% reduction in ischemic events and a 
signifi cant delay in time to fi rst ischemic event. 22  

 The CTT study, a meta - analysis of 14 randomized trials 
using statins in the prevention of CHD, found an approxi-
mate 1% reduction in coronary mortality and major vascular 
events for every 2 mg/dL reduction in LDL - C. These ben-
efi ts were signifi cant within the fi rst year, but were greater 
in subsequent years. These results were consistent in all 
subgroups. There was no evidence that statins increased 
the incidence of cancer overall, or of any specifi c site. 23   

  Dosage 

 The recommended dosages and described effects of these 
agents are shown in Table  12.1 . 11     

  Impact on  l ipid  l evels 

 All of these agents except atorvastatin and rosuvastatin 
will lower plasma total cholesterol by 20 – 40% and LDL - C 
by 25 – 45% at maximum approved doses. Triglycerides are 
reduced by 10 – 30%. HDL - C plasma levels are frequently 
increased by 5 – 10%, but the increases may be more modest 
or absent in patients with inherently low levels. Lp(a) 
levels are not affected. 11  Statin therapy alters small - dense 
LDL particles to a larger more buoyant form and also nor-

malizes the responsiveness of coronary vessels to vasoac-
tive stimulus. 18  

 Atorvastatin and rosuvastatin are more powerful 
members of the statin class. At the maximal dose of 80   mg/
day, atorvastatin has resulted in reductions in total choles-
terol of 45 – 50%, LDL - C of up to 60%, triglycerides of 35 –
 45%, and Apo B levels of 35 – 40%. 11  Changes in plasma 
levels of Lp(a) are small, and increases in HDL - C are incon-
sistent, but may reach 12%. 24  Rosuvastatin is the most 
recently approved statin and is the most powerful agent of 
the class on a per mg basis. It has a long half - life (20 hours) 
and is not metabolized by the cytochrome P450 3A4. 25  It 
has been shown to reduce LDL - C by up to 65%. Atorvas-
tatin and rosuvastatin are somewhat more effective in low-
ering triglycerides than the other statins, and do so in a 
dose - dependent fashion. 26  

 Part of the variability of the lipid response, and side 
effects of the statins, may be due to genetic differences in 
the rate of drug metabolism. The CYP2D6 phenotype can 

 Table 12.1     Dose – response lipid and lipoprotein changes (% change) 

   Total dose 
(mg/d)  

   5     10     20     40     80  

      Total cholesterol reductions  

  Lovastatin BID    19    24    29    34      

  Simvastatin    19    23    28    31    36  

  Pravastatin        16    24    25    27  

  Fluvastatin            17    19    25  

  Atorvastatin        29    33    37    45  

  Rosuvastatin    24    40    34    40      

      LDL cholesterol reductions  

  Lovastatin BID    28    34    40    42      

  Simvastatin    26    30    38    41    47  

  Pravastatin        22    32    34    37  

  Fluvastatin            22    25    35  

  Atorvastatin        39    43    50    60  

  Rosuvastatin    28    45    31    43      

      Triglycerides  

  Lovastatin BID    7    16    19    27      

  Simvastatin    12    15    19    18    24  

  Pravastatin        15    11    24    19  

  Fluvastatin            12    14    19  

  Atorvastatin        19    26    29    37  

  Rosuvastatin    21    37    37    43      

      HDL cholesterol  

  Lovastatin BID    8    9    10          

  Simvastatin    10    12    8    9    8  

  Pravastatin        7    2    12    13  

  Fluvastatin            3    4    7  

  Atorvastatin        6    9    6    5  

  Rosuvastatin    3    8    22    17      

  From  Physicians ’  Desk Reference  11  
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affect both lipid lowering and tolerability of simvastatin. 27  
In addition, it has been shown that polymorphisms of the 
HMG - CoA reductase gene can affect lipid response to 
statin therapy. 28   

  Adverse  r eactions 

 Overall adverse reactions occur in less than 2% of individu-
als. From 1% to 3% of persons taking a statin will have 
dose - related, elevated, hepatic enzyme levels. 29  While most 
studies document no abnormalities, 1,3,30  most abnormalities 
that do occur are seen within the fi rst three months of treat-
ment and require monitoring. 29  In patients who abuse 
alcohol, there is an increased risk of hepatic toxicity. An 
extremely low incidence of adverse events (not signifi -
cantly different from placebo) has been documented over 
5.5 years in the Heart Protection Study (HPS). 3  

 Statins compete with other drugs for specifi c metabolic 
pathways of the cytochrome P450 system, whose enzymes 
act as a major catalyst for drug oxidation in the liver. 31  
Lovastatin and simvastatin undergo extensive fi rst - pass 
metabolism by CYP3A4, and caution is urged in using 
them with cyclosporin (a known inhibitor of CYP3A4), 
particularly when other inhibitors of the cytochrome P450 
system, such as azole - derived antifungal drugs, erythro-
mycin and clarithromycin, are in use, as well as nefazodone 
and many HIV protease inhibitors. Atorvastatin is also at 
least partially metabolized by this pathway. Fluvastatin is 
metabolized mostly by CYP2C9 and few drug – drug inter-
actions have been noted. Pravastatin has less potential for 
drug interaction with other substrates, inhibitors or induc-
ers of the CYP3A4 and CYP2C9 systems than the other 
statins because it is metabolized by sulfation, not the cyto-
chrome system. 31  

 About 10% of individuals taking statins may develop 
myalgias, but perhaps 90% of these symptoms are not 
related to statin therapy. Statin - induced myalgias and 
myopathy are most commonly associated with progressive, 
symmetric symptoms of the hip and shoulder girdles. Many 
of these patients report muscle pain without concomitant 
elevations of creatinine kinase (CK  ). Caution must be used 
in interpreting CK elevations as they can be increased due 
to even minor trauma or in sporting activities, and can 
be caused by other conditions such as hypothyroidism. 
However, one should consider discontinuing statin therapy 
if CK increases by more than threefold. Rare (less than 0.1%) 
and reversible increases of greater than 10 - fold in CK levels 
have been described. The mechanism of muscle injury with 
statins remains poorly defi ned, although according to a 
recent publication it may be related to the HMG - CoA 
reductase mediated isoprenylation of muscle proteins. 32  
Statin - associated myopathy, although rare, can progress to 
rhabdomyolysis. 33  This effect can be seen with any statin; 
however, cerivastatin was voluntarily withdrawn from the 

world market in 2001 because of an increased rate of rhab-
domyolysis compared with other statins. 

 There are reports of statin use associated with a variety 
of other potential adverse effects including renal dysfunc-
tion, cognitive impairment, increased risk of cancer, periph-
eral neuropathy, a drug - induced lupus - like state, and 
cataracts. Despite extensive and widespread use of these 
agents, no report has established a causal relationship to 
the use of statins.  

  Clinical  u se 

 Although the biggest proportional reduction in LDL - C 
levels occurs at low doses, the clinical response to statins 
is dose dependent, and it appears to be independent of 
patient characteristics, such as age, gender, smoking status 
and initial lipid and lipoprotein levels. 34  ATP III calls for 
LDL - C lowering drug therapy in persons with CHD and 
CHD risk equivalents when the LDL - C is  ≥ 130   mg/
dL(3.38   mmol/L). 7  In persons with two or more risk factors 
for the development of CHD, ATP III suggests that lipid -
 lowering drug therapy also begin at LDL - C levels  ≥ 130   mg/
dL (3.38   mmol/L). 8  For those at very high risk, a more 
aggressive LDL - C goal of  < 70   mg/dL (1.82   mmol/L) is con-
sidered a therapeutic option. This goal should also be con-
sidered in those at high risk but with a baseline LDL - C 
level  < 100   mg/dL (2.60   mmol/L). 8  

 ATP III also recommends that LDL - C be measured, 
either at admission or within 24 hours, in all patients hos-
pitalized with a major coronary event. 7  Lipid - lowering 
drug therapy should be initiated at hospital discharge in a 
person with a coronary event or procedure if LDL - C is 
 ≥ 130   mg/dL (3.38   mmol/L). 7  Treatment initiation at hospi-
tal discharge takes advantage of patients ’  likely higher 
motivation to comply with therapy at that time and may 
avoid the  “ treatment gap ”  that can occur if outpatient fol-
low - up is less consistent.   

  Nicotinic  a cid 

 In the early 1950s Attschult noted profound reductions in 
plasma total cholesterol and triglyceride levels in associa-
tion with use of nicotinic acid. Nicotinic acid has the most 
marked clinical effect on triglycerides and HDL, 35  and is 
the only lipid - altering agent to consistently lower Lp(a) 
plasma levels. 36  It also can alter small - dense LDL particles 
to larger, more buoyant forms. 36  A complete review of this 
agent has recently been published. 37  

  Mechanism of  a ction 

 Nicotinic acid ’ s predominant effect on plasma lipid levels 
is to reduce production of VLDL particles, with sub-
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sequently reduced production of intermediate - density 
lipoprotein (IDL) and LDL particles. Nicotinic acid ’ s major 
effect on VLDL metabolism results from inhibition of hor-
mone - sensitive, lipase - induced lipolysis in adipose tissue, 
and decreased triglyceride esterifi cation in the liver. It has 
recently been demonstrated that niacin exerts its effects by 
acting as a pharmacologic ligand for the adipocyte and 
macrophage G protein coupled receptor HM74. 39  The phys-
iologic ligand for this receptor is beta - hydroxybutyrate. 40  
Niacin increases HDL - C to a greater extent than other lipid 
treatment drugs, and this effect appears to be related to 
reduced Apo A - I clearance and increased production of 
Apo A - II.  

  Dosage 

 Crystalline nicotinic acid is available in 0.1 and 0.5   g tablets. 
There is a sustained - release form in dosages of 0.125, 0.25 
and 0.5   g and the maximum daily dose is usually 3   g (Table 
 12.2 ). A new extended - release form of niacin has relatively 
mild hepatic effects, and can be taken at bedtime to lessen 
cutaneous fl ushing. Extended - release niacin is essentially 
equivalent to immediate - release niacin in increasing HDL - C. 
Newer agents that reduce fl ushing are in development.    

  Results 

 Regardless of the patient ’ s clinical lipoprotein abnormality, 
dose - dependent reductions in total and LDL - C and plasma 
triglycerides have been achieved with use of nicotinic acid. 
HDL - C levels may increase 15 – 40%; the average increase 
is 25%, with increases commonly plateauing at a dosage 
between 1.5 and 3.0   g/d. Reductions in Lp(a) of 25 – 30% can 
be achieved. 41  As noted above, small - dense LDL particles 
become larger and more buoyant during nicotinic acid 
therapy. 42   

  Adverse  r eactions 

 Even at very low doses (0.05 – 0.10   g), nicotinic acid often 
causes cutaneous fl ushing ( > 80%) and pruritus (50%). This 
effect is due to the subcutaneous release of prostaglandin 
D2 and is mediated by niacin ’ s interaction with the G 
protein coupled receptor HM74 (as is its lipolytic effect, see 
above). 43  There is an ongoing search for agents that block 
this prostaglandin D2 - mediated fl ushing. In individuals 
with a history of gout it can precipitate acute gouty attacks. 
Other frequently noted adverse effects are gastrointestinal 
symptoms (5 – 20%), liver enzyme elevations (3 – 10%, and 

 Table 12.2     Summary of effects of non - statin lipid - altering agents 

   Agent     Lipid/lipoprotein 
indication  

   Dosage and dosing     Response expected     Common adverse 
effects  

   Comments  

  Nicotinic acid     ↑ Triglyceride (TGs) 

  ↑ LDL - C 

  ↓ HDL - C 

  ↑ Lp(a)  

  1 – 3   g/d 

 6 – 8   g/d maximum 

 Dose 3 – 4 admin/d  

   ↓ TGs 20 – 80% 

  ↓ LDL - C 25 – 40% 

  ↑ HDL - C 25% 

  ↓ Lp(a) 10 – 30%  

  Cutaneous fl ushing, 

pruritus, GI 

symptoms,

 “ Flu - like ”  syndrome  

  Start low dose 

 Advance slowly 

 Relative contraindications:  ↑ FBS, 

 ↑ Liver function test (LFTs)  

  Bile acid 

sequestrants  

   ↑ LDL - C    4 – 24   g cholestyramine 

 5 – 30   g colestipol  

   ↓ LDL - C 25 – 35% at 

maximum dose 

  ↑ TGs 15 – 20% 

  ↑ HDL - C 4 – 7%  

  GI symptoms    Premix, slow admin 

 Alters absorption of other 

drugs, for example, 

glycosides, warfarin, etc.  

   ↓ HDL - C    2 admin/d,1 at major 

meal  

          Contraindicated in 

hypertriglyceridemia  

  Fibric acid 

derivatives  

   ↑ TGs    Gemfi brozil 

 0.6   g/bid 

 Fenofi brate 

 45 or 145   mg qd  

   ↓ LDL - C 10 – 20% 

  ↓ TGs 40 – 55% 

  ↓ HDL - C 15 – 20%  

  GI symptoms    Will  ↑ LDL - C in 

hypertriglyceridemic 

 Patients 

 Contraindicated in those with 

gallstones 

 Marked dose alteration in those 

with chronic renal failure  

  Selective 

cholesterol 

absorption 

inhibitor  

   ↓ LDL - C 

  ↑ HDL - C  

  Ezetimibe 

 5   mg/d 

 10   mg/d  

   ↓ LDL - C 16 – 19% 

  ↑ HDL - C 3 – 3.5%  

  No common 

 AEs shown to date  
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more common with slow release prerparations), and uric 
acid increases (5 – 10%). The clinical picture of mild liver 
function abnormalities usually resolves with continued 
therapy or reduced doses. 

 Some 5 – 10% of patients taking nicotinic acid will have 
abnormal glucose tolerance tests or elevated fasting blood 
sugar levels due to nicotinic acid - induced insulin resis-
tance. 44  A fl u - like syndrome that can include hepatitis - like 
fi ndings on liver biopsy, a secretory defect with profound 
decreases in LDL - C, decreases in HDL - C and a prothrom-
bin time abnormality may occur. This clinical picture is 
dose dependent and resolves when the agent is stopped. 45  
Blurred vision with macular edema occurs very rarely.  

  Clinical  u se 

 Many non - prescription forms of nicotinic acid are available 
in the US and are usually less expensive, but bioavailability 
may be a problem. Crystalline - form tablets are scored, 
which allows easy tailoring of the therapeutic regimen, e.g. 
0.1 or 0.25   g/d as a starting dose. Dosing with the crystal-
line form requires three or four administrations a day. No 
regimen has been shown to be superior to multiples of 0.1   g 
crystalline tablets administered four times a day. Patients 
will have little or no effect from two administrations a day, 
unless using sustained - release preparations. Increases in 
the dosage are implemented every few days. 46  Clinicians 
commonly reduce the number of administrations to three 
times per day and use 0.5 g tablets starting with 0.25   g qd 
for the fi rst week. 

 Nicotinic acid should always be taken with food, without 
hot drinks or alcoholic beverages. Dosages should be 
reduced or perhaps restarted if several successive doses are 
missed. Cutaneous fl ushing and pruritus will occur rou-
tinely if these precautions are not followed. If symptoms 
occur, they are the most severe during the fi rst administra-
tion. Pretreatment with aspirin or ibuprofen may lessen 
cutaneous reactions. 

 Although nicotinic acid may profoundly alter glucose 
metabolism in some, many diabetic patients have had their 
lipid disorders successfully managed with this agent. A 
fasting blood sugar  > 115   mg/dL predicts subjects who will 
lose the acute insulin response with an intravenous glucose 
tolerance test. In patients who have a history of diabetes or 
glucose intolerance or are at increased risk of diabetes, it is 
prudent to follow blood sugars closely during initiation of 
nicotinic acid therapy.   

  Bile  a cid -  s equestering  a gents ( r esins) 
( s ee Table  12.2 ) 

 This class of agents was fi rst developed for the treatment 
of cholestasis - related pruritus by Carey and Williams in 

1960. Hashim and Van Itallie subsequently demonstrated 
that cholestyramine lowered plasma cholesterol and it has 
been in clinical use for 30 years. Other agents in this class 
are colestipol and the recently approved colesevelam. 

  Mechanism of  a ction 

 The enterohepatic circulation of bile acids allows for only 
6% or 7% of them to be excreted each day. These polymers 
have a molecular weight of over 10 6  and are not absorbed 
and function by binding bile acids in the gastrointestinal 
lumen  . An increase in bile acid excretion causes an 
increased production of bile acids in the liver. This results 
in a relative depletion of cholesterol from the liver cells, 
thereby inducing inducing an increased level of hepatic 
LDL receptor activity. 47  The net effect is an increase in the 
catabolism of LDL - C and decreased plasma levels.  

  Dosage 

 Resins are dispensed in individual packets and are also 
available in a bulk formulation. Scoops, equivalent in size 
to the number of grams in one packet (cholestyramine, 
4   g; colestipol, 5   g), are used to dispense from the parent 
container. Both of these agents are available in 1   g tablets. 
The newest resin, colesevelam, has a hydrogel tablet 
formulation.  

  Results 

 Resins are associated with signifi cant reductions in plasma 
total and LDL - C and with small increases in plasma HDL - C 
levels. 48  Plasma triglycerides are inconsistently affected, 
but substantial increases may occur, if resins are used in 
those with already elevated plasma triglyceride levels. 49    In 
familial dysbetalipoproteinemia (type III or remnant 
removal disease) plasma triglyceride levels may increase 
by more than threefold.  

  Adverse  r eactions 

 No long - term adverse effects have been demonstrated. 48  
Drugs that are highly charged, including the cardiac gly-
cosides, the anticoagulant warfarin, diuretic agents, as well 
as thyroid hormone, will have their absorption affected 49  if 
taken in close proximity to resin administration. Concomi-
tant warfarin and resin therapy may be extremely challeng-
ing. If a resin ’ s effect on the absorption of a specifi c 
medication is not known, the resin should be taken at least 
four hours before or two hours after other medications. The 
absorption of fat - soluble vitamins may also be reduced.  

  Clinical  u se 

 The biggest proportional reduction in lipid levels occurs at 
low doses and in those who have moderately elevated 
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levels of cholesterol. Careful selection of the vehicle and 
logistics used in resin administration will promote long -
 term patient adherence. Premixing with cold water (taking 
advantage of the resin ’ s hygroscopic nature) and drinking 
the preparation slowly is by far the most frequent and suc-
cessful method of administration. Still, some patients prefer 
mixing with a heavily textured juice. Pre - existing gastroin-
testinal symptoms should be addressed before resin 
therapy is started. Bloating, belching and increased fl atus 
are related to rapid ingestion. Dyspepsia and increased 
stool consistency or frank constipation can be managed 
with increases in fl uids or dietary fi ber intake. 

 The newest agent in the resin class is colesevelam, which 
is a polymeric, high - potency, water - absorbing hydrogel 
with a non - systemic mechanism of action. 50  Based on data 
from approximately 1400 subjects, colesevelam reduced 
LDL - C by a median of 20%; the reduction is dose depen-
dent. When combined with lovastatin, simvastatin or ator-
vastatin, colesevelam will reduce LDL - C levels by 8 – 16% 
over that seen with the statin alone. 50  Colesevelam has also 
been shown to increase HDL - C up to 9%; however, 
increases in triglycerides, as much as 25%, have also been 
reported. 50  Colesevelam does not cause constipation and is 
formulated as a tablet, which should eliminate palatability 
problems. 51  Colesevelam has been co - administered with 
digoxin, warfarin, sustained - release metoprolol and vera-
pamil, quinidine and valproic acid, and no clinically sig-
nifi cant effects on absorption were reported. 52    

  Fibric  a cid  d erivatives ( s ee Table  12.2 ) 

 The fi brates currently marketed in the US are gemfi brozil 
and fenofi brate for the treatment of hypertriglyceridemia. 
Fibrates available in other countries include bezafi brate, 
fenofi brate, ciprofi brate, beclafi brate, etiofi brate and clino-
fi brate. In a WHO study clofi brate was shown to reduce 
modestly ( P     <    0.05) all cardiovascular events. However, 
increases in non - cardiovascular morbidity and mortality 
and total mortality occurred. 53  In the Helsinki Heart Study, 
gemfi brozil was associated with a 35% reduction in MIs, 
particularly in those with elevated levels of plasma LDL - C 
and triglycerides and low levels of plasma HDL - C. 
Increases in non - cardiovascular deaths and no reduction in 
total mortality were observed, 54  leading to concerns about 
the use of fi brates. No fi brate trial has yet shown a signifi -
cant decrease in total mortality. 

 Gemfi brozil has been shown to lower the risk of CHD 
and stroke in men with previous CHD, and low HDL - C 
and low LDL - C levels. In VA - HIT, 55  2531 men with CHD 
(mean HDL - C 31.5   mg/dL and mean LDL - C 111   mg/dL) 
were randomized to receive gemfi brozil 1200   mg/day or 
placebo. There was a 22% reduction in CHD over fi ve 
years. 55  A more recent VA - HIT analysis describes the effect 

on stroke. There were 134 confi rmed strokes (90% isch-
emic), 76 and 58 in the placebo and gemfi brozil groups, 
respectively ( P    =   0.03). This is the fi rst suggestion that 
stroke can be reduced with a form of lipid - altering therapy 
that has little effect on LDL - C. Risk reduction was evident 
after 6 – 12 months of gemfi brozil use. Adjusted for baseline 
variables, the relative risk reduction was 31%. 56  Attributing 
the reduction in CHD to a change in HDL - C levels has been 
questioned by some. Clearly the reduction in CHD may 
more properly be associated with changes in other lipopro-
tein particles 57  than with modest changes in HDL - C levels. 
The use of fenofi brate in type 2 diabetes mellitus has been 
assessed in the FIELD trial. 

  Mechanism of  a ction 

 Decreased synthesis of VLDL with more effi cient lipolysis 
and increased VLDL triglyceride catabolism has long been 
suggested as the mechanism of action of fi brates on lipid 
metabolism. Schoonjans  et al  offered direct evidence that 
fi brates and fatty acids work as ligands for a class of com-
pounds called peroxisome proliferator - activated receptors 
(PPAR), of the nuclear receptor superfamily. 41  PPAR alpha 
partially mediates the inductive effects of fi brates on 
HDL - C levels by regulating the transcription of HDL apo-
lipoproteins, Apo A - 1 and Apo A - II. Four specifi c actions 
are noted: 
   •      increased hydrolysis of plasma triglycerides due to 
induction of LPL and reduction of Apo - CIII expression  
   •      stimulation of cellular fatty acid uptake and conversion 
to acyl - CoA derivatives due to increased expression of 
genes for fatty acid transport protein and acyl - CoA 
synthetase  
   •      increased peroxisomal and mitochondrial beta - 
oxidation  
   •      decreased synthesis of fatty acids and triglycerides with 
a concomitantly decreased production of VLDLs.    
 Gemfi brozil was associated with a greater reduction in 
clinical events than the change in lipid variable would 
predict. 55  This suggests that its effects on CHD are medi-
ated by a different mechanism, possibly related to its effects 
on other lipoprotein particles. Fibrates also shift the size of 
LDL particles from smaller, denser forms to larger, more 
buoyant forms, which should be less atherogenic.  

  Results 

 In patients with familial combined hyperlipidemia, LDL - C 
levels may be reduced by fi brates but, particularly in those 
with elevated baseline levels of plasma triglycerides, there 
will almost uniformly be an increase in LDL - C levels as 
VLDL - C levels decrease. Gemfi brozil and clofi brate have 
similar impacts on lipids and lipoproteins. In patients with 
moderate to severe forms of hypertriglyceridemia, reduc-
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tions in plasma triglycerides of 40 – 60% may occur with 
concomitant increases of 12 – 30% in HDL - C levels, but 
100% increases in LDL - C may occur. 12   

  Adverse  r eactions 

 Fibrates are associated with adverse effects in 5 – 10% of 
patients. Gastrointestinal side effects (5%) are the most 
common, but only rarely are these suffi cient to warrant 
discontinuation of the medication. The increased incidence 
of hepatobiliary disease (particularly gallstones) occurs 
with all agents in this class. 58  Transient and dose - depen-
dent minor alterations in several plasma biochemical 
values may occur. The effective non - toxic dose range is 
narrow, and at high doses fi brates may cause myositis or 
rhabdomyolysis, although the incidence of myositis may 
be specifi cally related to the concomitant use of statins and 
fi brates. They may potentiate the effects of oral anticoagu-
lants and oral hypoglycemics.  

  Clinical  u se 

 The primary indication for the use of these agents has 
shifted to treatment of severe hypertriglyceridemia and 
more specifi cally familial dysbetalipoproteinemia or rem-
nant removal disease. Long - term adverse effects on hepa-
tobiliary function and the potential for increases in LDL - C 
levels, liver function tests and LDL - C levels must be moni-
tored closely. Chronic renal failure requires a 50% reduc-
tion in gemfi brozil dose. 59    

  Selective  c holesterol  a bsorption  i nhibitor 

 Ezetimibe is a novel cholesterol absorption inhibitor that 
selectively and potently inhibits intestinal absorption of 
dietary and biliary cholesterol without affecting the absorp-
tion of triglycerides or fat - soluble vitamins. 60  In a random-
ized, double - blind, placebo - controlled trial, ezetimibe at a 
dose of 10   mg/day reduced LDL - C by 17%. 61  Ezetimibe has 
been found to be effective when added to a statin, demon-
strating essentially additive effects. 62  It is frequently used 
with a statin, allowing lower doses of the statin with the 
same LDL - C goal, which may be helpful in limiting muscle 
side effects. It is available in fi xed combination with 
simvastatin. 

 Ezetimibe has been well tolerated in clinical trials. 61,63  
When used alone, the incidence of transminase elevations 
or myopathy is similar to placebo. When used with a statin, 
the incidence of transaminase elevations is modestly higher 
than with a statin alone. There are rare reports of myalgia 
and rhabdomyolysis being associated with the use of ezeti-
mibe, but a causal relationship has not been established. 
The fi brates have been shown to increase ezetimibe levels 64  

but the clinical signifi cance is unknown. The combination 
has been used successfully, and safely. 65  

 Reports (unpublished at present) for the ENHANCE 
study have raised questions about the usefulness of ezeti-
mibe in a regimen with a statin for LDL lowering. To date, 
the reports on this trial using a surrogate outcome measure 
with limited power to assess clinical events suggest that we 
need further evaluation of this agent before we can form a 
defi nitive opinion about its effectiveness.  

  Novel  a gents 

 Policosanol is a phytochemical that is a mixture of higher 
primary aliphatic alcohols isolated from sugar cane wax. 66  
At dosages of 10 – 20   mg/day, it decreased total - C by 17 –
 21% and LDL - C by 21 – 29%, while raising HDL - C by 
8 – 15%. 50  Policosanol appears to have an acceptable safety/
tolerability profi le. 

 Cholesterol ester transfer protein (CETP) inhibitors have 
generated much excitement due to their potential to raise 
HDL - C levels. These agents have been shown to decrease 
diet - induced atherosclerosis in rabbits, and to be very 
effective in raising HDL - C levels in humans. 67  However, 
there has been skepticism about the potential for benefi t in 
reducing atherosclerotic complications based on the asser-
tion that the HDL particles that result from CETP inhibi-
tion, although increased in numbers, are  “ dysfunctional ”  
and unable to function appropriately in reverse cholesterol 
transport. 68  

 Recent trials evaluating coronary atherosclerosis by intra-
vascular ultrasound, and carotid intimal thickness by 
ultrasound demonstrated no benefi t of a combination of 
atorvastatin plus the CETP inhibitor torcetrapib versus ator-
vastatin alone, and did demonstrate a signifi cant increase in 
systolic blood pressure as well as HDL - C. 69,70  A large clinical 
trial of approximately 15   000 CHD patients randomized to 
atorvastatin or a combination of atorvastatin plus torcetra-
pib was prematurely terminated by the data and safety 
monitoring committee because of excess mortality ( P     <    0.01). 
In patients who received torcetrapib there was an increased 
risk of cardiovascular events (hazard ratio, 1.25,  P    =   0.001) 
and death from any cause (hazard ratio, 1.58,  P    =   0.006). 70  
Whether these negative and adverse outcomes represent a 
class effect remains to be seen. 

 There are other means of attempting to utilize reverse 
cholesterol transport in the amelioration of atherosclerotic 
disease. Five weekly infusions of Apo A1 Milano com-
plexed with phospholipids provided more benefi t on ath-
eroma regression assessed by intravascular ultrasound 
than 18 months of treatment with 80   mg/day of atorvas-
tatin. 71  More recently, a trial of reconstituted HDL, admin-
istered as four weekly infusions in CHD patients, were 
compared to placebo by intravascular ultrasound. A 3.4% 
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reduction in total atheroma volume versus baseline was 
reported ( P     <    0.001), but no difference was seen versus the 
placebo group. 72   

  Combination  t herapy 

 Combination drug therapy should be used when diet and 
single drug therapy do not reduce LDL - C to desired levels. 
Verifi cation of adherence to and the effi cacy of a prescribed 
regimen should be undertaken. Table  12.3  describes a 
stepped approach to combination therapy depending on 
the lipid or lipoprotein variable(s) that are the therapeutic 
objective. Reduction in LDL - C is the only alteration in 
lipid(s) or lipoprotein(s) that has been unequivocally dem-
onstrated to reduce risks for CHD in clinical trials. Epide-
miologic data demonstrate an increased risk associated 
with reduced levels of HDL - C, 41  increased plasma Lp(a) 
(usually in association with increased LDL - C levels) and, 
to a lesser extent, increased plasma triglyceride levels 
(usually in association with other risk factors).   

  Guidelines for  s electing  c ombination  t herapy 

 Practitioners should review four issues before adding other 
agents to initial diet and lipid - altering drug regimens. 
   •      Document adherence to and effi cacy of the initial 
regimen.  
   •      Fasting hypertriglyceridemia is a relative contraindica-
tion to the use of bile acid - sequestering agents.  
   •      Document the presence of chronic disease or chronic 
conditions which may be contraindications to the addition 
of other lipid - altering agents.  
   •      Consider the total costs of a lipid - altering drug therapy 
regimen before the addition of each agent.     

  Effi cacy of  v arious  c ombinations 

 Selected examples of maximum lipid and lipoprotein alter-
ations are given in Table  12.4 . Prior to the development of 
atorvastatin, the maximum lowering of LDL - C was dem-
onstrated with a combination of lovastatin (40   mg/day), 
colestipol (30   g/day) and nicotinic acid (5.5   g/day) at 70%. 
Triglyceride reductions of 80% can be effected with nico-

tinic acid alone with little to be gained in effi cacy by adding 
another agent. Lp(a) levels are affected substantially only 
by nicotinic acid. HDL - C can be consistently raised by 25% 
with nicotinic acid alone with little further gain by adding 
other agents.    

  Adverse  e ffects 

 The important adverse effects of single agents are described 
in Table  12.2 . The most serious interaction is seen when a 
statin drug is used in combination with ciclosporin and 
myopathy develops. While cessation of the statin allows 
symptomatic myopathy and elevated muscle enzymes to 
resolve, continued therapy at the same dose may lead to 
frank rhabdomyolysis. Statins have also been associated 
with myopathic syndromes in patients using erythromycin, 
niacin and gemfi brozil. Reduced levels of any statin should 
be used in transplant patients in association with niacin and 
gemfi brozil with careful monitoring of muscle enzyme 
levels. Erythromycin use is absolutely contraindicated in 
transplant patients already on ciclosporin and a statin.  

  Clinical  u se 

 Although single - drug therapy offers a simple regimen, 
combination therapy with low - dose statin and low - dose 
bile acid sequestrant has been investigated. 73,74  Since the 
largest portion of lipid alteration is effected at low doses of 
both of these classes of agents and they work by very differ-
ent mechanisms, an additive or synergistic response may 
occur. Low - dose combinations provide a good clinical 
alternative for patients who have symptoms at higher statin 
dosages and for organ transplant patients. They also appear 
to be more cost effective than using a statin as a single agent. 
The combination of simvastatin and ezetimibe is available 
as a single tablet. It also is signifi cantly more cost effective 
than using the individual agents in combination. 

 The newest resin, colesevelam, has been studied in 
combination with statins. Low - dose colesevelam and 
low - dose lovastatin were given to 135 hypercholesterol-
emic patients. 75  The combination lowered LDL - C by 
34% and 32%. Both combinations were superior to either 
agent alone, and both decreased total - C by 21%. Neither 
combination treatment signifi cantly changed HDL - C or 

 Table 12.3     Stepped approach to lipid medication - altering therapies 

   Elevated LDL - C     Elevated TG/LDL, decreased HDL - C     Elevated Lp(a)     Markedly elevated TGs  

  1. Statin    Niacin    Niacin    Fibrate/ niacin  

  2. Statin   +   resin/ezetimibe    Niacin   +   resin/ezetimibe          

  3.  ↑ Statin   +   Resin/ezetimibe    Niacin   +   statin          

  4.  ↑ Statin   +   Resin/ezetimibe   +   niacin    Niacin   +   fi brate   +   resin/ezetimibe          
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 Table 12.4     Effi cacy of selected combination of hyperlipidemic drug 
therapy in modifying plasma concentrations of total,  LDL  and  HDL  
cholesterol levels   

   Drug 
combination  

   % change     Reference  

   Total     LDL     HDL  

  Cholestyramine  

  +niacin     − 26     − 32    +23    Angelin 

 et al     94   

  +lovastatin     − 51     − 61    +21    Leren  et al     95   

  +pravastatin     − 36     − 43    +18    Jacob  et al     96   

  Colestipol  

  +niacin     − 41     − 48    +25    Packard 

 et al     97   

  +lovastatin     − 45     − 54     − 2    Illingworth 

 et al     98   

  +niacin     − 55     − 66    +32    Malloy  et al     99   

  +simvastatin     − 41     − 50    +9    Simons 

 et al     100   

  +fenofi brate     − 39     − 54    +15    Heller  et al     101   

  Lovastatin  

  +gemfi brozil     − 34     − 40    +7    Illingworth 

 et al     102   

  Simvastatin  

  +gemfi brozil     − 54     − 58    +18    Feussner 

 et al     103   

  +ezetimibe     − 49     − 53    +8    McKenney 

 et al     104   

  Atorvastatin              

  +colesevelam     − 31     − 48    +11    Hunninghake 

 et al     105   

  +niacin     − 48     − 49    +18    McKenney 

 et al     104   

  Ezetimibe  

  +fenofi brate     − 27     − 36     − 1.9    Bays  et al     106   

  +atorvastatin     − 38     − 55     − 1.1    Bays  et al     106   

  +simvastatin     − 35     − 47    +9.3    Farnier 

 et al     107   

  +simvastatin   +   

feno - ibrate  

   − 38.7     − 45.8    +18.7    Farnier 

 et al     107   

  Rosuvastatin   +   

niacin  

   − 47     − 49    +20    McKenney 

 et al     104   

placebo - controlled format. Among all combination treat-
ment groups, the mean decrease in LDL - C was 42%; 
this exceeded the decrease with either simvastatin or cole-
sevelam alone. 77    

  Informed  d ecisions  a bout  “  g ray  z ones ”  

 Data have now accumulated on the use of lipid - lowering 
drugs in previously less well - studied subgroups such as 
the elderly, women, and diabetic patients. How and when 
should we use lipid - lowering drugs in the following 
groups? 

  The  e lderly 

 While some have suggested that risk attenuates for those 
who have hypercholesterolemia at older age, the absolute 
risk for developing CHD outcomes in the elderly over a 
short time interval is much higher than it is in younger 
individuals. Most new CHD events and most coronary 
deaths occur in persons older than 65 and a high LDL - C/
low HDL - C level still has predictive power for develop-
ment of CHD in an older person. 7  

 WOSCOPS 2  (primary intervention, or PI) included 
patients up to the age of 64 years, 4S 1  (secondary interven-
tion, or SI) up to the age of 70 years, Post - CABG 6  (SI) up to 
74 years and CARE 4  (SI) previously provided limited data 
for those up to 75 years. All except Post - CABG showed 
benefi t on CHD and CVD mortality. WOSCOPS and 4S 
showed benefi t on total mortality, although statistical sig-
nifi cance of the data from WOSCOPS was marginal. When 
data from WOSCOPS were pooled in the PPP, pravastatin 
signifi cantly reduced relative risk of coronary events in 
older patients. 78  

 The Heart Protection Study (HPS) enrolled over 20   000 
participants  –  including 5082 women, 3982 type 2 diabetic 
patients and 1263 elderly patients between the ages of 75 
and 80 years. It also enrolled 3421 subjects with low base-
line LDL - C levels, and follow - up lasted for 5.5 years. 3  
Recently reported results show that a dose of 40   mg simv-
astatin once daily yielded striking results: 12% reduction 
in total mortality, 17% reduction in vascular mortality, 22% 
reduction in CHD events, 27% reduction in all strokes, and 
16% reduction in non - coronary revascularizations. 3  Statin 
therapy appeared to be benefi cial at all cholesterol levels 
 –  even in participants whose baseline levels were well 
below the currently recommended target levels of 100   mg/
dL (2.60   mmol/L). 3  

 The PROSPER trial randomized 5804 patients (men and 
women) aged 70 – 82 with a history of, or risk factors for, 
vascular disease to either 40   mg pravastatin or placebo. 

triglycerides. 75  The resin was also studied alone or in com-
bination with low - dose atorvastatin in hypercholesterol-
emic men and women. Combination therapy reduced 
LDL - C by 48%, but did not affect triglycerides. 76  All treat-
ment groups had similar frequency of adverse effects 
and the combination was well tolerated. 76  Colesevelam, 
in combination with simvastatin, was given to 251 hyper-
cholesterolemic patients in a randomized, double - blind, 
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There was a signifi cant reduction in coronary death, non -
 fatal myocardial infarction or stroke (hazard ratio 0.81), but 
no decrease in all - cause mortality. 79  

 The SAGE trial compared intensive and moderate statin 
therapy in patients age 65 – 85 with known CHD. Subjects 
were randomly assigned to 80   mg atorvastatin or 40   mg 
pravastatin. There was no difference in duration of isch-
emia on ambulatory monitoring at month 12, although 
there was a trend towards a reduction in the composite 
endpoint of major cardiovascular events in the intensive 
treatment group (hazard ratio (HR) 0.71) and a post hoc 
analysis demonstrated a signifi cant reduction in mortality 
(HR 0.33). 80  In the TNT study, atorvastatin at 80   mg/day 
was compared to 10   mg/day in 10   001 patients with stable 
coronary heart disease. The more intensively treated group 
had a signifi cantly reduced risk for major cardiovascular 
events in both those greater and those younger than 65 
years of age. In a prespecifi ed secondary analysis, those 
over 65 years of age were found to have a 2.3% absolute 
risk reduction, and a relative risk reduction of 19% for 
major cardiovascular events that favored the high - dose 
atorvastatin group. 81  

 There appears to be ample evidence to support the use 
of lipid - lowering regimens in the secondary prevention of 
CHD in elderly individuals, while there are only limited 
data relevant to the use of lipid - lowering therapy in the 
primary prevention. 

 According to ATP III,  “ hard - and - fast ”  age restrictions do 
not appear to apply to the use of lipid - lowering drugs in 
elderly persons with established CHD. 7  For primary pre-
vention, ATP III recommends therapeutic lifestyle changes, 
including low - fat diet, exercise, and weight loss if over-
weight, and LDL - lowering drugs if older persons are at 
increased risk because of multiple risk factors or advanced 
subclinical atherosclerosis. 7   

  Women 

 The relationship between increases in plasma cholesterol 
and CHD exists for women at all ages. Based on recent 
secondary and primary prevention trials that did not con-
vincingly show that hormone replacement therapy reduced 
CHD risk in postmenopausal women and did show bene-
fi ts with statins, ATP III recommends a cholesterol - 
lowering drug over hormone replacement for CHD risk 
reduction in women. 10  The later onset of CHD in women 
should be factored into clinical decision making regarding 
cholesterol - lowering drugs. 7  In the PPP, pravastatin signifi -
cantly reduced relative risk of coronary events in women. 20  

 The fi rst CHD primary prevention trial of statins to 
include women was the AFCAPS/TexCAPS trial. 53  Among 
997 postmenopausal women who received either placebo 
or lovastatin (20 – 40   mg/day), statin therapy showed con-
sistent but statistically insignifi cant decreases in fi rst acute 

coronary major events and in all prespecifi ed secondary 
endpoints. 53  

 In HPS, 34% of subjects were women; male and female 
participants experienced similar reductions in risk. 3  In the 
CTT meta - analysis there was no signifi cant difference in 
the vascular or mortality benefi ts of statin therapy in 
women versus men. 82   

  Diabetic  p atients 

 Although aggressive control of blood glucose levels in 
type 2 diabetic patients reduces microvascular clinical 
outcomes, its effect on macrovascular disease outcomes 
remains unknown. The ACCORD study, currently in 
progress, may help answer this question. 38  Other tradi-
tional CHD risk factors are believed to increase dramati-
cally the risk for clinical CHD events in these patients. 
Inherent in the diabetic disease process is an abnormality 
of lipoprotein lipase activity that is incompletely cor-
rected by optimal glucose control. Any additional lipid 
and lipoprotein disorder(s) present in diabetic patients 
because of either inherited or secondary causes (obesity, 
alcohol consumption, etc.) accelerate atherosclerotic pro-
gression and increase the risk of clinical CHD events. 
Treatment of lipid disorders in diabetic patients with 
commensurate lowering of blood cholesterol levels sug-
gests a similar treatment benefi t in diabetic as in non - 
diabetic patients. 1,2,4,23  

 The use of niacin in diabetic patients has not been rec-
ommended because of concerns about adverse effects on 
glycemic control. In ADMIT, however, niacin was given 
to diabetic patients in a prospective, randomized, pla-
cebo - controlled study enrolling 468 subjects, 125 of them 
with diabetes and diagnosed peripheral arterial disease. 44  
Niacin was given at 3000 mg/day or to maximally toler-
ated dose, for up to 60 weeks. Niacin signifi cantly 
increased HDL - C and decreased triglycerides and LDL - C 
in all participants ( P     <    0.01: niacin versus placebo for all). 
It modestly raised glucose levels in all participants while 
HbA 1c  was unchanged from baseline through follow - up. 72  
The ADMIT investigators conclude that lipid - modifying 
doses of niacin can be safely used in patients with diabe-
tes and that niacin may be considered an alternative 
therapy in such patients who do not tolerate statins or in 
whom statins do not correct hypertriglyceridemia or low 
HDL - C levels. 44  

 In CARE, 586 normocholesterolemic diabetic patients 
with CHD (14% of total sample) were given pravastatin or 
placebo for fi ve years; there were 8% and 25% reductions 
respectively in absolute and relative risks of coronary 
events, and a 32% relative risk reduction in revasculariza-
tion procedures. 53  In subjects who were not diabetic but 
who had impaired glucose tolerance, pravastatin also sub-
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stantially lowered the risk of recurrent coronary events. 83  
In PPP, pravastatin signifi cantly reduced the relative risk 
of coronary events in diabetic patients. 78  

 The HPS trial included 3980 persons with diabetes of 
whom 2930 had no CVD. As noted above, the event reduc-
tions seen with simvastatin occurred in diabetic patients as 
well. There was a 24% decrease in CVD and a 25% decrease 
in total CHD. 3  In the CTT meta - analysis, the vascular 
benefi t of statin therapy was not signifi cantly different in 
diabetic and non - diabetic subjects. 23  There were compara-
ble reductions in all identifi ed subgroups. 

 CARDS enrolled 2838 subjects with type 2 diabetes mel-
litus and without known cardiovascular disease. Partici-
pants were randomly assigned to receive 10   mg atorvastatin 
daily or placebo. The trial was stopped for early effi cacy 
(median duration of follow - up of 3.9 years) as cardiovas-
cular events were reduced by 37% in the atorvastatin group 
compared to placebo. 84  ASPEN had similar lipid inclusion 
criteria, although it included subjects with, and without, 
known CHD. After a median follow - up of four years there 
was no statistically signifi cant reduction in the primary 
composite endpoint. 85  Adherence was a major confounding 
factor in ASPEN. 

 The FIELD trial randomly assigned 9795 type 2 diabe-
tic patients to receive 200 mg micronized fenofi brate or 
placebo. Approximately a quarter of the patients had 
known prior cardiovascular disease. The fenofi brate was 
well tolerated as both monotherapy and in those who used 
it in combination with a statin. However, after a median 
follow - up of fi ve years, a non - signifi cant decrease in the 
modifi ed primary outcome of coronary events was seen in 
the fenofi btate goup compared to the placebo (hazards 
ratio 0.89, 95% confi dence interval (CI) 0.75 – 1.06). There 
was a non - signifi cant increase in the original primary 
outcome of coronary mortality (HR 1.19, 95% CI 0.90 – 1.57), 
and a non - signifi cant increase in all - cause mortality (HR 
1.11, 95% CI 0.95 – 1.29). 86   

  Peripheral  v ascular  d isease 

 In the Rancho Bernardo studies, patients with peripheral 
vascular disease had a several - fold increased risk of dying 
of CHD. 87  Greater than 80% of these individuals have CHD 
although some will manifest few symptoms. It is reason-
able, but unsubstantiated, to treat these individuals as if 
they have CHD.  

  Small -  d ense  LDL  -  C   p articles ( p henotype  B ) 

 The entire population may be generally divided into two 
categories on the basis of the predominant LDL species 
present in plasma. People with a predominance of smaller, 
more dense LDL particles exhibit an increased propensity 
for oxidative susceptibility of these species. These indi-
viduals have a higher risk for CHD, which may be associ-

  Key  p oints for  p revention of  CHD / CVD  

     •      Initiate LDL cholesterol - reducing therapy in individuals at 
increased risk of CHD. It is effective at reducing the incidence 
of CHD events in men and women and in ages up to at least 
80 years of age Class I, Level A  

   •      Initiation of LDL cholesterol - reducing therapy is cost effective 
in individuals above the age of 35.  

   •      Class I, Level A  

   •      Initiate LDL cholesterol - reducing therapy in individuals status 
post coronary artery saphenous vein bypass grafts. It extends 
the patency of such grafts. Class I, Level A  

   •      In assessing CHD risk, the best single tool is the ApoB/ApoA1. 
Class I, LevelA  

   •      Assess variables (NIDDM, hypertension, increased plasma 
triglycerides, low plasma HDL - C, small - dense LDL and 
increased PAI - 1 levels) that are components of the so - called 
 “ insulin resistance syndrome ” . These variables appear to be a 
marker for individuals with small - dense LDLs. Class II, Level 
C1  

   •      Assess plasma triglyceride and HDL - C levels in individuals with 
CHD. Although alteration in these levels has not been 
demonstrated conclusively to improve outcomes, there is a 
strong theoretical basis to support such intervention. Class 
IIa, Level B  

   •      Consider initiation of appropriate therapy in high - risk 
individuals without initial determination of plasma lipid and 
lipoprotein levels, as treatment is effective even in those with 
low initial LDL levels. Class I, Level A  

   •      Monitor LDL - C levels during treatment to assess for attainment 
of goals, and to monitor compliance. Class I, Level C1        

  Costs and  c ost  e ffectiveness of  l ipid 
 a lterations for  CHD   p revention 

 True benefi ts for individuals and the public health have 
only been demonstrated for alteration of plasma LDL - C. 
One method for comparing the costs of cholesterol lower-
ing is shown in Table  12.5  where the cost of the various 
statins is given in terms of the number of dollars per per-
centage of LDL - C lowering per year.   

 Until the release of results from the 4S study, reductions 
in CHD morbidity from plasma cholesterol - related 
CHD had been modest and reductions in CHD and total 

ated with changes in other plasma lipids, specifi cally an 
increase in triglycerides and reduced plasma levels of 
HDL. Alternatively, this pattern may be related to the 
insulin resistance syndrome, or syndrome X, which con-
sists of impaired glucose tolerance, increased insulin levels, 
hypertension and abnormalities of coagulation factors. No 
trial of clinical outcomes and intervention on LDL sub-
species has been done.
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mortality had not been demonstrated. Since elevated 
plasma cholesterol is a major risk factor for CHD and is 
prevalent in Western countries, evaluation of the cost effec-
tiveness of plasma cholesterol lowering is important 
because of the size of the potential population for interven-
tion and the associated healthcare costs of what can be 
lifelong medical therapy. In a sensitivity analysis, 88  data 
from 4S demonstrate cost effectiveness of intervention for 
both men and women from 35 to 70 years and at plasma 
cholesterol levels above 213   mg/dL. The estimates of treat-
ment costs for benefi ts observed in the 4S study indicate 
that treatment is cost effective in both men and women and 
at all plasma cholesterol levels between 213 and 309   mg/
dL and with evidence of vascular disease. 

 A WOSCOPS economic analysis comparing pravastatin 
with dietary changes alone showed the economic effi ciency 
of therapeutic intervention with a statin. 89  Caro  et al  used 
a generalized model of cardiovascular disease prevention 
and followed hypercholesterolemic men over a given time 
period to quantify the effect on cardiovascular diseases 
avoided. Over a broad range of inputs and regardless of 
country, cost - effectiveness ratios are below $35   000 per life -
 year gained. Pravastatin is cost effective in preventing 
CHD. 89  Based on US medical price levels and the clinical 
trial evidence up to 1998, Hay  et al  concluded that statin 
therapy is cost effective (that is, cost less than $50   000/year 
of life saved) in any patient with an annual CHD risk  > 1%, 
including those with previous CHD or diabetes. 90  

 In a recent cost - effectiveness analysis of the VA - HIT trial, 
the cost per year of life gained with gemfi brozil was esti-
mated. Using prices for gemfi brozil paid outside the VA 

system ( a lower price has been negoitiated by the VA), the 
cost of a quality - adjusted life - year saved by gemfi brozil 
ranged from $6300 to $17   000. This cost of a life - year saved 
is well below the threshold considered cost effective. 91  

 Malik  et al  92  provide a graphic demonstration of how cost 
effective statin therapy is versus other widely used thera-
pies for CHD, such as ACE inhibitors, beta - blockers, and 
non - CV interventions, such as driver ’ s side air bags (Fig. 
 12.1 ). The cost effectiveness threshold here is  £ 25   000/year 
of life saved (US $50   000/year of life saved).    

  Future  d irections 

 The benefi ts of statins beyond the coronary vascular bed 
are now being intensively investigated. In addition to their 
lipid - lowering properties, statins demonstrate pleiotropic 
effects on many aspects of atherosclerosis, such as plaque 
thrombogenicity, cellular migration, endothelial function, 
and thrombotic tendency. 18  Whether or not these effects 
can be related to a decrease in progression of atherosclero-
sis or to reductions in acute coronary syndromes remains 
to be seen. Another area for more study is the benefi t of 
moderate versus aggressive LDL lowering. For example, 
what are the risks and benefi ts of lowering LDL - C to 
75   mg/dL compared to about 100   mg/dL? Heretofore, the 
major effort to ameliorate CHD through the treatment of 
lipid disorders has concentrated on LDL - C reduction. More 
recently, efforts to assess the benefi ts of manipulating 
HDL - C levels have intensifi ed. The CETP inhibitors, 
although fi lled with promise, await further developments. 
It has recently been demonstrated that HDL - C levels are 
predictive of cardiovascular events in patients treated with 
statins, even in those with LDL - C levels less than 70   mg/
dL. 93  Ongoing studies such as AIM - HIGH will help defi ne 
potential benefi ts from treating low HDL - C levels. The 
increasing incidence of type 2 diabetes mellitus emphasizes 
the importance of delineating the most effective treatment 
strategies for diabetic dyslipidemia. Ongoing studies such 

 Table 12.5     Comparative cost, dose and  LDL  -  C  lowering of statins 

   Agent     Dose 
(mg)  

   LDL - C b 
(%)  b    

    ↓      AWP 
($/day)  c    

   Cost/1%/LDLR 
($/yr)  

  Lovastatin    10  a       − 21        1.36    23.63  

  20     − 24        2.37    36.04  

  Simvastatin    10  a       − 30        2.80    34.07  

  80     − 47        4.89    66.07  

  Pravastatin    20  a       − 32        3.27    37.29  

  80     − 37        4.79    47.29  

  Fluvastatin    20  a       − 22        2.53    41.97  

  40     − 24        2.53    38.47  

  Atorvastatin    10  a       − 39        3.03    28.35  

  Rosuvastatin  

  80     − 60        4.32    26.16  

  5  a       − 28        3.50    45.63  

  10     − 43        3.50    29.71  

    a  Common starting dose, qd.  

   b  From  Physicians ’  Desk Reference  11   

   c  From  Red Book Update . Montvale, NJ: Medical Economics Company; 

2007  

  Cost/1%/LDLR was derived as cost/year/1% LDL reduction.   

     Figure 12.1     Comparison *  of cost effectiveness of different strategies in 
prevention.    *  Estimates from previous studies are in 1994 – 1995 UK 
pounds. (Adapted from Malik  et al     92 .)  
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as ACCORD should contribute to our understanding of 
this issue, although this will remain an important area for 
further study.  

  Conclusion 

 The HMG - CoA reductase inhibitors are an important 
advance in the treatment of CHD and there is compelling 
evidence that LDL - C lowering with these agents can 
decrease the risk of CHD events and total mortality in both 
primary and secondary prevention. In addition to their 
effects on LDL - C, statins have pleiotropic effects, which 
may affect the development and the occurrence of clinical 
events of atherosclerosis. Lipid - lowering therapy benefi ts 
the elderly, women, and diabetic patients, even if these 
individuals have normal LDL - C levels. Effective single and 
combination - agent regimens for intervention for other 
plasma lipid and lipoprotein variables are also available.
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   Defi nition and  c lassifi cation 

 The Seventh Report of the Joint National Committee on the 
Prevention, Detection, Evaluation, and Treatment of High   
Blood Pressure (JNC 7) 1  defi nes normal blood pressure 
(BP) as systolic blood pressure (SBP) below 120   mmHg and 
diastolic blood pressure (DBP) below 80   mmHg. Hyperten-
sion is defi ned as SBP 140   mmHg or greater and/or DBP 
90   mmHg or greater. Individuals with SBP 140 – 159   mmHg 
and/or DBP 90 – 99   mmHg are classifi ed as stage 1 hyper-
tension while those at or above SBP 160   mmHg and/or 
DBP 100   mmHg constitute stage 2 hypertension. 

 A new category designated prehypertension has been 
added, and it is defi ned as SBP between 120 and 139   mmHg 
and DBP between 80 and 90   mmHg (Table  13.1 ). Prehyper-
tension is a designation chosen to identify individuals at 
high risk for developing hypertension, so that both patients 
and clinicians are alerted to this risk and encouraged to 
intervene and prevent or delay the hypertension from 
developing. Individuals who are prehypertensive are not 
candidates for drug therapy based on their level of BP and 
should be fi rmly and unambiguously advised to practice 
lifestyle modifi cation in order to reduce their risk of devel-
oping hypertension in the future. This classifi cation does 
not stratify hypertensive individuals by the presence or 
absence of risk factors or target organ damage in order to 
make different treatment recommendations. Should either 
or both be present, JNC 7 suggests that all people with 
hypertension (stages 1 and 2) be treated. The treatment 
goal for individuals with hypertension and no other com-
pelling conditions is  < 140/90   mmHg. The goal for indi-
viduals with prehypertension and no compelling indications 
is to lower BP to normal levels with lifestyle changes, and 

prevent the progressive rise in BP using the recommended 
lifestyle modifi cations.   

 Impressive evidence has accumulated to warrant greater 
attention to the importance of SBP as a major risk factor for 
cardiovascular disease (CVD). Clinical trials have demon-
strated that control of isolated systolic hypertension (ISH), 
defi ned as SBP  ≥ 160   mmHg and DBP  < 90   mmHg, reduces 
total mortality, cardiovascular mortality, stroke, and heart 
failure.  2,3   A Clinical Advisory Statement  4   recommends that 
SBP should be the principal measure for the detection, 
evaluation, and treatment of hypertension in both middle -
 aged and older individuals. 

 Diagnosis and evaluation of hypertensive patients 
should include assessment of other cardiovascular risk 
factors or concomitant disorders that may affect prognosis 
and guide treatment (Box  13.1 ) and looking for identifi able 
causes of high BP. Identifi able causes of high BP include 
chronic kidney disease, coarctation of the aorta, Cushing ’ s 
syndrome and other glucocorticoid excess states including 
chronic steroid therapy, drug - induced or drug - related 
hypertension, obstructive uropathy, pheochromocytoma, 
primary aldosteronism and other mineralocorticoid excess 
states, renovascular hypertension, sleep apnea, and thyroid 
or parathyroid disease.  1      

  Prevalence 

 Hypertension affects 20 – 30% of the world ’ s population.  5,6   
When the new JNC 7 classifi cation was applied to a nation-
ally representative sample of US adults, it was found that 
in populations aged 20 or greater, an estimated 41.9 million 
men and 27.8 million women have prehypertension, 12.8 
million men and 12.2 million women have stage 1 hyper-
tension, and 4.1 million men and 6.9 million women have 
stage 2 hypertension.  7   A higher   percentage of men than 
women have hypertension before age 45.   From age   45 to 
age 54, the percentages of men and women with   hyperten-
sion are   similar. After that, a much higher percentage of 
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 Table 13.1     JNC 7 blood pressure classifi cation for adults aged 
18 years and older   *    

   Category     Systolic/diastolic (mmHg)  

  Normal     < 120/80  

  Prehypertension    120 – 139/80 – 89  

  Hypertension     ≥ 140/90  

  Stage 1    140 – 159/90 – 99  

  Stage 2     ≥ 160/100  

    *    The classifi cation is based on the average of two or more properly 

measured, seated BP readings in individuals not taking 

antihypertensive drugs and not acutely ill. When systolic and diastolic 

BP fall into different categories, the higher category should be 

selected to classify the individual ’ s BP status. For example, 

160/92   mmHg should be classifi ed as stage 2 hypertension. Isolated 

systolic hypertension is defi ned as SBP  ≥ 140   mmHg and DBP 

 < 90   mmHg and staged appropriately. For example, 170/82   mmHg is 

defi ned as stage 2 isolated systolic hypertension.   

 Adapted from JNC 7 1  

women   have   high BP than do men.  8   The age - related 
changes in BP explain the increase in overall prevalence of 
hypertension with age and the increase in the prevalence 
of ISH with advanced age. From   1988 – 1994 to 1999 – 2002, 
the prevalence of hypertension in   adults increased from 
35.8% to 41.4% among blacks, and it was   particularly high 
among black women, at 44.0%. Prevalence among   whites 

also increased from 24.3% to 28.1%.  9   Prevalence   of prehy-
pertension in African Americans is lower   at older ages   
because of a higher prevalence of hypertension.  10    

  Natural  h istory 

 Hypertension is one of the major risk factors for cerebro-
vascular disease (stroke), coronary heart disease (acute 
myocardial infarction (MI) and angina pectoris), congestive 
heart failure, and chronic renal disease. The risk is directly 
associated with the BP level and with the presence of target 
organ manifestations and other cardiovascular risk factors. 
Ferrucci  et al   11   calculated the cardiovascular risk score for 
each participant in the Systolic Hypertension in the Elderly 
Program (SHEP) using the multiple risk factor assessment 
equation.  12   This simple risk score is based on age, sex, total 
and high - density lipoprotein (HDL) - cholesterol, SBP, 
smoking, and diabetes. In the placebo group, the fi ve - year 
rates of MI, stroke, and heart failure were progressively 
higher with higher quartiles of risk score in those who were 
free of cardiovascular disease at baseline. The  relative  event 
protection conferred by chlorthalidone - based treatment 
was similar across quartiles of risk. Thus, the  absolute  risk 
reduction increased by quartile of risk. This was refl ected 
in a 2 -  to 10 - fold lower  “ number needed to treat ”  (NNT) to 
prevent hypertensive complications in the highest - risk 
quartile (Fig.  13.1 ). The authors concluded that hyperten-
sive patients with additional cardiovascular risk factors 
should be the prime candidates for antihypertensive treat-
ment. Even in the absence of additional cardiovascular risk 
in individuals 40 – 70 years of age, each increment of 
20   mmHg in SBP or 10   mmHg in DBP doubles the risk 
of CVD across the entire BP range from 115/75 to 
185/115   mmHG.  13   The classifi cation of  “ prehypertension ”  
introduced by the JNC 7 1  recognizes this relationship and 
signals the need for increased education of healthcare pro-
fessionals and the public health to reduce the BP levels in 
the general population.   

 The article by Franklin and colleagues  14   provides addi-
tional data on the natural history of BP ranges of 130 – 139 
systolic or 80 – 89 diastolic (prehypertension as defi ned by 
the JNC 7). After adjustment for age and sex, the incidence 
of ISH per 100 person - years was 22.8 among individuals 
with BP 120/80 to 129/84 and 35.4 among individuals with 
BP 130/85 to 139/89, as opposed to only 6.6 among indi-
viduals with BP less than 120/80. Furthermore, 59% of 
subjects who developed ISH did not have diastolic hyper-
tension at the baseline visit or at any other visit before ISH 
onset. These data provide further support to the argument 
that prehypertension, intended as the combination of 
normal plus high - normal BP categories, is a useful working 
defi nition in the setting of cardiovascular disease preven-
tion because it identifi es individuals at increased risk of 

BOX 13.1  Components for cardiovascular risk 
stratifi cation in patients with hypertension 

     Major risk factors  
 Tobacco usage, particularly cigarettes 
 Dyslipidemia  *   
 Diabetes mellitus  *   
 Age older than 65 years for women, 55 years for men 
 Estimate glomerular fi ltration rate (GFR)  < 60   mL/min 
 Family history of cardiovascular disease: women under age 
65 or men under age 55 
 Microalbuminuria 
 Obesity  *   (body mass index  ≥ 30   kg/m 2 ) 
 Physical inactivity 

  Target organ damage/clinical cardiovascular disease  
 Left ventricular hypertrophy 
 Angina/prior myocardial infarction 
 Prior coronary revascularization 
 Heart failure 
 Stroke or transient ischemic attack 
 Chronic kidney disease 
 Peripheral arterial disease 
 Retinopathy  

* Components of the metabolic syndrome 
 Adapted from JNC 7 1  
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     Figure 13.1     Rates of new cardiovascular events, relative risks (RR), and 95% confi dence intervals and estimates of NNTs by quartile of global risk score 
for SHEP participants free of CVD. The fi fth group of bars in each panel shows data for subjects with prevalent (prev.) CVD at baseline.  (Adapted from 
Ferrucci  et al .  11  )   
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developing progressive vasculopathy with stiffening of the 
aorta and elastic arteries over time.  

  Burden 

 Worldwide prevalence estimates for hypertension may be 
as much as 1 billion individuals, and approximately 7.1 
million deaths per year may be attributable to hyperten-
sion.  15   It has been identifi ed as the leading risk factor for 
cardiovascular mortality, and is ranked third as a cause of 
disability - adjusted life - years.  16   From 1994 to 2004, the age -
 adjusted death rate from hypertension increased   25.2%, 
and the actual number of deaths rose 54.6%.   The 2004 
overall death rate from hypertension was 17.9%. Death   
rates were distributed as follows:   15.6% for white males, 
49.9% for black males, 14.3%   for white females,   and 40.6% 
for black females.  17   Data from  “ Ambulatory care visits to 
physician offi ces, hospital   outpatient departments, and 
emergency departments in the US ”  showed that the number 
of visits for essential hypertension was 45.3   million in 
2002.  18   This is projected as an estimated direct and indirect 
cost of high BP in 2007 to be $66.4 billion.  17   Since as many 
as half of all hypertensives (defi ned as  ≥ 140/90) remain 
untreated, the annual drug costs could easily double, 
unless we can change lifestyles more successfully or be 
more effi cient in allocating resources.  

  Prevention of  h ypertension 

 Despite the established benefi ts of antihypertensive treat-
ment, concerns are often raised about the prospect of use 
of antihypertensive drugs over decades by 25% or more of 
the adult population. All drugs have adverse effects and 
the cost of medical care for hypertension is considerable. 
Also, the 12 - year follow - up of approximately 350   000 
middle - aged men screened for the Multiple Risk Factor 
Intervention Trial shows that 32% of the coronary heart 
disease (CHD) deaths related to elevated BP occurred below 
the level at which drug treatment would be considered.  19   

 The multifactorial etiology of hypertension is refl ected 
by the large number of non - pharmaceutical approaches 
that have been tested.  20 – 22   Two types of populations 
have been examined. In individuals with above - optimal 
(prehypertension stage according to the JNC 7) but non -
 hypertensive BP levels, lifestyle interventions have been 
tested to determine their effect on BP. The outcome has 
been either BP reduction in short - term trials or prevention 
of BP elevation with age and reduction in the incidence of 
hypertension in long - term trials. Trials have also been 
conducted in hypertensive patients with the objective of 
determining the BP - lowering effects of various non - 
pharmacologic interventions. One rationale has been 
that the fi ndings are likely to be generalizable to non -

 hypertensive individuals. Another rationale has been to 
determine the effi cacy of lifestyle modifi cations as defi nitive 
fi rst - line or adjuvant therapy for hypertension. All treat-
ment guidelines recommend lifestyle modifi cations as the 
fi rst therapeutic approach in newly diagnosed, less severe 
hypertensive patients, with pharmacologic treatment to 
follow only in those who fail to respond adequately. 

 Cross - sectional or longitudinal observational studies 
have found the following factors to be associated with BP 
and prevalence or incidence of hypertension: adiposity, 
physical inactivity, alcohol consumption, high intake of 
sodium, low intake of potassium, magnesium, calcium, 
and certain types of dietary fi ber, intake of certain macro-
nutrients, and chronic stress. 

 Trial results on the effi cacy of interventions for preven-
tion of hypertension are summarized in Table  13.2 . Based 
on literature reviews, including meta - analysis, evidence of 
effi cacy is conclusive for weight loss, exercise, diets high in 
fruits and vegetables, reduction in alcohol and sodium 
intake, and potassium supplementation (Level A). A weight 
reduction of 10   lb (4.5   kg) can be expected to lower the BP 
by approximately 4/3   mmHg. Since exercise, as part of 
efforts to achieve caloric balance, infl uences weight, distin-
guishing an exercise effect on BP from the effect of weight 
loss can be diffi cult, but there is good evidence of BP reduc-
tion from fi tness training.  23   Low - intensity/high - frequency 
activity appears as effective as or more effective than high -
 intensity exercise. A sodium reduction of 80 – 100   mmol/day 
induces an average BP reduction of 5/3   mmHg in hyperten-
sives and 2/1   mmHg in non - hypertensives.  21   Similar BP 
effects were observed in trials that accomplished alcohol 
reductions of about 85% (a mean consumption of 3 drinks/
day reduced to 3 drinks/week).  24     

 The BP effects of lifestyle modifi cations are modest, but 
they appear to be additive under some circumstances.  25   A 
short - term study reported substantial BP reductions in 
adults given a diet rich in fruits, vegetables, and low - fat 
dairy foods, and reduced saturated and total fat.  26   A further 
reduction of SBP (2 – 8   mmHg) was observed when the 
sodium intake was reduced to below 100   mmol per day 
(2.4   g sodium or 6   g sodium chloride).  27 – 29   However, coun-
seling, if required on an indefi nite basis through a tradi-
tional clinical setting, may not be more cost effective than 
drugs. Therefore, interventions (such as reducing salt intake 
by modifying processed foods) that can potentially be 
accomplished on a population basis are attractive. The effi -
cacy of supplementation with magnesium, fi ber, fi sh oil or 
calcium has been judged to be limited or unproven at this 
time.  20   The trial fi ndings are discordant and the effect sizes 
are small. Potassium supplementation (50 – 100   mmol KCl or 
equivalent increase from food) moderately reduces BP, 
especially in those who have a high sodium intake.  22   

 In conclusion, long - term trials in individuals with high -
 normal BP have documented that sodium reduction,  21,25   
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 Table 13.2     Trial results on effi cacy of interventions for primary prevention of hypertension 

   Intervention     References     Duration 
(months)  

   Change in targeted factors     Change in BP, mmHg 
(systolic/diastolic)  

  Sodium reduction     25     6     − 50   mmol/day     − 2.9/ − 1.6  

   25     18     − 43   mmol/day     − 2.0/ − 1.2  

   25     36     − 40   mmol/day     − 1.2/ − 0.7  

   21     0.5 – 36     − 76   mmol/day     − 1.9/ − 1.1  

  Weight loss     30     6     − 4.4   kg     − 3.7/ − 2.7  

   30     18     − 2.0   kg     − 1.8/ − 1.3  

   30     36     − 0.2   kg     − 1.3/ − 0.9  

  Exercise     23     1 – 16    To 65% maximum exercise capacity     − 2.1/ − 1.6  

   31     1.5 – 7    30 – 90% of 1 repetition maximum     − 3/ − 3  

   32     0.7 – 24    Low – medium exercise intensity     − 3.8/ − 2.6  

  Alcohol reduction     24     1.5     − 2.6 drinks/day     − 3.8/ − 1.4  

   33     0.25 – 24    16 – 100% reduction in the daily consumption     − 3.3/ − 2.0  

  Potassium increase     22     0.3 – 36    +46   mmol/day     − 1.8/ − 1.0  

  Dietary pattern     26, 27     2    Increased fruit, vegetables, low fat dairy, protein, lower saturated 

fat, dietary cholesterol  

   − 3.5/ − 2.1  

weight loss,  30   exercise,  31,32   alcohol reduction,  24,33   and potas-
sium supplementation  22   can reduce the incidence of hyper-
tension by as much as half ( Level A ). The most impressive 
results are from a fi ve - year trial of a multifactorial interven-
tion.  34   The   cumulative incidence of hypertension was 19.2% 
in the control group and 8.8% in the intervention group. 
The main factors contributing to this BP reduction were 
weight loss and sodium reduction.  25   Overweight adults 
with prehypertension appear to be prime candidates for 
this intervention. Lifestyle modifi cation is an integral part 
of management of hypertension. The BP - lowering effects 
are on average modest. Some patients do not respond or 
are unable to modify their lifestyles, while others respond 
well. As a consequence, many patients do not have to be 
placed on antihypertensive drugs and, if they are, lower 
drug doses or fewer drugs may be required. The challenge 
is to sustain the lifestyle modifi cations.  

  Drug  t reatment 

  Placebo -  c ontrolled  t rials 

 Despite efforts at lifestyle modifi cations, most hypertensive 
patients require pharmacologic treatment. In the US, almost 
25 million adults are currently taking antihypertensive 
medications.  17   This high level of drug use to treat an 
asymptomatic condition has been justifi ed by the high 
population burden of major morbidity and mortality caus-
ally related to untreated hypertension, and by strong evi-
dence of treatment effi cacy and safety from large, long - term 

clinical trials. In SHEP,  35   which enrolled older adults  ≥ 60 
years with isolated systolic hypertension (SBP  ≥ 160   mmHg), 
the fi ve - year event rates for the combined endpoints of 
CHD and stroke per 100 patients were 13.6 in the placebo 
group and 9.4 in the active group. The risk difference of 
4.2% means that about 24 older adults need to be treated 
for fi ve years in order to prevent one coronary or cerebro-
vascular event. It must be recognized that calculating the 
NNT in this manner from randomized clinical trials pro-
duces an underestimate for several reasons, chiefl y the 
selection or self - selection of lower - risk patients into trials 
and the dilution of effects due to drop - in to active treat-
ment by patients in the control group. For middle - aged 
populations, who are at lower risk, the NNT would be 
much higher. Because many people must receive therapy 
so that a few will benefi t, even uncommon adverse effects 
may minimize or eliminate the BP - lowering benefi ts of 
antihypertensive therapy. Only with large, long - term trials 
such as SHEP can we be assured that the health benefi ts 
actually outweigh the health risks of particular therapies. 

 In a meta - analysis by Psaty  et al ,  36   the evidence from 
large, long - term, controlled clinical trials of antihyperten-
sive therapy was reviewed. The 18 randomized trials 
included 48   220 patients followed for an average of about 
fi ve years. Clinical trials were classifi ed according to the 
primary treatment strategy. While most studies used more 
than one drug, the agents were generally used in a stepwise 
fashion, and it was usually easy to identify the fi rst - line 
therapy. 

 Compared with controls, beta - blocker therapy was effec-
tive in preventing stroke and congestive heart failure 
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(Table  13.3 ). Similarly, high - dose diuretic therapy, which 
typically started with the equivalent of 50   mg/day of 
hydrochlorothiazide and often went to 100   mg/day, was 
associated with a reduced risk of stroke and heart failure. 
Despite lowering BP by an average of about 5 – 6   mmHg, 
neither beta - blocker therapy nor high - dose diuretic therapy 
demonstrated signifi cant reduction of coronary disease 
events ( Level A ) (see Table  13.3 ).   

 Compared with controls, low - dose diuretic therapy pre-
vented not only stroke and heart failure but also CHD and 
cardiovascular and total mortality (see Table  13.3 ). In con-
trast to high - dose diuretic therapy, the adverse metabolic 
effects of low - dose diuretic therapy are minimal. The safety 
and proven effectiveness make low - dose diuretic therapy 
the logical fi rst - line pharmacologic treatment for hyperten-
sion. The JNC 7 1  appropriately identifi es low - dose diuretics 
as preferred fi rst - line agents in the treatment of hyperten-
sion ( Class I, Level A ). 

 It is not clear why low - dose diuretic therapy prevents 
CHD, but neither high - dose diuretic therapy nor beta - blocker 
therapy is associated with a reduced risk of coronary disease. 
The low - dose trials (see reference  36  for references) were 
conducted mainly in older adults while the high - dose trials 
were conducted largely in middle - aged adults. Evidence 
from observational studies suggests that, compared with 
low - dose diuretic therapy, high - dose diuretic therapy is 
associated with an increased risk of sudden death.  37   For high -
 dose diuretics, the most likely explanation for this increased 
risk of sudden death is the dose of the diuretics rather than 
the age of patients. Abrupt withdrawal of beta - blocker 
therapy is associated with an increased risk of MI in patients 
with high BP.  38   It is possible that withdrawal reactions from 
non - compliance with beta - blockers may have minimized the 
drugs ’  ability to prevent CHD in hypertensive patients, who 
generally represent a low - risk population group. 

 The fi ndings for beta - blocker and high - dose diuretic 
therapy provide direct evidence that BP lowering alone is 
not adequate to predict the effect of an antihypertensive 
medication on important health outcomes.  “ In light of all 
previous cardiovascular trials  …  ”  Topol and colleagues 
remark,  “ surrogate endpoints cannot be considered authen-
tic measures of true clinical effi cacy and safety ” .  39   Evidence 
from individual comparative trials and meta - analyses of 
comparative trials strongly indicates that it matters how 
elevated BP is lowered (see below). Although average BP 
reductions are similar across different classes of drugs, 
important differences exist between these classes in terms 
of their effects on major morbid events, especially heart 
failure and acute MI.  40   Yet drug regulatory agencies cur-
rently approve antihypertensive medications primarily on 
the basis of their ability to lower BP. 

 A so - called network meta - analysis by Psaty  et al   41   included 
trials through 2002. The database included 192   478 patients 
from 42 trials randomized to seven major treatment strate-

gies, including placebo. For all major outcomes, low - dose 
diuretics were superior to placebo: coronary heart disease 
(CHD; relative risk (RR) 0.79; 95% confi dence interval (CI) 
0.69 – 0.92); congestive heart failure (CHF; RR 0.51; 95% CI 
0.42 – 0.62); stroke (RR 0.71; 95% CI 0.63 – 0.81); cardiovascular 
disease events (RR 0.76; 95% CI 0.69 – 0.83); cardiovascular 
disease mortality (RR 0.81; 95% CI 0.73 – 0.92); and total 
mortality (RR 0.90; 95% CI 0.84 – 0.96). When the effects of 
low - dose diuretics on the six outcomes were compared to 

 Table 13.3     Meta - analysis of randomized, placebo - controlled clinical 
trials in hypertension according to fi rst - line treatment strategy 

   Outcome 
drug 
regimen  

   Dose     Trials 
(n)  

   Events, 
active 
treatment/ 
control  

   RR (95% CI)  

   Stroke   

  Diuretics    High    9    88/232    0.49 (0.39 – 0.62)  

  Diuretics    Low    4    191/347    0.66 (0.55 – 0.78)  

  Beta - blockers        4    147/335    0.71 (0.59 – 0.86)  

  HDFP    High    1    102/158    0.64 (0.50 – 0.82)  

   Coronary heart disease   

  Diuretics    High    11    211/331    0.99 (0.83 – 1.18)  

  Diuretics    Low    4    215/363    0.72 (0.61 – 0.85)  

  Beta - blockers        4    243/459    0.93 (0.80 – 1.09)  

  HDFP    High    1    171/189    0.90 (0.73 – 1.10)  

   Congestive heart failure   

  Diuretics    High    9    6/35    0.17 (0.07 – 0.41)  

  Diuretics    Low    3    81/134    0.58 (0.44 – 0.76)  

  Beta - blockers        2    41/175    0.58 (0.40 – 0.84)  

   Total mortality   

  Diuretics    High    11    224/382    0.88 (0.75 – 1.03)  

  Diuretics    Low    4    514/713    0.90 (0.81 – 0.99)  

  Beta - blockers        4    383/700    0.95 (0.84 – 1.07)  

  HDFP    High    1    349/419    0.83 (0.72 – 0.95)  

   Cardiovascular mortality   

  Diuretics    High    11    124/230    0.78 (0.62 – 0.97)  

  Diuretics    Low    4    237/390    0.76 (0.65 – 0.89)  

  Beta - blockers        4    214/410    0.89 (0.76 – 1.05)  

  HDFP    High    1    195/240    0.81 (0.67 – 0.97)  

   Trials (n) indicate number of trials with at least 1 endpoint of interest. 

Abbreviations: RR, relative risk; CI, confi dence interval; HDFP, 

Hypertension Detection and Follow - up Program Study (5484 subjects 

in stepped care and 5455 in referred care). For these comparisons, the 

numbers of participants randomized to active therapy and placebo 

were 7768 and 12   075 for high - dose diuretic therapy; 4305 and 5116 

for low - dose diuretic therapy; and 6736 and 12   147 for beta - blocker 

therapy. Because the Medical Research Council trial included two 

active arms, the placebo group is included twice in these totals, once 

for a diuretic comparison and again for beta - blocker comparison. The 

total numbers of participants randomized to active therapy and 

control therapy were 24   294 and 23   926, respectively.  36     
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the other fi ve active treatment strategies (beta - blockers, 
angiotensin - converting enzyme (ACE) inhibitors, calcium 
channel blockers (CCBs), alpha - blockers and angiotensin 
receptor blockers), diuretic treatment was signifi cantly better 
for eight outcomes in the 30 possible comparisons. None of 
the remaining comparisons showed a statistically signifi cant 
difference in favor of a comparator drug. This analysis pro-
vides compelling evidence that low - dose diuretics are the 
most effective fi rst - line treatment for preventing the occur-
rence of cardiovascular disease morbidity and mortality. 

 Results from several long - term, placebo - controlled trials 
of the newer classes of antihypertensive agents have been 
published since 1997 (Table  13.4 ). A placebo - controlled trial 
of nitrendipine in ISH (Syst - Eur) found a statistically signifi -
cant reduction in stroke risk and showed trends for reduc-
tions in risks of acute MI and congestive heart failure.  42   
Two placebo - controlled trials in patients with type 2 diabe-
tes and nephropathy, the Irbesartan Diabetic Nephropathy 
Trial (IDNT)  43   and the Reduction of Endpoints in NIDDM 
with the Angiotensin II Antagonist Losartan (RENAAL) 
Study,  44   investigated two different angiotensin II receptor 
blockers. The primary endpoint in both trials was a compos-
ite renal outcome defi ned as a doubling of serum creatinine, 
development of end - stage renal disease or death from any 
cause. The primary results were very similar: the composite 
renal outcome was lowered by 20% in IDNT by irbesartan 
and by 16% in RENAAL by losartan ( P    =   0.02 in both trials). 
IDNT also evaluated the effect of amlodipine, a calcium 
channel blocker, that did no better than placebo for the renal 
outcome (RR 1.04). In neither trial did the active treatments 
signifi cantly reduce the risk of a composite cardiovascular 
outcome in comparison to the placebo controls.   

 The Perindopril Protection against Recurrent Stroke 
Study (PROGRESS) reported that ACE inhibitor - based 

treatment reduced the risk of stroke by 28% and the risk of 
total major vascular events by 26%.  45   Those receiving the 
combination of perindopril and the diuretic indapamide 
(56% of the population) benefi ted the most. In this sub-
group, the mean reduction in BP was 12/5   mmHg and the 
reduction in stroke risk was 43%. However, those assigned 
to perindopril alone experienced a small reduction in BP, 
5/3   mmHg, with no signifi cant reduction in stroke risk. 

 In conclusion, placebo - controlled trials conducted 
through the early 1990s documented conclusively that low -
 dose diuretics and beta - blockers used as fi rst - line drugs 
markedly reduce the devastating cardiovascular complica-
tions experienced by hypertensive patients. However, the 
role of beta - blockers as a fi rst - line treatment has been chal-
lenged when compared to active treatment (see below) 
( Level B ). The placebo - controlled trials have had two 
important consequences. First, they established low - dose 
diuretics as the proper control group for comparative trials. 
Second, they limited the opportunity for conducting long -
 term, placebo - controlled trials, since withholding active 
treatment generally became ethically unacceptable. Only in 
specifi c subgroups of hypertensive patients  –  for example, 
those with major co - morbidity such as nephropathy and 
cerebrovascular disease  –  were placebo - controlled designs 
considered acceptable. The focus of clinical research in 
hypertension has shifted from answering the question  “ Is 
BP lowering benefi cial? ”  to asking  “ Does it matter how 
elevated BP is lowered? ” . The latter question requires com-
parative or active - controlled trials.  

  Active -  c ontrolled  t rials 

 Over the past decade, clinical trials of BP - lowering drugs 
shifted focus from placebo - controlled to actively controlled 

 Table 13.4     Clinical effects of newer antihypertensive agents from recent placebo - controlled trials 

   Trial     Study population     First - line treatment     Outcome     RR (95% CI)  

  Syst - Eur  42      ISH    Nitrendipine    Stroke    0.58 (0.40 – 0.83)  

  AMI    0.70 (0.44 – 1.09)  

  Heart failure    0.71 (0.47 – 1.10)  

  IDNT  43      Diabetic nephropathy    Irbesartan    Composite renal    0.80 (0.66 – 0.97)  

  Composite CV    0.91 (0.72 – 1.14)  

  Amlodipine    Composite renal    1.04 (0.86 – 1.25)  

  Composite CV    0.88 (0.69 – 1.12)  

  RENAAL  44      Diabetic nephropathy    Losartan    Composite renal    0.84 (0.72 – 0.98)  

  Composite CV    0.90 (NA)  

  PROGRESS  45      Stroke, TIA    Perindopril alone    Stroke    0.95 (0.77 – 1.19)  

  Major vascular    0.96 (0.80 – 1.15)  

  Perindopril   +   indapamide    Stroke    0.57 (0.46 – 0.70)  

  Major vascular    0.60 (0.51 – 0.71)  

   CV, cardiovascular; TIA, transient ischemic attack.   
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designs. ALLHAT, initiated in 1994,  46   was one of the fi rst 
major active - controlled or comparative outcome trials to 
examine whether the type of drug used to lower high BP 
matters. While the study hypotheses were formally two -
 sided, the primary interest was a test of superiority, with 
the overall objective being to determine whether each of 
three drugs from newer drug classes (ACE inhibitors, 
CCBs, and alpha - blockers), when used as fi rst - line therapy, 
are superior to low - dose diuretics in reducing the risk of 
cardiovascular events. The alpha - blocker (doxazosin) arm 
was terminated early in 2000  47   for two reasons  –  a 25% 
excess of major cardiovascular events, primarily congestive 
heart failure, and a very small likelihood of observing that 
it is superior to low - dose diuretics in reducing major coro-
nary events (Table  13.5 ). The fact that excess cardiovascular 
events with doxazosin occurred despite BP reduction that 
was similar to the diuretic group points to the importance 
of drug selection in the treatment of hypertension. In the 
other two arms of ALLHAT that continued until 2002,  48   
chlorthalidone was as effective as ACE inhibitors or CCBs 
and was even superior in preventing one or more major 
forms of CVD (see Table  13.5 ). The low cost of diuretics 
represents a defi nite advantage over other drugs. Based on 
available data from placebo - controlled trials evaluating 
low - dose diuretics, major health outcomes for chlorthali-
done and other thiazide - like drugs appear similar.  49   Hence, 
low - dose diuretics have emerged as fi rst - line therapy for 
treatment of hypertension ( Level A ).   

 Unlike low - dose diuretics, the role of beta - blockers as 
treatment for primary hypertension has been challenged.  50   
A preliminary analysis showed that atenolol was not very 
effective for treatment of hypertension.  51   To confi rm that 
conclusion and to assess other beta - blockers, Lindholm 
 et al   52   conducted a meta - analysis that included more data 
on atenolol and data on all other beta - blockers. Thirteen 
randomized controlled trials (n   =   105   951) were included in 
their meta - analysis. Seven studies (n   =   27   433) compared 
beta - blockers and placebo or no treatment. The relative risk 
of stroke was 16% higher for beta - blockers (95% CI 4 – 30%) 
than for other drugs. There was no difference for myocar-
dial infarction. When the effect of beta - blockers was com-
pared with that of placebo or no treatment, the relative risk 
of stroke was reduced by 19% for all beta - blockers (7 – 29%), 
about half of that expected from previous hypertension 
trials. There was no difference for myocardial infarction or 
mortality. These results raise questions about the appropri-
ateness of beta - blockers as fi rst - line therapy. 

 A meta - analysis of nine randomized comparative clinical 
trials of intermediate -  and long - acting CCBs was conducted 
by Pahor  et al .  53   The comparators were mostly low - dose 
diuretics, beta - blockers, and ACE inhibitors. The mean BP 
reduction was almost identical in the CCB and non - CCB 
groups. In the database that included nearly 120   000 
person - years of treatment, use of CCBs was associated with 

approximately 25% excess rates of both congestive heart 
failure and acute MI ( P     <    0.005) (see Table  13.5 ). No differ-
ences were observed between the groups for stroke or 
all - cause mortality. When the database from a second 
meta - analysis  54   was used to examine the same question  –  
CCBs versus non - CCBs  –  the results were similar and sta-
tistically signifi cant.  55   In a similar type of meta - analysis, the 
benefi t of ACE inhibitors was compared to that of non - ACE 
inhibitors, primarily CCBs in patients with diabetes.  56   The 
pooled analysis, supported subsequently by another trial,  57   
strongly suggested that ACE inhibitors have advantages 
over non - ACE inhibitors in reducing the risk of acute myo-
cardial infarction and major cardiovascular events, in spite 
of similar BP reduction in diabetic patients (see Table  13.5 ). 

 The evidence concerning the relevance of how elevated 
BP is lowered comes from two relatively recent trials with 
similar design in patients with nephropathy (see Table 
 13.5 ). The achieved BP levels were similar for the two thera-
pies  –  amlodipine versus a drug blocking the renin –  angio-
tensin system. In the AASK trial,  58   among patients with 
non - diabetic nephropathy, the amlodipine group was ter-
minated early owing to a more rapid decline in renal func-
tion and a 60% higher risk of a composite renal outcome 
 –  renal disease progression, end - stage renal disease or 
death compared to the ramipril group. Amlodipine was 
also inferior to irbesartan in patients with diabetic nephrop-
athy in IDNT.  43   The risk of the composite renal outcome 
was 32% higher in the amlodipine group compared to the 
irbesartan group. There was no group difference for a com-
posite cardiovascular outcome. 

 In the LIFE trial  59   among patients with ECG - determined 
left ventricular hypertrophy, treatment with ARB (losar-
tan) was more protective against a composite cardiovascu-
lar endpoint than treatment with a beta - blocker (atenolol) 
despite very similar BP reductions. In fact, the benefi ts 
were largely attributable to a protection against stroke and 
were particularly striking in the diabetic subgroup (see 
Table  13.5 ). 

 In the VALUE trial  60   15   245 patients, aged 50 years or older 
with treated or untreated hypertension and high risk of 
cardiac events, were randomly assigned to either valsartan, 
an ARB drug, or amlodipine. The primary outcome of com-
posite cardiovascular disease did not differ between treat-
ment groups. Unequal reduction in BP initially might account 
for differences between groups in cause - specifi c outcomes. 
The fi ndings emphasize the importance of prompt BP control 
in hypertensive patients at high CV risk (see Table  13.5 ). 

 In the Anglo - Scandinavian Cardiac Outcomes Trial 
(ASCOT),  61   high - risk patients were randomly assigned to 
amlodipine and perindopril or atenolol and bendrofl ume-
thiazide. Though not statistically signifi cant, fewer indi-
viduals on the amlodipine - based regimen had a primary 
endpoint (non - fatal myocardial infarction and fatal CHD). 
However, this difference could be largely explained by the 
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 Table 13.5     Clinical effects of newer antihypertensive agents from recent active - controlled trials and meta - analyses 

   Study     Study population     Treatment     Outcome     RR (95% CI)  

   Study     Control  

  ALLHAT  47      Elderly, high - risk    Doxazosin    Chlorthalidone    CHD    1.03 (0.90 – 1.17)  

  Total mortality    1.03 (0.90 – 1.15)  

  Stroke    1.19 (1.01 – 1.40)  

  Combined CVD    1.25 (1.17 – 1.33)  

  CHF    2.04 (1.79 – 2.32)  

  Coronary revasc.    1.15 (1.00 – 1.32)  

  ALLHAT  48      Elderly, high - risk    Amlodipine    Chlorthalidone    CHD    0.98 (0.90 – 1.07)  

  Total mortality    0.96 (0.89 – 1.02)  

  Stroke    0.93 (0.82 – 1.06)  

  Combined CVD    1.04 (0.99 – 1.09)  

  CHF    1.38 (1.25 – 1.52)  

  Coronary revasc.    1.09 (1.00 – 1.20)  

  ALLHAT  48      Elderly, high - risk    Lisinopril    Chlorthalidone    CHD    0.99 (0.91 – 1.08)  

  Total mortality    1.00 (0.94 – 1.08)  

  Stroke    1.15 (1.02 – 1.30)  

  Combined CVD    1.10 (1.05 – 1.16)  

  CHF    1.19 (1.07 – 1.31)  

  Coronary revasc.    1.10 (1.00 – 1.21)  

  Lindholm  et al   52      Primary hypertension    Beta - blockers    Non beta - blockers    AMI    1.02 (0.93 – 1.12)  

  Stroke    1.16 (1.04 – 1.30)  

  Total mortality    1.03 (0.99 – 1.08)  

  Pahor  et al   55      High risk    CCBs    Non - CCBs    CHF    1.25 (1.07 – 1.46)  

  AMI    1.26 (1.11 – 1.43)  

  Stroke    0.90 (0.80 – 1.02)  

  Mortality    1.03 (0.94 – 1.13)  

  Pahor  et al   56    *      Diabetics    Non - ACEIs, mostly CCBs    ACEIs    AMI    1.45 (1.12 – 1.89)  

  Stroke    1.08 (0.80 – 1.43)  

  CV event    1.20 (1.00 – 1.45)  

  Mortality    1.08 (0.86 – 1.35)  

  AASK  58      Non - diabetic nephropathy    Amlodipine    Ramipril    Composite renal    1.61 (1.15 – 2.27)  

  IDNT  43      Diabetic nephropathy    Amlodipine    Irbesartan    Composite renal    1.32 (1.09 – 1.58)  

  Composite CV    0.97 (0.76 – 1.23)  

  LIFE  59      Diabetics    Losartan    Atenolol    Composite CV    0.76 (0.58 – 0.98)  

  CV mortality    0.63 (0.42 – 0.95)  

  Total mortality    0.61 (0.45 – 0.84)  

  VALUE  60      High CV risk    Valsartan    Amlodipine    Composite CV    1.04 (0.94 – 1.15)  

  Stroke    1.15 (0.98 – 1.35)  

  MI    1.19 (1.02 – 1.38)  

  CHF    0.89 (0.77 – 1.03)  

  Total mortality    1.04 (0.94 – 1.14)  

  ASCOT  61      High CV risk    Amlodipine    ±    

perindopril  

  Atenolol    ±    

bendrofl umethiazide  

  Non - fatal MI    0.9 (0.79 – 1.02)  

  Stroke    0.77 (0.66 – 0.89)  

  CVD events    0.84 (0.78 – 0.90)  

  Total mortality    0.89 (0.81 – 0.99)  

  Diabetes incidence    0.7 (0.63 – 0.78)  

  ACCOMPLISH  62      Elderly, high risk    Benazepril   +   amlodipine    Benazepril   +   

hydrochlorothiazide  

  Composite CV    0.80 (0.72 – 0.90)  

   ACEIs, angiotensin - converting enzyme inhibitors; AMI, acute myocardial infarction; CCBs, calcium - channel blockers; CHD, coronary heart disease; 

CHF, congestive heart failure; CV, cardiovascular; CVD, cardiovascular disease.  

   *    Updated to include reference  57 .   
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difference in SBP in the two groups. The incidence of new -
 onset diabetes was also less on the amlodipine - based 
regimen (see Table  13.5 ). The Avoiding Cardiovascular 
Events through Combination Therapy in Patients Living 
with Systolic Hypertension (ACCOMPLISH) trial, reported 
that a combination of benazepril and amlodipine reduce a 
composite outcome of cardiovascular events compared to 
a combination of benazepril and hydrochlorothiazide by 
19.6% in 3 years. The clinical relevance of the trial is limited 
by the fact that amlodipine was given in a full dose, while 
hydrochlorothiazide was given in half the recommend 
dose. It has been documented that chlorothalidone and 
hydrochlorothiazide have similar benefi ts,  49   but the effec-
tive dose of the latter is twice the that of the former. 

 In conclusion, these reports document that in certain 
circumstances it matters how elevated BP is lowered. In 
the reviewed trials, it appears that two types or classes of 
drugs, alpha - blockers and CCBs, are as effective as other 
antihypertensive agents in reducing SBP and DBP, but 
less effective in reducing the risk of heart failure (both 
classes) and MI (CCBs). In elderly high - risk hypertensive 
patients, doxazosin was less effective than chlorthalidone 
in reducing risk of congestive heart failure and stroke 
(Level A). There was no difference in risk of major coro-
nary events. It is likely that these observations from 
ALLHAT apply to all alpha - blockers. Two - thirds of the 
heart failure cases were either hospitalized or fatal. 
Several sources of data  53 – 58   show that CCBs are inferior to 
other agents in reducing the hypertensive complications 
of congestive heart failure and acute MI. These fi ndings 
may be especially relevant in patients with type 2 diabe-
tes.  56,57   Since diuretics and ACE inhibitors are effective in 
the treatment and prevention of heart failure and most 
CCBs are not recommended in patients with this condi-
tion, these observations should not be surprising. In com-
parison with other antihypertensive drugs, the effect of 
beta - blockers is less than optimum, with a raised risk of 
stroke.  58   Hence, beta - blockers should not be fi rst choice in 
the treatment of primary hypertension and should not be 
used as reference drugs in future randomized controlled 
trials of hypertension.  

  Some  n ewer  a ntihypertensive  d rugs 

 New classes of antihypertensive drugs and new drugs 
in the established classes have recently emerged. These 
include the aldosterone receptor blockers,  63   vasodilator 
beta - blockers (carvedilol, nevibolol, and celiprolol),  64   
renin inhibitors (aliskiren),  65   endothelin receptor antago-
nists (bosantan, darusentan, sitaxsentan, and tezosen-
tan),  66   and dual endopeptidase inhibitors (omapatrilat).  67   
Only the specifi c aldosterone receptor blockers and the 
vasodilator beta - blockers appear to be promising in treat-
ing systemic hypertension in routine clinical practice.   

  Genetics,  h ypertension, and  s ome 
 p otential  d rug –  g ene  i nteractions 

 The phenotype of high BP represents a complex trait infl u-
enced by both genes and environment.   Essential hyperten-
sion, generally mild to moderate elevations of BP in the 
population, has been associated with several genetic poly-
morphisms. Detection of such genetic polymorphisms have 
been adopted by many projects such as genome - wide scan 
for hypertension in sibships to identify possible hyperten-
sion loci on chromosomes (HyperGEN,  68   the BRIGHT 
study,  69   and the GENIHUSS study  70  ). The National Millen-
nium Project of Japan has already investigated 100   000 
single nucleotide polymorphism markers in an attempt to 
identify genetic variations linked to the development of 
hypertension.  71   Polymorphism in the genes encoding for a 
number of substances has been found to be associated with 
hypertension; some of these include human atrial natri-
uretic peptide,  72   subunit of the epithelial Na+channel,  73   
a - adducin,  74   beta 2 -  and beta 3 - adrenoceptors,  75   cytochrome 
CYP1A1,  76   cytochrome CYP3A5,  77   ACE,  78   bradykinin B2 
receptor,  79   aldosterone synthase (CYP11B2),  80   lipoprotein 
lipase,  81   angiotensin II type 2 receptor,  82   endothelin - 2,  83   
tyrosine hydroxylase,  84   and G(s) protein alpha - subunit.  85   

 The genetic studies of hypertension are very important 
for understanding the biologic and molecular etiologies of 
high BP and, potentially, for the design of new drugs. The 
public health importance of variations in candidate genes 
for hypertension remains to be determined. While this 
work has enhanced our knowledge of molecular biology, 
the polymorphisms associated with essential hypertension, 
though some are common, tend to have small effects. As 
Corvol has aptly observed,  “ Most molecular variants lead 
to a low attributable risk in the population or a low indi-
vidual effect at the individual level ” .  86    

  Pharmacogenetics 

 The studies in molecular biology and genetics are occurring 
at a breath - taking pace. There are some studies that report 
the effectiveness of antihypertensive therapy based upon the 
genotype of selected patients. Amiloride was found to be 
effective as monotherapy in hypertensive patients with 
Thr594Met polymorphism in the epithelial sodium channel 
who have increased amiloride - sensitive sodium channel 
activity.  87   The therapeutic response to the ARB losartan was 
much greater in patients on the basis of AT1 receptor A1166C 
polymorphism.  88   The M235T polymorphism in the angioten-
sinogen gene was found to be an independent predictor of 
the BP response to ACE inhibition.  89   Polymorphism in the 
GNAS1 locus, encoding the G(s) protein alpha - subunit (FokI 
allele), was related to the BP response to beta - blockers.  90   
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Single nucleotide polymorphisms in the angiotensinogen 
gene were associated with the BP - lowering response to ateno-
lol.  90   However, correlations between gene polymorphism 
and high BP are not consistent and are often limited to a 
certain ethnicity  81   and sex,  83   and infl uenced by environmental 
factors. Studies have to show a health benefi t, a reduction in 
cost or both before these genetic tests could be widely used. 

 In conclusion, it is too early to make any recommenda-
tion of a specifi c drug (class) for optimal treatment accord-
ing to a patient ’ s genotype.  

  Immunotherapy of  h ypertension 

 There are some recent developments in the area of immu-
notherapy of hypertension. In a small study, hypertensive 
patients responsive to an ACE inhibitor or ARB were given 
three or four injections of PMD3117, a vaccine based upon 
Ang I antigen, over a six - week period. The antibody titer 
rose from the second injection and peaked in six weeks, but 
it was not enough to infl uence BP. However, it blunted the 
fall in plasma renin after withdrawal of the ACE inhibitor 
or ARB and decreased aldosterone excretion signifi cantly, 
indicating suppression of the RAS. The authors believe that 
much higher titers will be required to have an infl uence on 
BP.  91   Treatment of human hypertension with vaccines is 
feasible but is not likely to be available in the near future.  

  Cost  e ffectiveness 

 Hypertension is a worldwide health problem that poses an 
increasing economic burden on health resources. Recent 
data suggest that 26.4% of the world adult population have 
hypertension, and the number is projected to increase to 
29.2% by 2025.  92   The shift away from the less expensive, 
often generic diuretics and beta - blockers to the newer, 
generally more expensive ACE inhibitors, CCBs, alpha -
 blockers and angiotensin II blockers has been costly to 
society. Unfortunately, formal cost - effectiveness analyses 
are not possible for the newest antihypertensive agents 
because of the lack of data on effectiveness. Hence, it is 
predicted that future medical treatment of hypertension 
will be increasingly affected by cost considerations. 

 Although reducing high BP to lower levels is advisable 
in principle, economic factors either at the individual level 
or at the health system level become obstacles in achieving 
that goal. The question from a cost - effectiveness viewpoint 
is not whether treatment is effective, but whether the ben-
efi ts justify the costs in light of competing healthcare needs. 
In the context of healthcare systems in which priorities are 
being established (fi xed budgets), the prime candidates for 
antihypertensive drug treatment should be patients at high 
risk such as elderly patients, patients with moderate to 
severe hypertension, patients with other cardiovascular 

risk factors, and patients with target organ manifestations. 
These patient groups (among others) are at a higher risk of 
clinical hypertensive complications. Since clinical trials 
have demonstrated similar relative reductions in risk of 
stroke, acute MI, congestive heart failure, and mortality in 
low - risk compared to high - risk patients, the absolute 
benefi t expressed as NNT to prevent one event or as 
number of events prevented per 100 patients treated is sub-
stantially greater in the high - risk groups described above.  

  Unanswered  q uestions 

     •      What is the optimal second - line drug to be added to 
low - dose diuretics if the BP is not controlled?  
   •      What is the best method for risk stratifi cation? How can 
we implement feasible and acceptable risk stratifi cation in 
the clinical setting, thus allowing treatment decisions to be 
based on an individual ’ s overall cardiovascular risk?  
   •      What is the optimal achieved level of treated BP? Should 
the treatment goals be even lower than 140   mmHg (systolic) 
or 90   mmHg (diastolic) for certain high - risk subpopulations?  
   •      Should the BP goal be  < 140   mmHg for elderly with ISH?  
   •      What are the optimal method(s) for long - term lifestyle 
modifi cations?  
   •      How can we best reduce the incidence of hypertension?  
   •      Will genetic information improve the effi cacy and safety 
of drug treatment with specifi c antihypertensive agents?     

  Key points 

     •      In persons older than 50 years, SBP greater than 140   mmHg is 
a much more important cardiovascular disease (CVD) risk 
factor than DBP (Level A).  

   •      The risk of CVD beginning at 115/75   mmHg doubles with each 
increment of 20/10   mmHg; individuals who are normotensive 
at age 55 have a 90% lifetime risk for developing 
hypertension (Level A).  

   •      Individuals with a SBP of 120 – 139   mmHg or a DBP of 
80 – 89   mmHg should be considered as prehypertensive and 
require health - promoting lifestyle modifi cations to prevent 
developing hypertension (Class I, Level A).  

   •      Low - dose diuretics is the drug of choice in drug treatment for 
most patients with uncomplicated hypertension, either alone 
or combined with drugs from other classes. Certain high - risk 
conditions are compelling indications for the initial use of 
other antihypertensive drug classes (Class I, Level A).  

   •      Most patients with hypertension will require two or more 
antihypertensive medications to achieve goal BP 
( < 140/90   mmHg or  < 130/80   mmHg for patients with diabetes 
or chronic kidney disease) (Level A).  

   •      Major differences in direct drug cost between low - dose 
diuretics and the newer and heavily promoted agents ought to 
be a strong incentive for use of the former (Class I).    

  Adapted from the JNC 7 1           
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  Introduction 

 Diabetes mellitus (DM) is diagnosed when plasma glucose 
levels rise above predefi ned thresholds. People diagnosed 
with DM have a high future risk of serious health conse-
quences including cardiovascular events. Indeed, they 
develop cardiovascular disease approximately 15 years 
earlier than their non - diabetic counterparts  1   and have a 
cardiovascular risk up to fourfold higher than in people 
without DM.  1 – 4   The magnitude of this increased risk is 
progressively related to the degree of glucose elevation 
above normal. Moreover, this relationship is not restricted 
to people with DM and there is growing recognition that a 
progressive relationship exists between glucose levels and 
cardiovascular risk that begins at glucose levels well below 
the diagnostic thresholds for DM and that extends right 
into the diabetic range.  5   Thus, like low - density lipoprotein 
(LDL) cholesterol or systolic blood pressure, glycemia, as 
measured by fasting glucose level, postload glucose levels 
or HbA1c levels, is a progressive cardiovascular risk factor. 
Whether glucose lowering or prevention of the rise in 
glucose levels with time can reduce cardiovascular risk in 
people with various degrees of glucose elevation (i.e. 
impaired glucose tolerance, impaired fasting glucose, 
newly detected DM or established diabetes) is currently 
being actively studied.  

  What is  d iabetes and  h ow  c ommon is  i t? 

  Diagnosis and  c lassifi cation 

 DM is a common chronic condition that is defi ned on the 
basis of high glucose levels, and that is an independent risk 

factor for a growing list of serious diseases including, but 
not limited to, blindness, renal failure, amputations, clau-
dication, stroke, myocardial infarction, and premature 
death. It is diagnosed when there is evidence of persis-
tently elevated glucose levels that are above specifi c thresh-
olds or cutpoints (Table  14.1 ).  6   These thresholds were 
originally based on epidemiologic studies relating the risk 
of diabetic eye disease to the glucose level achieved two 
hours after drinking a 75   g oral glucose tolerance load.  7   
People with higher levels were at high risk of diabetic reti-
nopathy and nephropathy, whereas those with levels 
below this threshold were at low risk for these health 
consequences.  8,9     

 Recent data have confi rmed the general relevance of 
these thresholds for eye disease, and have shown that 
people with glucose levels below these thresholds have a 
lower (but not negligible) incidence of retinopathy.  10,11   
More importantly, they have also highlighted the fact that 
these thresholds are not relevant to many of the other 
chronic consequences of DM that are listed in Table  14.2 . 
Thus, as noted below, the risk of cardiovascular disease is 
progressively related to glucose levels extending from 
normal levels right into the DM range.   

 When the diagnostic thresholds for DM were established 
it was clear that many people had glucose levels that fell 
below the diabetic threshold but that were nevertheless still 
abnormal and could rise into the DM range with time. This 
led to the classifi cation of impaired glucose tolerance (IGT) 
and impaired fasting glucose (IFG) which identifi ed people 
at low risk for diabetic retinopathy and nephropathy but at 
very high risk for developing DM.  9   Table  14.1  summarizes 
the current diagnostic thresholds for IGT and IFG (some-
times referred to as  “ prediabetes ” ) and Table  14.3  lists the 
relative risk and incidence of DM in people with these two 
dysglycemic states.  12   Of note, the American Diabetes Asso-
ciation has adopted lower thresholds for impaired fasting 
glucose (i.e. 5.6   mmol/L) to optimize its sensitivity and 
specifi city for predicting future DM;  13   however, this lower 
threshold has not been adopted globally.  14      
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 Table 14.1     Diagnostic thresholds for diabetes, impaired glucose tolerance, and impaired fasting glucose 

   Classifi cation     Random plasma glucose     Fasting plasma glucose     Two - hour postload plasma glucose  a    

  Diabetes mellitus     ≥ 11.1   mmol/L   +   classic signs  &  symptoms 

of hyperglycemia  b    

   ≥ 7.0   mmol /L  b       ≥ 11.1   mmol/L  b    

  Impaired glucose tolerance    N/A     < 7.0   mmol/L     ≥ 7.8 and  < 11.1   mmol/L  

  Impaired fasting glucose (WHO)    N/A     ≥ 6.1 and  < 7.0   mmol/L    N/A  

  Impaired fasting glucose (ADA)    N/A     ≥ 5.6 and  < 7.0   mmol/L    N/A  

   WHO, World Health Organization; ADA, American Diabetes Association;      a    measured during a 75   g oral glucose tolerance test (OGTT);      b    must be 

confi rmed on a subsequent day by any one of the three methods.   

 Table 14.2     Major chronic consequences of diabetes 

   Eye disease (cataracts, retinal 

disease)  

   Early death  

  Kidney disease (renal failure, 

nephropathy)  

  Ischemic heart disease  

  Nerve disease (sensory, motor)    Stroke  

  Foot disease (pain, ulceration, callus, 

infection)  

  Peripheral vascular disease  

  Lower limb amputation    Cognitive decline  

  Steatohepatitis and cirrhosis    Depression  

  Hip fractures    Connective tissue abnormalities  

  Imbalance and frailty    Erectile/sexual dysfunction  

 Table 14.3     Risk of diabetes and risk of death in  “ prediabetes ”  

   Diagnostic 
category  

   Relative risk 
of future 
diabetes  

   Annual 
incidence 
of diabetes  

   Relative 
risk of 
death  

  Any impaired 

fasting glucose  *    

  4.7 (2.5 – 6.9)    2 – 10%    1.2 (1.1 – 1.4)  

  Isolated impaired 

fasting glucose  

  7.5 (4.6 – 10.5)    2 – 10%    N/A  

  Impaired glucose 

tolerance  

  6.4 (4.9 – 7.8)    2 – 10%    1.3 (1.1 – 1.5)  

  Any impaired 

glucose tolerance  

  5.5 (3.1 – 7.9)    2 – 10%    N/A  

  Both impaired 

fasting glucose 

and impaired 

glucose tolerance  

  12.1 (4.3 – 20)    10 – 15%    N/A  

 Data are from a systematic overview and meta - analysis of prospective 

studies.  12    

    *    Defi ned as a fasting plasma glucose level  ≥  6.1   mmol/L (i.e. WHO 

criterion); N/A, not available.    

  Prevalence 

 The estimated prevalence of DM in 2003 was 5.1% of all 
adults in the world.  15   This prevalence has been rapidly 
rising and is currently reaching alarming proportions 
throughout much of the world. For example, in Ontario, 
Canada, the prevalence of DM rose from 5.2% of all adults 
in 1995 to 8.8% in 2005.  16   This prevalence rises with age, 
approaching 20% of all people over the age of 70 in 
Canada  16,17   and the USA.  18   It also varies with race and eth-
nicity, with the highest prevalence in people from aborigi-
nal populations throughout the world, followed by those 
with South Asian, Middle Eastern, African and European 
ancestry.  15   In response to this epidemic, on December 20 
2006 the United Nations formally recognized DM as a 
 “ chronic, debilitating and costly disease ” , which  “ poses 
severe risks for families, countries and the entire world ”  
and encouraged countries  “ to develop national policies for 
the prevention, treatment and care of diabetes ” . 

 The prevalence of impaired glucose tolerance varies in a 
similar pattern; in most populations it is somewhat higher 
than the prevalence of diagnosed diabetes. Thus in 2003, 
the estimated prevalence of impaired glucose tolerance in 
the world was 8.2% of all adults.  15    

  Etiology 

 DM emerges when an individual is unable to secrete suf-
fi cient pancreatic insulin to maintain normoglycemia in 
response to various glucose - raising stimuli (such as meals, 
stress, etc.) throughout the day. This may occur due to a 
number of causes.  19   Thus people with type 1 DM typically 
suffer from autoimmune damage to their beta cells and 
have minimal to absent insulin secretion. Conversely, 
people with type 2 DM or gestational DM may make abun-
dant insulin; nevertheless, the absolute amount made is 
insuffi cient to maintain normal glucose homeostasis and to 
overcome whatever  “ insulin resistance ”  is present (due to 
obesity, inactivity or other factors). As insulin is the primary 
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hormone that prevents hyperglycemia, by both inhibiting 
hepatic glucose production and facilitating glucose clear-
ance by muscle, insuffi cient insulin quickly results in an 
elevated glucose level. The etiologic classifi cation of DM 
and the associated characteristics and suspected causes of 
each type are listed in Table  14.4 .     

  How  m uch does  d ysglycemia  i ncrease 
 c ardiovascular  r isk? 

  Relative  r isk of  c ardiovascular  d isease 
with  d iabetes 

 People diagnosed with DM are two to four times more 
likely to suffer a cardiovascular (CV) event than people 
without a diagnosis of DM,  1 – 4   and people with DM develop 
cardiovascular disease approximately 15 years earlier than 
their non - diabetic counterparts.  1   Moreover, the relative 
risk is highest for young individuals, and is higher in 
women than in men. Thus, men and women aged 20 – 34 
have a relative risk of myocardial infarction (MI) of 12 and 
37.8 respectively, whereas by age 75 or older the risks are 
1.86 and 2.41 respectively.  1   Figure  14.1  summarizes the 
incidence and risk of MI (Fig.  14.1 a) and death (Fig.  14.1 b) 
by sex and age group based on data from a population -
 based cohort of 9.4 million people (approximately 400   000 
with diabetes) followed for six years from 1994 to 2000.  1   
These fi ndings are supported in a recent large meta - 
analysis of 37 prospective studies performed from 1966 to 
2005, comprising 447   064 people followed for 4 – 36 years in 
fi ve continents, which reported that compared to people 
without diabetes, the age - adjusted relative risk of fatal 
coronary heart disease was 3.69 and 2.16 in women and 

men respectively; adjustment for other risk factors only 
modestly attenuated the risk to 3.12 and 1.99 respectively.  20   
The fact that the high risk of cardiovascular disease in 
people with DM cannot be explained by the co - existence of 
other cardiovascular risk factors has focused attention on 
the factor that is pathognomonic of diabetes: the elevated 
glucose level.    

  Relationship of  g lycemia to  c ardiovascular 
 d isease in  d iabetes 

 Several prospective studies in people with DM have now 
clearly shown a graded relationship between HbA1c level 
and the incidence of cardiovascular outcomes. For example, 
the Wisconsin Epidemiologic Study of Diabetic Retinopa-
thy followed a population - based sample of 1210 patients 
with DM presenting before the age of 30 and 1780 patients 
with DM presenting at or after the age of 30.  21   In both 
groups of subjects, 10 - year mortality increased with the 
baseline glycated hemoglobin quartile. After controlling 
for other risk factors, a 1% increase in glycated hemoglobin 
was associated with a 10% (older onset subjects) to 18% 
(younger onset subjects) increase in the hazard of dying 
from ischemic heart disease. In an epidemiologic analysis 
of data from the United Kingdom Prospective Diabetes 
Study, a 1% higher HbA1c was associated with a 14% 
higher risk of death, a 14% higher risk of myocardial infarc-
tion and a 12% higher risk of stroke.  22   In another analysis 
of 1626 people with DM in the United States, a 1% higher 
HbA1c was associated with a 14% higher risk of myocar-
dial infarction, fatal coronary heart disease or revascular-
ization.  23   Finally, the best estimate of this relationship was 
reported in a recent meta - analysis of 10 prospective studies 
in which a 1% higher HbA1c was associated with an 18% 

 Table 14.4     Etiologic classifi cation of diabetes mellitus 

   Name     Characteristics     Etiology     Epidemiology  

  Type 1    Primarily due to pancreatic    Autoimmune or     ∼ 10% of people with  

  islet beta - cell destruction; prone to 

ketoacidosis  

  idiopathic    diabetes; 0.2% of the general 

population  

  Type 2    Insuffi cient insulin secretion to compensate 

for resistance to insulin ’ s effect  

  Strong familial component     ∼ 90% of people with diabetes; 

up to 10% of all adults  

  Gestational diabetes    Diabetes with onset or fi rst recognition in 

pregnancy  

  Usually due to hormonal changes in 

pregnancy and usually resolves postpartum  

   ∼ 4% of pregnancies in the 

United States  

  Other specifi c types    Related to a genetic, congenital, pancreatic, 

endocrine, or infectious acquired disease, or 

drug induced  

  Examples include hemochromatosis, 

pancreatitis, hypercortisolemia  

   ∼ 2% of all patients with 

diabetes  

  Adapted from reference   6  . Note that patients with any form of diabetes may require treatment with insulin at some stage of their disease. Use of 

insulin does not in itself classify the patient. 
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     Figure 14.1     Myocardial infarction (MI) and 
death in men and women with diabetes. The 
hazard and rates (insert) of MI and death in 
men and women with diabetes in Ontario, 
Canada, between 1994 and 2000 by age 
range is shown in panels A and B 
respectively.  1    Data are from the cited article.   
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higher risk of coronary heart disease or stroke in people 
with type 2 diabetes; a similar relationship was noted in 
studies of people with type 1 DM.  24    

  Relationship of  g lycemia to  c ardiovascular 
 d isease  r egardless of  d iabetes  s tatus 

 As noted above, prospective studies have consistently 
showed that the relationship between glucose levels and 

the subsequent risk of cardiovascular disease extends well 
below the diabetic threshold. For fasting glucose levels, a 
prospective 14 - year study of 3458 non - diabetic men and 
women aged 40 – 70 with a fasting plasma glucose 
 < 7.8   mmol/L (140   mg/dL) reported that the age - adjusted 
ischemic heart disease mortality rates approximately 
doubled in men as the fasting glucose rose from 5 to 
7   mmol/L (90 – 126   mg/dL), and tripled in women as the 
fasting glucose rose from 6 to 7.2   mmol/L (108 – 130   mg/
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dL).  25   For postload glucose levels, a 10 - year follow - up of 
18   050 non - diabetic male civil servants revealed up to a 
twofold increase in coronary heart disease and stroke mor-
tality in subjects whose two hour postload capillary glucose 
value was greater than 5.4   mmol/L (97   mg/dL) compared 
to those with lower glucose levels; this increase was inde-
pendent of age, smoking, blood pressure, cholesterol, and 
occupation.  26,27   Moreover, over a 33 - year period, partici-
pants in this study had a 12% higher risk of coronary heart 
disease death per 1   mmol/L (18   mg/dL) higher two - hour 
glucose level (above 4.6   mmol/L or 83   mg/dL) after adjust-
ing for several other cardiovascular risk factors.  28   Other 
cohort studies also subsequently showed a relationship 
between cardiovascular events and both fasting and post-
load glucose levels.  29   

 In a 1998 systematic overview and meta - analysis of pub-
lished cohort studies describing more than 1 million 
person - years of follow - up of mainly non - diabetic popula-
tions, the risk of cardiovascular disease increased continu-
ously with fasting and postload glucose levels above 
4.2   mmol/L (75   mg/dL).  30   In a more recent meta - analysis 
of several large prospective studies comprising more than 
1 million person - years of follow - up of people with and 
without diabetes, a 1   mmol/L higher fasting glucose level 
was associated with a 20% higher risk of various cardio-
vascular outcomes.  31   

 Prospective studies have also demonstrated a relation-
ship between HbA1c and cardiovascular outcomes 
regardless of DM status. Thus, in a nine - year prospective 
study of 1326 people with no history of diabetes, the risk 
of myocardial infarction, fatal coronary heart disease 
or revascularization rose 68% per 1% point increase in 
the absolute HbA1c level, after accounting for other 
cardiovascular risk factors.  23   Moreover, in a six - year pro-
spective study of 10   232 people (243 with established dia-
betes) the age - adjusted risk of a cardiovascular disease 
event rose 30% per 1% point increase of HbA1c and 20% 
per 1% point increase of HbA1c after adjustment for 
many other risk factors.  32   These studies also suggest 
that the relationship between glucose and cardiovascular 
disease may be more marked in the prediabetes or 
early DM range than it is in people with established 
diabetes. 

 Therefore, glucose appears to be a continuous 
cardiovascular risk factor, similar to cholesterol or blood 
pressure in its dose – response relationship,  33,34   and dysgly-
cemia rather than DM  per se  has been used to best 
capture this concept.  35,36   Thus people with dysglycemia 
alone are at risk for cardiovascular disease, people with 
dysglycemia and impaired glucose tolerance (IGT) are at 
higher risk for cardiovascular disease as well as DM, and 
people with DM are at even higher risk for cardiovascu-
lar disease as well as eye, kidney, and nerve disease (Fig. 
 14.2 ).     

  Explanation of the  d ysglycemia –
  c ardiovascular  d isease  c onnection 

 Possible explanations for a glucose – cardiovascular disease 
relationship have been reviewed  5   and are summarized in 
Figure  14.3 . They include: 
   •      direct toxic effects of glucose  
   •      decreased insulin effect due to reduced insulin secretion, 
reduced insulin action (i.e. insulin resistance)  
   •      a genetic and/or environmental abnormality that 
predisposes individuals to both DM and cardiovascular 
disease; and  
   •      a combination of these abnormalities.      

  Direct  t oxic  e ffect of  g lucose 

 Glycation of a variety of proteins may directly promote 
cardiovascular disease.  37   Glycated albumin promotes albu-
minuria and endothelial cell dysfunction; glycated red cell 
membranes are less deformable; glycated LDL apoproteins 
are more susceptible than non - glycated LDL to uptake 
by scavenger cells (which would increase foam cell 
formation), oxidation, and increased platelet aggregation; 
glycated high - density lipoprotein (HDL) is less able to 
transport cholesterol; and glycated fi brin and platelet 
membranes adversely affect vascular homeostasis. 
Advanced glycation endproducts (AGE) also accumulate 
on vessel walls and in the vessel matrix, and may 

     Figure 14.2     Frequency distribution of glucose levels in the general 
population. The signifi cance of glucose as a risk factor for chronic disease 
depends on the level. Glucose levels above the diabetic threshold are 
associated with an increasing risk of cardiovascular and microvascular 
(e.g. retinal) disease, levels above the IGT threshold are associated with 
an increasing risk of diabetes, and elevated levels above some as yet 
undefi ned  “ dysglycemic ”  threshold are associated with an increasing risk 
of cardiovascular disease. CV, cardiovascular; DM, diabetes mellitus; IGT, 
impaired glucose tolerance.  
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     Figure 14.3     Possible explanations for the 
relationship between dysglycemia and 
cardiovascular disease. Insuffi cient insulin 
effect due to either reduced secretion, 
increased resistance or both leads to an 
elevated glucose level. Both the elevated 
glucose level and the reduced insulin effect 
may promote a variety of processes that in 
turn lead to both diabetes and cardiovascular 
disease. Antecedent factors may promote 
both diabetes and cardiovascular disease 
directly and/or by reducing insulin secretion or 
action, thereby increasing glucose levels.  

Reduced Insulin Effect 
(Reduced Insulin Secretion +/-
Resistance to Insulin Action)

High Glucose Levels

Factors that Increase the Risk of Both Diabetes and 
Cardiovascular Disease

(e.g. Smoking, Intrauterine Factors, Environmental Toxins, Excess Energy Intake, Ectopic Fat 
Deposition, Genetic Variants, Hypertension, Activated Renin-Angiotensin System)

Mediators of Metabolic/Vascular Effects
(e.g. Glycation, Glycoxidation, Dyslipidemia, Hyperinsulinemia, Inflammation, Procoagulant
State, Endoplasmic Reticulum Stress, Activated Hexosamine and Other Cellular Pathways,

Mitochondirial Damage)

Diabetes Mellitus Cardiovascular Disease

adversely affect endothelial cell function and promote 
atherosclerosis.  38,39   

 Glucose metabolism may also promote cellular damage. 
Excess glucose entry into cells may activate at least four 
different pathways implicated in atherosclerosis:  40,41  
    •      the polyol pathway, which depletes reduced glutathione 
(an intracellular antioxidant) and increases oxidative stress  
   •      the hexosamine pathway, which promotes glycation of 
various intracelullar proteins, transcription of proinfl am-
matory and prothrombotic signals, endoplasmic reticulum 
stress and apoptosis  42 – 48    
   •      the glyceraldehyde - 3 - phosphate pathway which 
increases protein kinase C and reactive oxygen species, 
and which increases formation of advanced glycation 
endproducts  
   •      mitochondrial production of reactive oxygen species 
which may damage mitochondrial or cellular DNA.  41,47,49       

  Decreased  i nsulin  e ffect 

 Glucose is the major stimulus for insulin secretion, which 
in turn prevents rises in glucose levels. Therefore an ele-
vated glucose level implies a lack of suffi cient insulin to 
maintain normoglycemia. Such a lack of  suffi cient  insulin 
may occur in the presence of both low and high absolute 
levels of insulin, depending on the degree of insulin resis-
tance. Indeed, the observation that apparently  “ normogly-
cemic ”  people with insulin resistance have slight glucose 
elevation  50   suggests that  “ insulin resistance ”  may represent 
a state of insuffi cient insulin effect, with hyperinsulinemia 
representing the pancreas ’  (unsuccessful) efforts at com-
pensating for the reduced insulin effect. Such a possibility 

may account for the association between hyperinsulinemia 
and markers of cardiovascular disease.  51,52   A number of 
observations support the possibility that insuffi cient (and 
not excess) insulin may be related to cardiovascular 
disease. 

 Patients with both type 1 DM (with no endogenous 
insulin secretion) and type 2 DM (who are not able to make 
suffi cient insulin to maintain normoglycemia) are at high 
risk for cardiovascular disease. 

 Patients with cardiovascular disease have increased 
levels of proinsulin and split products  53,54    –  a biochemical 
marker of a failing beta cell. 

 Insulin inhibits lipolysis and the lipolytic effect of stress 
hormones such as cortisol and catecholamines. Insuffi cient 
insulin effect therefore promotes free fatty acid fl ux which: 
     •      reduces the effect of insulin at target tissues  55    
   •      promotes ectopic fat deposition in beta cells (which may 
damage them, further reducing insulin secretion)  56    
   •      promotes the synthesis of atherogenic lipoproteins  55,56    
   •      inhibit glycolysis and anaerobic ATP production in isch-
emic cardiac muscle.  57      
 Insulin has anti - infl ammatory properties  58   and reduces 
PAI - 1 levels; therefore insulin insuffi ciency may promote 
infl ammation and arterial thrombosis, thereby leading to 
atherosclerosis. Insuffi cient insulin may reduce ischemic 
preconditioning in heart muscle.  59   Insulin promotes endo-
thelial nitric oxide synthesis and vasodilation, especially in 
response to ischemia  59  ; insuffi cient insulin may therefore 
inhibit these effects. 

 Patients with insulinomas who are insulin resistant, 
hyperinsulinemic, and  hypoglycemic  have normal lipid pro-
fi les and blood pressure, and no clinical evidence of car-
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diovascular disease.  60   Studies of intensifi ed insulin therapy 
in patients with type 1 DM taking multiple daily doses of 
insulin suggest a reduced and not an increased risk for 
cardiovascular events.  61    

  Association with  o ther  r isk  f actors 

 Both hyperglycemia and cardiovascular disease are associ-
ated with hypertension, smoking, excess energy intake, 
visceral/ectopic fat deposition, genetic variants, poor 
socioeconomic status, low birth weight, and intrauterine 
factors (see Fig.  14.3 ). As such, the observed association 
between dysglycemia and cardiovascular disease may be 
caused by one or more of these  “ proximal ”  risk factors or 
some other common antecedent such as an unrecognized 
environmental toxin. If true, these factors may directly 
cause both cardiovascular disease and DM and the associa-
tion between dysglycemia and cardiovascular disease may 
be due to confounding with one or more of these proximal 
factors.  5    

  All of the  a bove 

 The most likely explanation for the link between dysglyce-
mia and cardiovascular disease is some combination of the 
factors described above, that may together magnify each 
one ’ s incremental effects.   

  Does  g lucose  l owering  r educe 
 c ardiovascular  o utcomes? 

  Glucose -  l owering  t rials in  p eople with  d iabetes 

 As of June 2008, several randomized controlled trials of 
intensive versus standard glucose lowering approaches 
have been completed in people with type 1 DM (in which 
different insulin regimens were used to lower glucose 
levels) and people with type 2 DM (in which different regi-
mens of oral agents and/or insulin were used to lower 
glucose levels). 

 In  type 1  diabetes, the Diabetes Control and Complica-
tions Trial in 1441 relatively young people (mean age 27 
years) studied the effect of an initial 6.5 - year period of 
intensive insulin therapy targeting normoglycemia (which 
achieved a HbA1c of 7.4%) versus conventional insulin 
therapy (which achieved a HbA1c of 9.1%). No clear cardio-
vascular effect was detected at the end of the active treat-
ment phase of the trial. Following this phase, 97% of the 
1441 participants were followed passively for a further 11 
years until at least 50 participants in the group originally 
allocated to standard therapy had a predefi ned cardiovas-
cular outcome. During that time the HbA1c level in both 
groups was similar; nevertheless, by the end of passive 

follow - up people who were allocated to the intensive group 
experienced a 42% (95% confi dence interval (CI) 9 – 63%) 
reduction in a predefi ned cardiovascular composite 
outcome and a 57% (95% CI 12 – 79%) reduction in the fi rst 
occurrence of non - fatal myocardial infarction, stroke or car-
diovascular death.  61   Of note, adjustment for the 2% HbA1c 
difference between groups achieved in the active phase of 
the trial rendered the cardiovascular outcome difference 
non - signifi cant. This suggests that the cardiovascular dif-
ference may be explained by the achieved HbA1c difference 
and strongly suggests that intensifi ed insulin therapy tar-
geting normoglycemia for at least six years reduces cardio-
vascular events in people with type 1 diabetes. 

 Several studies have now reported the effect of glucose -
 lowering in people with  type 2  diabetes. These studies 
include: 
   •      the United Kingdom Prospective Diabetes Study 
(UKPDS) which recruited 3867 people with newly diag-
nosed DM at low cardiovascular risk and which tested the 
effect of intensive versus conventional glucose control 
starting with insulin, sulfonylurea or (in obese partici-
pants) metformin  62    
   •      the Action in Diabetes and Vascular Disease (ADVANCE) 
trial of 11   140 people with established DM (mean duration 
eight years) and high cardiovascular risk  63    
   •      the Veterans Administration Diabetes Trial (VADT) of 
1791 people (mainly men) with established DM and high 
cardiovascular risk  64   (fi nal report not published)  
   •      the Action to Control Cardiovascular Risk in Diabetes 
(ACCORD) trial of 10   251 people with established DM 
(mean duration 10 years) and high cardiovascular risk  65    
   •      the Prospective Pioglitazone Clinical Trial in Macrovas-
cular Events (PROACTIVE) study  66   which tested the effect 
of pioglitazone versus placebo in 5238 people with estab-
lished DM (mean duration eight years) and high cardiovas-
cular risk.    
 Table  14.5  lists the key characteristics and fi ndings of these 
trials. These fi ndings support several conclusions. First, 
they are consistent with the hypothesis that a glucose - 
lowering intervention may reduce cardiovascular out-
comes in people with type 2 diabetes. The myocardial 
infarction trends favoring a 14% reduced risk in the UKPDS 
during 10 years of follow - up,  67   a 17% reduced risk in PRO-
ACTIVE during 2.9 years of follow - up  68   and the 24% reduc-
tion in ACCORD during 3.5 years of follow - up  65   all favor 
this possibility. This is also supported by the trends favor-
ing a reduced risk of the composite cardiovascular out-
comes in PROACTIVE, ACCORD, ADVANCE, and VADT. 
Unfortunately, the low cardiovascular event rate in the 
UKPDS (which recruited patients at low risk for cardiovas-
cular events), the short follow - up of PROACTIVE, the trun-
cated follow - up of the ACCORD study (due to the mortality 
signal discussed below), and the low power of the VADT 
study (due to overestimation of the event rate prior to 
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 Table 14.5     Cardiovascular events and mortality in large outcome trials of glucose - lowering therapies 

   Study     N     Participants     Study 
duration  

   Median HbA1c 
contrast  

   Therapy 
tested  

   Relative risk reduction (95% CI)  

   MI     Primary CV 
outcome  

   Mortality  

  UKPDS  67,76      3   867    New DM    10   yrs    From 7.1%    →    
7.0% vs. 7.9%  

  Insulin or SU    16% (0, 29)    N/A    6% ( − 10, 20)  

  753    Obese, new DM    10.7   yrs    From 7.2%    →    
7.4% vs. 8.0%  

  Metformin    39% (11, 59)    N/A    36% (9, 35)  

  PROACTIVE  68      5   238    DM [mult] 8   yrs 

 High CV risk  

  2.9   yrs    From 7.9%    →    
6.9% vs. 7.5%  

  Pioglitazone    17% ( − 6, 35)    10% ( − 1, 20)    4% ( − 18, 22)  

  ACCORD  65      10   251    DM [mult] 10   yrs 

 High CV risk  

  3.5   yrs    From 8.1%    →    
6.4% vs. 7.5%  

  Multiple 

therapies  

  24% (8, 38)    10% ( − 4, 22)     − 22% ( − 1,  − 46)  

  ADVANCE  63      11   140    DM [mult] 8   yrs 

 High CV risk  

  5   yrs    From 7.2%    →    
6.4% vs. 7.0%  

  SU   +   multiple 

therapies  

  2% ( − 23,22)    6% ( − 6, 16)    7% ( − 6, 17)  

  VADT (ADA 

Presentation)  

  1791    DM [mult] 11.5   yrs 

 High CV risk  

  6.3   yrs    From 9.5%    →    
6.9% vs. 8.4%  

  Multiple 

therapies  

  N/A    13% ( − 4, 27)    N/A  

   UKPDS, United Kingdom Prospective Diabetes Study; ACCORD, Action to Control Cardiovascular Risk in Diabetes; ADVANCE, Action in Diabetes and 

Vascular Disease; ADA, American Diabetes Association; DM, diabetes mellitus; Dx, diagnosis; MI, myocardial infarction; CVD, cardiovascular disease; 

SU, sulfonylurea; N/A, not available.   

starting the study) reduced the ability of the currently com-
pleted studies to detect a benefi t, even if one truly exists.   

 Second, participants most likely to benefi t from a 
glucose - lowering intervention may be those with better 
glycemic control. The UKPDS, which studied people with 
newly diagnosed diabetes, and the ACCORD trial, which 
reported a clear reduction in the cardiovascular composite 
outcome exceeding 20% in participants whose baseline 
HbA1c level was less than 8% (see Table  14.5 ), both support 
this possibility. Third, the fact that the glycemic interven-
tion in the ACCORD trial was stopped early after the Data 
Safety and Monitoring Board noted an absolute excess 
mortality of 0.3% and a relative excess of 22% ( P    =   0.04) 
suggests that a therapeutic strategy that attempts to inten-
sively lower glucose levels to non - diabetic levels may 
cause harm within the fi rst 2.5 – 3 years. The fact that the 
differences in mortality are small and were not observed 
in the other trials suggests that they could be related to the 
intensity of the intervention or participant characteristics, 
could represent an early adverse event of intensive glucose 
control in  “ poorly controlled ”  patients that may or may not 
persist, or could even be a chance fi nding.  

  Glucose -  l owering  t rials in  p eople with  i mpaired 
 g lucose  t olerance or  i mpaired  f asting  g lucose 

 As noted above, there is a progressive relationship 
between glycemia and cardiovascular risk that extends 

from normal levels right into the DM range. Moreover, 
this relationship may be more profound for people 
without established DM than for people with DM.  23,32   The 
possibility that glucose - lowering therapies may reduce 
cardiovascular events in people with IGT or IFG (some-
times called  “ prediabetes ” ) was suggested by an analysis 
of data from a trial of acarbose to prevent DM in people 
with IGT.  69   Such an effect has not been seen in other pre-
vention studies to date  70 – 73   which generally recruited 
people at low risk for cardiovascular outcomes, were 
short term, and reported few cardiovascular events. 
However, the recent fi nding that DM prevention with 
rosiglitazone also reduced a predefi ned renal outcome 
(albuminuria or a fall in the estimated glomerular fi ltra-
tion rate) in people with impaired glucose tolerance or 
impaired fasting glucose  74   is consistent with this possibil-
ity in light of the strong link between renal and cardio-
vascular disease. 

 The effect of glucose lowering in people with impaired 
glucose tolerance is currently being tested within two 
ongoing trials: the Nateglinide and Valsartan in Impaired 
Glucose Tolerance Outcomes Research (NAVIGATOR) 
trial (using nateglinide) and the Acarbose Cardiovascular 
Evaluation (ACE) trial (using acarbose). This possibility is 
also being assessed in the Outcome Reduction with an 
Initial Glargine Intervention (ORIGIN) trial in which 18% 
of participants did not have established DM at the time of 
randomization.  75    
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  Key points 

 Taken together, the body of research reviewed above supports a 
number of cardiovascular conclusions. 

   •      Intensifi ed insulin therapy targeting normoglycemia that is 
started while young reduces cardiovascular outcomes in people 
with type 1 diabetes.  

   •      Metformin may reduce cardiovascular outcomes and mortality 
in newly diagnosed people with type 2 diabetes; these 
observations need replication.  

   •      The effect of other specifi c glucose - lowering drugs on 
cardiovascular outcomes remains unknown.  

   •      In people who start with poor glucose levels, intensive glucose 
lowering for a period of approximately 3.5 years that is 
achieved with a menu of medications and lifestyle approaches: 
a) does not clearly reduce cardiovascular outcomes; b) may 
reduce cardiovascular outcomes in people with lower glucose 
levels or less severe cardiovascular disease; and c) increases 
mortality. The cardiovascular and mortality effects of intensive 
glucose lowering after a longer follow - up period of at least 
fi ve years are unclear and need to be established.  

   •      The cardiovascular benefi ts and risks of DM prevention or of 
therapies that prevent the rise of glucose levels with time in 
people with impaired fasting glucose, impaired glucose 
tolerance or DM remain unknown.        
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  Introduction 

 A sedentary lifestyle has been established as a major modifi -
able coronary risk factor by the American Heart Associa-
tion.  1   Unfortunately, approximately 70% of adults in the 
United States are sedentary or underactive, and almost one -
 half of America ’ s young people aged 12 – 21 years are not 
physically active on a regular basis.  2   The reasons for this 
observation are closely related to industrialization, automa-
tion, and the resultant decreased requirement for occupa-
tional, household, and leisure - time physical activity in the 
past several decades. The need to walk, climb stairs, perform 
energy - requiring tasks around the home or engage in physi-
cal activity in the workplace has dramatically decreased for 
the vast majority of people. In the 21st century, individuals 
must make a conscious choice to be physically active. 

 The defi nitions of  physical activity, exercise  and  cardiore-
spiratory fi tness  are important to the understanding of this 
chapter. The 1996 National Institutes of Health Consensus 
Conference on Physical Activity and Cardiovascular Health 
defi ned  physical activity  as  “ bodily movement produced by 
skeletal muscles that requires energy expenditure and pro-
duces health benefi ts ” .  3   Physical activity is informal in 
nature and structure and includes everyday activities such 
as walking or bicycling or stair climbing for transportation, 
as well as household or yard tasks, occupational tasks and 
low - intensity sports such as golf. Physical activity occurs 
within the structure of the requirements of usual daily 
living. Recently, energy expenditure due to changes in 
posture and movement associated with the routines of 
daily life, termed non - exercise activity thermogenesis 
(NEAT), was compared in lean and obese subjects.  4   Lean 
subjects expended an average of 350 kilocalories more each 

day in NEAT than did obese subjects, underscoring the 
importance of physical activity in coronary risk. 

  Exercise,  also called exercise training, was defi ned as 
 “ planned, structured, and repetitive bodily movement 
done to improve or maintain one or more components of 
physical fi tness ” .  3   It is characterized by periodic formal 
workouts involving sustained moderate -  to high - intensity 
effort. It usually involves specifi c clothing, such as foot-
wear, and equipment, as is present in fi tness facilities, but 
is not an absolutely necessary part of the daily routine. It 
may involve sporting activities, such as basketball, racquet 
sports or soccer (non - American football). 

  Cardiorespiratory fi tness  (peak exercise oxygen uptake) is 
defi ned as the capacity to take in and process oxygen for 
the production of energy via aerobic metabolism for physi-
cal activity or exercise. This component of physical fi tness 
is most closely associated with coronary risk. Cardiorespi-
ratory fi tness is directly infl uenced by the performance of 
habitual exercise training, but is also infl uenced by genetic 
potential,  5   age and gender, as well as by underlying chronic 
diseases that affect the cardiorespiratory systems, nervous 
system, blood and musculoskeletal system. 

 The goal of this chapter is to discuss the roles of physical 
activity and formal exercise in the prevention and rehabilita-
tion (secondary prevention) of coronary heart disease (CHD). 
The following topics are included for this purpose: 
   •      observational data concerning the relationship of occu-
pational and leisure - time physical activity and exercise to 
coronary risk  
   •      studies evaluating the relationship of cardiorespiratory 
fi tness or change in cardiorespiratory fi tness and coronary risk  
   •      data addressing the results of exercise training in persons 
with established CHD with regard to disease progression 
and coronary events  
   •      the risks of acute exercise  
   •      potential mechanisms for the observed cardioprotective 
effects of physical activity and exercise training  
   •      recommendations for physical activity and exercise 
training.     
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  Observational  s tudies in the  p revention 
of  c oronary  h eart  d isease 

 Due to methodologic and ethical issues, there are no ran-
domized trials of physical activity and exercise on clinical 
cardiovascular outcomes. Observational studies have been 
performed, however. An inherent limitation of observa-
tional data is selection bias. For example, individuals may 
be sedentary because of undetected pathology or physi-
cally active because of superior general health. However, 
investigations of either occupational or leisure time physi-
cal activity, exercise and coronary risk provide valuable 
information if the studies include large numbers of 
subjects. 

 Studies of occupational physical activity attempt to 
quantify the amount of physical activity that occurs during 
the performance of job duties. Most studies of this 
type report occupational physical activity by category, i.e. 
most active, moderately active, and least active. Because 
the requirement for occupational physical activity has 
decreased precipitously in the last several decades in 
developed countries, investigators have more recently 
turned attention to the relationship of leisure - time physical 
activity and exercise to coronary risk. This type of exercise 
is undertaken by people during discretionary time outside 
work, domestic tasks, and other routine activities of daily 
living. 

  Occupational  p hysical  a ctivity 

 Multiple investigators have demonstrated an inverse rela-
tionship between the amount and intensity of job - related 
physical activity and coronary risk. The following three 
studies are illustrative of this fi nding. 

 A large population of US railroad workers (191   609 men, 
age range 30 – 64 years) was evaluated by Taylor and associ-
ates.  6   Occupational physical activity was determined by job 
class: sedentary clerks, more active switchmen, and most 
active section men. Potential confounding variables were 
not controlled. Death caused by atherosclerosis was more 
frequent for clerks (relative risk 2.03) and switchmen (rela-
tive risk 1.46) when compared with the more physically 
active section men. 

 Morris and colleagues studied 667 male London bus 
drivers and conductors (age range 30 – 69 years) for fi ve 
years.  7   Physical activity on the job was assessed by specifi c 
work duties: drivers were sedentary whereas conductors 
moved about the double - decker buses collecting fares. The 
incidence of CHD was much lower for the more active 
conductors than for the drivers (age - adjusted relative risk 
1.8). 

 Paffenbarger  et al  followed 6351 San Francisco long-
shoremen (35 – 74 years of age) for 22 years.  8   Physical activ-

ity was defi ned by specifi c job requirements and categorized 
as light (1.5 – 2.0   kcal/min, 1.3 – 1.8 metabolic equivalents 
(METs) for a 70   kg person), moderate (2.4 – 5.0   kcal/min, 
2.0 – 4.3   METs) or heavy (5.2 – 7.5   kcal/min, 4.4 – 6.4   METs). 
Death attributable to CHD was inversely related with job 
energy expenditure (relative risk (RR) 1.8 for light and 1.7 
for moderate, compared with heavy physical activity).  

  Leisure -  t ime  p hysical  a ctivity and  e xercise 

 Several studies have investigated the association between 
the amount and intensity of leisure - time physical activity 
or exercise and CHD endpoints. The most prominent 
investigation in this group is the Harvard Alumni Study of 
Paffenbarger and associates.  9   Beginning in 1962 and con-
tinuing until 1978, 16   936 men were followed for a variety 
of endpoints including fi rst myocardial infarction (MI), car-
diovascular death, and CHD death. An index of energy 
expenditure for physical activity and exercise in kcal/week 
was estimated for each subject based on self - reported phys-
ical activity, including number of blocks walked, stairs 
climbed, and participation in vigorous exercise. Among the 
fi ndings of the study was an inverse relationship between 
the amount of habitual physical activity and/or exercise 
and fi rst MI (age - adjusted relative risk 1.64 for men with 
 < 2000   kcal/week versus men with  > 2000   kcal/week). Inter-
estingly, having participated in athletics as a young person 
was not associated with a lower risk unless there was evi-
dence of current physical activity or exercise. After adjust-
ment for age, smoking and hypertension, there remained a 
signifi cant dose – response relationship. Figure  15.1  
illustrates this dose – response relationship, as well as the 
cardioprotective advantage of vigorous exercise over less 
vigorous physical activity.   
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    Figure 15.1     Exercise and physical activity and the reduction in risk of 
fi rst myocardial infarction: the Harvard Alumni Study.  (From Paffenbarger 
 &  Hyde  9  .)   
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 In 1977, a second physical activity and exercise question-
naire was administered to the Harvard Alumni Study 
cohort. A subgroup of 12   516 survivors without docu-
mented CHD were followed until the end of 1993.  10   After 
adjustment for age and multiple well - established coronary 
risk factors, subjects who expended more than 1000   kcal/
week experienced an approximately 20% lower coronary 
event rate than subjects who expended less than 1000   kcal/
week. A third questionnaire was given to 7307 Harvard 
Alumni Study subjects in 1988, and included questions 
regarding the frequency and duration of each episode of 
physical activity and exercise.  11   Follow - up concluded at the 
end of 1993 and revealed that after adjustment for total 
energy expenditure, the duration of each episode of physi-
cal activity or exercise had no independent effect on coro-
nary risk. As long as the total energy expenditure was 
similar, longer sessions of physical activity or exercise did 
not result in a greater risk reduction. 

 Morris and colleagues studied 17   944 British male civil 
servants, aged 40 – 64 years, for an average of 8.5 years.  12   
Baseline levels of physical activity and exercise were 
assessed by a unique 48 - hour recall of leisure - time activi-
ties. Vigorous exercise was defi ned as an energy expendi-
ture of at least 7.5   kcal/minute (6.4   METs for a 70   kg person). 
During follow - up, there were 1138 coronary events (fatal 
and non - fatal fi rst MI). The age - adjusted relative risk of a 
coronary event for men reporting non - vigorous physical 
activity versus those reporting vigorous exercise was 2.2. 

 The Nurses’ Health Study enrolled 72   488 women, aged 
40 – 65 years, who were initially free from CHD.  13   Habitual 
patterns of physical activity and exercise, including 
walking, cycling, jogging, swimming, racquet sports, calis-
thenics, aerobics, stairs climbed, and walking pace were 
collected in 1986 and subsequently updated in 1988 and 
again in 1992. After eight years of follow - up, 645 coronary 
events (MI, CHD death) occurred. There was a graded, 
inverse relationship between amount of physical activity 
or exercise and coronary events. The multivariate adjusted 
relative risk for the most physically active versus the least 
physically active quintile of the population was 0.66. 
Walking distance was inversely associated with risk. Vig-
orous exercise was associated with a 30 – 40% reduction in 
coronary events. Subjects who were initially sedentary and 
became more active during follow - up enjoyed a lower 
coronary risk than sedentary subjects who remained 
inactive. 

 The Women ’ s Health Study included 39   372 health pro-
fessionals who were at least 45 years of age and free of 
CHD at enrollment.  14   Habitual levels of physical activity 
and exercise, including walking, pace of walking, fl ights of 
stairs climbed, and sporting pursuits were assessed. After 
an average follow - up interval of 5 years, 244 cases of CHD 
occurred (MI, coronary revascularization, CHD death). The 
multivariate adjusted relative risk for the most active 

( > 1500   kcal/week) versus the least active ( < 200   kcal/week) 
quartiles was 0.75. The time spent walking was more 
important in coronary risk reduction than was the pace of 
walking. For women with coronary risk factors such as 
obesity, cigarette smoking and dyslipidemia, physical 
activity and exercise were protective. Subjects who walked 
one hour per week experienced one half of the risk of sub-
jects who did not walk.   

  Cardiorespiratory  fi  tness and 
 c oronary  d eath 

 When estimated with maximal graded exercise testing, car-
diorespiratory fi tness has been shown to be inversely 
related with cardiovascular risk. The following are exam-
ples of investigations, some that included both genders as 
well as younger and older subjects. An important limita-
tion of these studies is that genetic potential plays a central 
role in cardiorespiratory fi tness, independent of habitual 
exercise.  5   

 Blair and associates studied patients of the Aerobics 
Center in Dallas, Texas, who had an initial evaluation 
including a maximal treadmill exercise test. Men (n   =   10   224) 
and women (n   =   3120) were categorized by fi tness level 
(low, moderate, high), based on treadmill exercise perfor-
mance, and followed for an average of eight years.  15   The 
coronary death rate decreased dramatically with increas-
ing fi tness level for both genders (Table  15.1 ). However, 
there were relatively few coronary deaths in this popula-
tion of rather young subjects (66 deaths in men, seven 
deaths in women). Blair also assessed the effects of improve-
ment in cardiorespiratory fi tness on coronary risk with 
subjects at the Aerobics Center.  16   A large cohort of men 
(n   =   9777, age range 20 – 82 years) underwent two maximal 
treadmill exercise tests at a mean interval of 4.9 years. The 
subjects were followed for an average of 5.1 years. There 
were 87 cardiovascular deaths during follow - up. Relative 
to subjects who remained unfi t, subjects who improved 
their fi tness category experienced an age - adjusted relative 
risk of 0.48 (95% confi dence interval (CI) 0.31 – 0.74).   

 A cohort of 1960 Norwegian men (age range 40 – 59 years) 
underwent maximal graded exercise testing and were fol-
lowed for an average of 16 years.  17   Eighty - seven cardiovas-
cular deaths occurred. After extensive statistical control of 
potential confounding factors, a strong inverse relationship 
between cardiorespiratory fi tness and coronary risk was 
found. Compared with men in the lowest fi tness quartile, 
the relative risks for quartiles 2, 3, and 4 were 0.59, 0.45, 
and 0.41, respectively. 

 Two studies involving all residents of Olmsted County, 
Minnesota, who underwent maximal treadmill exercise 
testing in the late 1980s provide additional insight into the 
relationship of cardiorespiratory fi tness and coronary risk. 
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 Table 15.1     Rates of coronary death by fi tness level: the Aerobics 
Center Study  ( from Blair  et al .  15   )  

   N     Mean age     Follow - up  

  10   224  ♂     41.5 years    8 years  

  3120  ♀     40.8 years    8 years  

   Fitness level     Coronary death rate per 10   000 
person - years  

   Male     Female  

  Low    24.6    7.4  

  Moderate    7.8    2.9  

  High    3.1    0.8  

Roger and colleagues followed 1452 men and 741 women 
who had treadmill exercise tests in 1987 and 1988 for 
approximately six years.  18   Cardiovascular endpoints 
included cardiac death, non - fatal myocardial infarction, 
and congestive heart failure. A total of 160 cardiovascular 
endpoints occurred during follow - up (106 in men, 54 in 
women). After multivariate adjustment, peak treadmill 
workload in METs was the only variable associated with 
the outcome measures. For each 1   MET increment in car-
diorespiratory fi tness, cardiac events were reduced by 25%, 
with a similar effect for both genders. Using similar 
methods, Goraya and associates followed 3107 Olmsted 
County residents who underwent maximal treadmill exer-
cise testing in 1987 to 1989 and were followed for a median 
of six years.  19   Both genders were included and 514 of the 
subjects were over 65 years of age. For each 1   MET increase 
in cardiorespiratory fi tness, cardiovascular events were 
reduced by 14% and 18% for younger and older ( > 65 years) 
subjects, respectively.  

  Exercise  t raining in  e stablished 
 c oronary  d isease 

 For patients with coronary heart disease, exercise training 
improves exercise capacity and symptoms. After three 
months of aerobic exercise training, peak oxygen uptake 
improves by 15 – 20%.  20   Symptoms of angina pectoris may 
be markedly improved by exercise training. Resistance 
training results in improvements in muscle strength and 
maintains muscle mass. There are also data available to 
demonstrate that physical activity and exercise training 
improve important clinical outcomes for patients with 
coronary heart disease. These data are the result of both 
observational and randomized controlled trials. 

  Observational  d ata 

 In the Harvard Alumni Study, reviewed previously in this 
chapter, a subset of 782 subjects of the entire 16   936 - person 
cohort had documented coronary heart disease at the 
beginning of the study.  9   Over a follow - up interval of 
approximately 12 years, the more physically active subjects 
(those who expended more than 2000   kcal/week in leisure -
 time physical activity and exercise) experienced a 30% 
lower coronary event rate than less active subjects (Fig. 
 15.2 ). The benefi cial effect of exercise persisted after statisti-
cal adjustment for smoking, blood pressure, body weight, 
family history of coronary heart disease and age.   

 In the British Regional Heart Study, 772 of the 5934 men 
in the cohort had documented coronary heart disease at the 
onset of the trial.  21   A baseline assessment of habitual physi-
cal activity, including intensity of activity, was performed. 
After fi ve years of follow - up, 131 deaths had occurred (94 
from cardiovascular disease). Compared with inactive sub-
jects, persons who performed light, moderate or vigorous 
exercise experienced a substantially lower all - cause and 
cardiovascular mortality (Table  15.2 ). These results were 
similar for younger and older ( > 65 years of age) subjects.    

  Randomized  t rials 

 Kallio and colleagues randomized 301 men and 74 women 
with a history of myocardial infarction to a comprehensive 
rehabilitation program (exercise training, dietary and 
smoking cessation advice, psychosocial counseling) or to a 
control group.  22   Compared with the control group, the 
intervention group experienced an improvement in habit-
ual physical activity, blood lipids and blood pressure. The 
three - year cumulative mortality was 18.6% in the interven-
tion group versus 29.4% in the control group ( P    =   0.02). The 
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    Figure 15.2     Physical activity and death rates in patients with coronary 
artery disease in the Harvard Alumni Study.  (From Paffenbarger  &  Hyde  9  .)   
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difference was primarily the result of a reduction in the 
incidence of sudden cardiac death in the intervention 
group (5.8% versus 14.4%,  P   <  0.01). The rate of non - fatal 
reinfarction was similar for both groups. 

 Hamalainen and associates reported 10 - year follow - up 
data for the same subjects.  23   No organized intervention 
occurred after the fi rst three years of the study. At 10 years, 
the incidence of sudden cardiac death was less for the 
intervention group (12.8% versus 23.0%,  P    =   0.01). Cardiac 
mortality was also lower for intervention subjects (35.1% 
versus 47.1%,  P    =   0.02). The largest difference in mortality 
was observed during the fi rst year of the investigation 
when beta - blocker use was similar for both groups. 

 Hambrecht  et al  randomized 101 men with stable coro-
nary artery disease and exercise - induced myocardial isch-
emia to either percutaneous coronary intervention (PCI) or 
exercise training (20 minutes per day).  24   Medical therapy 
was similar for both groups. After one year, the investiga-
tors found that both treatment arms were equally effective 
in improving angina, although symptom improvement 
was more rapid for PCI. Exercise training was superior to 
PCI in the combined clinical endpoint of cardiac death, 
stroke, coronary bypass surgery, PCI, myocardial infarc-
tion and hospitalization for angina (event - free survival 
88% exercise versus 70% PCI,  P   <  0.02).  

  Meta -  a nalyses 

 Although there are many randomized controlled trials of 
cardiac rehabilitation including exercise training, no other 
studies besides the fi rst two discussed above have pro-
vided evidence for a statistically signifi cant reduction in 
mortality. Many of these trials have been plagued by insuf-
fi cient numbers of subjects to achieve adequate statistical 
power and by subject drop - outs and cross - overs. Investiga-
tors have used meta - analysis to partially overcome these 
limitations and to determine pooled estimates of benefi ts. 

 In 1989, O ’ Connor and colleagues performed a meta - 
analysis of 22 randomized trials of exercise training and stan-

dard coronary risk factor intervention of varying intensity, 
resulting in a total sample of 4554 postmyocardial infarction 
patients.  25   Compared with control subjects, patients who 
were randomized to the exercise intervention experienced a 
reduction in total mortality, cardiovascular mortality, and 
fatal reinfarction of 20%, 22%, and 25%, respectively. 

 A more recent, expanded meta - analysis by Jolliffe and 
associates was published in the Cochrane Database.  26   The 
authors searched electronic databases for appropriate ran-
domized trials from the earliest date until the end of 1998. 
They included studies with both genders, and included 
subjects with diagnoses of myocardial infarction, coronary 
bypass surgery, percutaneous revascularization, angina 
pectoris, and angiographically documented coronary ath-
erosclerosis. All accepted trials used exercise training as a 
component of the intervention. Endpoints included mortal-
ity, morbidity, health - related quality of life and standard 
coronary risk factors. A total of 32 trials were included in 
their analysis, with 8440 subjects. A 31% reduction (relative 
risk 0.69) in cardiac mortality for intervention subjects was 
found. There was no effect on non - fatal myocardial 
infarction.   

  Exercise  t raining in  c hronic  h eart  f ailure 

 For patients with stable, compensated chronic heart failure 
(CHF), exercise training provides substantial benefi ts: 
improved exercise capacity, reduced symptoms, decreased 
evidence of neurohormonal activation, better quality of life 
and possibly improved mortality.  27   Early observational 
studies published in the 1970s and 1980s established the 
safety of exercise training for stable CHF patients and doc-
umented improvements in exercise capacity.  28   

 More than 30 randomized controlled trials of exercise 
training in patients with CHF have been published, 
although the numbers of subjects in the trials were limited. 
A meta - analysis of the trials reported that the average 
improvement in VO 2peak  after training was 17%.  29   Giannuzzi 
and colleagues randomized 90 patients with stable CHF to 
a six - month exercise program or a control group.  30   The 
exercise group demonstrated an improvement in exercise 
capacity as well as evidence of reverse cardiac remodeling 
with a decrease in end - diastolic and end - systolic volumes 
and a small increase in left ventricular ejection fraction. 

 ExTraMATCH was a collaborative meta - analysis which 
included nine parallel randomized controlled trials of exer-
cise training in 801 CHF patients. With a mean follow - up 
of 705 days, there were 88 deaths in the exercise arm and 
105 deaths in the control arm (hazard ratio 0.65, 95% 
confi dence interval 0.46 – 0.92,  P    =   0.015)  31  . Additional 
studies with larger numbers of subjects are needed to fully 
assess the effects of exercise training on recurrent hospital-
izations and mortality. 

 Table 15.2     Cardiovascular mortality by activity level in the British 
Regional Heart Study  ( from Wannamethee  et al.   21   )  

   Activity level     Cardiovascular mortality  

   Age - adjusted RR       *  Fully adjusted RR  

  Inactive/occasional    1.00    1.00  

  Light    0.33    0.38  

  Moderate    0.39    0.50  

  Moderate to vigorous/

vigorous  

  0.49    0.61  

    *    Adjusted for age, smoking, social class, self - rated health status, 

diabetes, and history of myocardial infarction and stroke.   
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 Recently, results from HF ACTION (Heart Failure: A 
Controlled Trial Investigating Outcomes of Exercise Train-
ing: 2331 subjects) were published.  32,33   After a median 
follow - up of 2.5 years and after adjustment for prognostic 
predictors, subjects in the exercise arm experienced a 
modest but signifi cant reduction in both all - cause mortality 
and hospitalization. Although the improvement in VO 2  
peak with training was modest, exercise subjects reported 
signifi cant improvements in self - reported health status. 
Exercise training was found to be safe in these stable sub-
jects with reduced ejection fraction.  

  Risks  d uring  a cute  e xercise 

 Previous sections of this chapter have provided clear evi-
dence for the cardioprotective effects of regular physical 
activity or exercise training. However, during an acute 
bout of exercise the risk of sudden cardiac death or myo-
cardial infarction is transiently increased.  34   Acute exertion 
may trigger a cardiac event in a susceptible individual. 
Exercise - related cardiac events usually occur in persons 
with structural heart disease. Mittleman and colleagues 
interviewed 1228 survivors of acute myocardial infarc-
tion.  35   In approximately 5% of cases, heavy exertion appar-
ently triggered the infarction. 

 The annual incidence of exercise - related cardiac arrest in 
previously healthy persons is 5.4/100   000.  34   The incidence 
is 56 times higher than that at rest for sedentary men and 
fi ve times higher for physically active men.  36   The risk of 
myocardial infarction during exercise is 2 – 6 times higher 
than at rest.  34   Women experience a much lower risk of 
sudden death during exercise than do men.  37   

 Even highly trained endurance athletes are not immune 
to exercise - associated cardiac death, although the risk is 
extremely low. In a survey of 215   413 marathon runners, 
four deaths were documented during running (prevalence 
of 0.002%).  38   Three of the four deaths were due to previ-
ously undetected coronary atherosclerosis. 

 Survey data from the 1980s and 1990s are available regard-
ing the incidence of cardiac events in patients with coronary 
heart disease who exercise under supervision in cardiac 
rehabilitation programs.  39   The rates per 1   000   000 patient -
 hours of exercise for cardiac arrest, acute myocardial infarc-
tion and cardiac death were 8.6, 4.5 and 1.3, respectively. 

  Pathophysiologic  m echanisms for 
 e xercise -  r elated  c ardiac  e vents 

 In young persons ( < 40 years of age), congenital cardiovas-
cular abnormalities are generally responsible for exercise -
 related sudden death.  39   Examples of such abnormalities 
include the following. 
   •      Hypertrophic cardiomyopathy  
   •      Anomalous coronary artery anatomy  

   •      Aortic stenosis  
   •      Marfan ’ s syndrome resulting in aortic rupture  
   •      Mitral valve prolapse  
   •      Arrhythmogenic right ventricular cardiomyopathy    
 For individuals older than 40 years, coronary artery disease 
is the most common pathologic fi nding. While not com-
pletely understood, the following are accepted as potential 
mechanisms for death during exertion in patients with 
coronary disease. 
  1     Hemodynamic stress may result in rupture and subse-
quent thrombus formation in a high - risk coronary plaque. 
Burke and associates reported autopsy evidence of this 
type of occurrence in 68% of cases of sudden cardiac death 
associated with exertion.  40   Acute exercise may increase 
platelet activation, thereby increasing risk of thrombus for-
mation.  39   Plaque rupture and thrombosis may result in 
acute myocardial infarction, as well.  
  2     Myocardial ischemia is an important contributor to malig-
nant ventricular arrhythmia. In patients with coronary ath-
erosclerosis, an acute bout of exercise may cause constriction 
of diseased coronary segments, unlike the usual exertion -
 related vasodilation of healthy coronary arteries. This 
increases the likelihood of the development of ischemia. The 
reasons for this paradoxical coronary vasoconstriction 
include excessive sympathetic nervous system activation, 
endothelial dysfunction and platelet aggregation.  41    
  3     Autonomic nervous system imbalance (autonomic 
dysfunction), with inappropriate activation of the sympa-
thetic division and diminished parasympathetic activation, 
may result in ventricular arrhythmia independent of myo-
cardial ischemia.  42        

  How does  h abitual  e xercise  d ecrease 
 c oronary  r isk? 

 The following discussion highlights some of the potential 
mechanisms for the cardioprotective effect of exercise. 

  Structural  i mprovements in  c oronary  a rteries 

 Habitual physical activity and exercise may result in struc-
tural adaptations of the epicardial coronary arteries such as: 
   •      increased cross - sectional area of the lumen  43    
   •      improved capacity for vasodilation, resulting from 
enhanced endothelial function  44    
   •      potential increased collateral circulation in patients with 
ischemic left ventricular dysfunction.  45       

  Improvement in  h ypertension,  b lood  l ipids, 
 o besity and  d epression 

 Observational data from the Harvard Alumni Study are 
consistent with the concept that habitual exercise appears 
to reduce the chances of developing hypertension .   46   Regular 
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exercise may modestly lower blood pressure in hyperten-
sive patients and in normal individuals by an average of 
6 – 9   mm Hg for both systolic and diastolic pressures.  47   

 Regular exercise results in modest improvements in the 
blood lipid profi le. A meta - analysis revealed an average 
reduction in total cholesterol of 7 – 13   mg/dL, low - density 
lipoprotein cholesterol of 3 – 11   mg/dL, and triglycerides 
of 14 – 22   mg/dL.  48   High - density lipoprotein cholesterol 
increased by an average of 2   mg/dL. There is marked inter-
individual variability in the effect of exercise training on 
blood lipids. 

 Exercise, in adequate amounts, is effective as part of a 
comprehensive approach to reduce fat weight in obesity. 
McGuire and colleagues studied differences in obese sub-
jects who were successful in maintaining an average 37   lb 
weight loss over seven years compared to subjects who 
were not.  49   The average number of weekly sessions of 
physical activity were higher (8.4 versus 5.5), as were the 
number of strenuous exercise sessions each week (2.8 
versus 1.8), for subjects who maintained the weight loss. 
Exercise training reduces abdominal fat to a greater extent 
than gluteal or femoral fat in obese men.  50   In the Aerobics 
Center Longitudinal Study, over 5000 men and women 
underwent three treadmill exercise tests (between 1970 and 
1994) and were followed for an average of 7.5 years.  51   Sub-
jects who increased fi tness from one treadmill test to the 
next, presumably by increasing habitual exercise, attenu-
ated the usual age - related increase in body weight. 

 Symptoms of depression consistently improve with 
habitual physical activity and exercise.  52   Physically active 
persons appear to be at lower risk for the development of 
depression. In patients with documented coronary heart 
disease, exercise has been shown to improve anxiety, emo-
tional distress, and depression.  20    

  Metabolic  s yndrome 

 Patients with three or more of the following risk factors 
have the metabolic syndrome and a markedly increased 
coronary risk: abdominal obesity, elevated triglycerides, 
low high - density lipoprotein cholesterol, hypertension and 
impaired fasting blood glucose.  53   The causes of the meta-
bolic syndrome for the overwhelming majority of patients 
are incorrect diet and too little physical activity. First - line 
therapy for the metabolic syndrome is increased physical 
activity and weight reduction.  54    

  Impaired  g lucose  m etabolism and  t ype 2 
 d iabetes  m ellitus 

 Persons who perform exercise training have lower plasma 
insulin concentrations and improved insulin sensitivity 
compared with sedentary individuals.  55   With cessation of 
regular training, insulin concentration and sensitivity 
return to levels observed in sedentary persons. 

 Exercise and proper nutrition have been shown to 
improve glucose metabolism and to prevent the onset of 
type 2 diabetes mellitus. A one - year program of exercise 
and diet change resulted in an average weight loss of 10   kg 
and a decrease in fasting blood glucose and insulin concen-
trations.  49   In the Nurses ’  Health Study, subjects who 
performed more than 30 minutes of exercise per week 
experienced a much lower relative risk of developing dia-
betes over the 16 years of follow - up (Table  15.3 ).  56   The 
Diabetes Prevention Study was a randomized, controlled 
trial of an intervention of exercise and diet in 552 middle -
 aged men and women with impaired glucose tolerance but 
not type 2 diabetes mellitus.  57   After three years, interven-
tion subjects had lost an average of 3 – 4   kg and experienced 
a 58% reduction in the incidence of diabetes (diabetes 
occurred in 11% of intervention subjects versus 23% of 
controls).    

  Autonomic  n ervous  s ystem  d ysfunction 

 Autonomic dysfunction, defi ned as a sustained increase in 
sympathetic activity and a decrease in parasympathetic 
activity, is associated with increased coronary risk and 
mortality.  42   Clinical indicators of autonomic dysfunction 
include: resting heart rate  > 90 beats/min, inability to 
achieve 85% of age - predicted maximal heart rate during 
graded exercise testing, abnormally slow heart rate recov-
ery after maximal exercise (failure to decrease heart rate 
 > 12 beats/min during the fi rst minute of recovery), and 
decreased heart rate variability (failure to change heart rate 
by  ≥ 10 beats/min during one minute of slow deep breaths). 
Autonomic dysfunction may result in endothelial dysfunc-
tion, coronary vasospasm, left ventricular hypertrophy, 
and malignant ventricular arrhythmias. Exercise training 
results in a favorable decrease in sympathetic activity and 
an increase in parasympathetic tone in both healthy sub-
jects  58   and in patients with coronary disease.  59    

  Improved  e ndothelial  f unction 

 Endothelial dysfunction occurs in response to exposure 
to coronary risk factors and is an early and late player in 

 Table 15.3     Weekly exercise amount and the risk of developing 
type 2 diabetes in the Nurses ’  Health Study, 1980 – 1996  ( from 
Hu  et al   56   )  

   Weekly exercise duration     Relative risk  

   < 0.5   h    1.0  

  0.5 – 1.9   h    0.89  

  2.0 – 3.9   h    0.87  

  4.0 – 6.9   h    0.83  

   ≥ 7.0   h    0.71  
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atherogenesis.  60   The following abnormalities may result: 
impaired coronary vasodilation, increased vasospasm, 
increased permeability to lipoproteins and other blood 
constituents, and increased adhesion of platelets and 
glycoproteins. Endothelial dysfunction may result in 
reduced myocardial perfusion and plaque rupture, 
leading to acute coronary syndromes.  61   Exercise training 
improves measures of endothelial function (endothelial -
 dependent vasodilation) in patients with coronary 
atherosclerosis.  62    

  Reduced  p rogression of  c oronary 
 a therosclerosis 

 Exercise training in suffi cient amounts appears to slow the 
progression of, or even modestly reverse, coronary athero-
sclerosis. A one - year randomized controlled trial of super-
vised, moderate - intensity exercise and a low - fat diet 
without the use of lipid - lowering medications was per-
formed in approximately 60 subjects.  63   Angiographically 
determined progression of disease occurred in 45% of 
controls and 10% of exercise subjects. A modest degree of 
regression of disease was found in 28% of exercisers versus 
6% of controls. Figure  15.3  shows that partial regression of 
coronary atherosclerosis was present in patients who 
expended an average of at least 2200 kilocalories per week 
in exercise (approximately 5 – 6 hours of moderate - intensity 
exercise per week).    

  Decreased  t hrombosis  r isk 

 Acute exercise causes transient activation of the coagula-
tion system, resulting in an increased risk of thrombosis.  64   
However, habitual exercise training results in an 
overall decreased thrombotic risk by the following 
mechanisms:  65 – 67  
    •      reduced fi brinogen concentration  
   •      reduced platelet aggregation  

   •      decreased plasminogen activator inhibitor - 1  
   •      increased endogenous tissue plasminogen activator.     

  Improvement in  m yocardial  i schemia 

 Exercise training may improve myocardial ischemia by 
decreasing myocardial demand and improving oxygen 
delivery to the heart.  68 – 70   As seen in Figure  15.4 , after exer-
cise training, at a standard submaximal exercise intensity 
the rate - pressure product is reduced resulting in a lower 
myocardial oxygen requirement. This enables the patient 
to perform a higher intensity of physical activity before 
exceeding the ischemic threshold.   

 The rate pressure product at the ischemic threshold is 
increased by exercise training, independent of changes in 
other risk factors or anti - ischemic medications, suggesting 
that myocardial blood supply has improved.  71   Exercise -
 induced myocardial ischemia, measured by exercise thal-
lium perfusion imaging and without alteration in the rate 
pressure product, has been shown to improve substantially 
after training.  69,70     

  Recommendations for  t ypes and 
 a mounts of  p hysical  a ctivity and  e xercise 
for  p atients with  c ardiovascular  d iseases 

 Exercise training provides benefi ts not only for patients 
with coronary heart disease, but also for individuals with 
chronic heart failure, heart transplantation, and valvular 
replacement or repair.  72   The following types and amounts of 
physical activity and exercise training are recommended.  73  
    •      Physical activity: accumulate 30 – 60 minutes of moder-
ate - intensity physical activity  ≥ 5 days week; examples are 
walking for transportation, housework, yardwork, stair 
climbing, low - intensity games and sports  
   •      Aerobic exercise training:  

  3 – 5 sessions per week  
  50 – 80% of exercise capacity  
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  20 – 60 minutes  
  Walk, treadmill, cycle, row, stair climber, arm/leg 
ergometer, etc.    

   •      Resistance training: 
   2 – 3 sessions per week (non - consecutive days)  
  10 – 15 repetitions to moderate fatigue  
  1 – 3 sets of 8 – 10 different exercises for both the upper and 
lower body  
  Calisthenics, elastic bands, hand weights, weight 
machines      

 Table  15.4  provides additional information regarding exer-
cise program components for persons with and without 
cardiovascular disease.    

  Conclusion 

 The data presented in this chapter demonstrate that habit-
ual exercise and physical activity are effective in reducing 
coronary risk. While an acute bout of exercise transiently 
increases the risk of a coronary event, the absolute risk is 
very small. The data for primary prevention are observa-
tional in nature, and randomized trials have not been per-
formed due to logistical and ethical constraints. Occupational 
as well as leisure - time activities are cardioprotective. 
Cardiorespiratory fi tness is inversely related to coronary 
risk. Investigations for secondary prevention include both 
observational studies and randomized trials. Individual 
trials were generally underpowered to detect differences in 
mortality and reinfarction, but meta - analyses have consis-
tently demonstrated a protective effect of habitual physical 
activity and exercise training. 

 The data are consistent with the concept that the greater 
the total energy expenditure in physical activity or exercise, 
the lower the coronary risk. Most of the data suggest that 
higher intensity exercise is more protective than lower 
intensity activity. 

 The potential mechanisms responsible for the cardiopro-
tective action of exercise and physical activity are not 
completely understood, but include improvement in 
classic coronary risk factors, reduction in autonomic 
nervous system and endothelial cell dysfunction, decreased 
thrombosis and increased fi brinolysis, less progression and 
possible modest regression of coronary atherosclerosis, 
and a reduction in myocardial ischemia. This information 
provides a solid evidence base for the use of exercise train-
ing and physical activity as part of a comprehensive 
approach to primary and secondary prevention of coro-
nary heart disease. 

  Acknowledgment 

 Adapted from Squires RW, Hamm LF. Exercise and the 
coronary heart disease connection. In: American Associa-
tion of Cardiovascular and Pulmonary Rehabilitation. 
 AACVPR Cardiac Rehabilitation Resource Manual . Cham-
paign, IL: Human Kinetics, 2006: 53 – 62.   

  References 

1.     Thompson   PD  ,   Buchner   D  ,   Pina   IL    et al.   AHA scientifi c state-
ment. Exercise and physical activity in the prevention and treat-
ment of atherosclerotic cardiovascular disease .  Circulation   2003 ;
 107 : 3109  –  16 .  

2.    US Department of Health and Human Services .  Physical Activity 
and Health: A Report of the Surgeon General .  Atlanta, GA :  US 
Department of Health and Human Services, Centers for Disease 

 Table 15.4     Exercise program components from the American 
College of Sports Medicine  *   for persons with and without 
cardiovascular (CV) disease 

   Persons without CV disease     Persons with CV disease  

   Warm - up : 5 – 10 minutes 

low - intensity, large muscle 

activity, low - intensity stretching  

  Same  

   Conditioning phase : endurance 

exercise, 20 – 60 minutes, 3 – 5 

days/week, 55 – 90% maximal 

heart rate; resistance training, 1 + 

sets 3 – 20 repetitions to volitional 

fatigue, exercises for the major 

muscle groups, 2 – 3 days/week; 

fl exibility exercises  

   Supervised setting : minimum of 

6 sessions  

       Intensity : moderate, below 

ischemic and anginal 

thresholds, systolic blood 

pressure  < 250   mmHg, diastolic 

blood pressure  < 115   mmHg  

       Resistance training : begin 5 

weeks after cardiac surgery or 

myocardial infarction, 3 weeks 

after percutaneous intervention; 

1 set of 10 – 15 repetitions, 

exercises for the major muscle 

groups, perceived exertion 

 “ fairly light to somewhat hard ”   

   Cool - down : 5 minutes low -

 intensity, large muscle activity, 

stretching exercises for the major 

muscle groups  

  Same  

    *     American College of Sports Medicine.  ACSM ’ s Guidelines for 

Exercise Testing and Prescription , 7th edn. Philadelphia: Lippincott 

Williams and Wilkins, 2006.    



CHAPTER 15  Physical activity and exercise

199

Control and Prevention, National Center for Chronic Disease 
Prevention and Health Promotion ,  1996 .  

3.     Leon   AS  , ed.  Physical Activity and Cardiovascular Health: A 
National Consensus .  Champaign, IL :  Human Kinetics ,  1997 : 3  –  4 .  

4.     Levine   JA  ,   Lanningham - Foster   LM  ,   McCrady   SK    et al.   Interindi-
vidual variation in posture allocation: possible role in human 
obesity .  Science   2005;  307 : 584  –  6 .  

5.     Bouchard   C  ,   Dione   FT  ,   Simoneau   J  ,   Boulay   MR  .  Genetics of 
aerobic and anaerobic performances . In:   Holloszy   JO  , ed.  Exer-
cise and Sports Science Reviews .  Baltimore, MD :  Williams and 
Wilkins ,  1992 :  27  –  58 .  

6.     Taylor   HL  ,   Klepetar   E  ,   Keys   A  ,   Parlin   W  ,   Blackburn   H  ,   Puchner  
 T  .  Death rates among physically active and sedentary employees 
of the railroad industry .  Am J Pub Health   1962 ; 52 : 1697  –  707 .  

7.     Morris   JN  ,   Kagan   A  ,   Pattison   DC  ,   Gardner   MJ  ,   Raffl e   PAB  .  Inci-
dence and prediction of ischemic heart disease in London 
busmen .  Lancet   1966 ; 2 : 553  –  9 .  

8.     Paffenbarger   RS  ,   Hale   WE  .  Work activity and coronary heart 
mortality .  N Engl J Med   1975 ; 292 : 545  –  50 .  

9.     Paffenbarger   RS  ,   Hyde   RT  .  Exercise in the prevention of coro-
nary heart disease .  Prev Med   1984 ; 13 : 3  –  22 .  

10.     Sesso   HD  ,   Paffenbarger   RS  ,   Lee   IM  .  Physical activity and coro-
nary heart disease in men: The Harvard Alumni Health Study . 
 Circulation   2000 ; 102 : 975  –  80 .  

11.     Lee   IM  ,   Sesso   HD  ,   Paffenbarger   RS  .  Physical activity and coro-
nary heart disease risk in men: does the duration of exercise 
episodes predict risk?   Circulation   2000 ; 102 : 981  –  6 .  

12.     Morris   JN  ,   Everitt   MG  ,   Pollard   R  ,   Chave   SPW  ,   Semmence   AM  . 
 Vigorous exercise in leisure time: protection against coronary 
heart disease .  Lancet   1980 ; 2 : 1207  –  10 .  

13.     Manson ,  JE  ,   Hu   FB  ,   Rich - Edwards   JW    et al.   A prospective study 
of walking as compared with vigorous exercise in the prevention 
of coronary heart disease in women .  N Engl J Med   1999 ; 341 :
 650  –  8 .  

14.     Lee   IM  ,   Rexrode   KM  ,   Cook   NR  ,   Manson   JE  ,   Buring   JE  .  Physical 
activity and coronary heart disease in women: is  “ no pain, no 
gain ”  passe?   JAMA   2001 ; 285 : 1447  –  54 .  

15.     Blair   SN  ,   Kohl   III   HW ,  Paffenbarger     RS ,  Clark     DG ,  Cooper     KH , 
 Gibbons     LW  .  Physical fi tness and all - cause mortality: a prospec-
tive study of healthy men and women .  JAMA   1989 ; 262 : 2395  –  401 .  

16.     Blair   SN  ,   Kohl   III   HW ,  Barlow     CE ,  Paffenbarger     RS ,  Gibbons   
  LW ,  Macera     CA  .  Changes in physical fi tness and all - cause mor-
tality: a prospective study of healthy and unhealthy men .  JAMA  
 1995 ; 273 : 1093  –  8 .  

17.     Sandvik   L  ,   Erikssen   J  ,   Thaulow   E  ,   Erikssen   G  ,   Mundal   R  ,   Rodahl  
 K  .  Physical fi tness as a predictor of mortality among healthy, 
middle - aged Norwegian men .  N Engl J Med   1993 ; 328 : 533  –  7 .  

18.     Roger   VL  ,   Jacobsen   SJ  ,   Pellika   PA  ,   Miller   TD  ,   Bailey   KR  ,   Gersh  
 BJ  .  Prognostic value of treadmill exercise testing: a population -
 based study in Olmsted County, Minnesota .  Circulation   1998 ;
 98 : 2836  –  41 .  

19.     Goraya   TY  ,   Jacobsen   SJ  ,   Pellika   PA    et al.   Prognostic value of 
treadmill exercise testing in elderly persons .  Ann Intern Med  
 2000 ; 132 : 862  –  70 .  

20.     Ades   PA  .  Cardiac rehabilitation and secondary prevention of 
coronary heart disease .  N Engl J Med   2001 ; 345 : 892  –  902 .  

21.     Wannamethee   SG  ,   Shaper   AG  ,   Walker   M  .  Physical activity and 
mortality in older men with diagnosed coronary heart disease . 
 Circulation   2000 ; 102 : 1358  –  63 .  

22.     Kallio   V  ,   Hamalainen   H  ,   Hakkila   J  ,   Luurila   OJ  .  Reduction in 
sudden deaths by a multifactorial intervention programme after 
acute myocardial infarction .  Lancet   1979 ; 2 : 1091  –  4 .  

23.     Hamalainen   H  ,   Luurila   OJ  ,   Kallio   V  ,   Knuts   LR  ,   Arstila   M  , 
  Hakkila   J  .  Long - term reduction in sudden deaths after a multi-
factorial intervention programme in patients with myocardial 
infarction: 10 - year results of a controlled investigation . 
 Eur Heart J   1989 ; 10 : 55  –  62 .  

24.     Hambrecht   R  ,   Walther   C  ,   Mobius - Winkler   S    et al.   Percutaneous 
coronary angioplasty compared with exercise training in 
patients with stable coronary artery disease: a randomized trial . 
 Circulation   2004 ; 109 : 1371  –  8 .  

25.     O ’ Connor   GT  ,   Buring   JE  ,   Yusuf   S     et al.   An overview of random-
ized trials of rehabilitation with exercise after myocardial infarc-
tion .  Circulation   1989 ; 80 : 234  –  44 .  

26.     Jolliffe   J  ,   Rees   K  ,  Taylor RRS, Thompson DR, Oldridge N, 
Ebrahim S. Exercise - based rehabilitation for coronary heart 
disease .  Cochrane Database of Systematic Reviews   2001 , Issue  1 . Art. 
No.: CD001800. DOI: 10.1002/14651858.CD001800.  

27.     McKelvie   RS  .  Exercise training in patients with heart failure: 
clinical outcomes, safety, and indications .  Heart Fail Rev   2008 ;
 13 : 3  –  11 .  

28.     Squires   RW  .  Exercise Prescription for the High - Risk Cardiac Patient . 
 Champaign, IL :  Human Kinetics ,  1998 :  123  –  51 .  

29.     Smart   N  ,   Marwick   TH  .  Exercise training for patients with heart 
failure: a systematic review of factors that improve mortality 
and morbidity .  Am J Med   2004 ; 116 : 693  –  706 .  

30.     Giannuzzi   P  ,   Temporelli   PL  ,   Corra   U  ,   Tavassi   L  .  Antiremodeling 
effect of long - term exercise training in patients with stable 
chronic heart failure: results of the Exercise in Left Ventricular 
Dysfunction and Chronic Heart Failure (ELVD - CHF) Trial . 
 Circulation   2003 ; 108 : 554  –  9 .  

31.    ExTraMATCH Collaborative .  Exercise training meta - analysis 
of trials with chronic heart failure (ExTraMATCH) .  BMJ  
 2004 ; 328 ( 7433 ): 189 .  

32.     O ’ Connor   CM  ,   Whellan   DJ  ,   Lee   KL    et al .  Effi cacy and safety of 
exercise training in patients with chronic heart failure .  JAMA  
 2009 ; 301 : 1439  –  50 .  

33.     Flynn   KE  ,   Pina   IL  ,   Whellan   DJ    et al .  Effects of exercise training 
on health status in patients with chronic heart failure .  JAMA  
 2009 ; 301 : 1451  –  9 .  

34.     Thompson ,  PD  ,   Moore   GE  .  The cardiac risks of vigorous physi-
cal activity . In:   Leon   AS  , ed.  Physical Activity and Cardiovascular 
Health: A National Consensus .  Champaign, IL :  Human Kinetics , 
 1997 :  137  –  42 .  

35.     Mittleman   MA  ,   Maclure   M  ,   Tolfer   GH  ,   Sherwood   JB  ,   Goldberg  
 RJ  ,   Muller   JE  .  Triggering of acute myocardial infarction by 
heavy physical exertion: protection against triggering by regular 
exertion .  N Engl J Med   1993 ; 329 : 1677  –  83 .  

36.     Siscovick   DS  ,   Weiss   NS  ,   Fletcher   RH  ,   Lasky   T  .  The incidence of 
primary cardiac arrest during vigorous exercise .  N Engl J Med  
 1984 ; 311 : 874  –  7 .  

37.     Whang   W  ,   Manson   JE  ,   Hu   FB    et al.   Physical exertion, exercise, 
and sudden cardiac death in women .  JAMA   2006 ; 295 : 1399  –  403 .  

38.     Maron   BJ  ,   Polliac   LC  ,   Roberts   WO  .  Risk for sudden death associ-
ated with marathon running .  J Am Coll Cardiol   1996 ; 28 : 428  –  31 .  

39.     Thompson   PD  ,   Franklin   BA  ,   Balady   GJ    et al.   Exercise and acute 
cardiovascular events: placing the risks into perspective. A sci-
entifi c statement from the American Heart Association Council 



PART II  Prevention of cardiovascular diseases

200

on Nutrition, Physical Activity, and Metabolism and the Council 
on Clinical Cardiology .  Circulation   2007 ; 115 : 2358  –  68 .  

40.     Burke   AP  ,   Farb   A  ,   Malcom   GT  ,   Liang   YH  ,   Smialek   JE  ,   Virmani  
 R  .  Plaque rupture and sudden death related to exertion in men 
with coronary artery disease .  JAMA   1999 ; 281 : 921  –  6 .  

41.     Hess   OM  ,   Buchi   M  ,   Kirkeeide   R    et al.   Potential role of coronary 
vasoconstriction in ischemic heart disease: effect of exercise .  Eur 
Heart J   1990 ; II ( suppl B ): 58  –  64 .  

42.     Curtis   BM  ,   O ’ Keefe   JH  .  Autonomic tone as a cardiovascular risk 
factor: the dangers of chronic fi ght or fl ight .  Mayo Clin Proc   2002 ;
 77 : 45  –  54 .  

43.     Pellicia   A  ,   Spataro   A  ,   Granata   J  ,   Biffi    A  ,   Casselli   G  ,   Alabiso   A  . 
 Coronary arteries in physiological hypertrophy: echocardio-
graphic evidence of increased proximal size in elite athletes .  Int 
J Sports Med   1990 ; 11 : 120  –  6 .  

44.     Haskell   WL  ,   Sims   C  ,   Myll   J  ,   Bortz   WM  ,   St   Goar   FG  ,   Alderman  
 EL  .  Coronary artery size and dilating capacity in ultradistance 
runners .  Circulation   1993 ; 87 : 1076  –  82 .  

45.     Belardinelli   R  ,   Georgiou   D  ,   Ginzton   L  ,   Cianci   G  ,   Purcaro   A  . 
 Effects of moderate exercise training on thallium uptake and 
contractile response to low - dose dobutamine in dysfunctional 
myocardium in patients with ischemic cardiomyopathy .  Circula-
tion   1998 ; 97 : 553  –  61 .  

46.     Paffenbarger   RS  ,   Wing   AL  ,   Hyde   RT  ,   Jung   DL  .  Physical activity 
and incidence of hypertension in college alumni .  Am J Epidemiol  
 1983 ; 117 : 245  –  57 .  

47.     Seals   DR  ,   Hagberg   JM  .  The effect of exercise training on human 
hypertension: a review .  Med Sci Sports Exerc   1984 ; 16 : 207  –  15 .  

48.     Tran   ZV  ,   Weltman   A  .  Differential effects of exercise on serum 
lipid and lipoprotein levels seen with changes in body weight: 
a meta - analysis .  JAMA   1985 ; 254 : 919  –  24 .  

49.     McGuire   MT  ,   Wing   RR  ,   Hill   JO  .  Behavioral strategies of indi-
viduals who have maintained long - term weight losses .  Obes Res  
 1999 ; 7 : 334  –  41 .  

50.     Ross   R  ,   Rissanen   J  ,   Pedwell   H  ,   Clifford   J  ,   Shragge   P  .  Infl uence 
of diet and exercise on skeletal muscle and visceral adipose 
tissue in men .  J Appl Physiol   1996 ; 81 : 2445  –  55 .  

51.     DiPietro   L  ,   Kohl   III   HW ,  Barlow     CE ,  Blair     SN  .  Improvements in 
cardiorespiratory fi tness attenuate age - related weight gain in 
healthy men and women: the Aerobics Center longitudinal 
study .  Int J Obes   1998 ; 22 : 55  –  62 .  

52.     Martinsen   EW  ,   Medhus   A  ,   Sandvik   L  .  Effects of aerobic exercise 
on depression: a controlled study .  BMJ Clin Res Ed   1985 ; 291 : 109 .  

53.     Ford   ES  ,   Giles   WH  ,   Dietz   WH  .  Prevalence of the metabolic syn-
drome among US adults: fi ndings from the third National 
Health and Nutrition Examination Survey .  JAMA   2002 ;
 287 : 356  –  9 .  

54.    Expert Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults .  Executive summary of the third 
report of the National Cholesterol Education Program (NCEP) 
expert panel on detection, evaluation, and treatment of high 
blood cholesterol in adults (Adult Treatment Panel III) .  JAMA  
 2001 ; 285 : 2486  –  97 .  

55.     Bjorntorp   B  ,   Fahlen   M  ,   Grimby   G    et al.   Carbohydrate and lipid 
metabolism in middle - aged, physically well - trained men .  Metab-
olism   1972 ; 21 : 1032  –  44 .  

56.     Hu   FB  ,   Manson   JE  ,   Stampfer   MJ    et al.   Diet, lifestyle, and the risk 
of type 2 diabetes mellitus in women .  N Engl J Med   2001 ;
 345 : 790  –  7 .  

57.     Tuomilehto   J  ,   Lindstrom   J  ,   Eriksson   JG    et al.   Prevention of type 
2 diabetes mellitus by changes in lifestyle among subjects with 
impaired glucose tolerance .  N Engl J Med   2001 ; 344 : 1343  –  50 .  

58.     Levy   WC  ,   Cerqueira   MD  ,   Harp   GD    et al.   Effect of endurance 
exercise training on heart rate variability at rest in healthy young 
and older men .  Am J Cardiol   1998 ; 82 : 1236  –  41 .  

59.     Tygesen   H  ,   Wettervik   C  ,   Wennerblom   B  .  Intensive home - based 
exercise training in cardiac rehabilitation increases exercise 
capacity and heart rate variability .  Int J Cardiol   2001 ; 79 : 175  –  82 .  

60.     Squires   RW  .  Coronary atherosclerosis . In: American College 
of Sports Medicine.  ACSM ’ s Resource Manual for Guidelines 
for Exercise Testing and Prescription ,  4th edn .  Philadelphia : 
 Lippincott Williams and Wilkins ,  2001 :  227  –  37 .  

61.     Verma   S  ,   Anderson   TJ  .  Fundamentals of endothelial function for 
the clinical cardiologist .  Circulation   2002 ; 105 : 546  –  9 .  

62.     Hambrecht   R  ,   Wolf   A  ,   Gielen   S    et al.   Effect of exercise on coro-
nary endothelial function in patients with coronary artery 
disease .  N Engl J Med   2000 ; 342 : 454  –  60 .  

63.     Hambrecht   R  ,   Niebauer   J  ,   Marburger   C    et al.   Various intensities 
of leisure time physical activity in patients with coronary artery 
disease: effects on cardiorespiratory fi tness and progression of 
coronary atherosclerotic lesions .  J Am Coll Cardiol   1993 ; 22 :
 468  –  77 .  

64.     Koenig   W  ,   Ernst   E  .  Exercise and thrombosis .  Coronary Artery Dis  
 2000 ; 11 : 123  –  7 .  

65.     Ernst   E  .  Regular exercise reduces fi brinogen levels: a review of 
longitudinal studies .  Br J Sports Med   1993 ; 27 : 175  –  6 .  

66.     Paramo   JA  ,   Olavide   I  ,   Barba   J    et al.   Long - term cardiac rehabilita-
tion program favorably infl uences fi brinolysis and lipid concen-
trations in acute myocardial infarction .  Haematologica   1998 ;
 83 : 519  –  24 .  

67.     Lehman   M  ,   Keul   J  .  Physical activity and coronary heart disease: 
sympathetic drive and adrenaline - induced platelet aggregation . 
 Int J Sports Med   1986 ; 7 (suppl 1): 34  –  7 .  

68.     Ehsani   AA  ,   Martin   WH  ,   Heath   GW  ,   Coyle   EF  .  Cardiac effects of 
prolonged and intense exercise training in patients with coro-
nary artery disease .  Am J Cardiol   1982 ; 50 : 246  –  54 .  

69.     Schuler   G  ,   Schlierf   G  ,   Wirth   A    et al.   Low - fat diet and regular, 
supervised physical exercise in patients with symptomatic coro-
nary artery disease: reduction of stress - induced myocardial isch-
emia .  Circulation   1988 ; 77 : 172  –  81 .  

70.     Todd   IC  ,   Bradnam   MS  ,   Cooke   MB  ,   Ballantyne   D  .  Effects of daily 
high - intensity exercise on myocardial perfusion in angina pec-
toris .  Am J Cardiol   1991 ; 68 : 1593  –  9 .  

71.     Laslett   LJ  ,   Paumer   L  ,   Amsterdam   EA  .  Increase in myocardial 
oxygen consumption index by exercise training at the onset of 
ischemia in patients with coronary artery disease .  Circulation  
 1985 ; 71 : 958  –  62 .  

72.     Williams   MA  ,   Ades   PA  ,   Hamm   LF    et al.   Clinical evidence for a 
health benefi t from cardiac rehabilitation: an update .  Am Heart 
J   2006 ; 152 : 835  –  41 .  

73.     Balady   GJ  ,   Williams   MA  ,   Ades   PA    et al.   Core components of 
cardiac rehabilitation/secondary prevention programs: 2007 
update. A scientifi c statement from the American Heart Associa-
tion Exercise, Cardiac Rehabilitation, and Prevention Commit-
tee; the Councils on Cardiovascular Nursing, Epidemiology and 
Prevention, and Nutrition, Physical Activity, and Metabolism; 
and the American Association of Cardiovascular and Pulmo-
nary Rehabilitation .  Circulation   2007 ; 115 : 2675  –  82 .   



201

16

Evidence-Based Cardiology, 3rd edition. Edited by S. Yusuf, J.A. Cairns, 
A.J. Camm, E.L. Fallen, and B.J. Gersh. © 2010 Blackwell Publishing, 
ISBN: 978-1-4051-5925-8.

 Psychosocial  f actors  

   Annika   Rosengren  
  Sahlgrenska University Hospital, Goteborg, Sweden       
 

  Introduction 

 In the world of evidence - based medicine, psychosocial 
factors occupy a precarious position. With few exceptions, 
there are not many meta - analyses, systematic reviews, 
and randomized controlled trials of interventions. These 
designs yield a high level of evidence but such studies are 
mostly lacking in studies of psychosocial factors. Most data 
are purely descriptive and observational, derived from pro-
spective cohort studies or case – control designs. There is a 
lack of consensus on the measurement and validation of 
psychosocial constructs, and a very real risk of publication 
bias. Even though psychosocial factors may be counted 
among the modifi able risk factors for cardiovascular 
disease, interventions, medical or otherwise, are only rarely 
investigated. Accordingly, the data available can be catego-
rized as, at most, providing mid - range evidence. 

 This is not to say, however, that psychosocial factors 
are unimportant in the study of cardiovascular health. In 
contrast, there is a wealth of indicators that psychosocial 
factors may be at least as important as biologic factors as 
causes of cardiovascular disease.  1,2   In one of the few studies 
attempting to quantify population attributable risk of both 
psychosocial factors and biologic/lifestyle factors, a com-
posite of stress (at home, at work, fi nancial), low locus of 
control, life events and depression was found to have a 
population attributable risk of 32%, comparable to the 
effect of smoking.  3   Even so, the importance of psychosocial 
factors is still controversial and it has been argued, based 
on prospective data, that factors such as vital exhaustion, 
psychologic stress, and social class add little to the overall 
prediction of coronary heart disease.  4   

 This chapter aims to review the strength of the data 
on how psychosocial factors can infl uence the disease pro-

cesses in cardiovascular diseases, chiefl y coronary heart 
disease (CHD). Factors investigated in the literature per-
taining to the psychosocial area as causal factors for CHD 
are reviewed, as are the same factors with respect to prog-
nosis in patients with established CHD. Finally, psychoso-
cial intervention studies, which aim to improve prognosis 
in patients, are explored.  

  Potential  m echanisms 

 Psychosocial risk factors affect disease processes via biobe-
havioral pathways, for example through unhealthy behav-
iors like smoking, inactivity or adverse dietary patterns 
with increased risk for obesity, hypertension and the meta-
bolic syndrome, or through biologic characteristics like 
increased cardiovascular/neuroendocrine reactivity in 
response to acute or chronic stress, increased platelet acti-
vation, increased infl ammatory cytokines or demonstrable 
progress in atherosclerosis. In patients with established car-
diovascular disease, psychosocial factors can affect treat-
ment adherence and lifestyle improvement. 

 Several studies indicate that adverse psychosocial factors 
are associated with higher levels of risk factors.  5 – 7   Chronic 
stress may be a contributory factor to a positive energy 
balance leading to obesity and to the metabolic syndrome, 
as prospective investigations in the Whitehall II cohort 
have shown.  8,9   However, associations between adverse risk 
factor patterns and psychosocial risk factors are not consis-
tently found. For example, with respect to socioeconomic 
status, higher rates of current and ever smoking among 
less well - educated subjects were found in some but not 
all of 11 European countries investigated.  10   In a Swedish 
study high occupational status was associated with better 
lipid levels and lower blood pressure in women, but not 
men.  11   

 By and large, two methods for investigating psychobio-
logic pathways are used: laboratory or clinical studies of 
acute physiologic stress responses, and observational 
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studies involving the effect of chronic or recurrent psy-
chosocial stimuli on morphology or physiologic function. 
An extensive literature in this area exists and has been 
reviewed,  12   with the conclusion that disturbed psychobio-
logic reactivity as in, for example, lower socioeconomic 
status adults is present for some stimuli but not others, and 
interactions need to be studied. One investigation cited, 
relevant to this, is the study by Everson  et al  in which pro-
gression of carotid atherosclerosis over 4 years was greatest 
among middle - aged men who were high stress responders, 
and had also been exposed to the chronic stress of high 
work place demands.  13   

 Several other studies pertaining to stress tests in relation 
to other psychosocial factors have been published. Pro-
longed impairment of  endothelial function  was demonstrated 
to occur in healthy men after a brief episode of mental 
stress, potentially representing a link between stress and 
the atherogenic process.  14   In 34 male survivors of acute 
myocardial infarction (AMI),  platelet activation  in response 
to a stress test was heightened in men who had stated acute 
negative emotion in the two hours before the event.  15    Coro-
nary fl ow velocity reserve  was signifi cantly reduced in healthy 
men during and after a mental stress test.  16   A recent study 
investigating 22 healthy middle - aged men who underwent 
a mental stress test demonstrated signifi cant changes in 
coagulation measures, indicating that stress may elicit a 
hypercoagulable state.  17   These data corroborate an exten-
sive earlier review which critically reviewed 68 articles, 
investigating psychosocial factors in both experimental 
and observational settings, with the conclusion that 
associations between psychologic factors and several coag-
ulation and fi brinolysis variables provide a plausible biobe-
havioral link to coronary artery disease.  18   

 Several observational studies have also investigated 
associations between psychosocial factors and putative 
pathophysiologic mediators. A Dutch study in 109 male 
white - collar workers investigated  cardiovascular reactivity  in 
relation to effort – reward imbalance and overcommitment 
(including inability to unwind after work). High imbalance 
was associated with a higher heart rate during work and 
directly after work, a higher systolic blood pressure during 
work and leisure time, and a lower 24 - hour vagal tone.  19   

 Following the results of early animal studies on psycho-
social infl uences on atherosclerosis,  20   a recent US cross -
 sectional study, which investigated the effect of psychosocial 
measures on  coronary calcifi cation  using electron beam 
tomography in 783 middle - aged men and women, found 
that indicators of social isolation were independently asso-
ciated with elevated risk for the presence of calcifi cation,  21   
whereas there was no independent association with socio-
economic status. However, in a study of 155 healthy women 
with measures of positive and negative affect/cognitions, 
coronary calcifi cation was unrelated to these measures 
whereas there was evidence of associations of psychosocial 

attributes with aortic calcifi cation.  22   Depressive symptoms, 
anger, anxiety, and chronic stress burden were not associ-
ated with coronary calcifi cation in asymptomatic adults.  23   

 The effects of acute psychologic stress on circulating 
 infl ammatory factors  in humans have been reviewed in a 
meta - analysis suggesting a modest increase in circulating 
infl ammatory markers following laboratory - induced psy-
chologic stress.  24   Additionally, in a recent overview, poten-
tial additional mechanisms for the association between 
stress and cardiovascular morbidity were extensively 
reviewed.  25    

  Prospective  s tudies 

 In a systematic review updated until 2001, aiming to assess 
the relative strength of the epidemiologic evidence for 
causal links between psychosocial factors and CHD inci-
dence among healthy populations, and prognosis among 
CHD patients, over 100 prospective cohort studies were 
included.  26   A previous systematic review, by the same team 
of researchers, was published in 1999.  2   For inclusion, 
papers had to meet four quality criteria relating to design, 
size, psychosocial variable specifi cation and outcomes. 
Only prospective studies were accepted and they had to 
include at least 500 participants (etiologic studies in healthy 
populations) or 100 participants (for prognosis in patients 
with established CHD). Psychosocial factors were included 
if they were reported in at least two eligible study popula-
tions. In this review, unspecifi ed  “ stress ”  was not included 
because it was considered too vague to be informative. 
Valid outcomes were limited to fatal CHD, sudden cardiac 
death, non - fatal myocardial infarction (MI), incident 
angina, incident heart failure and all - cause mortality (for 
prognostic studies only). In the fi rst review,  2   65 papers were 
included while the updated review identifi ed an additional 
71 papers, of which 41 were published between 1998 and 
June 2001. The factors evaluated were type A behavior 
pattern and hostility, depression, anxiety and distress, and 
psychosocial work characteristics. 

 With respect to type  A behavior and hostility , both eliciting 
much interest because of early positive reports from North 
American populations,  27,28   18 prospective studies were 
included in the review. The majority (12/18) of the studies 
did not support type A/hostility as a risk factor, and the 
studies did not show hostility alone to be a risk factor 
either. Whether type A might predict incident CHD was 
again investigated in a more recent study in middle - aged 
men. Over a nine - year follow - up, there was no overall 
increased risk of CHD associated with any type A score, 
but further analysis showed an increase in risk over the 
fi rst fi ve - year period and a decreased risk between fi ve and 
nine years, indicating that type A may be a potential trigger, 
rather than affecting the process of atherosclerosis.  29   Other 
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personality types incude  type D personality , a construct 
which has not been widely studied as a potential risk factor 
but which nevertheless has attracted attention. Type D per-
sonality is characterized by a propensity for experiencing 
negative emotions, while simultaneously inhibiting these 
emotions in social contacts with others.  30,31   Although poten-
tially indicating worse prognosis in cardiac patients, there 
are no data to support that type D personality predicts 
cardiovascular events in healthy populations. 

 In a systematic search of the literature on  depression  and 
risk of CHD to May 2000, Rugulies identifi ed 11 studies.  32   
Depression was associated with a signifi cant increased risk 
of CHD in seven of the 11 studies, with clinical depression 
a stronger and more consistent predictor than depressive 
mood. A subsequent systematic review by Kuper  et al  
found 22 prospective studies which investigated the asso-
ciation between depression and CHD in healthy popula-
tions.  26   Roughly one - third found no clear association, with 
the rest fi nding moderate or strong effects. There was no 
apparent difference in strength of association between 
studies with shorter or longer follow - up, indicating that 
fi ndings from studies with shorter follow - up were proba-
bly not confounded by early disease causing depression. 
In another, more recent systematic review of studies of 
depression as a risk factor for coronary disease in people 
without clinical evidence of prior heart disease and with at 
least four years follow - up, and which also controlled for 
other major coronary disease risk factors, 10 studies met 
inclusion criteria. Nine reported signifi cantly increased 
risk, including two with mixed results; one study reported 
no increased risk. The combined overall relative risk of 
depression for the onset of coronary disease was 1.64.  33   
Since this review appeared, additional studies have been 
published, further supporting depression as a risk factor 
for CHD.  34,35   A concept which is related to depression, 
but where there is little conclusive evidence for effects 
over and above depression, or pre - existing disease, is  vital 
exhaustion .  36,37   

  Anxiety and/or stress  were investigated in eight studies 
identifi ed by Kuper  et al , with inconsistent results, and 
studies with longer follow - up less likely to fi nd an associa-
tion.  26   Other than these, the INTERHEART Study, the 
largest study reported so far, which used a case – control 
design in 11   119 patients with a fi rst MI from 52 countries 
and 13   648 controls matched for age, sex, and region, found 
that stress was more commonly reported by cases than by 
controls.  38   Psychosocial stress during the previous 12 
months was assessed with two single - item questions about 
stress at work and stress at home. In these questions stress 
was defi ned as feeling irritable or anxious, or as having 
disturbed sleep because of conditions at home or at work. 
Compared with controls, cases reported more frequent 
periods of stress at home during the previous 12 months 
as well as more frequent periods of stress at work. 

 This study is limited because of the retrospective case –
 control design, where cases were interviewed during hos-
pitalization following an acute MI and were asked to report 
on psychosocial risks during the 12 months before the 
event. However, prospective studies using similar ques-
tions on self - perceived stress have also been performed, 
providing additional, albeit moderate, support for the con-
tention that stress is related to CHD. One study, using the 
same question as in INTERHEART, found self - perceived 
stress to predict CHD as well as cardiovascular mortality 
over a 12 - year follow - up period from baseline,  39   with an 
odds ratio of 1.7 for cardiovascular disease (CVD) death 
after adjustment for occupational class and other relevant 
risk factors, although the predictive power for CHD inci-
dence waned after two decades.  40   

 Number of work stressors has been associated with 
increased cardiovascular mortality in the Multiple Risk 
Factor Intervention Trial.  41   During a nine - year follow - up of 
12   336 men, those with three or more work stressors had an 
increased risk of CVD death of 26%, while the experience 
of divorce increased risk by 33%. Similar results were 
observed in a large prospective study involving 281 cases 
in 73   424 Japanese men and women.  42   An extreme stressor, 
such as the death of a child, was associated with an 
increased risk of MI in parents, particularly for fatal MI.  43   
Even so, there are also several studies with no or very 
limited relation between various measures of stress and 
CHD  44 – 46   and the concept of stress as an independent risk 
factor has also been criticized on the grounds that self -
 reported stress is related to health - related behaviors and 
largely due to confounding by socioeconomic position  47   or 
by a greater propensity to report symptoms and to be 
hospitalized.  48   

 The review of studies on  work stress  presented a particu-
lar challenge because of the wide variety of measures and 
lack of standardization. However, of the 13 etiologic studies 
reviewed by Kuper  et al , only three did not fi nd a clear 
association, whereas 10 were moderately supportive, sup-
portive for at least a subset or showed strong evidence for 
an effect of work stress on incidence of CHD.  26   Several 
studies have been added to the literature since this review. 
Within the Whitehall II Study, a ratio of high efforts to 
rewards predicted higher risk of CHD, though only mod-
estly so.  49   In a multinational study of six European cohorts 
from four European countries (Belgium, France, Spain and 
Sweden) consisting of 21   111 middle - aged male subjects, 
the Karasek job strain model of psychologic demands was 
used.  50   This model emerged as a moderate but independent 
predictor of acute coronary events. Recent fi ndings from 
the Framingham Offspring Study did not, however, support 
high job strain as a signifi cant risk factor for CHD in men 
or women.  51   Possibly, effects for women differ from those 
for men, with recent prospective studies not showing a 
relation between job stress and CHD for women.  52,53   
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  Social supports and networks  relate to the number and 
quality of a person ’ s social contacts, including emotional 
support. Heterogeneous approaches have been used to 
measure this construct. The systematic review by Kuper 
 et al  included nine studies, with three not showing an asso-
ciation, four moderately supportive, and two strongly sup-
portive.  26   In one of the latter, a subsequent follow - up found 
that both social integration and emotional support pro-
tected against CHD over an extended follow - up of 15 
years.  54   In a prospective cohort study of 9011 British civil 
servants, negative aspects of close relationships were 
weakly but independently associated with future CHD 
events, including angina pectoris, over a 12 - year follow - up 
period.  55   Further confi rmation for the role of social 
support is provided in a review by Lett  et al ,  56   although 
more research is needed to determine which types of func-
tional and structural support are most strongly related to 
outcome. 

 There is a large body of literature concerning  socioeco-
nomic status (SES)  and coronary heart disease. A much -
 cited review published in 1993  57   indicated that there is a 
substantial body of evidence for a consistent relation 
between SES and the incidence and prevalence of cardio-
vascular disease, secular trends in cardiovascular mortality, 
survival with cardiovascular disease, and the prevalence of 
cardiovascular risk factors. By and large, more recent fi nd-
ings have not challenged these conclusions, at least not for 
Western populations. 

 There are several ways of measuring SES, with educa-
tion, income, and occupational position most often used, 
but there is an increasing awareness that these variables 
cannot be used interchangeably.  58   In a study using Swedish 
and German register data, correlations between education, 
income, and occupational class were only low to moder-
ate.  59   Which of these yielded the strongest effects on health 
depended on the type of health outcome in question. MI 
morbidity and mortality showed a mixed picture, with 
steeper gradients in the German than in the Swedish popu-
lation. In mutually adjusted analyses each social dimension 
had an independent effect on each health outcome in both 
countries. The authors concluded that treating education, 
income, and occupational class as indicators of the same 
fundamental cause will understate their independent and 
distinct contributions to health. 

 Because there are differences in the distribution of risk 
factors, there has been a debate whether the effect of SES 
merely refl ects these differences or whether there is an 
independent effect.  60,61   In addition, a relation between low 
SES and occupation has not been consistently observed in 
all populations. In one study in Europe a north – south gra-
dient was observed, with CHD mortality strongly related 
to occupational class in England and Wales, Ireland, 
Finland, Sweden, Norway, and Denmark but not in France, 
Switzerland, and Mediterranean countries.  62   Ignoring SES 

in risk factor estimation has been suggested to underesti-
mate CVD risk in deprived people.  63   

 Adverse socioeconomic circumstances in childhood may 
confer a greater risk for adult CVD. A recently published 
systematic review identifi ed 40 studies, the majority of 
which found a robust inverse association between child-
hood circumstances and CVD risk, although fi ndings 
sometimes varied among specifi c outcomes, socioeconomic 
measures, and sex.  64    

  Psychosocial  f actors and  p rognosis in 
 c ardiovascular  d isease 

 Several literature reviews  2,65,66   have concluded that of 
various psychologic and social variables related to progno-
sis in CHD patients, the cumulative evidence is strongest 
for depression. Two recent systematic reviews have shown 
that, in people with established coronary heart disease, 
depression predicts an approximate twofold increase in 
all - cause mortality and cardiac mortality.  67,68   While not a 
formal meta - analysis, a narrative review paper summariz-
ing a large number of studies found that depression confers 
a relative risk between 1.5 and 2.0 for the onset of CHD in 
healthy individuals, whereas depression in patients with 
existing CHD confers a relative risk between 1.5 and 2.5 for 
cardiac morbidity and mortality.  69   

 However, studies have not consistently found this asso-
ciation.  70 – 72   In addition, these meta - analyses have been 
criticized on the grounds that they have not adequately 
considered the role of reverse causality, commenting that 
patients with severe CHD at baseline, and consequently 
worse prognosis, may be more likely to report depressive 
symptoms and that this may confound the association 
between depression and CHD prognosis. In a subsequent 
meta - analysis which sought to address these issues, 34 
prognostic studies were identifi ed, with a pooled relative 
risk of 1.80.  73   Adjustment for left ventricular function was 
done in only eight studies; this attenuated the relative risk 
from 2.18 to 1.53, a 48% reduction. Accordingly, almost half 
of the increased risk in patients with depression was 
accounted for by severity of CHD at baseline, suggesting 
an important role for reverse causality. 

 It has also been questioned whether the effect of depres-
sion assessed at different time periods may differ. A recent 
investigation seeking to investigate the long - term impact 
of depression on cardiac mortality after MI and to assess 
whether the timing of depression infl uences the fi ndings 
found that depression was not associated with cardiac mor-
tality, whether detected immediately before MI, 12 months 
after MI or at both time points.  74   The authors concluded 
that association between depression and post - MI mortality 
is complex, possibly being limited to depression immedi-
ately after MI, which they did not measure. Further, when 
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comparing prognosis in patients post - MI with incident 
depression, as compared with ongoing or recurrent depres-
sions, it was found that only patients with incident post - MI 
depression had an impaired cardiovascular prognosis.  75   
However, despite these considerations, the available evi-
dence suggests an independent prognostic role for depres-
sive symptoms in patients with CHD. 

 With respect to personality traits,  type A/hostility  was not 
associated with an adverse prognosis in patients with CHD 
in the systematic review by Kuper  et al .  26   In contrast, non -
 systematic reviews have concluded that cardiac patients 
with  type D personality ,  “ a gloomy, anxious, and socially 
inept worrier ” ,  30   are at increased risk for cardiovascular 
morbidity and mortality independent of cardiac risk 
factors. These conclusions were, however, based on com-
paratively few studies and most were derived from the 
same group of researchers. In addition, the extent to which 
the fi ndings for type D personality are confounded by 
depression and other psychosocial factors is still unclear. 
Accordingly, more studies are needed to establish the role 
of type D personality as a negative prognostic factor in 
patients with CHD. 

  SES  is usually not considered to be among the modifi able 
risk factors although low SES is often associated with 
an adverse lifestyle. Mortality from CHD has been associ-
ated with SES.  57,76   In comparison, far less is known about 
the effect of SES on prognosis after AMI. Associations 
between individual SES and long - term prognosis after 
AMI have been investigated.  77 – 79   In one US study of 3423 
confi rmed cases of AMI among metropolitan Worcester 
residents, a 30% higher death rate was estimated after 
AMI for patients living in census tracts with the most resi-
dents living below the poverty line compared with patients 
living in the wealthiest census tracts. Similarly, patients 
living in census tracts with the highest proportion of resi-
dents with less than a high school education experienced a 
47% higher death rate than patients living in census tracts 
with the lowest proportion of residents with less than 
a high school education.  80   In one recent study of 3407 
patients who were hospitalized for AMI in 53 large - volume 
hospitals in Canada, income was strongly and inversely 
correlated with two - year mortality rate. However, after 
adjustment for age and pre - existing cardiovascular events 
or conventional vascular risk factors, the effect of income 
was greatly attenuated, which suggests that the  “ wealth –
 health gradient ”  in cardiovascular mortality may be par-
tially ameliorated by improved management of known risk 
factors.  81   

 In one prospective study of women with CHD, level of 
marital stress, according to the Stockholm Marital Stress 
Scale, was associated with a higher risk of recurrent 
events.  82   Stress from family or work life may accelerate 
coronary disease processes in women, whereas relative 
protection may be obtained from a satisfactory job and a 

happy marriage. In a study of 80 female CHD patients who 
were evaluated for stress exposure and coronary athero-
sclerosis progression using serial quantitative coronary 
angiography, women with high stress from either family or 
work had signifi cant disease progression over three years, 
whereas those with low stress had only slight progres-
sion.  83   One recent study found that a high level of anxiety 
in patients with documented chronic ischemic heart disease 
(IHD) constitutes a strong risk of subsequent myocardial 
infarction or death.  84   

 The association of job strain with the risk of recurrent 
CHD events after a fi rst MI has been documented in only 
two relatively small prospective studies whose fi ndings 
were inconsistent.  82,85   However, in a recent prospective 
cohort study of 972 men and women who returned to work 
after a fi rst MI, where a combination of high psychologic 
demands and low decision latitude was evaluated, chronic 
job strain was associated with a doubled risk of recurrent 
CHD which persisted in a multivariate model adjusted for 
26 potentially confounding factors.  86    

  Interventions 

  Stress management training  aims to reduce stress and this, as 
well as other psychologic interventions, can form part of 
cardiac rehabilitation programs. A recent Cochrane review 
aimed to determine the effectiveness of psychologic inter-
ventions, in particular stress management interventions, on 
mortality and morbidity, psychologic measures, quality of 
life, and modifi able cardiac risk factors, in patients with 
coronary heart disease.  87   Randomized controlled trials of 
non - pharmacologic psychologic interventions until 2001, 
with a minimum follow - up of six months, were identifi ed. 
Thirty six trials with altogether almost 13   000 patients were 
included. The quality of many trials was considered to be 
poor, with the majority not reporting adequate conceal-
ment of allocation or blinded assessment of outcome. Com-
bining the results of all trials showed no strong evidence 
of effect on total or cardiac mortality, or revascularization. 
There was a reduction in the number of non - fatal reinfarc-
tions in the intervention group but the two largest trials 
(comprising over a third of all randomized patients) were 
neutral, and there was statistical evidence of publication 
bias. The reviewers concluded that, overall, psychologic 
interventions showed no evidence of effect on prognosis 
with respect to total or cardiac mortality. Small reductions 
in anxiety and depression in patients were found. Trials 
which specifi cally considered stress management did not 
differ from the overall fi ndings for all the trials. The authors 
considered that the poor quality of trials, heterogeneity 
observed between trials and signifi cant publication bias 
made the pooled fi nding of a reduction in non - fatal myo-
cardial infarction uncertain. 
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  Psychologic treatment  is sometimes a component of com-
prehensive cardiac rehabilitation, a broad class of interven-
tions targeting lifestyle, for instance smoking, lack of 
exercise, poor eating habits, and often also psychologic dis-
tress. Most interventions use cognitive - behavioral inter-
ventions to reduce distress but the prognostic benefi t of 
added psychologic treatment in cardiac rehabilitation pro-
grams is still in question. In a meta - analysis of 37 studies, 
the effects of psychoeducational (health education and 
stress management) programs for coronary heart disease 
patients were examined, with a suggested 34% reduction 
in cardiac mortality, a 29% reduction in recurrence of MI, 
and signifi cant positive effects on blood pressure, choles-
terol, body weight, smoking behavior, physical exercise, 
and eating habits.  88   However, the interventions used were 
highly heterogeneous and, in addition, studies with non -
 randomized designs were included. In a review from 2007, 
the authors identifi ed 23 randomized trials of psychologic 
treatments which reported mortality data.  89   There was an 
overall benefi cial effect on mortality for up to two years, 
but not thereafter. In addition, mortality benefi ts only 
applied to men, and for studies initiated at least two months 
after an event. Relaxation therapy, defi ned as teaching 
means to reduce tension, was reviewed, with relevant pub-
lications included in a meta - analysis, which, however, 
included non - randomized trials.  90   The most relevant fi nd-
ings were reduced heart rate, anxiety and angina. There 
were also reductions in cardiac events and in mortality, 
although the authors point out that there were few events. 

 Even though depression has been shown to be a negative 
prognostic factor in patients with IHD, it is at present not 
proven that  treatment of depression  helps improve survival. 
However, antidepressants have been demonstrated to be 
safe to use after an MI and effective in treating depression. 
The SADHART Study found sertraline to be a safe treat-
ment for depression post - MI, but there was little difference 
in depression status between groups receiving sertraline 
and placebo after 24 weeks of treatment.  91   However, the 
effect of sertraline was greater in the patients with severe 
and recurrent depression. The study was not designed to 
assess the effects of treatment on cardiovascular prognosis, 
but severe cardiovascular events during the six - month 
treatment tended to be less frequent in the sertraline 
group.  91   In a randomized controlled trial (Enhancing 
Recovery in Coronary Heart Disease patients  –  ENRICHD) 
which examined the effect of cognitive behavior therapy, 
supplemented with a selective serotonin reuptake inhibitor 
when indicated, the intervention did not increase event -
 free survival.  92   Positive subgroup analyses have been 
reported from ENRICHD, but these fi ndings require con-
fi rmation.  93,94   In a more recent substudy of the ENRICHD 
study the psychosocial intervention did not affect late mor-
tality, but intervention patients whose depression did not 
improve were at higher risk for late mortality than were 

patients who responded to treatment.  95   Additionally, in the 
Myocardial INfarction and Depression - Intervention Trial 
(MIND - IT) which sought to determine, using a random-
ized controlled design, whether antidepressant treatment 
for depression post - MI improved depression or cardiovas-
cular prognosis, no differences were observed between 
intervention and control groups with respect to depression. 
The cardiac event rate was 14% among the intervention 
group and 13% among controls.  96   

 Although  low levels of support  are associated with increased 
risk for CHD events, it is not clear what types of support 
are most associated with clinical outcomes in healthy 
persons and CHD patients.  56   Additionally, there is little sci-
entifi c evidence about how, and how well, social support 
interventions work. Hogan  et al , using a computerized 
search strategy, found 100 studies that evaluated the effi -
cacy of a range of such interventions targeting a wide 
variety of problems.  97   Some of the studies using individual 
interventions through professionals targeted patients with 
ischemic heart disease, with positive effects on myocardial 
infarction recurrences and mortality. However, a similar 
intervention, which tried to replicate the results from earlier 
interventions, found that the supportive intervention had 
no survival impact.  98   Additionally, women in the treatment 
group had marginally higher cardiac and all - cause mortal-
ity than women in the control group. Neither of the two 
reviews found any conclusive evidence that interventions 
targeting social support improves outcome with respect to 
mortality or new events but, on the other hand, few studies 
have been specifi cally designed to answer this question.  

  Conclusions and  d irections for the  f uture 

 Altogether, studies strongly suggest a role for psychosocial 
factors as causes and prognostic factors in cardiovascular 
disease. There are, however, several limitations to many 
studies in this area. A large proportion of the literature on 
psychosocial factors is derived from secondary analyses of 
data collected for other purposes, and accordingly, there is 
no means to keep track of analyses that have been done or 
which potentially could be performed. Accordingly, publi-
cation bias cannot be systematically evaluated. Further bias 
may occur after publication, where positive results may be 
more frequently cited than neutral or negative fi ndings. 
Additionally, with few exceptions, data are derived from 
predominantly Caucasian, Western populations with very 
few data from other parts of the world, where most cases 
currently occur. Data from low -  and middle - income coun-
tries and non - Western high - income countries are badly 
needed. 

 There is, so far, no or little evidence that any interven-
tions targeting psychosocial factors improve prognosis in 
patients with cardiovascular disease, partly because of the 
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  Key  p oints 

  Potential  i nfl uence of  p sychosocial  f actors on  i ncidence, 
 p rognosis and  i nterventions in  c oronary  h eart  d isease 
 –   s ummary 
  In healthy populations 
 Type A/hostility  –  no evidence 
 Depression/anxiety  –  moderate to strong evidence 
 Psychosocial work characteristics  –  moderate evidence 
 Chronic general stress/distress  –  moderate evidence 
 Vital exhaustion  –  no evidence 
 Social isolation and lack of social support  –  moderate evidence 
 Low socioeconomic status  –  strong evidence  

  Impaired prognosis in  CHD  patients 
 Type D/negative affect  –  limited evidence of independent effect 
 Depression/anxiety  –  strong evidence 
 Psychosocial work characteristics  –  moderate evidence 
 Low socioeconomic status  –  moderate evidence 

 Interventions aimed at improving prognosis through infl uencing 
psychosocial factors have been carried out targeting: 
 Stress/distress  –  no evidence 
 Depression  –  no evidence 
 Social support  –  no evidence 

 Taken together, these studies strongly suggest a role for 
psychosocial factors as causes and prognostic factors in 
cardiovascular disease. However, there is, so far, no or little 
evidence that any interventions targeting these factors improves 
prognosis in patients with cardiovascular disease.    

heterogeneity, sometimes doubtful designs and non - opti-
mal methodology of some studies. Equally, however, it is 
not possible to entirely dismiss potential benefi cial prog-
nostic effects on the basis of the data available. In the 
future, considerable attention needs to be given to meth-
odologic and design issues, not least since the population 
sizes needed will require multicenter and probably multi-
national participation.    
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  Introduction 

 Research over the past four decades has greatly increased 
our understanding of the proximal determinants of cardio-
vascular disease, beginning with the pioneering work of 
Ancell Keys and his colleagues in the Seven Countries 
Study, which identifi ed the role of cholesterol,  1   and pro-
gressing by means of international collaborations such as 
the MONICA project  2   to, most recently, the INTERHEART 
Study.  3   The last of these studies, which included subjects 
from 52 countries in all regions of the world, showed how 
nine risk factors (abnormal lipids, smoking, hypertension, 
diabetes, abdominal obesity, psychosocial factors, con-
sumption of fruits, vegetables, and alcohol, and regular 
physical activity) could account for almost all the variation 
observed in myocardial infarction. Studies such as these 
provide an answer to the question  “ Why are some people 
healthy and others not? ” .  4   However, they raise the further 
question, fi rst posed by Geoffrey Rose, of why some  popula-
tions  are healthy and others are not.  5   These risk factors are 
not distributed at random in the population but are geo-
graphically and socially patterned. 

 The consequence is that deaths from cardiovascular 
disease vary markedly among and within populations and 
their distribution is constantly changing. Beginning as a 
disease of the upper classes in industrialized countries, its 
subsequent increases among the lower classes would soon 
reverse the social gradient.  6   More recently, marked declines 
among those better off have not been seen among the 
poor, leading to a widening social gap.  7   The long - standing 
advantage enjoyed by countries in Southern Europe is now 
being eroded,  8   at a time when once very high rates in 
Nordic countries are falling rapidly. In the former Soviet 
Union death rates have fl uctuated dramatically over the 

course of the past two decades, while remaining consis-
tently very much higher than in Western Europe.  9   

 It is also important to note, in a situation where medicine 
is increasingly dominated by the search for genetic expla-
nations of disease, that levels of risk change when indi-
viduals move from one setting to another, elegantly 
described in studies of Japanese migrating to Hawaii and 
California.  10   The risk of cardiovascular disease is substan-
tially infl uenced by the environment that the individual 
inhabits. 

 The reasons for some of the patterns that can be observed 
are either obvious or have been understood through 
research. Those living in the countries bordering the Medi-
terranean benefi ted from their geographical location and 
consequently their climate, which allowed them to produce 
the components now referred to as the Mediterranean diet, 
rich in fruit and vegetables and olive oil. Contemporary 
increases in mortality in some parts of Greece can plausibly 
be explained by a failure to reduce smoking rates. In Russia 
and its neighbors, the high cardiovascular mortality can 
be explained by, in addition to the traditional risk factors, 
the widespread practice of episodic heavy drinking, 
especially of surrogate products such as aftershaves.  11   
coupled with weaknesses in the healthcare system and, 
especially, the management of hypertension.  12   Within soci-
eties, differences in smoking and diet, which are shaped 
by the environments that people inhabit, can also go some 
way to explaining social inequalities, and indeed some 
research has suggested that they may themselves be 
suffi cient.  13   

 However, there is an extensive body of research suggest-
ing that psychosocial factors play a part. The largest of 
these studies, INTERHEART, found that those suffering a 
myocardial infarction were signifi cantly more likely to 
have experienced stress at work or at home, fi nancial stress 
or major life events in the past year. Put another way, those 
suffering several episodes of stress or permanent stress at 
work were more likely to suffer an infarction (respectively, 
odds ratios (OR) 1.38, 99% confi dence interval (CI) 1.19 –
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 1.61, and OR 2.14, 99% CI 1.73 – 2.64), after adjustment for 
age, sex, geographic region, and smoking. The correspond-
ing fi gures for several episodes or permanent stress at 
home were OR 1.52 (99% CI 1.34 – 1.72) and OR 2.12 (1.68 –
 2.65). Severe fi nancial stress and stressful life events in the 
past year showed similar associations (OR 1.33, 99% CI 
1.19 – 1.48, and OR 1.48, 99% CI 1.33 – 1.64, respectively).  14   

 This chapter begins from the intentionally simplifi ed 
position that individuals inhabit three often overlapping 
communities, defi ned by their families, their work environ-
ment, and their social life. In each of these they have rela-
tions with other individuals. The roles that they fulfi ll and 
the relationships that they experience within each of these 
communities may impact on their risk of cardiovascular 
disease or their ability to survive it. Individuals also live 
within a larger community, where ties may be much looser 
but which surrounds them and whose environment is 
characterized by its physical, political, economic, social, 
and cultural attributes. This environment may impact on 
their risk of cardiovascular disease by virtue of the ease 
which it enables them to make healthy choices or con-
strains them from doing so. This framework is illustrated 
in Figure  17.1 , with fi ve individuals who are connected to 
each other through families, work, and social ties. Much of 
the rest of this chapter will focus on the evidence linking 
the nature and intensity of these connections, in these three 
domains, to cardiovascular disease, and on the way that 
the environment in which people live infl uences their 
degree of risk.    

  Family  n etworks 

 The most intense social relationships are within the imme-
diate family. There is considerable evidence that marriage 
is protective against cardiovascular disease, at least for 
men, who have been most intensively studied. Some 
research has been able to explain this on the basis of differ-
ences in risk factors.  15   Divorce is associated with taking up 
smoking or, among ex - smokers, relapsing, for both men 
and women.  16,17   In the Health Survey for England, single 
men and those with low social support were less likely to 
have hypertension adequately treated.  18   A small Israeli 
study found a more harmful pattern of lipids among 
divorced, separated or widowed women than in their 
married counterparts that was unexplained by age, 
smoking or physical activity.  19   

 However, there is also considerable evidence that the 
excess risk associated with being unmarried persists after 
adjustment for conventional risk factors. In the British 
Regional Heart Study, single (never - married) men were 
at increased risk of dying from cardiovascular disease 
(relative risk (RR) 1.5, 95% CI 1.0 – 2.2) after adjustment 
for potentially confounding variables.  20   Men who were 
divorced or widowed at recruitment did not exhibit an 
increased risk but risk was greater among those who 
divorced during follow - up (RR 1.9, 95% CI 0.9 – 3.9), again 
unexplained by conventional risk factors. An increased risk 
associated with divorce was also found in the Multiple Risk 
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CHAPTER 17  The social determinants of cardiovascular disease

213

Factor Intervention Trial, which included men without 
evident cardiovascular disease at recruitment but who 
were at above - average risk on the basis of conventional risk 
factors.  21   In contrast, an analysis of the Whitehall Study 
found an excess risk of ischemic heart disease mortality 
associated with widowhood (RR 1.46, 95% CI 1.08 – 1.97). 
As it is possible that this could be associated with acute 
stress associated with bereavement, a subsequent analysis 
excluding deaths occurring in the fi rst two years was 
undertaken, with the effect persisting.  22   In a cohort of over 
90   000 Japanese men and women followed over 10 years, 
never - married men, compared with married men, were at 
a greater risk of cardiovascular mortality (RR 3.05, 95% CI 
2.03 – 4.60) after adjustment for potentially confounding 
variables. Never - married women were also at greater risk, 
although less so than for men (RR 1.46, 95% CI 1.15 – 1.84). 
An increased risk was also seen among divorced and 
widowed men but not women.  23   

 Some studies have also looked at the association between 
marital status and survival among those with established 
cardiovascular disease. Among men and women found to 
have signifi cant disease at angiography, those who were 
unmarried and without a close confi dant were more likely 
to die within three years than those who were married with 
a close confi dant (OR 3.34, 95% CI 1.8 – 6.2).  24   Among those 
in the placebo arm of the Multicenter Diltiazem Post - infarc-
tion Trial, living alone was associated with an increased 
risk of major cardiac events, which included deaths and 
non - fatal myocardial infarction.  25   However, other research, 
in a German MONICA sample, found an increased risk of 
death among men living alone but not among women 
living alone, after adjustment for conventional risk factors,  26   
with another study showing that men but not women 
living alone are also disadvantaged in terms of survival 
following myocardial infarction.  27    

  Social  n etworks 

 There has long been evidence that social networks are ben-
efi cial to health, with lower all - cause mortality observed in 
those engaging most frequently in activities such as cul-
tural events.  28   

 A few studies have looked at the effects of social net-
works on the incidence of myocardial infarction. A Swedish 
study following men over 15 years examined the associa-
tion between incident coronary heart disease and two mea-
sures of social support:  “ emotional attachment ”  and  “ social 
integration ” . The hazard ratio (HR) for those in the highest 
quartile for social integration compared with the lowest 
was 0.45 (95% CI 0.24 – 0.84). The corresponding fi gure for 
emotional attachment was 0.58 (95% CI 0.37 – 0.91).  29   A 
cohort of over 13   000 Swedes, followed for three years, 
found that low social participation was signifi cantly associ-

ated with fi rst - time acute myocardial infarction, after 
adjustment for age, sex education, economic stress, daily 
smoking, physical activity and body mass index.  30   However, 
some other studies have not found an increased risk of 
incident disease in those with poor social networks.  31,32   

 Other research has used mortality as an endpoint. For 
example, a study of approximately 30   000 male health pro-
fessionals found that those defi ned as socially isolated men 
(not married, fewer than six friends or relatives, no mem-
bership in church or community groups) had a greater risk 
of cardiovascular disease mortality than those with the 
highest level of social networks at both four   32   and 10 years 
(relative risk. adjusted for a range of factors including tra-
ditional cardiovascular risk factors, 1.82, 95% CI 1.02 –
 3.23).  33   In the Japanese Komo - Ise Study over 11   000 subjects 
were followed over seven years. Men who did not partici-
pate in hobbies, club activities or community groups had 
signifi cantly higher relative risk of circulatory system mor-
tality (RR 1.6), after adjustment for established risk factors.  34   

 This seeming discordance between some of the evidence 
on incidence and the much more consistent fi nding with 
mortality has focused attention on how social networks 
may be more important in reducing case fatality than in 
preventing incident disease.  35   Participants in the Beta 
Blocker Heart Attack Trial who were socially isolated were 
twice as likely to die during three years of follow - up than 
those who were not after adjustment for conventional risk 
factors.  36   Those who scored highly on social isolation and 
on a measure of life stress (which included divorce, expo-
sure to traumatic events, and fi nancial diffi culty) had an 
over fourfold increase in risk. 

 Participants in a population - based study in New Haven 
who were hospitalized with myocardial infarction were 
more likely to die in hospital and at up to one year if they 
had no social support. This result was consistent for men 
and women, at all ages, and regardless of the severity of 
disease. In a multivariate model adjusting for sociodemo-
graphic, psychosocial, and clinical factors, the excess risk 
(odds ratio) of mortality among those with no support 
compared to those with at least one source of support was 
2.9 (95% CI 1.2 – 6.9).  37   

 There is also some evidence that the nature of networks 
is important, with one study of patients undergoing coro-
nary bypass grafting fi nding that those who were not 
members of voluntary organizations, including religious 
ones, or who do not draw support from faith, were seven 
times more likely to die.  38   

 The preceding studies examined the networks that indi-
viduals inhabited. There is also a growing body of research 
looking at the characteristics of the communities in which 
individuals live. Some of this work employs the concept of 
social capital, a term that has been defi ned in a variety of 
ways.  39 – 41   However, the defi nitions are all characterized by 
notions that it relates to a community and not an individual 
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and that its existence brings benefi ts that go beyond those 
who generate it. It is often measured by characteristics such 
as trust in others, perceived reciprocity, and density of 
membership in civic organizations. 

 Social capital can be assessed in a variety of ways. In one 
ecologic study, social surveys undertaken in 39 American 
states were used to obtain information on levels of trust 
and of membership of voluntary organizations, which 
were then related to state - level mortality from cardiovas-
cular disease. Lower levels of both were associated with 
increased cardiovascular mortality, after adjusting for 
poverty.  42   Another study categorized Swedish neighbor-
hoods in terms of violent crime and unemployment rates.  43   
Residents aged 35 – 64 were followed up for a year. Those 
living in neighborhoods with higher levels of violent crime 
or unemployment had a higher incidence of coronary heart 
disease, affecting both men and women. For violent crime, 
the odds ratios were 1.75 (CI 1.37 – 2.22) and 1.39 (CI 1.19 –
 1.63) for women and men, respectively. The corresponding 
fi gures for neighborhood unemployment were 2.05 (CI 
1.62 – 2.59) and 1.50 (CI 1.28 – 1.75). These fi gures changed 
very little when a range of individual variables were 
included. 

 Finally, one study has examined prognosis. This used the 
Petris Social Capital Index, which characterizes neighbor-
hoods according to level of employment in religious and 
community organizations.  44   Of almost 35   000 people in 
California previously admitted with acute coronary syn-
drome, the recurrence rate was lower in neighborhoods 
with higher scores on the index (after adjustment for medi-
cation, previous revascularization, and standard sociode-
mographic variables), but only among individuals living in 
poorer areas.  

  The  w ork  e nvironment 

 An individual will only spend a relatively small proportion 
of their entire lives at work, perhaps 40 hours a week 
between the ages of 20 and 65. Yet, their experiences at 
work have a disproportionate impact on their lives, infl u-
encing how they spend their leisure time, their well - being 
in retirement, and their psychological well - being. 

 Interest in the potential impact of the work environment 
arose from research suggesting that observed social ine-
qualities in cardiovascular disease could only partially be 
explained by the risk factors then being studied  45   (a more 
limited set of those included in more recent research such 
as the INTERHEART study).  3   It has grown in the light 
of concerns about the changing nature of work and, in 
particular, the greater insecurity of employment in many 
countries. 

 The literature on the health effects of the work environ-
ment is dominated by two explanatory models: the 

demand – control model and the effort – reward imbalance 
model. Both begin from the position that a work environ-
ment that provides opportunities for contributing in a 
meaningful way to the task in hand and which provides 
appropriate feedback is likely to be health enhancing while 
an environment that fails to do so may be health damaging. 
Two elements in particular have been highlighted. The fi rst 
is self - effi cacy or the belief that one can do what is asked 
of one.  46   An environment that encourages self - effi cacy will 
allow those in it to make greatest use of their skills and to 
exercise control over their work. The second is self - esteem 
or feeling of one ’ s own worth. An environment that encour-
ages self - esteem will allow an individual to interact posi-
tively with others and obtain feedback following good 
performance. In contrast, repeated failure to recognize 
effort and success can be corrosive. 

 The demand – control model was developed in Sweden 
in the early 1980s.  47   In a study that combined a cohort and 
case – control design, those in what was described as  “ a 
hectic and psychologically demanding job ”  had an 
increased risk of developing cardiovascular disease and of 
dying from it, as had those in jobs where they had little 
discretion about how they did their work or how they 
scheduled it. The associations were especially marked 
among those with the least education and persisted after 
controlling for age, education, smoking, and overweight. 

 The demand – control model has been developed to 
include the extent to which the work environment encour-
ages active learning, by which the worker can develop their 
self - effi cacy, and some researchers have suggested inclu-
sion of a third dimension, social support at work.  48   It has 
also been suggested that a high level of self - effi cacy has 
effects that extend beyond the work environment into other 
aspects of the worker ’ s life, including their involvement in 
social and cultural activities which, as the previous section 
showed, may itself be benefi cial for health.  49   

 The second, and complementary, model involves effort –
 reward imbalance.  50   It arises from the concept of social 
reciprocity, whereby individuals expect that their efforts 
will be rewarded appropriately. This may break down in a 
number of situations, such as where there are few alterna-
tive sources of employment, but can also arise in individu-
als who underestimate the demands placed upon them 
while overestimating their ability to cope. 

 Interpretation of the empiric evidence is complicated by 
the diverse range of measures employed to capture the 
work environment, the use of both objective measures and 
self - report, the use of both cohort  51   and case – control 
designs,  52   differing outcomes, and differences in the extent 
to which other risk factors are adjusted for. Much of the 
existing literature has been summarized in some recent 
systematic reviews.  53,54   

 In brief, some of the earlier studies, prior to the genera-
tion of the theories described above, looked simply at job 
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strain. Some found no effect  55   but others found a signifi cant 
positive association, after adjustment for sociodemographic 
and biologic risk factors.  56   

 Research on the demand – control model has also yielded 
confl icting results, with some fi nding a protective effect of 
high control and demand  57   while in others the fi ndings 
were more equivocal  58   and others found that high demands 
increased risk with no effect for control.  59   

 A number of empiric studies of the effort – reward imbal-
ance model have also been undertaken,  60 – 63   with most 
fi nding a positive association between this form of psycho-
logic stress and incident coronary heart disease or mortal-
ity, with odds or hazard ratios lying between 1.3 and 4.5, 
again after adjustment for sociodemographic and biologic 
risk factors. 

 Finally, some studies have found signifi cant associations 
in one sex but not the other. While this could be due to 
chance, it should be noted that there is some evidence that 
different mechanisms may be at play, especially in relation 
to secretion of cortisol  64   (discussed further below).  

  Mechanisms and  i nterpretation 

 Interpretation of these fi ndings is complicated by the very 
diverse methods used. Thus, any conclusions must be sur-
rounded by caveats. In particular, in many of the studies 
it is diffi cult to know whether all important confounders 
have been addressed. For example, one twin study found 
evidence that some of the measures often used in research 
on cardiovascular disease to assess psychological status 
were themselves partially inherited.  65   Conversely, care is 
needed when interpreting negative fi ndings. Beyond the 
usual concerns about sample size and length of follow - up, 
no study has looked comprehensively across all three ele-
ments of the lives of subjects, including family, work, and 
social networks. It is entirely plausible that strong but 
unmeasured support in one area could overcome weak-
nesses in another. Thus, it has been suggested that the 
presence of high levels of social capital in Hawaii might 
explain why social isolation seems to exert little effect in 
that society.  31   

 Yet while noting these caveats, theory - driven research 
that has adjusted for potential confounders does suggest 
that psychosocial factors play a role in the epidemiology of 
cardiovascular disease. In very general terms, those who 
have greater support, whether in their families or their 
broader social circle, or who have a work environment that 
is supportive, rewarding their efforts appropriately and 
giving them control, seem less likely to develop cardiovas-
cular disease. The benefi ts of these relationships may be 
greater for those who have already developed disease and 
it is plausible that those with greater support would be 
more likely to access healthcare promptly. 

 This raises the question of what the biological mecha-
nisms might be that can explain these fi ndings. Research 
has focused on three mechanisms: the hypothalamic - 
pituitary - adrenal axis, infl ammation, and coagulation. The 
available evidence does not suggest any major role for 
changes in lipid levels, which normally dominate discus-
sion on the etiology of cardiovascular disease.  66   

 It has been hypothesized that chronic stress, which may 
arise in many of the circumstances described above, may 
activate the hypothalamic - pituitary - adrenal axis. This has 
led to the concept of allostatic load, in which prolonged 
exposure to cortisol and noradrenaline leads to organ 
damage.  67   The evidence that psychosocial factors contrib-
ute to a high allostatic load is, however, inconsistent  68,69   and 
may differ in men and women. The precise mechanisms by 
which it might lead to cardiovascular disease are unclear 
although most commentators note an association with 
metabolic syndrome or hypertension.  70   

 The second strand of evidence relates to infl ammation, 
which is hypothesized to contribute to cardiovascular 
disease through its effects on endothelial function. Hence, 
one study found that endothelial dysfunction was associ-
ated with depression and improved by antidepressants.  71   
The fi nding that some markers of infl ammation are associ-
ated with a fl at cortisol response provides a possible link 
with the fi rst mechanism.  72   A number of different markers 
of infl ammation have been studied, including heat shock 
protein 60,  72   C - reactive protein and interleukin 6.  73   High 
levels of C - reactive protein and interleukin 6 have both 
been associated with low socioeconomic position  73   and atti-
tudes (cynical distrust).  74   

 The third possible mechanism involves increased coagu-
ability, as a result of elevated fi brinogen levels. These have 
been found to be associated with high work strain  75   and in 
men with low activity levels inside or outside the home 
and few social activities.  76   However, again the results are 
inconsistent, with evidence of differences between men 
and women.  77   

 Finally, it is important to note that there have been 
a number of negative fi ndings, including those where 
conventional risk factors were suffi cient to explain 
observed social gradients and those that looked in detail 
at many of the putative factors but found no consistent 
associations.  78    

  The  b roader  e nvironment 

 The previous sections have looked at infl uences on the 
development of and survival following cardiovascular 
disease after adjusting for conventional risk factors. 
However, it is also important to recognize that the levels of 
these risk factors are themselves shaped by the environ-
ment in which people live. A consideration of the social 
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determinants of cardiovascular disease is incomplete 
without considering how the environment shapes their dis-
tribution within a population. This section will look at 
three of the major risk factors for cardiovascular disease: 
smoking, physical inactivity, and poor nutrition. 

 There is now extensive evidence of how smoking rates 
are infl uenced by prevailing social norms, which change 
over time and which can be modifi ed by public policy. In 
some countries smoking is widespread and socially accept-
able and individuals seeking a smoke - free environment 
will search in vain. Conversely, as in California, non - 
smoking has become the norm and those who wish to 
smoke must go into the open air. These norms can change 
rapidly, illustrated by the rapid acceptance of the ban on 
smoking in bars and restaurants in Ireland, something that 
many commentators had predicted would fail. 

 There is now a considerable volume of evidence, 
reviewed in detail elsewhere, about the effectiveness of 
policies designed to reduce smoking. A 10% increase in 
price, brought about through higher taxes, will reduce 
smoking by between 3% and 5%. The effect is greater 
among the young, those on low incomes, and light smokers. 
Bans on smoking in workplaces and leisure facilities are 
also effective, as are advertising bans and warnings on 
cigarette packs, ideally highly visible and accompanied by 
graphics. Limiting sales to those above a certain age has 
the potential to reduce smoking amongst adolescents but 
only if there are mechanisms to ensure effective compliance 
by retailers. These policies are synergistic, with the best 
results being achieved by a combination of measures. 

 The Tobacco Control Scale is an attempt to quantify the 
degree of implementation and to identify areas needing to 
be addressed. When applied to 30 European countries, it 
revealed wide diversity, with scores ranging from 26 out of 
100 (Luxembourg) to 74 (Ireland).  79   

 Smoking rates are also shaped by prevailing societal 
norms, which change over time. The Social Unacceptability 
Index is derived from survey data on individual attitudes 
towards smoking. Research in the United States has found 
that those states with higher values (and thus where 
smoking is less acceptable) have lower smoking rates inde-
pendent of the price of cigarettes. A 10% increase in the 
index was associated with a 3.7% fall in consumption.  80   

 The second major risk factor for cardiovascular disease is 
physical inactivity. Again, there is an extensive body of 
research showing how the environment can encourage or 
discourage physical activity. Environments supportive of 
physical activity are characterized by extensive footpaths 
and easy pedestrian access to shops and recreational 
areas,  81 – 84   attractive neighborhoods, and safe surround-
ings.  85   Such environments have been found, in a number of 
studies, to be associated with lower levels of obesity.  86 – 89   

 As with smoking, it is possible to assess the extent to 
which environments encourage physical activity. Two 

approaches have been used: employing perceptions and 
objective measures. Perception - based measures are derived 
from surveys of how individuals view accessibility to facili-
ties, opportunities for physical activity, safety, and aesthet-
ics,  85,90   Objective measures involve systematic observation, 
increasingly involving use of satellite maps and geographic 
information systems.  91   These measure density of buildings 
or traffi c, and distances to neighborhood facilities. These 
approaches have been employed to create a number of 
standardized instruments, such as the Neighborhood 
Walkability Scale,  85   the Built Environment Assessment 
Tool,  92   and the Urban Sprawl Index.  93   High levels of the last 
of these have been shown, in the USA, to correlate with the 
prevalence of obesity and hypertension. 

 The diet that an individual consumes is infl uenced by 
the resources that are available to them to purchase food 
and by the food that is available to them at an affordable 
price. Research in the USA has shown how healthier foods 
are less easily available in poor communities and those 
with large concentrations of African Americans and His-
panics, largely because the latter are served predominantly 
by convenience stores where much of what is sold is pro-
cessed food.  94   In contrast, more affl uent areas are better 
served by supermarkets, which stock large amounts of 
fresh fruit and vegetables. The Atherosclerosis Risk in 
Communities (ARIC) Study, which included over 10   000 
participants in four American states, found that the pres-
ence of supermarkets was associated with a signifi cantly 
lower prevalence of obesity and overweight (obesity preva-
lence ratio (PR) 0.83, 95% CI 0.75 –  0.92; overweight PR 0.94, 
95% CI 0.90 – 0.98), while the presence of convenience stores 
was associated with a higher prevalence (obesity PR 1.16, 
95% CI 1.05 – 1.27; overweight PR 1.06, 95% CI 1.02 – 1.10).  95   
These fi ndings do, however, appear to be context specifi c. 
Thus, similar research from the United Kingdom and Aus-
tralia found that those living in rich and poor areas had 
equal access to nutritious food and to supermarkets  96   and 
no independent association between neighborhood retail 
food provision and fruit and vegetable intake.  97   

 Other research has looked at the role of fast - food outlets, 
given the high energy density and low price of many of 
their products. In North America, the density of fast - food 
outlets is highest in low - income neighborhoods  98   and a 
positive association has been found at state level between 
the density of these outlets and obesity.  99   In the United 
Kingdom, fast - food outlets are also concentrated in 
deprived areas  100   but in this case an association with obesity 
has not been found.  101   There are a number of possible 
explanations for these divergent results, including differing 
patterns of land use, social distance between income 
groups, and shopping patterns. 

 Finally, although the evidence base linking it to obesity 
and other cardiovascular risk factors is still somewhat 
limited, research on diet and physical activity has given 
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rise to the concept of the  obesogenic environment .  102   This 
concept, which has emerged from a wide range of disci-
plinary perspectives, is defi ned as  “ the sum of infl uences 
that the surrounding opportunities or conditions of 
life have on promoting obesity and individuals or 
populations ” .  

  Conclusion 

 The current state of knowledge on the social determinants 
of cardiovascular disease can be compared to a jigsaw in 
which only some of the pieces are in place. This is not 
surprising, given the complexity of the task. A recent report 
on obesity, which is only one of the risk factors for cardio-
vascular disease, by the UK government ’ s Foresight 
program,  103   set out its known social determinants in a 
diagram with so many interconnecting lines that it has 
been described as looking like an upturned plate of 
spaghetti. 

 The researcher studying social determinants is con-
fronted with a range of overlapping domains (family, work, 
and social) in which risk factors might act. The theoretical 
basis needed to develop standardized instruments is rela-
tively recent and much of the available work uses very 
different measures. There may be differences between self -
 reported and objective measures. The infl uence of social 
risk factors is probably context dependent, as suggested by 
the fi nding that formally measured social isolation is less 
important in a society characterized by high levels of cohe-
sion. It is diffi cult to account for confounding and this is 
anyway complicated by the possibility that some possible 
biologic confounders may lie along the same causal 
pathway as some psychosocial factors. Here, it is important 
to be aware of one study, among employees in Scottish 
factories, that found an implausible protective effect of 
stress, which was most marked for smoking - related cancers 
even after adjustment for smoking.  104   As the authors note, 
their fi nding was almost certainly due to undetected con-
founding but this is equally likely to occur in studies that 
produce the  “ expected ”  result. 

 So what, therefore, can be concluded from the available 
evidence? First, there is unambiguous evidence that the 
incidence and mortality from cardiovascular disease vary 
within populations, typically with higher rates in those 
who are materially disadvantaged. These differences 
cannot be explained by genetic factors (although this does 
not exclude some gene – environment interactions) and 
while differences in conventional risk factors, such as diet 
and smoking, clearly play a part, they do not seem able to 
explain all of the variation. 

 Although there are many studies with negative fi ndings, 
there are suffi cient that fi nd that lack of family and social 
support and work characterized by high demands and low 

control, or high effort that is unrewarded, are associated 
with an increased risk of cardiovascular disease, with 
some evidence suggesting that the effects are greater for 
survival following the onset of disease than for incidence. 
It also seems that men lacking social support are more 
vulnerable than women. The mechanisms by which these 
characteristics lead to cardiovascular disease remain uncer-
tain but the available evidence suggests that it may involve 
a combination of endothelial dysfunction and increased 
coagulability. 

 While the existing evidence is incomplete and there are 
some methodologic concerns, from a policy perspective it 
is important not to focus on cardiovascular disease in isola-
tion. There is considerable evidence to link social isolation, 
job strain, and lack of control over one ’ s life to a wide range 
of other adverse outcomes and, even if it was not possible 
to demonstrate any health effects, it is arguable that 
any policies that address these factors are intrinsically 
desirable.  
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   Introduction and  h istorical  p erspective 

 Obesity is a highly prevalent and complex chronic disease 
that results from the accumulation of excessive adipose 
tissue. Hippocrates (ca. 460 – 370 BC) was one of the fi rst to 
warn of the dangers of obesity when he wrote,  “ It is very 
injurious to health to take in more food than the constitu-
tion will bear, when, at the same time one uses no exercise 
to carry off this excess ” . In modern times, the continued 
rise in obesity prevalence occurring throughout the world  2   
threatens to reverse gains made in prolonging life expec-
tancy  3   and reducing the morbidity from coronary disease 
and other chronic health problems.  4   On a very simplistic 
level, the rapid rise of obesity in modern society can be 
thought of as the inevitable consequence of placing a popu-
lation preselected for effi cient fat storage into a sedentary 
environment of caloric overabundance. However, our 
understanding of how and why obesity develops is still 
incomplete, partly due to the complex interplay of socio-
economic, behavioral, cultural, metabolic and genetic 
factors that contribute to the obesity epidemic.  5,6   Develop-
ing a clear understanding of these factors, reversing the 
rise in obesity prevalence and treating the multitude of 
associated obesity - related complications represents a chal-
lenge of considerable magnitude for current and future 
generations.  

  Nomenclature and  d efi nitions 

 Defi nitions of overweight and obesity in adults have varied 
over time.  7   Ideally, a health - oriented defi nition of obesity 
would be based on the amount of excess body fat that cor-
relates with the weight - responsive health risk in a given 

individual.  8   Body mass index (BMI), defi ned as weight in 
kilograms divided by height in meters squared (kg/m 2 ), is 
an easily obtained measure that is now widely used, as it 
has a high correlation with excess body fat or adiposity. 
However, BMI is not a measure of body fat and does not 
convey information on regional fat distribution. The latter 
is important, as it is now well established that central 
or visceral fat deposition is a major independent determi-
nant of the metabolic and cardiovascular risk associated 
with increased body fat mass.  9 – 12   Recent evidence - based 
guidelines therefore recommend the use of both BMI and 
waist circumference in the assessment of overweight or 
obese patients.  5,6   Table  18.1  summarizes the current classi-
fi cation of overweight and obesity by BMI, waist circumfer-
ence and associated disease risk. It should be noted that the 
waist circumference cut - off levels of 88   cm for women 
and 102   cm for men were primarily chosen because they 
correspond to BMI levels of 30   kg/m 2  and not because vali-
dation studies have demonstrated these cut - off points to 
have greater discriminatory power in predicting obesity -
 related events.  5   In fact, lower, ethnic specifi c cut - off 
levels to predict disease risk have been recently proposed, 
particularly for Asian and South Asian populations, 
but these are preliminary and require further study and 
validation.  5     

 Although there are benefi ts to the identifi cation of cut - off 
points for monitoring overweight and obesity, it is impor-
tant to realize that (as for other risk factors) health risks 
associated with increasing weight are part of a continuum, 
and individuals with BMI  < 25   kg/m 2  can have substantial 
weight - associated health problems (for example, impaired 
glucose tolerance, hypertension), whereas others may 
have no identifi able health problems at BMI levels signifi -
cantly greater than 25   kg/m 2 . Individualized assessment 
of risk status and conditions associated with obesity 
must therefore form an integral part of patient assessment, 
before deciding on the potential benefi ts to be derived 
from weight management in an individual patient 
(Fig.  18.1 ).  5,6      
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 Table 18.1     Classifi cation of overweight and obesity by body mass 
index ( BMI ), waist circumference, and associated disease risk   6    

        BMI, kg/m 2      Disease risk  *   relative to normal 
weight and waist circumference  

   Men, 102   cm 
 Women, 88   cm  

   Men,  > 102   cm 
 Women,  > 88   cm  

  Underweight     < 18.5     –      –   

  Normal   †       18.5 – 24.9     –     Increased  

  Preobese    25.0 – 29.9    Increased    High  

  Obesity, class  

  I    30.0 – 34.9    High    Very high  

  II    35.0 – 39.9    Very high    Very high  

  III    40    Extremely high    Extremely high  

    *    Disease risk for type 2 diabetes, hypertension and cardiovascular 

disease.  

   –  indicates that no risk at these levels of BMI was assigned.  

    †     Increased waist circumference can also be a marker for increased risk 

even in persons of normal weight.   

  Incidence,  n atural  h istory and  p rognosis 

 The worldwide prevalence of obesity is currently estimated 
at over 300 million individuals, with an additional 800 
million people classifi ed as overweight.  2   Approximately 
40 – 70% of the adult population in industrialized countries 
and a substantial proportion in developing countries are 
now considered overweight or obese.  13   Particularly con-
cerning is the disproportionately rapid rise in the preva-
lence of severe (Class III) obesity, currently estimated at 5% 
in the US.  14,15   Severely obese individuals are at much higher 
risk of developing obesity - related complications and pre-
mature death and use substantially more healthcare 
resources than those with milder degrees of obesity.  16   

 Monogenic obesity syndromes such as congenital leptin 
defi ciency present with early - onset severe childhood 
obesity but are extremely rare.  17   Most individuals have a 
polygenic and environmental cause for excess adipose 
tissue and develop obesity later in life, with the majority of 
women experiencing their largest amount of weight gain 
after pregnancy and men, after activity wanes in the second 
and third decades of life.  18   Slow, progressive weight gain is 
the general rule; due to the highly precise nature of body 
weight regulation, only a small positive daily caloric intake 
is needed to cause substantial weight gain over a long time 
period. For example, a weight gain of 9.1   kg (20   lbs) over a 
period of 30 years corresponds to an excess intake of only 
0.3% of ingested calories.  19   Therefore, it is remarkably easy 
to gain weight and modest weight gain over the short term 
often remains unrecognized. 

 Obesity leads to a number of health hazards (Box  18.1 ), 
many of which develop only after decades spent in the 
obese state. The most signifi cant risk associated with obesity 
is type 2 diabetes. Compared to individuals with a normal 
BMI level, the 10 - year risk of developing diabetes is increased 
approximately 20 - fold in individuals with a BMI of  ≥ 35   kg/
m 2 .  20   Weight gain has also been associated with a signifi cant 
increase in coronary risk. A weight increase of 15   kg after age 
21 is associated with an increased coronary risk of 83% in 
women and 46% in men.  21   Ultimately, obesity diminishes 
life expectancy: a 40 - year - old obese non - smoker can expect 
to die 6 – 7 years prior to a non - obese counterpart.  22   A meta -
 analysis of 57 observational studies involving nearly 
900   000 participants demonstrated that mortality is lowest 
with BMI levels between 22.5 – 25   kg/m 2 . Above this range, 
each 5   kg/m 2  increment in BMI was associated with a 30% 
higher overall mortality (HR 1.29; 95% CI, 1.27 – 1.32) and 
signifi cant increases in cause - specifi c mortality (vascular, 
diabetic, renal, hepatic, neoplastic, and respiratory).  23      

  Pathophysiology 

 Major factors associated with an increased risk of weight 
gain include low birth weight,  24   absence of history of breast 
feeding,  25   obesity in later childhood and adolescence,  26   
pregnancy,  27   sedentary lifestyle,  28   obesity within a family 
member or close social contact,  26,29   smoking cessation,  30   and 
poor dietary restraint.  31   

BOX 18.1  Health hazards associated with obesity 

        •      Type 2 diabetes, prediabetes (impaired glucose tolerance, 
impaired fasting glucose)  

   •      Hypertension  
   •      Dyslipidemia  
   •      Metabolic syndrome  
   •      Cardiovascular disease: coronary artery disease, stroke, 

congestive heart failure, atrial fi brillation  
   •      Non - alcoholic fatty liver disease  
   •      Respiratory disease: sleep apnea, obesity - hypoventilation 

syndrome, restrictive lung disease  
   •      Cancers, particularly gastrointestinal and reproductive  
   •      Osteoarthritis  
   •      Cholelithiasis  
   •      Gastrointestinal refl ux disease  
   •      Infertility  
   •      Venous stasis  
   •      Frequent infections, including cellulitis and intertrigo  
   •      Urinary incontinence  
   •      Idiopathic intracranial hypertension  
   •      Psychosocial: psychiatric disease (with severe obesity), 

reduced employment, increased absenteeism, limited 
mobility, discrimination, reduced quality of life     
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Overweight or obese adult Important message

• Measure BMI

• Assist with weight maintenance

• Nutrition therapy
• BMI ≥ 27 kg/m2 + risk factors
   or
• BMI ≥ 30 kg/m2

• BMI ≥ 35 kg/m2 + risk factors
   or
• BMI ≥ 40 kg/m2• Physical activity

• Cognitive-behaviour therapy

Address other risk factors; periodic
monitoring of weight, BMI and waist
circumference every 1-2 years

Adjunct to lifestyle modification;
consider if patient has not lost
0.5 kg (1 lb) per week by 3-6
months after lifestyle changes

Consider of other weight loss
attempts have failed. Requires
lifelong medical monitoring

• Reinforce healthy eating and physical
  activity advice

If BMI is > 25 kg/m2 or waist
circumference is above cutoff point*

Devise goals and lifestyle modification
program for weight loss

and reduction of risk factors

Weight-loss goal: 5%-10% of body weight,
or 0.5-1 kg (1-2 lb) per week for 6 months

Health team to advise
lifestyle modification program

Physical activity: Initially 30 minutes of
moderate intensity 3-5 times/wk; eventually
≥ 60 minutes on most days. Add endurance
exercise training. (Medical evaluation is
advised before starting activity program)

Cognitive-behaviour therapy

Assess and screen for depression,
eating and mood disorders

Treat comorbidities and other health
risks if present

Assess readiness to change behaviours
and barriers to weight loss

Satisfactory progress or goal achieved?

Yes

Regular monitoring

Weight maintenance
and prevention of weight regain

Pharmacotherapy Bariatric surgery

No No

Conduct clinical and labortatory
investigations to assess comorbidities

(Blood pressure, heart rate, fasting
glucose, lipid profile [total cholesterol,
triglycerides, LDL and HDL cholesterol,

and ratio of total cholesterol
to HDL cholesterol])

• Measure waist circumference if BMI
   is > 25 and   35 kg/m2

• A modest weight loss of 5%-10% of body weight
   is beneficial

• Weight maintenance and prevention of weight
   regain should be considered as long-term goals

≥

Lifestyle modification program

Nutrition: Reduce energy intake
by 500-1000 kcal/d

     Figure 18.1     Algorithm for the assessment and treatment of obesity.  (Adapted from the Canadian Clinical Practice Guidelines on the Management and 
Prevention of Obesity.  5  )   
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 The mechanisms underlying the relationship between 
obesity and hypertension remain poorly understood. 
Several theories implicate increased sympathetic activity, 
sodium and volume retention, renal abnormalities, insulin 
resistance and, more recently, hyperleptinemia.  32,33   

 Obesity predisposes towards type 2 diabetes primarily 
by increasing insulin resistance.  34   Hormones secreted by 
adipocytes (adipokines), such as tumor necrosis factor 
alpha (TNF - alpha  35  ), are important promoters of infl amma-
tion and insulin resistance. Elevated free fatty acid levels, 
which are commonly found in the obese state, impair 
insulin secretion and enhance insulin resistance.  36    

  Management 

  Achieving  w eight  l oss 

 Prior to or in conjunction with developing a treatment plan, 
one must assess and treat co - morbidities and determine bar-
riers to weight loss including identifying readiness to change 
(see Fig.  18.1 ). In - depth explanation of these issues is beyond 
the scope of this chapter and the reader is referred to more 
detailed discussions.  5   Successful weight loss often requires 
the combination of multiple interventions and strategies, 
including diet, physical activity, behavior modifi cation, 
pharmacotherapy and surgery (see Fig.  18.1 ). Because 
obesity is a chronic condition, all treatment, including phar-
macotherapy, should be initiated with the expectation that, 
if successful, it will be continued over the long term.  5,6    

  Goals of  t reatment 

 The primary goals of obesity treatment are to reduce body 
weight, maintain weight loss over the long term, improve 
obesity - related co - morbidity and increase quality of life.  5,6   
Weight loss should be recommended for all patients with 
excess weight and obesity.  5,6   The initial recommended 
minimal weight loss target of 5 – 10% of baseline should 
be achieved gradually through a 500 – 1000   kcal/d (2092 –
 4184   kJ/day) defi cit, which should lower weight by 1 – 2   lbs 
per week in most individuals.  6   This degree of weight loss 
may appear trivial but is associated with improvements 
in obesity - related co - morbidities, as detailed below. The 
amount of weight loss and rate at which weight loss is 
achieved may be slower in patients with type 2 diabetes 
compared to non - diabetics.  6    

  Lifestyle  m odifi cation 

 With regard to dietary therapy, a review of 34 RCTs  6   con-
cluded that an average weight loss of 8% can be obtained 
over six months with a 500 – 1000   kcal/day defi cit diet, and 
that this weight loss is associated with a decrease in 
abdominal fat ( Class I, Level B ). An updated review of 41 

randomized controlled trials (RCTs) of at least one year in 
duration found that counseling to reduce caloric intake 
and increase physical activity reduced weight by approxi-
mately 3 – 5   kg ( Class I, Level B ).  37   Treatment is more suc-
cessful with intensive therapy (defi ned as follow - up more 
frequently than monthly) and with multimodal interven-
tions (diet, exercise and/or behavioral therapy).  37   Dietary 
therapy generally produces the greatest amount of weight 
loss within the fi rst year, with 50% of the weight initially 
lost regained within the fi rst three years ( Class I, Level B ).  38   

 Very low - calorie diets (VLCDs), generally involving the 
use of protein and dietary supplements and a caloric intake 
of 800   kcal/d or less, can produce greater initial weight 
losses than LCDs, but long - term ( > 1 year) weight loss 
appears to be only marginally higher than LCDs ( Class I, 
Level B ).  39   The most important element of dietary therapy 
appears to be caloric restriction. Varying dietary macronu-
trient composition (e.g. low carbohydrate, low fat or low 
glycemic index) does not result in materially greater 
amounts of weight loss ( Class I, Level B ).  40 – 42   Importantly, 
unless accompanied by physical activity, weight loss 
through dietary modifi cation alone does not appear associ-
ated with an improvement in cardiorespiratory fi tness as 
measured by maximum oxygen consumption.  6   

 Physical activity alone does not appear to materially 
reduce weight but improves cardiorespiratory fi tness, 
reduces abdominal fat and, in conjunction with dietary modi-
fi cation, assists with long - term weight maintenance ( Class I, 
Level B ).  6,43   A standard recommendation is that individuals 
engage in at least 30 minutes of moderate intensity physical 
activity 5 – 7 days per week. Individuals who achieve over 200 
minutes of activity per week achieve greater weight loss than 
individuals performing 150 minutes per week or less.  5,44   
There is also emerging evidence that accumulated, shorter 
bouts of activity throughout the day achieve the same health 
benefi ts as a single, longer activity session ( Class I, Level B ).  45   

 There also appears to be additional value in behavioral 
therapy for selected patients as an adjunct to diet and exer-
cise therapy.  6,37   Standard behavior modifi cation techniques 
include self - monitoring and goal setting, modifying eating 
behaviors (e.g. slowing the rate of eating, controling where 
eating occurs, delaying gratifi cation), stimulus control and 
reinforcement management.  5   In a meta - analysis of six 
short - term ( < 1 year) RCTs involving 467 overweight or 
obese adults, behavioral therapy resulted in 4.7   kg (95% 
confi dence interval (CI) 4.5 – 4.9) greater weight loss com-
pared to diet and exercise therapy alone ( Class I, Level 
B ).  46   There is a need for longer - term studies of behavioral 
therapy to confi rm these fi ndings.  

  Hypertension 

 A meta - analysis of 25 RCTs enrolling 4874 patients and 
with a mean follow - up duration of 66 weeks demonstrated 
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that a net weight reduction of 5.1   kg (95% CI 4.3 – 6.0), by 
means of energy restriction, increased physical activity or 
both, reduced systolic blood pressure by 4.4   mmHg (95% 
CI 3.0 – 5.9) and diastolic blood pressure by 3.6   mmHg (95% 
CI 2.3 – 4.9). Blood pressure reductions were 1.1   mmHg 
(95% CI 0.7 – 1.4) systolic and 0.9   mmHg (95% CI 0.6 – 1.3) 
diastolic when expressed per kilogram of weight loss ( Class 
1, Level B ).  47   A subsequent meta - analysis of 14 observa-
tional and randomized controlled studies with a duration 
of follow - up of two years or greater demonstrated that the 
blood pressure reductions associated with weight loss over 
the long term were about half that predicted by shorter 
term studies ( Class 1, Level B ).  48   In this analysis, for every 
10   kg of weight loss, diastolic blood pressure was reduced 
by 4.6   mmHg and systolic blood pressure by 6.0   mmHg. 

 Which antihypertensive agent is best suited for the obese 
hypertensive patient? Current hypertension guidelines do 
not make specifi c recommendations on this issue, likely 
because of the lack of availability of high - quality data.  49   
A 16 - week study of 171 obese patients treated with 
felodipine/ramipril, verapamil/trandolapril or metoprolol/
hydrocholorthiazide and randomized to sibutramine 
versus placebo found no signifi cant difference in blood 
pressure control amongst the study arms ( Class I, Level 
B ).  50   Beta - blocker/thiazide therapy, however, was associ-
ated with a 2 – 3   kg incremental weight gain compared to 
the other antihypertensive combinations, which was likely 
due to the beta - blocker component.  51   In observational 
studies and post hoc/secondary analyses of RCTs, beta -
 blocker therapy and thiazide diuretics have been associ-
ated with an increased risk of type 2 diabetes whereas 
angiotensin - converting enzyme (ACE) inhibitors and 
angiotensin receptor blockers have been associated with a 
decreased risk ( Class I, Level B ).  52,53   However, a three - year 
randomized trial of 5269 patients at high - risk for type 2 
diabetes found no signifi cant effect of ramipril on the inci-
dence of type 2 diabetes (hazard ratio (HR) 0.91, 95% CI 
0.81 – 1.03) ( Class I, Level A ), although there was a signifi -
cant increase in the proportion of individuals with impaired 
glucose tolerance (IGT) or increased fasting glucose (IFG) 
who regressed to normoglycemia.  54   These accumulated 
data, although not defi nitive, suggest that ACE inhibitor or 
angiotensin receptor blockers may be preferentially pre-
scribed to control hypertension in obese patients at high 
risk for developing type 2 diabetes.  

  Diabetes 

 A large number of studies have documented the benefi ts 
of even moderate (5 – 10%) weight loss in improving meta-
bolic control in diabetic patients.  5,6   However, the impact of 
weight reduction on the long - term incidence of diabetic 
complications and survival has not been demonstrated. 
Improvement in metabolic control depends more on the 

amount of weight loss, rather than on the method by which 
this is achieved. A 5   kg weight loss should decrease fasting 
plasma glucose levels in a diabetic individual by 1   mM or 
18   mg/dL.  21   This is of a magnitude similar to that provided 
by many of the oral hypoglycemic agents. Although phar-
macologic or surgical weight loss does not appear to 
improve glucose control beyond that achieved by lifestyle 
changes alone, both the degree of loss and the number of 
individuals achieving and maintaining weight loss are gen-
erally higher when lifestyle changes are combined with 
medication or surgery.  5,6   

 Evidence from a meta - analysis of 10 randomized pro-
spective trials indicates that lifestyle modifi cation includ-
ing modest weight reduction will markedly reduce the 
incidence of type 2 diabetes in high - risk individuals (HR 
0.51, 95% CI 0.44 – 0.60) ( Class I, Level A ).  55   The best known 
of these trials, the Diabetes Prevention Program (DPP), 
employed a lifestyle intervention which aimed to reduce 
body weight by 7% and increase physical activity to at least 
150 minutes per week in non - diabetic persons (mean BMI 
34) with elevated fasting and postload plasma glucose 
concentrations. Over 2.8 years, this lifestyle intervention 
reduced the incidence by 58% compared with controls and 
was also signifi cantly more effective than metformin in 
reducing diabetes incidence.  56   A large, 11.5 - year RCT of 
5145 patients with type 2 diabetes using the lifestyle inter-
vention employed in the DPP trial is currently under way.  57   
This study, known as the Look AHEAD (Action for Health 
in Diabetes) trial, is the fi rst study to examine the impact 
of intentional weight loss through lifestyle modifi cation on 
cardiovascular morbidity and mortality. 

 In contrast to metformin and acarbose, other antidiabetic 
medications, including sulfonylureas, thiazolidinediones 
and insulin, promote weight gain. Weight gain in patients 
with both type 1 and type 2 diabetes is associated with an 
increase in blood pressure and deterioration of metabolic 
control.  58,59   In a secondary analysis of the UK   Prospective 
Diabetes Study, metformin was more effective than sulfo-
nylureas or insulin in reducing diabetes - related endpoints 
and all - cause mortality.  60   Furthermore, metformin appears 
cost - saving when used as fi rst - line pharmacologic therapy 
in overweight type 2 diabetics.  61    

  Dyslipidemia 

 Lipid abnormalities in overweight and obese individuals 
are typically characterized by high triglycerides, increased 
small low - density lipoprotein (LDL) particles and low 
high - density lipoprotein (HDL) cholesterol levels.  5,62   In the 
presence of abdominal obesity, high serum triglycerides are 
commonly associated with a clustering of metabolic risk 
factors known as the metabolic syndrome (atherogenic 
lipoprotein phenotype, hypertension, insulin resistance, 
glucose intolerance, prothrombotic and proinfl ammatory 
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states). Thus, in obese patients, elevated serum triglycer-
ides are a marker for increased cardiovascular risk. The 
US National Cholesterol Education Program (NCEP) 
Adult Treatment Panel (ATP III) therefore recognizes 
the metabolic syndrome as a secondary target of risk reduc-
tion therapy, after the primary target, which is LDL 
cholesterol.  62   

 Numerous studies document the short -  and medium -
 term benefi ts associated with lifestyle modifi cation on 
blood lipid levels.  63   Current evidence - based guidelines 
thus recommend weight reduction and increased physical 
activity as fi rst - line therapies for all lipid and non - lipid risk 
factors associated with the metabolic syndrome.  5    

  Pharmacotherapy 

 Antiobesity drug therapy can augment diet, physical activ-
ity and behavioral therapy to reduce weight and improve 
obesity - related co - morbidity  5,6   According to current guide-
lines, adjunctive drug treatment may be added in patients 
refractory to lifestyle modifi cation alone who have a BMI 
level of 27 – 29.9   kg/m 2  and concomitant obesity - related risk 

factors (e.g. hypertension, dyslipidemia, type 2 diabetes) or 
a BMI level of 30   kg/m 2  or greater.  5,6   Drug therapy should 
be discontinued if 5% weight loss or improvement in obe-
sity - related co - morbidity has not been achieved within the 
fi rst 3 – 6 months.  64   Three antiobesity drugs are currently 
approved for long - term use (Table  18.2 ). Orlistat is a gas-
trointestinal lipase inhibitor that reduces enteral fat absorp-
tion by approximately 30%.  65   Sibutramine is a centrally 
acting monoamine (serotonin, norepinephrine and dopa-
mine) reuptake inhibitor that primarily reduces hunger 
and increases satiety.  64   Rimonabant, the newest agent, is an 
endocannabinoid receptor blocker that reduces weight via 
a number of putative mechanisms including decreased 
appetite, increased satiety, enhanced thermogenesis and 
increased lipogenesis.  64   Orlistat and sibutramine have been 
approved by licensing authorities in most countries. 
Rimonabant was available in the European Union and 
other jurisdictions but has not been approved in North 
America (see below).   

 A meta - analysis of 16 orlistat, 10 sibutramine and four 
rimonabant weight loss and maintenance trials with fol-
low - up periods of 1 – 4 years reported placebo - subtracted 

 Table 18.2     Medications approved for the long - term treatment of obesity 

        Orlistat     Sibutramine     Rimonabant  

  Trade names    Xenical ®     Reductil/Meridia ®     Acomplia ®   

  Mechanism of action    Lipase inhibitor    Monoamine reuptake inhibitor    Endocannabinoid receptor blocker  

  Dosage    120   mg 3 times/day prior to meals    5 – 15   mg/day    20   mg once daily  

  Cost (approximate UK price)     £ 40/month     £ 45/month     £ 55/month  

  Most frequent side effects    Flatulence with discharge, fecal 

urgency, fecal incontinence, 

steatorrhea, oily spotting, increased 

frequency of defecation, decreased 

absorption of fat - soluble vitamins  

  Dry mouth, headache, insomnia, 

constipation, anorexia, increase 

in heart rate, increase in blood 

pressure  *    

  Nausea, depression, anxiety, 

insomnia, irritability, suicidal 

ideation, insomnia  

  Potential drug interactions    Reduction in absorption of ciclosporin 

and amiodarone  

  SSRIs, MAOIs, centrally active 

anorexants, sumatriptan, 

 dihydroergotamine, 

 dextromethorphan, 

 meperidine, pentazocine, 

 fentanyl, lithium, 

 tryptophan  

  Metabolized by CYP 3A4 

cytochrome system and may 

compete for metabolism with 

similar drugs  

  Contraindications    Chronic malabsorption syndromes, 

cholestasis  

  Uncontrolled hypertension, 

 severe renal impairment, 

 severe hepatic dysfunction, 

 narrow - angle glaucoma, 

 history of substance abuse, 

 coronary artery disease, 

 congestive heart failure, 

 arrhythmias, stroke  

  Ongoing major depression or use 

of antidepressants, severe 

hepatic impairment, 

 severe renal impairment, 

 seizure disorders  

    *    If there is a sustained increase in blood pressure or heart rate, either a reduction in the dose or discontinuation should be considered.   
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 Table 18.3     Effect of orlistat, sibutramine and rimonabant on selected secondary cardiovascular risk factors 

   Parameter     Orlistat     Sibutramine     Rimonabant  

  LDL cholesterol (mmol/L)     − 0.26 ( − 0.22 to  − 0.30)    NS    NS  

  Triglycerides (mmol/L)    NS     − 0.18 ( − 0.07 to  − 0.30)     − 0.24 ( − 0.17 to  − 0.34)  

  HDL cholesterol (mmol/L)     − 0.03 ( − 0.01 to  − 0.04)    +0.04 (0.01 to 0.08)    +0.10 (0.08 to 0.11)  

  Systolic blood pressure     − 1.6 ( − 0.9 to  − 2.2)    +1.7 (0.1 – 3.3)     − 1.8 ( − 0.8 to  − 2.8)  

  Diastolic blood pressure     − 1.4 ( − 0.8 to  − 2.1)    +2.4 (1.5 – 3.3)     − 1.2 ( − 0.5 to  − 1.9)  

  A1C in patients with diabetes (%)     − 0.38 ( − 0.18 to  − 0.59)    NS     − 0.7 ( − 0.56 to  − 0.84)  

weight reductions of 2.9   kg (95% CI 2.5 – 3.2   kg) with orlistat, 
4.2   kg (95% CI 3.6 – 4.7   kg) with sibutramine and 4.7   kg (95% 
CI 4.1 – 5.3   kg) with rimonabant ( Class I, Level B ).  66   The 
number of patients achieving a 10% weight loss threshold 
was 12 – 21% higher with active therapy compared to 
placebo. Similarly, the number of patients achieving a 5% 
weight loss threshold was 21 – 33% greater and a signifi cant 
reduction in waist circumference of 2 – 4   cm was noted. The 
major limiting factor in most studies was high attrition 
rates, averaging 30 – 40% across studies.  66   Such high 
drop - out rates limit the validity of these trials and the pos-
sibility that clinical effi cacy was overestimated should be 
considered. 

 The three drugs have modest and somewhat differing 
effects on secondary cardiovascular risk factors (Table  18.3 ). 
Orlistat signifi cantly improves glycemic control, reduces 
diabetes incidence in high - risk patients, reduces LDL cho-
lesterol levels and improves blood pressure. Rimonabant 
and sibutramine improve triglyceride and HDL cholesterol 
profi les and rimonabant also lowers blood pressure.  66     

 Orlistat, sibutramine and rimonabant also have differing 
major adverse effect profi les (see Table  19.2 ).  66   Orlistat 
increases the risk of gastrointestinal adverse effects (abdom-
inal cramping, diarrhea, fecal incontinence) but appears 
devoid of serious systemic adverse effects. Small, dose -
 dependent increases in heart rate (3 – 5   bpm) and blood 
pressure (see Table  19.3 ) have been consistently noted 
with the use of sibutramine.  66   In some instances (1 – 5%) 
patients may experience a clinically signifi cant rise in blood 
pressure ( > 10   mmHg). Nevertheless, weight reduction in 
hypertensive patients is often accompanied by a fall in both 
systolic and diastolic pressure, and several randomized 
controlled studies have shown that sibutramine can be 
used in overweight and obese patients with well - controlled 
hypertension.  66   Sibutramine therapy should be discontin-
ued if a patient experiences an increase in resting heart 
rate of  > 10   bpm or uncontrolled hypertension develops. 
Similarly, treatment should be withdrawn in the event of 
previously well - controlled hypertension shifting to a 

pattern of blood pressure  > 145/90   mmHg on two consecu-
tive visits, or signs of progressive dyspnea, chest pain or 
ankle edema. 

 Rimonabant increases the risk of mood disorders 
(3% absolute increase in incidence (95% CI 2 – 5%)) and is 
contraindicated in patients with major depression or 
taking antidepressant medication.  66,67   A preliminary meta - 
analysis of all rimonabant trials (obesity, smoking cessation 
and other indications) by the Food and Drug Adminstra-
tion reported an increased risk of suicidality (OR 1.9, 95% 
CI 1.1 – 3.1).  68   Because of concern regarding this increased 
risk of mood disorders, rimonabant has recently been 
withdrawn from the market.  67   Until further data are avail-
able, we recommend that the drug not be prescribed in 
patients with any history of mood disorders. 

 Currently, there are no data demonstrating that anti-
obesity drug therapy reduces mortality or major cardiovas-
cular morbidity.  64   However, there is one large - scale study 
under way. The SCOUT (Sibutramine Cardiovascular 
OUTcomes) trial, a multicenter, double - blind, placebo -
 controlled randomized trial of over 10   000 obese and over-
weight patients, is evaluating the effect of sibutramine on 
myocardial infarction, stroke and cardiovascular mortality 
and is due to report in 2009.  69   The CRESCENDO (Compre-
hensive Rimonabant Evaluation Study of Cardiovascular 
ENDpoints and Outcomes) study, a double - blind, placebo -
 controlled randomized trial examining the impact of 
rimonabant on myocardial infarction, stroke and cardio-
vascular death in 17   000 centrally obese patients at high 
cardiovascular risk has been terminated.  70    

  Surgery 

 Within the last decade, bariatric surgery has emerged as 
the preferred therapy for selected patients with medically 
refractory, moderate - to - severe obesity.  71,72   Surgery is cur-
rently indicated in patients with BMI levels of  ≥ 40   kg/m 2  
or BMI levels of 35 – 39.9   kg/m 2  with a major obesity - related 
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co - morbidity (e.g. hypertension, diabetes, sleep apnea).  5,6   
Surgery can substantially reduce weight, increase lifespan, 
markedly improve co - morbid conditions, and enhance 
quality of life ( Class I, Level C ). Physical domains of 
quality of life appear to demonstrate the greatest degree of 
improvement.  73   

 The two major types of bariatric procedures are those 
that purely restrict gastric volume and those that, in addi-
tion to restricting gastric size, also bypass a portion of the 
small intestine (Fig.  18.2 ). Depending on the type of proce-
dure performed, weight losses average 30 – 40% of initial 
body weight within the fi rst several years of surgery (Table 

(a) (b)

(d)

Vertical-Banded Gastroplasty Gastric Banding

Self-Sealing
Reservoir

Biliopancreatic Diversion
With Duodenal Switch

Ileum Duodenum

Pouch
(100-200 mL

Capacity)

Biliopancreatic Limb

Cecum Jejunum

Common Limb
(50-100 cm of Ileum)

Alimentary Limb
(250 cm)

Pouch (10-15 mL Capacity)

Inflatable
Sillcone Band

Pouch (15-20 mL Capacity)

Pouch (20-30 mL Capacity)

1.1 cm StomaRoux-en-Y Gastric Bypass

Duodenum

Jejunum
(15-20 cm)

Ligament
of Treitz

Roux Limb
(50-100 cm
of Jejunum)

(c)

Polypropylene Band
With Calibrated Stoma

     Figure 18.2     Types of bariatric surgery.  76   (a) Vertical - banded 
gastroplasty. A 15 – 20   mL upper gastric pouch empties into the remainder 
of the stomach through a calibrated stoma. (b) Gastric banding. A 
restrictive band is placed around the proximal stomach and gradually 
infl ated over successive follow - up visits. (c) Roux - en - Y gastric bypass. A 
stapler fi red across the cardia of the stomach creates a 20 – 30   mL pouch. 
The jejunum is divided distal to the ligament of Treitz with the distal end 
anastomosed to the upper stomach. (d) Biliopancreatic diversion with 

duodenal switch. A sleeve resection of the greater curvature of the 
stomach is performed. The fi rst portion of the duodenum is divided and 
the proximal duodenum and approximately half of the length of the 
small intestine (biliopancreatic limb) is excluded from digestive continuity. 
The small bowel is divided approximately 300   cm above the ileocecal 
junction and the distal end is anastomosed to the fi rst portion of the 
duodenum (alimentary limb). The distal end of the biliopancreatic limb is 
anastomosed the the ileum 50 – 100   cm proximal to the ileocecal junction.  
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 18.4 ).  72   Weight losses are greater with combined restric-
tive/bypass procedures; however, perioperative mortality 
rates and complication rates are also higher compared to 
restrictive procedures alone. A laparoscopic (versus open) 
approach is generally preferred because of reduced lengths 
of stay, postoperative pain, tissue injury and perioperative 
morbidity.  74,75       

 Restrictive procedures include gastric banding and verti-
cal banded gastroplasty and involve banding or stapling 
the stomach to markedly restrict its size to about 15   mL (see 
Fig.  19.2 ). Vertical banded gastroplasty is not commonly 
performed because of poor long - term weight loss mainte-
nance and/or a high incidence of gastrointestinal refl ux and 
stenosis.  76   Combined restrictive/bypass procedures include 
Roux - en - Y gastric bypass and biliopancreatic diversion. 
Roux - en - Y gastric bypass is currently the most commonly 
performed procedure worldwide and restricts stomach 
capacity to about 30   mL.  77   Biliopancreatic diversion is less 
commonly performed and involves less restriction and 
more malabsorption. In both types of bypass procedures, 
biliopancreatic secretions in the bypassed intestinal limb do 
not mix with food until they enter the common limb at the 
point where the intestines have been rejoined. By increasing 
or decreasing the length of the common limb, the amount 
of malabsorption and weight loss is correspondingly 
decreased or increased.  76   In addition to restrictive and mal-
absorptive effects, emerging evidence suggests that favor-
able alterations in weight - regulating hormones such as 
ghrelin may contribute to the effectiveness of gastric 
bypass.  78   Reasons for choosing one bariatric procedure over 
another include patient preference, surgeon experience, the 
amount of weight loss targeted (bypass preferred if greater 
weight loss needed) and the desire for lower perioperative 
risk or future reversibility (banding preferred). 

 High - quality data from RCTs designed to examine the 
impact of surgery on cardiovascular morbidity or overall 
mortality are lacking.  79   The evidence base for bariatric 
surgery is, therefore, largely based upon observational data 
(controlled and uncontrolled retrospective and prospective 
cohorts and non - consecutive case series from selected 
centers).  71,72   Nevertheless, surgery is the only therapy associ-
ated with substantial, persistent long - term reductions in 
weight (averaging 33% after 2 – 3 years  72   and 18% after 10 
years  80  ), total mortality (29 – 89% reduction) and myocardial 
infarction ( Class I, Level C ).  81,82   The Swedish Obesity Study 
(SOS), a prospective cohort study of surgical cases and 
matched, medically treated controls, provides the most 
methodologically rigorous data to date, reporting a 15 - year 
mortality rate of 5.0% in surgical patients and 6.3% in 
controls (HR 0.71, 95% CI 0.54 – 0.92).  82   In terms of medical 
co - morbidity, surgery is associated with resolution or 
improvement of type 2 diabetes, hypertension, dyslipidemia 
and sleep apnea in 70 – 90% of cases.  72   As important, surgery 
improves psychosocial functioning,  83   quality of life and 
physical function.  84,85   It should be recognized that, despite 
the substantial weight losses and improvements in health 
associated with bariatric surgery, most patients still remain 
signifi cantly overweight or obese after their operation and, 
mortality rates in postsurgical patients who survive the 
immediate postoperative period are still 3 – 6 - fold higher than 
age -  and sex - matched controls in the general population.  86   

 Potential complications of surgery can be divided into 
perioperative and longer term (see Table  19.4 ).  71,87   The risk 
of perioperative death is 0.5 – 1% for combined restrictive/
bypass procedures and 0.1 – 0.4% for restrictive procedures 
alone.  71,72   Perioperative risks are highest in men, older 
patients (over 55 – 65 years), extremely obese patients (BMI 
 > 50   kg/m 2 ) and patients with medical co - morbidities.  88,89   

 Table 18.4     Weight loss and complications associated with bariatric procedures   71,72,87,89    

   Surgery     Average Weight 
Loss (%)  

   Perioperative 
mortality  

   Perioperative complications     Longer - term postoperative 
complications  

  Purely restrictive (gastric 

banding, vertical 

banded gastroplasty)  

  25 – 30    0.1 – 0.4%    DVT/PE (1 – 3%); anastomotic leaks 

(1 – 5%); major wound infections 

(1 – 5%); major bleeding 

(0.5 – 1%); respiratory and 

cardiac complications (15%)  

  Symptomatic gallstone formation (up to 

35%); vomiting/refl ux (8 – 18%); band 

erosion (3%) or band slippage (2 – 14%) 

requiring reoperation (10 – 20%)  

  Roux - en - Y Gastric bypass    35    0.5 to 1.0%    Symptomatic gallstone formation (up to 

35%); vomiting/refl ux/dumping syndrome 

(10 – 15%); vitamin defi ciencies (up to 

50%); hernia (5 – 25%); anastomotic 

ulcers (1%); bowel obstruction (1%); 

stomal stenosis (6%); stricture (3 – 27%)  

  Biliopancreatic diversion    40    Dumping syndrome/vomiting/GI symptoms 

(38%); protein calorie malnutrition 

(3 – 5%); vitamin defi ciency (30 – 50%)  



PART II  Prevention of cardiovascular diseases

230

Immediate postoperative complications occur in about 10% 
of individuals and include anastomotic leaks, venous 
thromboembolic disease, cardiorespiratory events and 
wound infections. Anastomotic leaks can present non - 
specifi cally with isolated postoperative tachycardia and a 
high index of suspicion is often required to make the correct 
diagnosis. Radiologic investigations are not reliably accu-
rate and reoperation is required to confi rm the diagnosis 
and repair the leak. 

 Longer - term complications may directly result from the 
weight loss achieved or may be procedure specifi c. Weight 
loss can promote gallstone formation, which is often treated 
prophylactically with ursodiol.  87   Furthermore, as weight is 
lost, a signifi cant minority of patients will require extensive 
psychologic counseling and professional rehabilitation, and 
30 – 40% of patients will require plastic surgical removal of 
excess skin.  90   Malabsorptive procedures increase the risk of 
nutrient defi ciency (particularly iron, vitamin B12, calcium 
and vitamin D) and may result in dumping syndrome, mani-
festing as postprandial nausea, vomiting, diarrhea and vaso-
motor symptoms.  87   Dumping syndrome, commonly 
precipitated by eating high osmotic loads such as refi ned 
sugar, results from the rapid emptying of gastric pouch con-
tents directly into the jejunum.  87,91   This is followed by com-
pensatory insulin release and/or vagal stimulation due to 
intestinal distension from water following the solute load. 
Wernicke ’ s encephalopathy due to thiamine defi ciency is an 
uncommon complication of bariatric surgery, particularly in 
patients with persistent vomiting.  92   Patients undergoing 
purely restrictive procedures often experience postoperative 
nausea and vomiting (8 – 10%). Gastric banding may also be 
complicated by band slippage (6%) or erosion into surround-
ing structures (10%), often necessitating reoperation.  93   

 Demand for bariatric surgery is increasing at an expo-
nential rate. In the US, the annual number of procedures 
has risen eightfold over one decade to over 100   000 per 
year.  94   Despite this large increase, only 1% of eligible 
patients receive surgery annually in the US because the 
number of potential candidates is so great (estimated at 15 
million in 2002  95  ). The population eligible for surgery is 
disproportionately composed of ethnic minorities and indi-
viduals of low socioeconomic status,  96   yet surgery is most 
commonly performed in middle - aged women of moderate -
 to - high socioeconomic status and free of pre - existing car-
diovascular disease.  72   

 Because of the large gap between the potential demand 
for bariatric surgery and the capacity to perform such pro-
cedures, surgery will remain a risk - targeted approach for 
highly selected individuals. However, it is currently unclear 
how triaging should be performed. Certain patient sub-
groups, such as individuals with diabetes, clearly may 
benefi t more from undergoing surgery but also are at 
higher risk for complications.  97   Surgery should only be per-
formed at experienced, specialized centers, as complication 

rates are highest when surgeons perform fewer than 25 
operations per year and medical centers perform fewer 
than 50 procedures per year.  88,89,98   Complication rates are 
lowest for surgeons performing more than 100 operations 
per year and hospitals performing more than 150 proce-
dures per year.  99   Patients who have undergone surgery 
require lifelong medical surveillance.  

  Cardiovascular  d isease and  m ortality 

 Many observational studies of overweight and obese patients 
have demonstrated that intentional weight loss is associated 
with a reduction in cardiovascular disease and mortality,  100   
but this area is not without controversy ( Class IIa, Level 
C ).  101   As mentioned above, there is a lack of high - quality 
RCT data demonstrating that intentional weight loss reduces 
hard cardiovascular outcomes and mortality. Further com-
plicating matters is the fact that many studies demonstrating 
a benefi cial effect of weight loss involve overweight and 
obese patients without pre - existing cardiovascular disease. 
When studies examine patients with pre - existing coronary 
disease or heart failure, overweight and mild obesity are 
often associated with a reduction in mortality compared to 
non - obese individuals.  102,103   Indeed, weight loss (albeit not 
intentional) in advanced heart failure is associated with 
increased mortality risk.  104   Whether these latter fi ndings are 
a result of residual confounding, whether obesity is a marker 
of other favorable characteristics (e.g. absence of cachexia) 
or whether obesity is truly a protective factor is currently 
unknown. Notably, the association of obesity with reduced 
mortality has been reported in many chronic infl ammatory 
diseases including chronic renal failure and HIV/AIDS.  102   

 Overall, the favorable effects of weight loss on cardiovas-
cular risk factors in overweight and obese patients imply 
that intentional weight loss will ultimately reduce cardio-
vascular morbidity and mortality. Furthermore, observa-
tional studies demonstrating that weight loss in severely 
obese patients undergoing bariatric surgery is associated 
with mortality reduction lend further credence to this con-
clusion. Data from trials such as Look AHEAD, SCOUT and 
CRESCENDO are urgently needed to provide more defi ni-
tive evidence. It is our practice to routinely prescribe obesity 
treatment and weight loss to the vast majority of individu-
als with overweight and obesity, with the exception of 
patient populations in which weight loss clearly appears 
potentially detrimental (e.g. advanced heart failure). 
Indeed, one of the most important barriers to the treatment 
of obesity is the therapeutic inertia of healthcare profession-
als  105   and we do not wish to leave the reader with the 
impression that weight loss should not be attempted until 
hard outcome RCTs are available. The importance of obesity 
as a medical disease and a public health emergency cannot 
be overemphasized and demands aggressive action on the 
part of all involved, including all healthcare practitioners.   
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  Conclusion 

 Obesity is a highly prevalent chronic disease and an impor-
tant risk factor for cardiovascular morbidity and mortality. 
Weight loss programs should focus on achieving realistic 
initial weight loss goals (e.g. 5 – 10% of initial body weight) 
and should emphasize the need for weight maintenance. 
Weight reduction induced by lifestyle, pharmacologic or sur-

  Key  p oints 

     •      BMI is the means most widely used to classify obesity. Measures of central adiposity, such as waist circumference, are also important 
predictors of obesity - related health risk.  

   •      Obesity and overweight now affect 40 – 70% of adults in industrialized nations. Particularly concerning is the disproportionately rapid rise 
in the prevalence of severe obesity, which substantially increases the risk of obesity - related health complications.  

   •      Important components of a comprehensive obesity treatment plan include assessing and treating co - morbidities, identifying readiness to 
change and barriers to weight loss, and setting realistic weight loss goals (initially 5 – 10% of initial body weight, which is suffi cient to 
improve obesity - related co - morbidity).  

   •      Weight loss should be recommended for all patients with a BMI  ≥ 30   kg/m 2  and for those with a BMI  ≥ 27   kg/m 2  with two or more 
obesity - related co - morbidities. Weight loss should be gradual (1 – 2   lbs/week), achieved through a 500 – 1000   kcal/d defi cit diet.  

   •      A multimodal lifestyle intervention (diet, exercise and behavioral modifi cation) is preferred and reduces weight by approximately 3 – 5   kg 
after one year. Unfortunately, nearly 50% of the weight initially lost is typically regained within the fi rst three years, emphasizing the 
importance of optimizing weight maintenance. Therefore, all treatment should be initiated with the expectation that, if successful, it will 
be continued over the long term.  

   •      Calorie restriction is the most important component of dietary modifi cation. Varying the proportions of macronutrients within the diet 
does not lead to materially greater amounts of weight loss.  

   •      Individuals should perform at least 30 minutes of moderate - intensity physical activity 5 – 7 days per week. Exercise is primarily benefi cial in 
assisting with weight maintenance.  

   •      Lifestyle modifi cation is particularly benefi cial in improving blood pressure, glycemic control and lipid profi les. It is the most effi cacious 
means to reduce diabetes incidence.  

   •      Antiobesity drug therapy is indicated as an adjunct to lifestyle modifi cation in patients with BMI levels of 27 – 29.9   kg/m 2  and concomitant 
obesity - related risk factors or BMI levels of 30   kg/m 2  or greater. Drug therapy should be discontinued if 5% weight loss or improvement 
in obesity - related comorbidity has not been achieved within the fi rst 3 – 6 months.  

   •      Orlistat (lipase inhibitor), sibutramine (adrenergic reuptake inhibitor) and rimonabant (endocannabinoid receptor antagonist) are the three 
antiobesity drugs with effi cacy data of one year or greater.  

   •      Compared to placebo, drug therapy signifi cantly reduces weight by 3 – 5   kg, increases the proportion of patients achieving 5% and 10% 
weight loss thresholds, and reduces waist circumference. Each drug also has specifi c effects on cardiovascular risk factors.  

   •      The major side effects are gastrointestinal for orlistat, hypertension for sibutramine and mood disorders for rimonabant.  

   •      Bariatric surgery is currently indicated in patients with BMI levels of  ≥ 40   kg/m 2  or BMI levels of 35 – 39.9   kg/m 2  with a major obesity - related 
co - morbidity. Surgery is the most effi cacious treatment for severe obesity and substantially reduces weight, increases lifespan, reduces 
co - morbidity and increases quality of life.  

   •      Gastric banding restricts the volume of the stomach to about 15   mL. Gastric bypass restricts stomach capacity to approximately 30   mL and 
bypasses a portion of the small intestine. Both procedures are preferentially performed laparoscopically to reduce morbidity, pain and 
lengths of stay.  

   •      Perioperative mortality rates are 0.5 – 1.0% depending on the procedure. Perioperative morbidity occurs in about 10% of individuals. The 
major long - term complications are gastrointestinal in nature and vary according to the type of procedure performed. To minimize 
complications, surgery should be performed by experienced surgical teams and centers.  

   •      Demand for bariatric surgery dramatically outstrips capacity. The optimal approach to selecting and triaging patients for surgery is 
currently unclear.  

   •      High - quality RCT data demonstrating that intentional weight loss reduces mortality and cardiovascular morbidity are currently lacking but 
several trials are currently under way. With the exception of specifi c advanced disease states associated with cachexia and infl ammation, 
the preponderance of evidence suggests that intentional weight loss is benefi cial.       

gical measures has been shown to improve obesity - related 
co - morbidities and, in the case of lifestyle modifi cation and 
surgery, has been associated with reductions in major mor-
bidity and mortality in observational studies. Surgery is the 
only treatment that results in large amounts of weight loss 
and has become preferred therapy in medically refractory 
severely obese patients. Randomized controlled obesity 
studies with hard morbidity and mortality endpoints are 
still lacking but several are currently under way. 
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  Introduction 

 Knowledge regarding the major risk factors for cardiovas-
cular disease (CVD), which include elevated blood pres-
sure, elevated cholesterol, cigarette smoking, and diabetes, 
have been derived from epidemiologic studies conducted 
primarily in white populations.  1   Globally, non - white popu-
lations constitute the majority of the world ’ s population. 
Ethnicity - related CVD research compares and contrasts 
levels of known risk factors and new risk factors, effects of 
risk factors, effi cacy of treatments and preventive strategies 
and healthcare utilization patterns to explore the reasons 
for differences in CVD rates among ethnic populations.  2   
Such research can lead to specifi cally tailored CVD preven-
tive strategies for different populations and therefore are 
of major public health importance.  

  General  i ssues 

  Defi ning  e thnic  g roups 

 The concept of race was based on the belief that members 
of a race were homogeneous with respect to biologic inheri-
tance.  3   However, over the past 20 years, as our ability to 
unravel the genetic code has increased, little evidenc has 
arisen to support the contention that the historical  “ racial ”  
divisions represent differences in genetic make - up.  3,4   

 Ethnicity, on the other hand, is a term used to describe a 
group of people whose lifestyles are characterized by dis-
tinctive social and cultural traditions which are maintained 
within the group and passed on from generation to genera-
tion. Therefore ethnicity has both sociocultural and bio-
logic components.  5   Given that variations in disease rates 

between populations may be explained by socio - economic, 
sociocultural, biologic, and genetic factors, classifi cation by 
ethnic origin rather than race is desirable.  6    

  Interpretation of  s tudies in  e thnic  p opulations 

 The methodologic limitations of studies of ethnic popula-
tions must be recognized.  7   Mortality statistics often provide 
the fi rst clues of differences in CVD rates between ethnic 
groups. Most developed countries have methods of collect-
ing reliable mortality statistics.  8   However, in developing 
countries, these systems are less well organized and infor-
mation on some selected populations may only be avail-
able from sample registration systems, community surveys 
and hospital admissions.  

  Worldwide  p atterns of  d isease 

 In 2001, 59% of the total global mortality was attributable 
to non - communicable diseases (NCD) such as CVD, cancer, 
and diabetes; this was 10% higher than estimates in 1990, 
and projected to rise to 69% by 2030.  9,10   Approximately 80% 
of global NCD mortality occurs in developing countries. In 
2005 NCD accounted for about 61% of deaths, 50% of 
disease burden and 46% of premature death (deaths in 
people less than 70 years) in low -  and middle - income coun-
tries (LMIC).  11   Coronary heart disease (CHD) and stroke 
are now the leading causes of deaths in LMIC. More than 
half of all cardiovascular deaths in LMIC occur among 
people aged 30 to 69 years, compared to about one - quarter 
in high - income countries (HIC).  12   

 In most HIC, CVD rates are declining due to preventive 
strategies that target the most potent cardiovascular risk 
factors (CVRF). For example, tobacco use has declined in 
many HIC because of legislation and policy,  13   and the pro-
portion of high - risk patients receiving evidence - based sec-
ondary prevention therapies has increased.  14   However, in 
LMIC increasing life expectancy associated with a decline 
in childhood and adult deaths from infections and coupled 
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with lifestyle changes secondary to rapid industrialization 
and urbanization have lead to increasing CVRF and CVD. 

 Differences in CVD mortality rates across countries are 
infl uenced by differences in the physical, social, political 
and cultural environment.  15   Ethnic variations in disease 
rates are closely tied to geographic patterns of disease. 
These geographic differences have provided many of the 
initial hypotheses of the association between lifestyle 
factors, which are strongly infl uenced by culture and eth-
nicity, and CVD. One of the fi rst epidemiologic studies to 
highlight the variation in CHD rates between countries was 
the Seven Countries Study.  16   This study of 16 cohorts of 
men aged 49 – 59 years found substantial differences in 
CHD mortality between countries, for example very low 
rates in Japan and the Mediterranean countries and very 
high rates in Finland and the USA. Similarly, the WHO 
MONICA study in 26 countries  17   documented a more than 
14 - fold difference in CHD mortality among men and more 
than 11 - fold differences in CHD mortality for women 
between countries. More recent data indicate that there is 
still wide variation across both space and time  18   (Table 
 19.1 ). The enduring differences in CHD rates across world 
regions have raised questions as to whether they are due 
to biologic factors, sociocultural factors, differences in envi-
ronment or other risk factors.    

  Migrant  g roups 

 Observational studies have found that when members of a 
given ethnic group migrate to a new environment they 
often adopt new behaviors and risk factors and lose behav-
iors common to their native land. This suggests that envi-
ronmental infl uences are very powerful factors in CVD 
causation. Conversely, despite different environments, 

similarities in disease rates within an ethnic group suggest 
an inherent propensity towards or protection from CVD 
that could be related to genetics. Comparing the mortality 
rates of long - settled migrants to the disease rates in their 
country of origin helps to establish the relative contribution 
of genetic and environmental infl uences to differences in 
mortality rates. The Ni - Ho - San Study of Japanese migrants 
to Hawaii and San Francisco revealed that changes in 
disease rates in this population likely refl ected changing 
environmental infl uences.  19   The age - adjusted CHD mortal-
ity rate rose as the Japanese moved from Japan to Hawaii 
and California. More than half of the increase in CHD was 
attributable to different levels of conventional risk factors, 
as the US cohort had a higher fat diet and higher mean 
serum cholesterol compared to the Hawaii or Japan 
cohorts.  19   This suggests that the low rates of CHD mortality 
in Japan may be retained in Japanese migrants if they kept 
their risk factors at similar levels to those in Japan, which 
likely would require maintenance of their traditional 
lifestyle.   

  Specifi c  e thnic  g roups 

 A major contribution to our understanding of ethnic varia-
tion in risk factors for CHD is the fi ndings of the INTER-
HEART study. INTERHEART was a large case – control 
study involving about 14   000 cases of fi rst myocardial 
infarction (MI) and 14   000 matched controls from 52 coun-
tries. It was designed to study the importance of conven-
tional and emerging risk factors in different geographic 
regions and ethnic groups.  20   The principal fi ndings of this 
study were that nine modifi able risk factors, including 
abnormal lipids, smoking, hypertension, diabetes, abdomi-

 Table 19.1     Trends in age - standardized (world population) death certifi cation rates per 100   000 for coronary heart disease in all age groups in 
selected areas of the world 1965 – 1998   18    

   Country     Men     Women  

   1965 – 9     1995 – 8     % Change     1965 – 9     1995 – 8     % Change  

  Belgium    155.0    79.8     − 37.2    63.6    33.2     − 36.5  

  Denmark    237.0    129.6     − 45.3    121.9    62.0     − 49.1  

  Greece    64.8    82.9    27.9    28.6    33.1    15.7  

  Poland    64.7    113.7    75.7    21.6    38.9    80.1  

  Russian Federation    NA    330.2    NA    NA    154.2    NA  

  Argentina    176.3    68.2     − 61.3    88.9    27.1     − 69.5  

  Canada    271.4    109.4     − 59.7    130.7    54.2     − 58.5  

  Mexico    43.8    76.6    74.9    29.7    50.5    70.0  

  USA    330.5    121.2     − 63.3    166.0    67.1     − 59.6  

  Japan    50.1    35.7     − 28.7    27.5    17.5     − 36.4  

   NA, not available.   
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nal obesity, psychosocial factors, consumption of fruits and 
vegetables, alcohol intake and regular physical activity, 
account for more than 90% of the risk of MI worldwide, in 
both sexes, and at all ages, in all regions, and in all major 
ethnic groups. This study challenged the conventional 
belief that different ethnic groups had different CVRF 
and provided evidence that while the frequency of risk 
factors varied by ethnic group, the strength of association 
with MI was similar. Thus the differences in CVD rates 
across different regions and/or ethnic groups are attribut-
able to the difference in distribution of established CVRF 
(Table  19.2 ).   

 The following sections review the CVD profi le of seven 
major ethnic groups. Based on the best available data, we 
document their disease burden and changes in disease 
rates over time, and review common/infl uential CVD risk 

factors. We then discuss ethnic group - specifi c preventive 
strategies that need to be further developed or reinforced. 

  European  o rigin (including  N orth  A mericans) 

 People of European origin include those who originate 
from Northern Europe such as the Nordic countries and 
Germany, Western Europe including the United Kingdom 
and France, Southern Europe including Spain and Italy, 
and Eastern Europe (which includes the Slavic countries). 

  Disease  b urden 
 Differences in the age - standardized mortality rates (ASMR) 
vary widely between European populations, with the 
highest rates observed in Eastern Europe (e.g. Bulgaria, 
the Russian Federation) and the lowest in France and 

 Table 19.2     Population attributable risk associated with nine risk factors in males and females.   Source: reference  20    

    Risk factor        Prevalence       OR (99% CI) adjusted 
for age, sex and 
smoking (OR 1)   

    PAR (99% CI)       OR (99% CI) adjusted 
additionally for all 
other risk factors 
(OR 2)   

    PAR 2 (99% CI)   

     % Controls        % Cases   

  Overall                          

  Current smoking  *      26.76    45.17    2.95 (2.72,3.20)     –     2.87 (2.58,3.19)     –   

  Current   +   former smoking  *      48.12    65.19    2.27 (2.11,2.44)    36.4 (33.9, 39.0)    2.04 (1.86,2.25)    35.7 (32.5,39.1)  

  Diabetes    7.52    18.45    3.08 (2.77,3.42)    12.3 (11.2,13.5)    2.37 (2.07,2.71)    9.9 (8.5,11.5)  

  Hypertension    21.91    39.02    2.48 (2.30,2.68)    23.4 (21.7,25.1)    1.91 (1.74,2.10)    17.9 (15.7,20.4)  

  Abd obesity (2 v 1)  †      33.40    30.21    1.36 (1.24,1.48)     –     1.12 (1.01,1.25)     –   

  Abd obesity (3 v 1)  †      33.32    46.31    2.22 (2.03,2.42)    33.7 (30.2, 37.4)    1.62 (1.45,1.80)    20.1 (15.3,26.0)  

  All psychosocial  ‡       –      –     2.51 (2.15,2.93)    28.8 (22.6,35.8)    2.67 (2.21,3.22)    32.5 (25.1,40.8)  

  Veg and fruits daily  *      42.36    35.79    0.70 (0.64,0.77)    12.9 (10.0,16.6)    0.70 (0.62,0.79)    13.7 (9.9,18.6)  

  Exercise  *      19.28    14.27    0.72 (0.65,0.79)    25.5 (20.1,31.8)    0.86 (0.76,0.97)    12.2 (5.5,25.1)  

  Alcohol intake  *      24.45    24.01    0.79 (0.73,0.86)    13.9 (9.3,20.2)    0.91 (0.82,1.02)    6.7 (2.0,20.2)  

  ApoB/ApoA ratio(2 v 1) §     19.99    14.26    1.47 (1.28,1.68)     –     1.42 (1.22,1.65)     –   

  ApoB/ApoA ratio(3 v 1) §     20.02    18.05    2.00 (1.74,2.29)     –     1.84 (1.58,2.13)     –   

  ApoB/ApoA ratio(4 v 1) §     19.99    24.22    2.72 (2.38,3.10)     –     2.41 (2.09,2.79)     –   

  ApoB/ApoA ratio(5 v 1) §     20.00    33.49    3.87 (3.39,4.42)    54.1 (49.6,58.6)    3.25 (2.81,3.76)    49.2 (43.8,54.5)  

  All above Risk Factors 

combined  ¶    

   –      –     129.20  *   (90.24,184.99)    90.4 (88.1,92.4)  *      129.20  *   (90.24,184.99)    90.4 (88.1,92.4)  *    

    *    The median waist /hip ratio was 0.93 in cases and 0.91 in controls ( P     <    0.0001), and the median ApoB/ApoA1 ratio was 0.85 in cases and 0.80 in 

controls ( P     <    0.0001). Percentage of controls with four or fi ve factors positive is 2.2% compared with 29.2% in cases.   

  * PARs for smoking, abdominal obesity, and ApoB/ApoA1 ratio are based on a comparison of all smokers  vs  never, top two tertiles  vs  lowest tertile, 

and top four quintiles  vs  lowest quintile. For protective factors (diet, exercise, and alcohol), PARs are provided for the group without these factors. 

   †    Top two tertiles  vs  lowest tertile.  

   ‡    A model - dependent index combining positive exposure to depression, perceived stress at home or work (general stress), low locus of control, and 

major life events, all referenced against non - exposure for all fi ve factors.  

  § Second, third, fourth, or fi fth quintiles  vs  lowest quintile.  

  ¶    The model is saturated, so adjusted and unadjusted estimates are identical for all risk factors. The odds ratio of 129.20 is derived from combining 

all risk factors together, including current and former smoking  vs  never smoking, top two tertiles  vs  lowest tertile of abdominal obesity, and top four 

quintiles  vs  lowest quintile of ApoB/ApoA1. If, however, the model includes only current smoking  vs  never smoking, the top  vs  lowest tertile for 

abdominal obesity, and the top  vs  lowest quintile for ApoB/ApoA1, the odds ratio for the combined risk factors increases to 333.7 (99% CI 

230.2 – 483.9).   
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 Table 19.3     Age - standardized  CVD  mortality rates (45 – 74 years) in selected European countries, 2000   21    

   Country     CHD mortality rates 
(men) SMR (95% CI)    

   CbVD mortality rates 
(men) SMR (95% CI)  

   CHD mortality rates 
(women) SMR (95% CI)  

   CbVD mortality rates 
(women) SMR (95% CI)  

  Switzerland    158 (149 – 167)    34 (30 – 38)    43 (39 – 48)    21 (17 – 24)  

  France    110 (103 – 118)    50 (44 – 55)    24 (21 – 28)    26 (22 – 29)  

  Sweden    239 (227 – 250)    65 (59 – 70)    75 (68 – 81)    38 (34 – 43)  

  Italy    147 (138 – 156)    64 (58 – 69)    43 (38 – 47)    37 (32 – 41)  

  Czech Republic    411 (396 – 426)    168 (159 – 177)    147 (138 – 153)    95 (88 – 101)  

  Romania    449 (433 – 465)    302 (289 – 314)    209 (199 – 220)    207 (196 – 217)  

  Bulgaria    404 (389 – 419)    361 (347 – 375)    157 (148 – 166)    220 (209 – 230)  

  Estonia    713 (693 – 733)    487 (471 – 504)    260 (248 – 271)    248 (237 – 260)  

Switzerland (Table  19.3 ). In a recent update on regional 
variation in mortality rates across Europe, the rate ratio of 
dying from CHD between the countries with the highest 
mortality compared with the lowest mortality is 7.1 (95% 
confi dence interval (CI) 6.6 – 7.6) for men (Latvia v France) 
and 9.9 (95% CI 8.5 – 11.5) for women (Estonia v France). 
There is still a clear north - east to south - west gradient in 
mortality from CHD.  21   For cerebrovascular disease (CbVD), 
the rate ratio is 14.5 (95% CI 12.7 – 16.4) for men (Estonia v 
Switzerland) and 12.0 (95% CI 10.2 – 14.1) for women 
(Estonia v Switzerland). With regard to CbVD, there 
appears to be a  “ green ”  circle of reduced mortality in the 
centre of Western Europe (France, northern Italy and 
Spain). Although in all countries the CVD mortality rates 
are much lower among women, substantial between - 
country differences persist. Over the past 30 years most 
European countries, the United States and Canada have 
experienced substantial declines in the CVD mortality 
rates.  22   However, the Eastern European countries, includ-
ing Ukraine, the Russian Federation, Hungary, and the 
Czech Republic, continue to have among the highest rates 
of CHD and CbVD in the world, with a few showing 
a decline (Poland) and several showing an increase 
(Ukraine).  23,24      

  Common  r isk  f actors 
 Throughout European populations the high rates of CVD 
are mainly attributable to high rates of a combination of 
risk factors including elevated serum cholesterol, elevated 
blood pressure, diabetes, diets high in saturated fat and 
smoking. More recently, high rates of overweight and 
obesity are likely to perpetuate the high rates of associated 
risk factors and disease. The epidemic of CVD in the 
Eastern European countries is in part related to high levels 
of smoking, diets high in animal fats, along with excessive 
alcohol consumption and social disparity.  25,26   Research to 
explain why the Italian and French populations remain 

relatively  “ protected ”  from CHD has yielded numerous 
hypotheses. It is likely that dietary differences may explain 
the disparity. For example, the high consumption of olive 
oil and antioxidants may explain low CHD rates in Italy. 
In France, however, despite similar saturated fat consump-
tion and levels of serum cholesterol, blood pressure and 
smoking, the CHD mortality rate remains low.  27   This 
immunity to CHD has been attributed to high consumption 
of wine which may offer cardioprotection by increasing 
HDL cholesterol levels, or by inhibiting postprandial 
hyperlipidemia and platelet aggregation.  28   Others believe 
the lower rate of CHD mortality may simply be due to a 
time lag as increases in consumption of animal fat and 
elevations in serum cholesterol have only occurred recently 
in France.  29    

  Infl uential  f actors 
 CHD, like other epidemics, relates closely to social condi-
tions and its prevalence appears to be more strongly related 
to the social and cultural conditions of a society than its 
genetic make - up. This is evidenced by the rapid decline in 
the rates of CHD in parallel to economic changes in the 
United States and Japan, and the increase in CHD rates in 
the Eastern European countries. These changes have 
occurred too quickly for changes in gene frequencies to 
have occurred.  26   Therefore, rather than explaining differ-
ences in CHD rates between populations largely on genetic 
differences, rapid changes in CHD rates can occur and are 
usually explained by changes in diet (including alcohol 
consumption) and smoking that are infl uenced by 
economics.  

  Special  a pproaches to  p revention 
 It is clear that major lifestyle changes, and vigilant treat-
ment of risk factors, result in declines in CVD rates. In 
Finland, an impressive 60% reduction in CHD and stroke 
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mortality was observed between 1972 to 1994, and it is 
estimated that approximately 75% of this decline can be 
explained by a substantial lowering of serum cholesterol 
by 13% (0.88   mmol/L) in men and 18% (1.19   mmol/L) in 
women, a lowering of diastolic blood pressure by 9% 
(6.6   mmHg) in men and 13% (12.2   mmHg) in women, and 
a signifi cant reduction in smoking rates (30% in men) 
which have occurred as a result of individual and popula-
tion - targeted interventions.  30   

 In the USA, a 34% decline in CHD mortality occurred 
between 1980 and 1990. One - quarter of this decline is 
attributed to primary prevention efforts, such as decline in 
smoking due to effective policies,  13   and 29% is explained 
by secondary prevention efforts, such as treatments to 
lower cholesterol and blood pressure. Furthermore, 43% of 
this decline is attributed to improved medical and surgical 
management in patients with established CHD.  31   However, 
it is important to note that despite the general success in 
reducing CVRF in the US population, not all segments of 
society are benefi ting equally and improvements may have 
slowed. Smoking and diabetes rates are particularly high 
among people with a lower socio - economic status. To 
further reduce CVD in the US, programs need to be tar-
geted at these high - risk groups. 

 Population health interventions to reduce CVRF levels 
seem to be very effective in achieving long - term CVD pre-
vention. In Finland the decline in CVRF and CVD was 
associated with the launch of the national demonstration 
project in North Karelia in the 1970s and with subsequent 
major national activities thereafter.  30   More recently in 
Poland, during the 1990s, a rapid decrease (about 25%) in 
CHD deaths in early middle age was observed. This sudden 
decline is attributed to rapid political and economic changes 
in Poland (and surrounding countries) that made fruit and 
vegetables more accessible and affordable and oppositely 
impacted foods of animal origin, which led to improved 
diets.  32   By contrast, a marked increase in death rates from 
CVD, accidents, violence, and infectious diseases has been 
observed in Russia over a relatively short time period, and 
is thought to be due to socio - economic upheaval.  33   Such 
examples substantiate the claim that societal factors con-
tribute greatly to CVD burden.   

  Japanese 

  Disease  b urden 
 Mortality rates from CVD are much lower in Japan than 
Western countries.  23   Initial data from the Seven Countries 
study confi rmed that the Japanese experience lower rates 
of CVD compared to Western populations.  16   The pattern of 
CVD in Japan also differs from Western populations, as 
they tend to experience relatively higher proportions of 
stroke (ASMR: M 79, F 41/100   000) and less CHD (ASMR: 
M 57, F 21/100   000).  

  Temporal  t rends 
 In parallel with a rise in economic prosperity, the CHD 
rates in Japan have declined like other OECD (Organiza-
tion for Economic Co - operation and Development) coun-
tries. For CHD the ASMR decreased from 47/100   000 in 
1995 to 42/100   000 in 1997 among males, and from 25 to 
21/100   000 during the same time period among females.  23   
Given the low rate of CHD in Japan, the life expectancy in 
Japan is among the highest in the world.  34   The mortality 
from stroke in Japan has also declined substantially since 
1950.  26   Between 1995 and 1997, ASMR decreased for both 
men from 82/100   000 in 1995 to 79/100   000, and in women 
from 54/100   000 to 41/100   000 during the same time period. 
Low cholesterol levels and declining levels of blood pres-
sure (due to reduction in salt intake and increased use of 
blood pressure - lowering treatments) and smoking (82.3% 
among men in 1965 to 45.5% in 2005) in a socially stable 
environment are probably responsible for the declines in 
CHD and stroke in Japan.  26,34,35    

  Common  r isk  f actors 
 A review of CVRF in the Japanese population suggest that 
high blood pressure is a major determinant of CVD (par-
ticularly high rates of stroke), more so than cholesterol and 
cigarette smoking.  34   Low serum cholesterol related to a diet 
low in saturated fats is probably also an important contrib-
uting factor. Despite the fact that two - thirds of Japanese 
men smoke, CHD rates have remained unexpectedly low. 
Smoking rates and rates of hypertension are declining 
(prevalence of severe hypertension in men 60 – 69 years fell 
from 21% in 1965 to 4% in 1990), but the prevalence of type 
2 (non - insulin dependent) diabetes in Japanese males and 
females is higher than rates in most Western countries. The 
National Nutrition Survey of 2000 reported that 22.6% 
(20.7 – 24.5) of men and 22.3% (20.7 – 23.9) of women aged 20 
years and over had diabetes according to WHO 1999 crite-
ria.  36   The same survey reported the prevalence of over-
weight (Body Mass Index (BMI) 25 – 29.9   kg/m 2 ) to be 24.5% 
in men and the rates of obesity (30   kg/m 2 ) as 2.3%. The 
corresponding rates in females were 17.8% and 3.4% 
respectively. Rates of obesity have increased in men over 
the last three decades but have been stable or decreased in 
women. In the last decade average BMI has increased in 
men by 0.45   kg/m 2  (0.42 – 0.47), but decreased in women by 
0.08 (0.6 – 0.11) kg/m 2 .  37   Therefore, obesity and type 2 dia-
betes appear to be emerging and may infl uence trends in 
CVD in the future for Japan.  

  Infl uential  f actors 
 Over the past 30 years blood pressure levels have declined 
in Japan due to primary prevention efforts.  38   However, 
 “ Westernization ”  of Japanese diets during this period likely 
explains the two -  to threefold increase in glucose intoler-
ance and type 2 diabetes, as well as obesity and more 
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recently hypercholesterolemia.  34,39   Studies have docu-
mented that the average serum cholesterol concentration 
among Japanese has increased from 1980 to 1989, from age -
 adjusted total serum cholesterol levels of 4.84 to 5.22   mmol/L 
in men and from 4.91 to 5.24   mmol/L in women. These 
concerning trends combined with the substantial use of 
tobacco among Japanese males (59%) suggest that Japan 
may soon experience a rise in CVD.  34   Studies of Japanese 
migrant groups show they are susceptible to changing envi-
ronments. Brazil - born Japanese had a higher proportion of 
fat in their diet (similar to the general Brazilian population) 
compared to Japan - born participants (fi rst - generation 
migrants) and compared to data from Japan,  40   and this was 
associated with more adverse lipid profi les  41   and a higher 
prevalence of diabetes (also higher than the general Brazil-
ian population).  42   Similar patterns have been observed in 
Japanese migrants to Hawaii and California.  19,43,44    

  Special  a pproaches to  p revention/ t reatment 
 With increasing adoption of Western lifestyles in Japan,  38   
the pattern of CVRF may become more and more like that 
of Western countries. A number of studies have shown the 
protective benefi t of the traditional Japanese diet, particu-
larly the Okinawan diet. People in Okinawa (South Island 
of Japan) enjoy the longest average life expectancy in Japan. 
Okinawans have less salt in their diet, low animal fat and 
marked soy bean and fi sh consumption.  45   Therefore, main-
tenance of traditional Japanese low - fat diets, high in soy, 
seaweed and green vegetables,  45   and control of cigarette 
smoking may be what Japan needs to focus on to prevent 
CVD.   

  Chinese 

  Disease  b urden 
 Although the overall mortality from CVD is less in China 
than in Western countries, CVD is the most common cause 
of death in China and Taiwan. When compared to Western 
populations, Chinese, like Japanese, experience higher 
stroke rates and lower rates of CHD. In urban China in 
1999, the ASMR for CHD in men aged 35 – 74 was 106/100   000 
and for women 71/100   000,  23   fi vefold lower than the highest 
rates documented in the MONICA project from Europe.  23   
In contrast, the ASMR for stroke in this period and age 
group was 217/100   000 in men and 147/100   000 in women.  23   
CHD incidence in China is also relatively low (highest inci-
dence reported in Sino - Monica 1987 – 1989 was 109/100   000 
in men 35 – 64 years) whereas stroke incidence is high 
(highest incidence of stroke from the same study 553/100   000 
for men 35 – 64 years). Hemorrhagic strokes are about 
two to three times more common in China compared to 
the West.  46   Only 6 – 12% of strokes in whites are reported 
as hemorrhagic compared to 25 – 30% of strokes among 
Chinese.  24    

  Temporal  t rends 
 In parallel with increasing average life expectancy to 71.4 
years in 2000 compared with 68.6 years a decade earlier,  47   
death rates from CVD (particularly CHD) are increasing in 
China.  48   The proportion of all deaths due to CVD in China 
increased from 86/100   000 (12.8% of total death) in 1957 to 
214/100   000 (35.8%) in 1990.  49   A recent study of a large 
representative cohort from China of 169   871 men and 
women 40 years and over found that CHD accounted for 
22.5% and stroke for 21.3% of all deaths.  50   Although Japan 
has reported a decline in stroke mortality, the decline in 
stroke deaths in China has not been as striking. The rela-
tively stable incident stroke levels may be due to the 
balance of falling rates of hemorrhagic stroke with rising 
rates of ischemic stroke and there is some evidence for this 
from Beijing and Shanghai where hemorrhagic stroke rates 
have fallen by 12.0% and 4.4% but ischemic stroke rates 
have increased by 5.0% and 7.7% respectively.  51    

  Common  r isk  f actors 
 Data from the Sino - MONICA project (a 7 - year study moni-
toring trends and determinants of CVD in geographically 
defi ned populations in different parts of China) indicate 
that mean blood pressure levels are high by international 
standards but total cholesterol and BMI are low.  52   

 The rise in CVD in China is likely attributable to adverse 
changes in health behaviors such as falling levels of physi-
cal activity and dietary change associated with rapid 
urbanization. Risk factor levels are lower in rural compared 
to urban areas (Table  19.4 ). Amongst a representative 
sample of 15   540 Chinese adults, aged 35 – 74 years from 
the International Collaborative Study of Cardiovascular 
Disease in Asia, 78.1% and 21.8% of rural and urban 
residents, respectively, were physically active. Cigarette 
smoking is highly prevalent among Chinese males. Over 
60% of men smoke and some evidence suggests rates are 
increasing.  53   Smoking rates among women are much lower, 
but about a third of smoking - related deaths in women are 
due to passive smoking.  54   While underweight is still a 
problem among some Chinese, the prevalence of over-
weight is increasing, particularly in urban areas.  55     

 The strength of association of established CVRF (e.g. cho-
lesterol, blood pressure, smoking, BMI) and CHD/stroke 
has been shown to be similar for populations from Chinese 
and Western populations in the APCSC (Asia Pacifi c Cohort 
Studies Collaboration).  56   The INTERHEART study included 
3030 cases of fi rst MI and 3056 controls from China and 
Hong Kong and indicates that the same risk factors that are 
responsible for CHD in other world regions explain the 
majority of CHD in China, as the nine INTERHEART risk 
factors explained 88.8% of the   PAR for China and Hong 
Kong.  20   Thus in a study that modeled the impact of changes 
in risk factors and medical/surgical treatments on CHD 
mortality in Beijing between 1984 and 1999, most of the 
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 Table 19.4     Cardiovascular risk factors levels in China from the INTERASIA China Study 2001 

   Factor     Population     Year     Men     Women  

  Smoking    National (Urban  &  rural)    2002    60.2%    6.9%  

  Smoking    National (Urban)  4      1996    64.0%     ∼   

  Smoking    National (Rural)  4      1996    68.4%     ∼   

  Hypertension  1      National (Urban  &  rural)    2001    28.6%    25.8%  

  BMI 25 – 29    National (Urban)    2001    35.0%    32.6%  

  BMI 25 – 29    National (Rural)    2001    21.7%    24.6%  

  BMI  ≥ 30    National (Urban)    2001    5.0%    2.2%  

  BMI  ≥ 30    National (Rural)    2001    2.2%    4.9%  

  Waist adiposity  2      National (Urban)    2001    27.3%    43.8%  

  Waist adiposity  2      National (Rural)    2001    13.4%    36.6%  

  Total cholesterol    National (Urban)    2001    4.99   mmol/L    5.08   mmol/L  

  Total cholesterol    National (Rural)    2001    4.71   mmol/L    4.80   mmol/L  

  LDL cholesterol    National (Urban)    2001    3.02   mmol/L    3.06   mmol/L  

  LDL cholesterol    National (Rural)    2001    2.75   mmol/L    2.81   mmol/L  

  HDL  –  cholesterol    National (Urban)    2001    1.21   mmol/L    1.35   mmol/L  

  HDL  –  cholesterol    National (Rural)    2001    1.34   mmol/L    1.36   mmol/L  

  Diabetes  3      National (Urban)    2001    7.9%    7.6%  

  Diabetes  3      National (Rural)    2001    4.6%    5.5%  

    1.    SBP    ≥    140 and/or DBP    ≥    90 and/or on antihypertensive medication.  

   2.    Waist adiposity for men waist  > 90   cm and women waist  > 80   cm.  

   3.    Self - report diabetes or fasting plasma glucose  ≥ 7.0   mmol/L.   

 From references  52, 61 – 65. . 

increase ( ∼ 77% or 1397 additional deaths) was attributable 
to substantial rises in total cholesterol levels (more than 
1   mmol/L), plus increases in diabetes and obesity.  57   Blood 
pressure decreased slightly, whereas smoking prevalence 
increased in men but decreased substantially in women. 
Changing levels of treatments seemed to have less impact; 
in 1999, medical and surgical treatments together pre-
vented or postponed  ∼ 642 deaths, mainly from initial treat-
ments for acute myocardial infarction (41%), hypertension 
(24%), angina (15%), secondary prevention (11%), and 
heart failure (10%).  

  Infl uential  f actors 
 Absolute rates of CVD are still lower in China and Chinese 
migrant populations. However, the burden of CVD is 
unlikely to have been fully realized in China. Smoking -
 related mortality and morbidity are climbing. A large 
national study in 1990 found that smoking was already 
causing about 12% of Chinese male mortality in middle age 
and predicted that this proportion would rise to about 33% 
by 2030.  58   China has the largest production and consump-
tion of tobacco worldwide. It has witnessed a dramatic 
increase in tobacco consumption over the past two decades, 
with more than 34.8 million cartons of cigarettes being 
produced and 34.7 million sold annually. The continuous, 
rapid increase in the number of Chinese smokers is largely 
due to teenagers taking up smoking. The average daily 

consumption of tobacco per person in China rose from one 
cigarette in 1952 to 10 cigarettes in 1990.  59   Passive smoking 
as well as the effects of both indoor and outdoor air pollu-
tion are also likely to be important infl uencing factors for 
CVD in China in the future.   54   These together with the 
continuing high rates of hypertension and early evidence 
of effects of urbanization on health behaviors and subse-
quent falling levels of physical activity and increasing 
obesity and diabetes are concerning signs of what may 
come. In one urban cohort from China, acquisition of a 
motorized vehicle was associated with 80% higher odds of 
becoming obese.  60   Higher rates of CHD in Chinese popula-
tions with prolonged exposure to urban lifestyles such as 
in Singapore indicate that Chinese are not immune to the 
effects of CHD.  

  Migrant  p atterns 
 Data from Chinese migrants to Singapore and Mauritius 
provide evidence that exposure to urban environments 
leads to adverse risk factor profi les.  66,67   A comparison of 
rural Chinese in China to urban Chinese subjects living 
in Hong Kong and Australia found that despite a slightly 
better risk factor profi le among the urban Chinese 
(based on HDL cholesterol and lower blood pressure), 
carotid intima media thickness (a measure associated 
with cardiovascular risk) was lower among the rural 
subjects (0.50   +   1.0   mmHg) than among urban subjects 
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(0.56   +   0.12   mmHg).  68   Together with urbanization, increased 
levels of metabolic risk factors and CHD in Chinese popu-
lations outside China may be due to cultural dietary differ-
ences such as the higher consumption of coconut and palm 
oil, mainly containing saturated fat, in Singapore.  69   Diabe-
tes rates and mean serum cholesterol were also higher in 
Mauritius Chinese (5.5   mmol/L) than in Beijing Chinese 
(4.4   mmol/L), whereas the prevalence of hypertension and 
smoking was greater in Beijing.  66   Therefore, although the 
prevalence of hypertension and smoking may decline for 
these migrant populations, the rates of obesity, late - onset 
diabetes, elevated serum cholesterol, and CHD increase. 
However, Chinese migrants to the United States and 
Canada have lower rates of CHD relative to other migrant 
groups, and have low or similar rates of stroke, indicating 
they may still retain some level of protection from CVD 
compared to other populations.  44    

  Approaches to  p revention 
 Economic modernization in China is resulting in increased 
rates of CVRF common among Western populations 
becoming apparent in urban populations of China. This 
offers a major challenge for future prevention efforts in 
China as increasing populations are exposed to rapid 
urbanization. Important prevention strategies for the 
Chinese will include smoking cessation/prevention, main-
tenance of traditional Chinese lifestyles including diet 
(high in leafy green vegetables and fi sh, low in saturated 
fat) and regular physical activity to prevent continuing 
adverse changes in BMI, diabetes, serum cholesterol and 
blood pressure.   

  South Asians 

 South Asians include people who originate from India, Sri 
Lanka, Bangladesh, and Pakistan. 

  Disease  b urden 
 There are relatively few mortality studies from India as 
there is no uniform completion of death certifi cates and no 
centralized death registry for CVD.  70   However, the WHO 
and the World Bank data indicate that mortality attribut-
able to CVD has increased in parallel with the expanding 
population in India, and now accounts for a large propor-
tion of disability - adjusted life years (DALY). Of all deaths 
in 1990, approximately 25% were attributable to CVD, 
which is greater than the 10% due to diarrheal diseases, the 
13% due to respiratory infections, and the 8% due to tuber-
culosis.  71   In 2006 the Global Burden of Disease Studies 
(GBDS) reported detailed cause of death estimates for the 
South Asian region based on 2001 data.  72   CHD was reported 
to be the number one cause of death in South Asia, account-
ing for 13.6% of all deaths, and CbVD was the fourth 
leading cause of death, accounting for 6.8% of all deaths.  72    

  Temporal  t rends 
 In South Asia CHD is expected to rise in parallel with 
increasing life expectancy, increase in per capita income, 
and decline in infant mortality.  72  ,  73   There are few direct 
measures of CHD incidence from India, which makes eval-
uation of trends diffi cult. However, indirect comparisons 
of studies in which CHD incidence was defi ned using ECG 
indicate that CHD incidence is probably increasing in 
India.  74    

  Common  r isk  f actors 
 Historically most populations from South Asia have docu-
mented low levels of CVRF, particularly blood lipid levels, 
diabetes and hypertension. However, over the past several 
decades, the prevalence of these risk factors has increased, 
especially in urban areas.  75   For example, a recent survey of 
six major cities of India including 11   216 participants  ≥ 20 
years reported a diabetes prevalence of 12.1% and impaired 
glucose tolerance prevalence of 14.1%,  76   in contrast to rates 
of diabetes reported in urban studies in the 1970s of 1 – 3%.  77   
There is also evidence that diabetes rates are increasing in 
rural areas. In comparison to the rates reported by the 
PODIS study (including 41   270 adults  ≥ 25 years conducted 
between 1999 and 2002) of 1.9% in rural and 4.6% in urban 
areas, recent rural studies from select states report rates 
as high as 13%.  78,79   Similarly, rates of hypertension have 
increased from about 5% in urban areas in the 1960s to 
12 – 15% in the 1990s.  80   Recent studies have also documented 
high rates of abdominal obesity in select urban and rural 
areas. In a survey of employees aged 20 – 59 years in a large 
industry near Delhi (n   =   2935), 43% had central obesity 
(waist  > 90   cm) and the metabolic syndrome was present in 
28 – 35% of individuals depending on the diagnostic criteria 
used.  81   In a survey of rural adults from Andhra Pradesh 
(n   =   4535), the prevalence of central obesity (waist  > 90   cm 
in men,  > 80   cm in women) was 26.0% and the prevalence 
of metabolic syndrome ranged from 24.6% to 30.2% 
depending on the defi nitions used.  82   

 Smoking rates are also high in India, particularly amongst 
men. Rural rates of smoking are higher than urban rates 
and may refl ect socio - economic differences. In a cross - sec-
tional survey (n   =   19   973) of Indian industrial employees 
and family members from urban and peri - urban areas, 
tobacco use was signifi cantly more prevalent in low versus 
high education groups (56.6% v 12.5%).  83   While previous 
evidence has indicated the possible importance of novel 
risk factors, such as higher levels of lipoprotein (a), homo-
cysteine, fi brinogen, and plasminogen activator inhibitor 
(PAI - 1),  84   in South Asian populations that may be driving 
the epidemic of CVD in South Asians, recent fi ndings 
suggest otherwise. The INTERHEART study found protec-
tive factors were lower in South Asian controls than in 
controls from other countries (moderate -  or high - intensity 
exercise, 6.1% v 21.6%; daily intake of fruits and vegetables, 
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26.5% v 45.2%; alcohol consumption once/wk, 10.7% v 
26.9%). However, some harmful factors were more common 
in South Asians living in India than in individuals from 
other countries (elevated apoB/apoA - I ratio, 43.8% v 
31.8%; history of diabetes, 9.5% v 7.2%). Similar relative 
associations were found in South Asians compared with 
individuals from other countries for the risk factors of 
current and former smoking, apoB/apoA - I ratio for the top 
versus lowest tertile, abdominal obesity as measured by the   
WHR for the top versus lowest tertile, history of hyperten-
sion, history of diabetes, psychosocial factors such as 
depression and stress at work or home, regular moderate -  
or high - intensity exercise, and daily intake of fruits and 
vegetables. Alcohol consumption was not found to be a risk 
factor for acute MI in South Asians, likely because the 
reported use of regular alcohol intake is low. The combined 
odds ratio (OR) for all nine risk factors was similar in South 
Asians (123.3, 95% CI 38.7 – 400.2) to individuals from other 
countries (125.7, 95% CI 88.5 – 178.4). The similarities in OR 
for the risk factors explained a high and similar degree of 
population attributable risk in both groups (85.8%, 95% CI 
78.0 – 93.7%) versus 88.2% (95% CI 86.3 – 89.9%), respectively. 
When stratifi ed by age, South Asians had more risk factors 
at ages younger than 60 years, which explained the younger 
mean age of MI in South Asians compared with other coun-
tries (Fig.  19.1 ).  85      

  Infl uential  f actors 
 Urbanization of South Asian populations has infl uenced 
the rise in glucose intolerance, abdominal obesity, and its 
associated dyslipidemia (Table  19.5 ). This clustering of 
factors is also associated with impaired fi brinolysis, 
increased C - reactive protein, and enhanced thrombogene-
sis. Increasingly, data support the idea that elevations of 
glucose in the non - diabetic range which is prevalent among 
South Asians is associated with the development of athero-
sclerosis among South Asians.  86   Tobacco use, particularly 
indigenous forms, is also an important determinant of CVD 
in South Asian countries. Smoking rates are higher in rural 
men and women compared to their urban counterparts 
(Table  19.5 ). The INTERHEART study confi rms previous 
indications that indigenous forms of tobacco use are also 
harmful. Smoking beedies alone was associated with 
increased risk (OR 2.89, 95% CI 2.11 – 3.96), similar to that 
associated with cigarette smoking. Chewing tobacco alone 
was associated with OR 2.23 (95% 1.41 – 3.52) and smokers 
who also chewed tobacco had the highest increase in risk 
(OR 4.09, 95% CI 2.98 – 5.61)  87   (Fig.  19.2 ).      

  Migrant  p atterns 
 Cross - sectional studies of CVRF in South Asians living in 
North America fi nd a high prevalence of diabetes, impaired 
glucose tolerance, central obesity, elevated LDL choles-

terol,  89   elevated triglycerides, and low HDL cholesterol.  90,91   
The prevalence of impaired glucose tolerance and type 2 
diabetes is four to fi ve times higher in South Asian migrants 
than in Europeans by the age of 55 (20% v 4%).  90   The preva-
lence of diabetes in South Asians in the UK was 10 – 19%, 
21% in Trinidad, 25% in Fiji, 22% in South Africa, 25% in 
Singapore, 20% in Mauritius, and 10% in Canada.  90,92   

 Studies of South Asian migrants to countries such as the 
UK, South Africa, Singapore, and North America indicate 
that South Asians suffer between 1.5 and 4.0 times higher 
CHD mortality compared to other ethnic groups (Table 
 19.6 ).  89   Although the CHD mortality rate of South Asians 
compared to other populations remains high, a decline in 
CHD rates has been observed in most South Asian migrants 
over the past 10 years, although this decline has been less 
than that observed in the general population in most coun-
tries except Canada.  93,94     

 A study which compared the risk profi les of urban South 
Asians living in the UK with their siblings living in India 
revealed that the UK cohort had a higher BMI (27 v 23), 
systolic BP (144   mmHg v 137   mmHg), total cholesterol (6.35 
v 5.0   mmol/L), lower HDL cholesterol (1.14 v 1.27   mmol/L), 
and higher fasting glucose (5.4 v 4.6   mmol/L) compared 
to their siblings. Lp(a), which is mostly genetically deter-
mined, was similarly high in both groups.  103   These 
studies indicate that South Asians have a propensity for 
adverse changes in CVRF when they adopt urban and 
Westernized lifestyles, whether they live in India or abroad 
(Table  19.7 ).    

  Prevention  s trategies 
 Changes in the risk factor profi les of South Asians are 
attributable to changes in health behaviors associated with 
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     Figure 19.1     Predicted probability of acute myocardial infarction at 
a younger age in South Asians compared with individuals from other 
countries. ( From Joshi,  JAMA  2007; 297 :286 – 94 with permission. )    
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 Table 19.5     Urban – rural comparisons of CVD risk factors in India   88    

   Cardiovascular risk factor comparisons in three age groups  

   Factor     Age (years)     Male     Female  

   Urban     Rural     Urban     Rural  

  Hypertension (%)    15 – 34     –     1.1     –     2.1  

  35 – 54    38.2  *      3.4    35.1  *      9.5  

  55  &  above    47.5  *      9.8    67.5  *      16.8  

  Diabetes mellitus (%)    15 – 34     –     0.3     –     0.1  

  35 – 54    6.2  *      0.3    5.1  *      1.7  

  55  &  above    10.9  *      0.5    12.9    0  

  BMI 25   kg/m 2  &  above    15 – 34     –     1.5     –     3.6  

  35 – 54    34.1  *      2.9    53.8  *      9.1  

  55  &  above    41.0  *      2.6    54.2  *      4.7  

  Physically inactive    15 – 34     –     12.3     –     48.3  

  35 – 54    47.2  *      8.6    52.8  *      39.4  

  55  &  above    40.4  *      20.6    67.7  *      57.6  

  Smoking  –  current (%)    15 – 34     –     49.2     –     3.3  

  35 – 54    28.3    78.4    0.5  *      26  

  55  &  above    17.3  *      81.4    0.6  *      47.1  

  Drinking alcohol    15 – 34     –     32.7     –     0  

  35 – 54    49.3    46.6    0.2    0  

  55  &  above    39.7    30.9    0    0  

   Biochemical risk factors comparisons for people aged  > 35 years  

   Biochemical parameters     Urban     Rural  

   n     Mean     N     Mean  

  Total cholesterol (mmol/L)    96    4.73    90    4.06  

  HDL (mmol/L )    96    1.06    89    1.00  

  LDL (mmol/L)    96    2.82    89    2.35  

  Triglycerides (mmol/L )    96    1.85    90    1.51  

  Fasting serum insulin (uU/ml)    86    27.3    84    7.2  

  Post - glucose serum insulin (uU/ml)    85    52.7    87    20.4  

  Fasting plasma glucose (mmol/L)    95    4.96    90    5.52  

  Post - glucose load plasma glucose (mmol/L)    94    6.5    90    5.52  

   ( – ) City survey did not cover age group of  < 35 years.  

   *  P     <    0.05 for rural, town, city trend.  

   * Urban with reference to rural. HDL, high - density lipoprotein; LDL, low - density lipoprotein   

urbanization, such as decreased physical activity and 
increased energy consumption which leads to obesity, 
abdominal obesity, and its harmful sequelae. The INTER-
HEART study found that compared with individuals from 
other areas, native South Asians had signifi cantly higher 
PARs associated with waist - to - hip ratio but lower PARs for 
history of hypertension and psychosocial stress. Therefore 
efforts to increase physical activity and improve diets are 
likely to lead to the greatest reduction in CHD.   

  Arabs 

 The term Arab refers to Semitic people who originate from 
the Middle East. Included in this region are the countries 
of Egypt, Saudi Arabia, Jordan, Iraq, Syria, Bahrain, 
Lebanon, Kuwait, Qatar, Yemen and the United Arab Emir-
ates. People from Iran originate from the Middle East but 
are known as Persian and not typically included in the 
Arab ethnic group classifi cation. 
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     Figure 19.2     Risk of acute myocardial infarction associated with 
different tobacco use. ( From Teo,  Lancet  2006; 368 :647 – 58 with 
permission. )    

 Table 19.6     Standardized mortality ratios ( SMR ) (per 100   000) for  CHD  in South Asians worldwide 

   Study (fi rst author)     Country     Reference group     Age (yr)     Age SMR  a    

  Wyndham  95   1968 – 77    South Africa    Whites    15 – 64    300  

  Steinberg  96   1968 – 85    South Africa    Whites    35 – 74    502  

  Baligadoo  97      Mauritius    Europeans    40 – 45    260  

  Toumilehto  98   1971 – 80    Fiji    Melanese    40 – 60+    350  

  Beckles  99   1977 – 84    Trinidad    Blacks    35 – 69    260  

  Hughes  100   1980 – 84    Singapore    Chinese    30 – 69    380  

  Hughes  100   1980 – 84    Singapore    Malays    30 – 69    190  

  Adelstein  101   1970 – 72    UK    Whites    20+    115  

  McKeigue  102   1979 – 83    UK    Whites    20 – 64    160  

  Balarajan  93   1979 – 83    UK    Whites    20 – 69    M:136, F:146  

  Sheth  94   1979 – 83    Canada    Whites    35 – 74    M:122, F:139  

  Sheth  94   1979 – 83    Canada    Chinese    35 – 74    M:329, F:344  

  Sheth  94   1989 – 93    Canada    Whites    35 – 74    M:95, F:131  

  Sheth  94   1989 – 93    Canada    Chinese    35 – 74    M:275, F:369  

    a    Standardized mortality to reference indigenous population of 100.   

 Table 19.7     Comparison of South Asians from India and migrants in the  UK    103    

        Indian subcontinent     Sibling migrants UK     Signifi cance  

  Mean age (yr)    45.0    46.0    NS  

  Serum glucose (men) (mmol/L)    4.5    5.7    0.001  

  Serum glucose (women) (mmol/L)    4.7    5.1    0.05  

  Serum cholesterol (men) (mmol/L)    4.9    6.5    0.001  

  Serum cholesterol (women) (mmol/L)    5.1    6.2    0.001  

  HDL cholesterol (men) (mmol/L)    1.21    1.12    NS  

  HDL cholesterol (women) (mmol/L)    1.34    1.16    0.05  

  Serum Lp(a) (men) (mg/dL)    17.4    18.8    NS  

  Serum Lp(a) (women) (mg/dL)    18.9    20.4    NS  

  Systolic/diastolic blood pressure (men) (mmHg)    132/87    146/93    0.001/NS  

  Systolic/diastolic BP (women) (mmHg)    142/88    143/86    NS/NS  

  BMI (men)    22.9    26.8    0.001  

  BMI (women)    22.7    27.4    0.001  

  Disease  b urden 
 Cardiovascular disease is the leading cause of death among 
Arabs living in the Middle East.  72   The high rates are likely 
secondary to rapid socio - economic development, urban-
ization, and improved survival in recent decades. The 
Global Burden of Disease report estimates that the acute 
MI rate among men and women in the Middle East was 
139/100   000 and 124/100   000 respectively in 2000, which is 
an increase of 12% among men and 5% among women 
since 1990.  72    

  Temporal  t rends 
 While national incidence and mortality data are not readily 
available for many Arab countries, one indication of the 
increase in CVD is the rise in hospital admission for CVD 
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over time. In Egypt the proportion of hospital admissions 
due to CVD increased from 12% in 1970 to close to 40% in 
1990.  104   In Saudi Arabia, CHD represented the leading 
cause of admissions in 1995.  105   In Oman during 1985 – 87 
CHD and CbVD accounted for 30% of hospital deaths in 
the age group 15 years and above.  106    

  Common  r isk  f actors 
 Cardiovascular risk factors are generally common in this 
region and are increasing in both urban and rural regions. 
Overweight (BMI 25 – 30) and obesity (BMI    >    30) are highly 
prevalent in the Arabian Peninsula, and over half of all 
adults aged 40 – 69 years are either overweight or obese.  107   
Obesity rates vary from 16% to 25% among men and from 
17% to 43% among women. The perception that obesity is 
symbolic of prosperity may contribute to the higher rates 
of obesity observed in women.  108   Adverse lifestyles associ-
ated with socio - economic improvement and urbanization, 
such as diminished physical activity (with the availability 
of domestic help, private cars, popularity of television, etc.) 
and altered dietary patterns (increased fat and energy 
intakes), contribute to the high prevalence of obesity.  107   In 
a nationally representative sample from Bahrain rates of 
leisure time physical activity were low among all age and 
sex groups, though higher among men (30 – 49 years: 19.9%) 
than among women (30 – 49 years: 9.9%).  109   

 High prevalence of type 2 diabetes is also observed in this 
region. In 1995 the prevalence of diabetes in the Middle East 
was approximately 6.3% and this is expected to increase to 
8.2% by the year 2025.  110   In 1995, there was approximately 
twice the number of diabetics in urban compared to rural 
areas of the Middle East. By 2025 it is expected this ratio 
will increase dramatically, and there will be approximately 
3.5 times the number of diabetics in urban compared 
to rural areas.  110   In Saudi Arabia in 2001, a national cross -
 sectional survey reported a diabetes (defi ned as fasting 
glucose  ≥ 7.0   mmol/L) prevalence of 26.2% in men and 
21.5% in women 30 years and over,  36   with similar levels 
reported at a similar time period in the United Arab Emir-
ates (UAE) of 21.5% in men and 19.2% in women  ≥ 20 years.  36   

 The high prevalence of obesity and sedentary lifestyles 
may also be associated with high levels of hypertension in 
this region. National surveys have demonstrated high 
prevalence of hypertension in Oman (33.1%, up from 
27%),  111   Egypt (26%),  112   and the UAE (37%).  113   In the UAE, 
26% of hypertensive subjects were aware that they had 
high blood pressure, 41% were being treated for the disease, 
and only 19% were under control.  113   This high prevalence, 
coupled with low awareness and poor control, suggests the 
need for additional focus on prevention. Some studies also 
indicate signifi cant levels of dyslipidemia and hypercho-
lesterolemia in Saudi Arabia  114   and Syria.  115   

 Smoking is typically more common among men than 
women for cultural reasons, and the prevalence varies 

markedly between countries within the region but increas-
ing rates are seen amongst young females in some popula-
tions. In Jordan adult smoking rates for men are 50.5% and 
women 8.3%, but amongst 13 – 15 year males the rate is 
36.5% and females 27.7% (Jordan Global Youth Tobacco 
Survey 2003).  36   In Saudi Arabia, the prevalence of smoking 
is 12% among men, compared to only 1% among women.  114   
However, the increasing use of the  “ water pipe ”  has 
resulted in increased smoking among women. In Bahrain, 
approximately 46% of men and 30% of women reported 
smoking. Smoking is also common amongst youth in 
Bahrain with 33.5% of 13 – 15 year old males reporting 
current smoking in the Global Youth Tobacco Survey in 
2001. Furthermore, women more often reported exposure 
to passive smoke (44%) compared to men (29%).  109   High 
levels of CVRF have also been observed in Arab migrant 
communities in the United States, with similar or higher 
levels of metabolic risk factors (diabetes and overweight) 
compared with NHANES III survey results.  116    

  Infl uential  f actors 
 In comparison with European populations with similar 
degrees of obesity, Arabs experience more diabetes. This 
suggests that Arab people may have an increased genetic 
susceptibility to abdominal obesity (for example, the 
 “ thrifty gene ” ), which is expressed as glucose intolerance 
and excess abdominal fat in the face of an environment of 
abundant energy intake and relatively little physical activ-
ity.  117   Profound changes associated with rapid economic 
development and urbanization in much of this region 
which have occurred during the past 30 years are associ-
ated with the emergence of both obesity and diabetes, and 
this trend is expected to continue.  

  Approaches to  p revention 
 Increased susceptibility to insulin resistance among Arabs 
suggests that control of obesity and diabetes is critical. 
Attention to lifestyle practices that promote obesity, such 
as sedentary lifestyles and increased energy intake, should 
be a focus. Cultural beliefs about overweight and obesity 
for both men and women must be understood in order to 
develop effective prevention strategies.  108   These directions 
have already been established in many countries of the 
Arabian Peninsula, and more recently in collaboration with 
the World Health Organization. Furthermore, tobacco use 
is high among some countries and increasing among some 
segments of society and effective prevention tactics should 
be introduced and maintained.   

  Hispanics 

 The term Hispanic includes Cuban Americans, Mexican 
Americans, and Puerto Rican Americans. There are approx-
imately 35.3 million Mexican Americans living in the USA, 
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and they comprise approximately 12.5% of the US popula-
tion.  118   The majority of information on CVD in Hispanics 
has been derived from studies conducted among Mexican 
Americans. 

  Disease  b urden 
 Vital statistic data collected since the 1970s in the USA 
show that cardiovascular mortality has been lower in His-
panic men and women compared to non - Hispanic whites.  119   
In fi ndings from the National Health Interview Survey 
(NHIS) (1986 – 1994), Hispanics had  ∼ 20% lower all - cause, 
CHD and CVD mortality compared with whites in the 
United States. The Hispanic/white mortality ratio for CHD 
was 0.77 (95% CI 0.64 – 0.93) for men and 0.83 (95% CI 0.66 –
 1.01) for women. The rate ratio for CVD (CHD and stroke) 
was 0.79 (95% CI 0.68 – 0.94) for men and 0.80 (95% CI 0.69 –
 0.94) for women.  120  . However, given the lower all - cause 
mortality rate in Hispanics, the proportion of total deaths 
due to CHD or CVD was similar between the two popula-
tions for the same gender. For white men the proportion of 
deaths due to CHD was 29.7% and CVD for 44.7% com-
pared to 28.1% and 43.2% among Hispanic men. Among 
white women, CHD accounted for 24.9% of deaths, CVD 
for 43.2% compared to 24.1% and 41% of deaths among 
Hispanic women.  120   The major weaknesses of vital statistics 
data to estimate mortality in Hispanics are misclassifi cation 
(i.e. incorrectly assigning race to decendents) and under -
 registration. Most misclassifi ed descendents are falsely 
reported as white Caucasians. Surveys of misclassifi cation 
indicate that as many as 20% more deaths were Hispanic 
descendants than documented by death certifi cate. In con-
trast, the 1980 census undercounted Hispanics by as much 
as 8%. The aggregate effects of these errors are not known. 

 Cohort studies to date have found contradictory fi nd-
ings. The National Longitudinal Mortality Study followed 
up 700   000 respondents including 40   000 Hispanics from 
1979 to 1987. Hispanics ( ≥ 25 years) had signifi cantly lower 
CVD mortality than whites (standardized rate ratios: 0.65 
for men, 0.80 for women).  121   However, in contrast the San 
Antonio Heart Disease Study of 1438 Mexican Americans 
and 921 non - Hispanic whites aged 45 – 64 years and fol-
lowed for an average of 14.5 years found higher rates of 
CHD or CVD among Hispanics. The age -  and gender -
 adjusted hazard ratio comparing Mexican Americans with 
non - Hispanic whites for all - cause mortality was 1.5 (95% 
CI 1.23 – 1.81), for CVD 1.70 (1.30 – 2.24) and for CHD 1.60 
(1.09 – 2.36). After adjusting for all possible confounders 
including age, risk factors and socio - economic variables, 
the hazard ratios were all attenuated; for example, compar-
ing Mexican Americans with non - Hispanic the hazard ratio 
for CHD mortality was 1.20 (95% CI 0.63 – 2.27).  122   The San 
Luis Valley Diabetes Cohort Study of 1862 Hispanics and 
non - Hispanic white participants found similar rates of 
CVD mortality in Hispanics and non - Hispanic whites. 

 The Corpus Christi Heart Project (CCHP), Texas, reported 
a greater incidence of MI in Mexican Americans compared 
to non - Hispanic whites over a 4 - year period.  123   This popu-
lation - based surveillance project conducted between 1988 
and 1992 reported that age - adjusted incidence ratios com-
paring Mexican Americans to non - Hispanic whites were 
1.52 (95% CI 1.28 – 1.80) and 1.25 (95% CI 1.10 – 1.42) among 
women and men respectively.  123   Although cross - sectional 
studies reveal a similar or lower prevalence of MI among 
Mexican Americans than non - Hispanic whites, the CCHP 
has reported a greater case - fatality rate following MI 
among Mexican Americans than non - Hispanic whites. 
Therefore a lower CHD prevalence in Mexican Americans 
does not necessarily refl ect a lower incidence of CHD. 

 There are some data to suggest that all - cause mortality 
rates are higher amongst younger Hispanics. The Hispanic/ 
white mortality ratios in the NHIS were 1.33, 0.92 and 
0.76 among men aged 18 – 44, 45 – 64 and 65 and older 
res pectively. Among women in the same age groups the 
Hispanic/white mortality ratios were1.22, 0.75 and 0.70 
respectively.  120   Hispanics under the age of 60 have a 
sig nifi cantly elevated CbVD death rate compared to 
non - Hispanic whites (M 32 v 19, F 23 v 18 per 100   000 
respectively). However, in older age categories the CbVD 
rate in Hispanics is substantially lower than whites (M 589 
v 765, F 535 v 847 per 100   000).  23   Therefore, overall the 
CbVD death rate over 45 years of age in Hispanics is lower 
when compared to whites (M 115 v 147 and F 110 v 209 per 
100   000).  23   

 The data on CHD are confl icting but suggest that the 
burden of CHD is similar or greater compared to whites, 
and Hispanics have a higher case - fatality rate. For stroke it 
appears that Hispanics have lower incidence compared to 
whites.  

  Temporal  t rends 
 Although declines in CHD and CbVD mortality have 
occurred in Mexican Americans over the past 20 years, this 
decline has been less than that which has occurred among 
non - Hispanic whites.  23    

  Common  r isk  f actors 
 Mexican Americans suffer a high prevalence of conven-
tional CVRF such as smoking (42.5% in men and 23.8% 
in women), hypertension (17% men and 14% women), 
low HDL cholesterol ( < 0.90   mmol/L: 15.2% men and 5% 
women), elevated cholesterol (total cholesterol  > 6.2   mmol/L: 
16.5% men and 16.5% women), diabetes (24%), physical 
inactivity (39%), and obesity (BMI  > 85th percentile: 30% 
men and 39% women). The San Antonio Heart Study 
reported that Mexican Americans had 2.5 times the pre-
valence of NIDDM compared to non - Hispanic whites 
as diagnosed by the oral glucose tolerance test.  122   They 
also observed that a socio - economic gradient within the 



PART II  Prevention of cardiovascular diseases

248

Hispanic population existed, with diabetes being more 
prevalent in the lower socio - economic groups.  124   Further-
more, Mexican Americans have higher blood concentra-
tions of triglycerides and lower HDL cholesterol levels 
compared to non - Hispanic whites.  125    

  Infl uential  f actors 
 A number of explanations have been put forward regard-
ing the paradoxic fi ndings of studies of Hispanic popula-
tions in the USA. The early studies which suggested that 
Hispanics have lower rates of CVD and CHD have been 
hypothesized to involve a  “ healthy migrant effect ”   –  a diet 
that includes more fruits and vegetables, less chronic 
disease risk factor exposure before leaving their country of 
birth and health - preserving cultural psychosocial effects. It 
has also been suggested that some Hispanics may return 
to their country of birth when they retire or have a poten-
tially fatal illness, especially those with a lower education, 
lower wages and fewer employment experiences. Selective 
out - migration would lead to underestimates of mortality, 
as would misclassifi cation of deaths as discussed above. 
However, among long - settled Hispanics who adopt 
Western lifestyles, abdominal obesity and glucose intoler-
ance appear to be the major factors for CHD among 
Mexican Americans.  119   Lower rates of smoking amongst 
older Mexican Americans compared with white Americans 
(11.9% v 15.4%)  126   and lower rates of smoking among His-
panic women compared with white women (12% v 28%) 
may contribute to lower rates of disease.  127   The greater 
mortality observed among Mexican Americans following 
MI in comparison to non - Hispanic whites is attributed in 
large part to the increased prevalence of diabetes. Findings 
from the San Antonio Heart Study also show that diabetic 
Mexican Americans not taking insulin treatment are at 
higher risk of fatal CVD compared with non - Hispanic 
white diabetics not using insulin.  122    

  Latin  A merica 
 While the above discussion has focused on Hispanics living 
in the USA, CVD is a major burden of disease in Latin 
America. In 2001, 28% of all deaths in Latin America were 
caused by CVD (GBD2001  http://www.dcp2.org/pubs/
GBD/3/Table/3.B4 ). Latin America (LA) has also experi-
enced major demographic, epidemiologic and nutritional 
transition in recent decades in an environment of increas-
ing economic prosperity and urbanization. The Latin 
American region has exhibited a marked increase in the 
consumption of high - energy density foods (high in fats and 
sugars) and a decrease in physical activity, with rising 
trends of sedentary life among the urban population. The 
INTERHEART study recruited 1237 cases of AMI and 1888 
controls from Argentina, Brazil, Colombia, Chile, Guate-
mala and Mexico. The most prevalent risk factor among 
controls was abdominal obesity; 48.6% of controls were in 

the highest tertile compared with 31.2% in other countries 
participating in INTERHEART. Latin Americans had 
higher rates of current and former smoking (48.1% v 42%), 
dyslipidemia (42.0% v 32.0%) and hypertension (29.1% v 
20.8%). Fruit and vegetables consumption and physical 
activity were, however, similar to other countries. Abdomi-
nal obesity was the most important risk factor in Latin 
Americans with an average population attributable risk for 
the region of 48.5%, followed by abnormal ratio of Apo B/
Apo A - 1 (40.8%) and smoking (38.4%).  128   

 There is some evidence that CHD mortality rates are 
going down in some sectors of Latin America following the 
trends in the USA and Canada. CHD mortality fell by  ∼ 60% 
in the US and Canada and also fell by a similar amount in 
Argentina, but increased for some Latin America countries 
such as Costa Rica, Mexico and Venezuela for the period 
1970 to 2000. The decline versus increase in rates by country 
and region is likely refl ective of their various degrees of 
socio - economic transition and access to screening and 
treatment programs. Some of the decline may also be due 
to falling rates of smoking. Brazil reported smoking rates 
falling between 1989 and 2003 from 34.8% to 22.4%.  129   The 
rates of stroke also appear to be declining in most Latin 
American countries by approximately 30% compared to 
 ∼ 60% in USA and Canada (Table  19.8 ). The impact of rising 
obesity and sedentary habits on these regions in the future 
is, however, uncertain.    

  Approaches to  p revention/ t reatment 
 Due to the discrepant data concerning the CHD mortality 
rates of Mexican Americans, despite their adverse risk 
factor profi le, many researchers believe that they remain 
 “ protected ”  from CHD.  130   Clearly, the burden of CHD 
among Mexican Americans is considerable, and screening 
and modifi cation of conventional CHD risk factors are nec-
essary. Furthermore, primary prevention of obesity will be 
important to reduce the burden of type 2 diabetes in this 
group.   

  Aboriginal  p opulations 

 Aboriginal populations or indigenous people generally 
refer to an ethnic group who inhabit the geographic region 
with which they have the earliest historical connections. 
For example, in Canada, Aboriginal people are the descen-
dants of the original inhabitants of North America. (Indian 
and Northern Affairs Canada:  http://www.ainc-inac.
gc.ca/pr/info/info125_e.html ) and include Indians (now 
known as First Nations people), M é tis and Inuit. The focus 
of this next section is on Aboriginal populations of North 
America, but other indigenous populations such as the 
Aboriginals from Australia share a similar cardiovascular 
risk profi le. 
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 Table 19.8    
 (a) Trends in age - standardized (world population) death certifi cation rates per 100   000 for coronary heart disease in the Americas 1970 – 2000   22    

   Country     Men     Women  

   1970 – 72     1998 – 2000     % Change     1970 – 72     1998 – 2000     % Change  

  Argentina    94.8    58.9     − 38    69.3    38.0     − 45  

  Brazil  *      NA    85.5     − 20 Ψ     NA    61.7     − 21 Ψ   

  Chile  *      91.1    62.8     − 31    84.6    43.3     − 49  

  Colombia  *      61.7    47.1     − 24    68.0    45.4     − 33  

  Costa Rica    53.7    37.5     − 30    52.7    34.1     − 35  

  Cuba    63.7    53.0     − 17    64.0    51.0     − 20  

  Ecuador    39.1    35.4     − 10    37.7    30.0     − 20  

  Mexico    40.5    40.3     − 1    42.6    36.6     − 14  

  Puerto Rico    53.9    32.8     − 39    46.3    25.6     − 45  

  Venezuela    60.2    58.9     − 2    56.6    49.8     − 12  

  Canada    63.9    24.7     − 61    54.1    22.2     − 59  

  USA    73.9    27.7     − 63    61.9    26.8     − 57  

    * For Brazil 1986 was used for 1980 and 1995 for 2000; for Chile 1999 was used for 2000l and for Colombia 1972 was used for 1970, 1984 for 

1980, 1991 for 1990, and 1999 for 2000  

   Ψ Changes between 1995 and 1986.  

  NA, Not available   

     (b) Trends in age - standardized (world population) death certifi cation rates per 100   000 for cerebrovascular disease in the Americas 1970 – 2000 

   Country     Men     Women  

   1970 – 72     1998 – 2000     % Change     1970 – 72     1998 – 2000     % Change  

  Argentina    182.1    67.4     − 63    89.2    28.3     − 68  

  Brazil  *      NA    88.1     − 18 Ψ     NA    51.4     − 18 Ψ   

  Chile  *      110.9    74.1     − 33    74.0    38.2     − 48  

  Colombia  *      94.9    93.4     − 2    63.1    60.9     − 3  

  Costa Rica    72.7    99.9    37    55.1    59.9    9  

  Cuba    138.8    123.3     − 11    107.2    87.0     − 19  

  Ecuador    32.5    36.7    13    22.4    21.2     − 6  

  Mexico    42.2    82.0    94    28.4    53.9    90  

  Puerto Rico    142.6    95.9     − 33    99.8    55.3     − 45  

  Venezuela    119.7    136.4    14    75.2    78.5    4  

  Canada    267.1    97.9     − 63    124.1    47.9     − 61  

  USA    316.6    118.6     − 63    157.4    67.2     − 57  

    *    For Brazil 1986 was used for 1980 and 1995 for 2000; for Chile 1999 was used for 2000l and for Colombia 1972 was used for 1970, 1984 for 

1980, 1991 for 1990, and 1999 for 2000  

   Ψ Changes between 1995 and 1986.  

  NA, Not available   

  Disease  b urden 
 Cardiovascular disease is the leading cause of death in 
North American Indian and Alaskan Native males and 
females. Although research in this ethnic group is limited, 
the Strong Heart Study,  131   which was initiated in 1988, 
studied 4549 American Natives aged 45 – 74 years from 13 

tribes in the southern US. The prevalence estimates of defi -
nite MI in those aged 45 – 74 years was 2.8% in men without 
diabetes and 5.3% in men with diabetes, 0.4% in women 
without diabetes and 1.4% in women with diabetes. Data 
from the 2005 Behavioral Risk Factor Surveillance System 
(BRFSS) indicate that   American Indian. Alaskan Natives 



PART II  Prevention of cardiovascular diseases

250

report the highest prevalence of CHD (myocardial infarc-
tion or angina) of 11.2% compared to non - Hispanic whites 
(6.2%), African Americans (6.2%), Hispanics (6.9) and 
Asians (4.7%).  132   Similarly data from Canada indicate that 
Aboriginal people suffer higher rates of CHD compared 
to the general population.  92   There is little published infor-
mation concerning the epidemiology of stroke in native 
populations. In the USA the stroke mortality rate under 
the age of 65 years is similar in Native Americans and 
white Americans, and substantially lower than rates in 
African Americans.  133   Over the age of 65, the stroke rate in 
Native Americans is reported to be approximately 40% 
lower than whites.  133   In Canada, CVD is the leading cause 
of death among Aboriginal peoples.  134   Although the CHD 
mortality rates among Aboriginal and Canadian males are 
similar, the CHD mortality among Aboriginal women is 
61% higher compared with Canadian women. In addition, 
the stroke mortality rate is 44% and 93% higher among 
Aboriginal men and women respectively, compared with 
the general Canadian population.  134   However, all of the 
above data are based on studies conducted more than 10 
years ago. More recent data from a prevalence study in 
Canada indicate a 2.5 - fold higher rate of CVD among 
Aboriginal peoples compared with Canadians of European 
origin.  135   As more Aboriginal people give up their tradi-
tional lifestyles and adopt  “ urban ”  lifestyles, the preva-
lence of CVD and its risk factors is increasing.  

  Common  r isk  f actors 
 The common CVRF among Aboriginal people include 
obesity, abdominal obesity, diabetes, elevated blood pres-
sure, low HDL cholesterol, and tobacco use. The prevalence 
of cigarette smoking is generally high and increasing 
among Aboriginal people but varies greatly between 
Aboriginal communities.  135   The prevalence of diabetes in 
the Strong Heart Study was an astounding 48% in the 45 – 64 
year age group compared to approximately 5.5% in the US 
general population, and the prevalence of obesity was 
between 26% and 41%, with an average BMI of 31 and 
waist – hip ratio of 0.96 in men.  136   Interestingly, the preva-
lence of hypertension and elevated serum cholesterol 
among Aboriginal people appears to be lower when com-
pared to the general US population. In Canada, however, 
the prevalence of hypertension requiring drug treatment, 
and elevated cholesterol requiring medication, was signifi -
cantly increased among Aboriginal people compared to a 
similar sample of non - Aboriginal people.  135   In addition, the 
prevalence of low HDL cholesterol is greater in this group, 
as approximately 25% of Aboriginal people have HDL 
cholesterol values less than 0.90   mmol/L.  135   Canadian 
Aboriginal people also have a higher prevalence of CVD, 
atherosclerosis, glucose abnormalities, obesity, abdominal 
obesity, and tobacco use compared to European - origin 
Canadians.   135    

  Infl uential  r isk  f actors 
 Obesity, diabetes, and tobacco use among Aboriginal 
people are the most infl uential risk factors for future CHD. 
Aboriginal people who are diabetic are two to four times 
more likely to suffer CVD than non - diabetic people.  135   
In the Strong Heart Study other important risk factors 
for CHD included hypertension, obesity, and low HDL 
cholesterol.  136    

  Approaches to  d isease  p revention 
 Control of obesity through increased physical activity and 
lowering of energy consumption will continue to be the 
mainstay of prevention amongst Aboriginal people. In 
addition, provision of strong disincentives to tobacco use 
are necessary to prevent smoking initiation amongst young 
Aboriginals. Also the imbalance in socio - economic circum-
stances between Aboriginal and non - Aboriginal peoples 
must be addressed, as lower socio - economic status is 
clearly associated with adverse lifestyle practices, psycho-
social stress, and CVD.   

  Black  p eople of  A frican  o rigin 

  Disease  b urden 
 Cardiovascular disease mortality data from countries in 
sub - Saharan Africa (SSA) are limited, as only 1.1% of all 
deaths are registered with a central agency.  12   Data from 
other sources such as sample registries and small - scale 
population studies in 1990 indicate that the CHD mortality 
was 41/100   000.  137   These rates are considerably lower than 
those of whites and South Asians who live in Africa, as well 
as rates of most Western countries, which are on average 
fi ve times higher. Even so, in SSA, the proportional mortal-
ity rate from CHD accounts for 26% of all deaths, and in 
the 60 – 70 year age group it is responsible for over 80% of 
all deaths.  12,137   First MI also appears to occur at an earlier 
age among people from SSA. In the INTERHEART study 
the mean age of presentation of fi rst MI in SSA participants 
was 54.3 years (3.8 years earlier than the overall INTER-
HEART study). Men (53.2 years) presented at a younger 
age than women (56.4 years). Furthermore, the case - fatality 
rate of CHD is higher in SSA compared to Western coun-
tries, meaning that once an individual develops CHD in 
SSA, the probability of death in SSA is higher than in 
Western countries. This probably refl ects the limited access 
to acute and chronic treatment strategies. Absolute numbers 
of strokes are also relatively low in SSA countries such 
as Zimbabwe (31/100   000 in 1997) and South Africa 
(101/100   000 in 1986) compared to the UK Oxford Vascular 
Study (145/100   000 in 2004) and the US North of Manhat-
tan Stroke Study (223/100   000).  138   In - hospital stroke case 
fatality is high at 33%, and higher in hemorrhagic stroke 
(58%) compared to ischemic stroke (22%).  138    
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  Risk  f actors 
 The prevalence of most conventional CVRF is lower among 
blacks compared to other groups within Africa and the 
world, with the exception of hypertension and smoking 
among urban blacks.  139,140   Data from the WHO Inter - Health 
Program (a substudy of the MONICA project) assessed the 
risk factor profi le of men and women aged 35 – 64 years 
from Tanzania.  140   The prevalence of smoking was 37% 
among men and 4% among women, the mean BMI was 21 
in men, and 22 in women, the mean BP was 126/79   mmHg 
among men compared to 125/79   mmHg in women, the 
mean serum cholesterol was 4.1   mmol/L in men, and 
4.3   mmol/L in women. When compared to the risk factor 
profi le of other developing and developed countries, 
Tanzania ’ s was more favorable, with the exception of 
smoking among men. Furthermore, the prevalence of mul-
tiple CVRF was low, as 65% of the population had no 
identifi able risk factors, 30% had a single risk factor, and 
only 5% had at least two risk factors, compared to 50%, 
40%, and 10% in the USA.  140   The INTERHEART study 
found that the risk of MI increased with higher income and 
education in the black African group in contrast to fi ndings 
from other African ethnic groups. Contrasting gradients in 
socio - economic class suggest that groups are at different 
stages of epidemiologic transition.  141   Although CHD rates 
among people of African origin remain relatively low, the 
data are limited and given the increased migration of 
blacks to urban centers  142   and a subsequent rise in the 
number of conventional CVRF, the rates of CHD and stroke 
are expected to rise.  

  Approaches to  d isease  p revention 
 Regional analysis of 578 cases and 785 controls from nine 
SSA countries (80% from South Africa) in the INTER-
HEART study found that known CVRF accounted for 
approximately 90% of the MI observed in African popula-
tions, which was consistent with the overall INTERHEART 
study. However, a history of hypertension was associated 
with a higher MI risk in the black African group (OR 6.99, 
95% CI 4.23 – 11.55) compared with the overall INTER-
HEART group (OR 2.48, 95% CI 2.30 – 2.68).  141   Thus preven-
tion strategies to reduce the consumption of saturated fats 
and salt and control tobacco use and blood pressure ar 
likely to be effective in these populations.   

  African  A mericans 

 African Americans comprise the largest non - white popula-
tion in the USA and represent approximately 13% of the 
population. 

  Disease  b urden 
 Cardiovascular disease is the leading cause of death among 
African Americans, and the incidence of both CHD and 

stroke is higher in African Americans compared to white 
Americans. Mortality from both CHD and stroke has been 
noted to be higher in black compared to white Ameri-
cans.  143,144   Sudden cardiac death rates have also been noted 
to be higher in black patients.  145   Although there has been a 
decline in mortality rates from CVD in both African Ameri-
cans and white Americans over the past 30 years, these 
declines have been less marked in African Americans.  23    

  Common  r isk  f actors 
 Compared to whites, African Americans develop high 
blood pressure at an earlier age, are more likely to develop 
hypertension over the life course, and appear to have a 
more severe type of hypertension.  146   The reason for black –
 white differences in hypertension prevalence likely involves 
a complex interaction between environmental response to 
diet and stress, and a potential genetic/physiologic differ-
ence such as differences in sodium/potassium excretion, 
perhaps linked to their origins in Africa. The prevalence of 
high cholesterol ( > 5.2   mmo/L) is similar or lower among 
African Americans compared with white Americans (47% 
v 54% in males, 51% v 53% in females)  23   and HDL choles-
terol levels are generally higher. Smoking is more common 
among African American men (33% v 27%) compared with 
white men, but less common among African American 
women compared to white women.  23   Overweight and 
obesity are more common especially among African Ameri-
cans women compared to white women (50% v 33%).  23   
Physical activity is lower  –  65% of African Americans 
report a sedentary lifestyle compared to about 56% of 
whites.  23   Diabetes rates are higher in African Americans 
compared to whites as demonstrated by NHANES II con-
ducted from 1976 to 1980 in adults 20 – 74 years of age, 
which found that 9.9% of African Amercians versus 6% of 
white Americans had type 2 diabetes.  23   The rate of diabetes 
is also increasing faster among African Americans, espe-
cially in women.  23   Although elevated levels of Lp(a) are 
found more often in African Americans than whites, 
whether or not elevated Lp(a) levels are related to an 
increased CHD risk among African Americans is unclear.  147   

 However, even after consideration of these  “ biomedical ”  
differences, an important determinant of persisting CVD 
among African Americans is the persisting differences in 
socio - economic status which translate into poorer access to 
medical services, less screening for risk factors and lower 
rates of coronary revascularization procedures.  148    

  Infl uential  f actors 
 While hypertension is an important difference between 
black and white American people, at least 30% of the excess 
CHD mortality in blacks compared to whites can be 
accounted for by differences in socio - economic status.  148   In 
addition to poorer access to care, black Americans have 
worse outcomes from treatments. Black American CABG 
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patients have signifi cantly worse in - hospital mortality 
rates than other ethnic groups.  149    

  Approaches to  p revention/ t reatment 
 The rates of CHD among blacks in Africa are relatively low 
compared to the rates in most Western countries. However, 
in populations that have urbanized both within Africa and 
amongst migrant Africans to the West Indies and the USA, 
the rates of CVD are comparable to those of Western/
European populations. As in other populations, conven-
tional CVRF remain important but the dominant CVRF 
among people of African origin is hypertension and 
hence this needs to be specifi cally targeted for these popu-
lations. In the USA, the socio - economic disparity must be 
addressed to improve health outcomes for black groups. To 
ensure equal access to healthcare services overall changes 
in social policy are likely to be required at the national 
level.    

  Studies of  m ultiple  e thnic  g roups 

 Studies of diverse ethnic populations who reside in a single 
country and hence are exposed to a similar environment 
indicate that the pattern of CHD mortality in these groups 
initially resembles that of their home country. However, 
through the process of acculturation, prolonged exposure 
to new environmental factors results in similarities in 
CVRF and trends within multiethnic populations. However, 
comparative studies of ethnic groups within multiethnic 
countries (US and UK) suggest that certain ethnic groups 
are still relatively protected (e.g. Japanese, East Asians) and 
certain groups are more prone to CVD (e.g. black Africans, 
South Asians). This is likely due to a complex interaction 
of environment, sociocultural factors, behaviors and 
genetics.  

  Environmental  c ontribution to  e thnic 
and  r egional  d ifferences in 
 c ardiovascular  d isease 

 It is now apparent that most of the attributable risk for MI 
within populations from across the world can be ascribed 
to a limited number of risk factors.  20   What is less clear, 
however, is what shapes the distribution of risk factors 
between populations. There is now a growing body of evi-
dence indicating that factors that describe our environment 
are likely to contribute to these differences.  15   These include: 
poor access to healthcare, a more toxic physical environ-
ment (e.g. less access to healthy food choices,  150   more fast 
food,  151   fewer opportunities for physical activity  152   more 

exposure to air pollution), and less social support for those 
with disease.  153    

  Genetic  c ontribution to  e thnic and 
 r egional  d ifferences in  c ardiovascular 
 d isease 

 Variation in risk factor levels across populations may also 
be genetically driven. Genetic factors have been shown to 
contribute to the development of certain risk factors. For 
example, many lipid abnormalities have genetic determi-
nants and some have been shown to also predict clinical 
outcomes in patients with established CHD.  154   A number 
of possible mechanisms have been postulated, including 
that genetic variants could contribute to population differ-
ences in risk factors through: 
     •      differences in allele frequency  
   •      variation in gene expression  
   •      epigenetic infl uences  
   •      environmental interactions resulting in differences in 
gene expression.    
 Studies of different ethnic groups are ideally suited to 
understanding gene – environment interactions because 
they increase the range of allele frequencies and environ-
mental exposures.  155    

  Conclusion 

 Cardiovascular disease accounts for the largest percentage 
of deaths worldwide. To date, recognition and modifi cation 
of the major CVRFs have led to declines in CVD rates in 
many OECD countries, although within many of these 
countries there remain high - risk groups as both ethnic and 
socio - economic disparities exist. Socio - economic develop-
ment, urbanization, and increasing life expectancy have led 
to a progressive rise in CVD rates in developing countries 
such as India and China. 

 It is clear from the INTERHEART study that smoking, 
cholesterol and blood pressure are the major determinants 
of CVD globally, across all regions and across all ethnic 
groups. As populations urbanize, increasing levels of CVRF 
lead to an increasing burden of CVD for these populations. 
It seems that environment/social infl uences are implicated 
in these changing levels of CVRF. However, it is less clear 
what particular factors about our changing environment 
impact on population risk factors and how these interact 
with individual biologic and genetic factors. In the future 
a more detailed understanding of the interaction of envi-
ronmental/social factors, human behaviors, individual risk 
factors and genetics will be needed to develop appropriate 
prevention strategies to decrease the global burden of car-
diovascular disease.  
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  Introduction 

 Although cardiovascular (CV) disease presents most com-
monly in middle - aged adults, it takes many years for the 
morphologic changes of atherosclerosis to develop and 
become manifest as clinical CV disease.  1,2   Several lines of 
evidence implicate exposures in fetal life as important 
determinants of obesity, type 2 diabetes, other CV risk 
factors and early development of the atherogenic process 
leading to CV disease. Maternal adiposity, particularly 
central body fat, and metabolic status at conception, mater-
nal nutritional deprivation and smoking, and exposure of 
the fetus to an environment of maternal hyperglycemia, 
hypercholesterolemia, and diabetes, as well as size of the 
infant at birth, may be key initiating factors for later risk of 
CV disease (Fig.  20.1 ). Emerging evidence supports the 
concept that metabolic programming changes invoked 
during fetal development may be modifi ed by exposures 
at other developmental stages in infancy and early 
childhood.   

 This chapter will focus on an evaluation of the evidence 
linking fetal factors to early risk indicators of CV disease 
to improve insight into the origins of CV disease and to 
explore how the risk factors at early stages of development 
can be amenable to modifi cation. This knowledge can lead 
to effective prevention strategies throughout the life course.  

  Atherosclerosis  d evelopment in  y outh 

 The earliest morphologic atherosclerotic change, the fatty 
streak, has been identifi ed in the fetus and is present in 
many children by three years of age.  1   Progression of this 
collection of lipid - laden macrophages to an intermediate 

state (raised fatty streak), and eventually to fi brous plaques, 
occurs in the aorta of many youth by the second decade of 
life.  2 – 4   This development has been linked to the presence of 
established risk factors (elevated glucose and blood pres-
sure, excessive weight, dyslipidemia and cigarette smoking) 
during childhood and adolescence. The prevalence of these 
risk factors is rising in youth, in part because of the sharp 
worldwide increases in childhood obesity. In the Pathobio-
logical Determinants of Atherosclerosis in Youth (PDAY) 
Study and in a similar study in Japan, glycohemoglobin (a 
marker of dysglycemia), dyslipidemia, cigarette smoking 
and obesity were related to the extent of atherosclerosis 
found on postmortem examinations.  2,5,6   In the Bogalusa 
longitudinal study of CV risk factors in youth, the extent 
of atherosclerosis was also related to blood pressure, and 
to the clustering of CV risk factors by the second decade of 
life.  7   In addition to the traditional CV risk factors, maternal 
hypercholesterolemia also infl uences the development of 
atherosclerosis in children, independent of the child ’ s 
blood cholesterol. This suggests that fetal exposure to 
hypercholesterolemia can infl uence atherosclerosis devel-
opment in the offspring.  8   The evidence presented in this 
chapter highlights the fetal infl uences on the development 
of these CV risk factors in youth. 

 Non - invasive measures of vascular structure (carotid 
intima - media thickness or cIMT) and function (brachial 
fl ow - mediated dilation or FMD), employing ultrasound 
technology, are used in adults to delineate the extent of 
atherosclerosis  9 – 11   and predict future coronary artery 
disease risk.  12,13   In young adults followed since early life, 
childhood low - density lipoprotein (LDL) cholesterol level 
is an important determinant of cIMT, highlighting the 
importance of childhood risk factors in the development of 
adult CV disease. The potential of cIMT as a tool to non -
 invasively assess atherosclerosis in youth is supported by 
observations that cIMT is increased in adolescents with 
markedly elevated LDL cholesterol, and can be reduced by 
pharmacologic LDL cholesterol lowering in these subjects.  14   
In addition, cIMT is also greater in adolescents with obesity 
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     Figure 20.1     Determinants of risk of 
cardiovascular (CV) disease: focus on early 
life factors.  

and type 1 diabetes.  15,16   cIMT and FMD have not yet been 
assessed in younger children in studying the effects of fetal 
infl uences, but may be potentially important tools. 
However, the clinical usefulness of cIMT is dependent on 
the resolution of the ultrasound equipment in imaging the 
thinner IMT in children and detection of excess thickness 
may not be reliable until after puberty.  17,18    

  Fetal  h ealth and  c ardiovascular  r isk 
 f actors and  d isease:  e vidence from 
 r etrospective  s tudies 

 The association between fetal health and adult CV disease 
was shown in early epidemiologic studies linking early 
childhood data (particularly birth weight) and adult mor-
tality outcomes decades later. These studies provide the 

epidemiologic evidence that supports the hypothesis that 
fetal life is important in the development of atherosclerosis 
and CV disease in adulthood. For the most part, low birth 
weight was used as a surrogate marker of untoward fetal 
exposures, but as birth weight is linked to socioeconomic 
status (which may be refl ected in maternal smoking, inad-
equate healthcare and suboptimal nutrition during preg-
nancy and which may also infl uence the child ’ s health 
postnatally), the causal linkages between fetal health, 
birth outcome and later CV disease are diffi cult to clearly 
delineate. 

  Development of  CV   d isease 

 The link between low birth weight and increased CV 
disease events in adults, fi rst described in men in the United 
Kingdom,  19   has been reconfi rmed in numerous studies, 
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including a study of 15   000 Swedish men and women  20   in 
which 97% of the cohort was tracked at follow - up. Of the 
7000 men born in 1915 – 29 and followed to 1995, risk of CV 
disease death was highest in those with a birth weight in 
the lowest quartile compared to the second, third and 
fourth quartiles (odds ratio (OR), 95% confi dence interval 
(CI): 0.85, 0.71 – 1.02; 0.67, 0.53 – 0.84; 0.72, 0.51 – 1.02, respec-
tively), even when corrected for gestational age and socio-
economic status at birth and in adulthood. This relationship 
was not evident in women in this study. In another study 
of US women, low birth weight was associated with lower 
self - reported CV disease events.  21   While suggestive, a wide 
gap in knowledge and information exists between low 
weight at birth and the subsequent development of CV 
disease many years later. One problem with these studies 
is that since CVD presents in mid to late adulthood, assess-
ment of CV disease outcomes requires very long - term fol-
low - up. Adequate follow - up of these cohorts is diffi cult and 
uncertainties can arise as to the validity of these fi ndings. 

 Non - invasive assessment of vascular structure using 
B - mode ultrasound measuring the cIMT has been useful in 
identifying markers of atherosclerosis  9 – 11   which serve as 
surrogates for clinical CV disease in adults.  12,13   In a follow -
 up study of 347 adults aged 49 – 51 years, multiple health 
determinants at birth and throughout childhood and tradi-
tional CV risk factors in adulthood have been assessed. 
Although birth weight was inversely related to cIMT, this 
relationship was no longer signifi cant when adult lifestyle 
was considered. Early childhood events explained only a 
small proportion of the variance in cIMT (2.2% in men, 
2.0% in women) compared to adult lifestyle (3.4% in men 
and 7.6% in women) and biologic risk factors in adulthood 
(9.5% in men and 4.9% in women).  22   

 The causality of the relationship between birth weight 
and CV disease has also been diffi cult to establish, as many 
retrospective historic cohorts were unable to correct for 
confounding factors including maternal smoking, maternal 
health and socioeconomic status. Conditions such as pre -
 eclampsia that result in lower birth weight are themselves 
associated with CV disease development in the mother, 
suggesting that conditions that infl uence the health of both 
the mother and baby may also confound the relationship 
of low birth weight  23,24   to subsequent CV risk in the fetus. 
Furthermore, the relative importance of fetal growth 
restriction relative to other postnatal factors in CV disease 
development has not been established. Offspring of 
mothers exposed to extreme undernutrition in the fi rst tri-
mester of pregnancy as a result of food restriction during 
extreme social upheaval had increased risk of coronary 
artery disease.  25   Suggested potential mechanisms for the 
infl uence of reduced fetal growth on adult CV disease 
include reduced or modifi ed growth and development of 
the kidneys, vascular smooth muscle, endothelium, heart, 
pancreas, liver or increased activity of the hypothalamus -

 pituitary - adrenal axis leading to the development of hyper-
tension, dysglycemia and obesity.  

  Development of  CV   r isk  f actors 

 The observation of a possible relationship between birth 
weight and risk of subsequent adult CV disease has led to 
investigations of the relationship between CV risk factors 
and fetal environmental health. Exposures during the pre-
natal period of development are also associated with the 
development of obesity, CV risk factors and dysglycemia 
in childhood. The accumulation of these risk factors may 
underlie the increased CV disease risk identifi ed in epide-
miologic studies of historic cohorts. Aspects of maternal 
health including maternal obesity, glycemic environment, 
nutrition, cigarette smoking and hypercholesterolemia 
have been related to CV risk factors in the offspring. Fur-
thermore, as with the development of CV disease, fetal 
growth patterns are also associated with metabolic distur-
bances. Although not a direct measure of CV disease, long -
 term follow - up of traditional CV risk factors from childhood 
to young adulthood affords an opportunity to examine CV 
risk in established cohorts who are now young adults, and 
in contemporary pediatric cohorts. 

  Effect of  e arly  g rowth  p atterns 
 In adults, both high and low birth weight have been linked 
to risk markers for chronic disease from early childhood. 
Fetal growth restraint, followed by rapid postnatal weight 
gain and early obesity, is thought to prime the metabolic 
and endocrine milieu for premature pathology, leading to 
early onset of chronic diseases such as obesity, hyperten-
sion and CV disease. Population and clinical studies dem-
onstrate associations between low birth weight and risk 
for hypertension,  26,27   dysglycemia, insulin resistance  28 – 31   and 
central obesity in adulthood. Extreme maternal undernu-
trition during pregnancy has been linked with an increased 
risk of obesity, hypertension and dysglycemia in the adult 
offspring of exposed families during the Dutch famine 
during the Second World War.  25,32,33   In contrast, in a recent 
report, exposure to the Dutch famine was not associated 
with clustering of CV risk factors or metabolic syndrome,  34   
and the offspring of mothers exposed to undernutrition 
during the WWII Leningrad siege showed no such predi-
lection for increased CV risk factor development.  35   

 The relationship between birth weight and adult 
blood pressure has been explored in several systematic 
reviews  36 – 38   and despite more than 80 published studies 
addressing this issue, the conclusions remain controversial. 
Though an inverse relationship between birth weight and 
adult blood pressure has been frequently reported, the 
magnitude of effect is smaller in larger studies ( – 1.9   mmHg/
kg birth weight for studies with  < 1000 subjects compared 
to  – 0.6   mmHg/kg for studies with  > 3000 subjects). The 
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discrepancy is in part related to the controversial practice 
of adjusting adult blood pressure for a factor along its 
causal pathway, adult body size, resulting in exaggerated 
fi ndings.  39   

 The relationship between birth weight and adult dysgly-
cemia is more complex  –  described as J - shaped,  40   U - shaped  41   
or inverse.  42   Thus, although highest risk is found in those 
with low and high birth weights in some studies, there is 
an inverse relation in others.  43   Interestingly, in the US 
Nurses ’  Study which initially reported a J - shaped relation, 
correction for adult BMI resulted in an inverse relationship, 
which was stronger in those with no family history of type 
2 diabetes.  40   Type 2 diabetes results from both beta - cell 
dysfunction and insulin resistance, but the relative impor-
tance of these variables in individuals with low birth 
weight remains unclear. No consistent relationship between 
birth weight and insulin secretion has been identifi ed  43   
although it has been vigorously assessed in most studies. 
Animal studies suggest that nutritional compromise  in 
utero , and low birth weight, may be associated with reduced 
pancreatic cell mass  44   but that reduced insulin sensitivity 
in muscle or adipocytes  45   may only be present concomi-
tantly with accelerated postnatal growth.  46   

 The infl uences of early programming on body composi-
tion in adulthood remain controversial. Low birth weight 
has been associated with central adiposity in some studies  47   
but not others.  48   Most historic cohorts have relied on height, 
weight and body circumference measurements; few have 
assessed body fat directly. In several studies that have char-
acterized body composition in adults with dual energy 
X - ray absorptiometry, a direct relationship between birth 
weight and lean mass was consistently shown, but incon-
sistent relationships to body fat were identifi ed.  49   

 Birth weight refl ects the responses of the fetus to  in utero  
conditions including maternal health, nutrition and placen-
tal function. Conditions that result in low birth weight, e.g. 
maternal smoking and pre - eclampsia, are associated with 
adiposity  50   and hypertension  51   respectively, in the adult 
offspring. Support for this comes from observations in 
animal studies of a relationship between low birth weight 
(due to nutrient restriction in the mother or restricted 
uteroplacental circulation) and increased adiposity and CV 
risk factor prevalence in the offspring.  52   It remains unclear, 
however, if the infl uence of cigarette smoking on adiposity 
and glucose homeostasis is a result of reduced growth or 
direct infl uence of the toxins in cigarette smoke. In an 
animal model, the offspring of animals exposed to nicotine 
during pregnancy showed evidence of impaired glucose 
tolerance  53   and loss of pancreatic beta - cell mass.  54   Critical 
windows of effect range from preimplantation to late 
pregnancy and proposed mechanisms include disturbances 
in the size and phenotype of organ systems, changes in 
biochemical thresholds for activity and changes in 
angiogenesis.  55   

 Interestingly, patterns of accelerated fetal growth as seen 
in adolescent and adult offspring of mothers with diabetes 
or overweight are also associated with increased central 
adiposity, dysglycemia  56   and clustering of CV risk factors.  57    

  Effect of  g lycemic  s tatus  in utero  
 Maternal diabetes during pregnancy is consistently associ-
ated with greater adiposity and central deposition of body 
fat in the offspring.  28 – 30   Recently, impaired glucose toler-
ance (IGT) of pregnancy (often referred to as prediabetes) 
was also noted to increase risk of greater weight in the 
offspring.  58   Maternal diabetes also enhances the risk of dys-
glycemia in the offspring,  28 – 30,56   commencing as early as 1 – 4 
years of age. This risk is enhanced in the offspring of 
mothers with diabetes during the pregnancy but not related 
to fathers with diabetes, suggesting that a glycemic envi-
ronment during fetal life has a greater infl uence than 
genetic predisposition alone.  59   In the Pima Indian popula-
tion who are at very high risk for the development of type 
2 diabetes, prospective, longitudinal studies of offspring of 
mothers who eventually develop type 2 diabetes suggest a 
higher risk of dysglycemia if the mother developed type 2 
diabetes prior to her pregnancy, i.e. if the offspring were 
exposed to a diabetic environment  in utero .  60   Underscoring 
the importance of the glycemic environment is the fi nding 
that diabetes risk is greater in offspring of Pima mothers 
with a glycemic response to a glucose load in the upper 
 “ normal ”  range.  61   Although diagnostic cut - offs for dysgly-
cemia are applied clinically, the glycemic response to a 
glucose load is a continuous relationship, which may have 
important implications in considering levels of risk. Outside 
the Pima population, the relationship of offspring health to 
maternal glycemic status in mothers without diabetes or 
prediabetes has not been reported.    

   In utero   i nfl uence on  c ardiovascular 
 r isk  f actor  d evelopment in  c hildhood: 
 e vidence from  c ontemporary  p rospective 
 b irth  c ohorts 

 In contrast to epidemiologic studies in historic cohorts 
which have provided important insights and generated 
hypotheses now being explored in studies, prospective 
assessment of the determinants for development of excess 
adiposity and CV risk factors allows consideration of 
potential confounding variables, and can refl ect  in utero  
effects in children reared in our current obesogenic envi-
ronment. Fewer prospective studies are available as many 
are ongoing and the available data remain inconclusive. 
These contemporary birth cohorts exist or are being estab-
lished in both developed (Australia, UK, Denmark, United 
States, Canada) and developing countries (India) (summa-
rized in Table  20.1 ). Although adult CV disease cannot be 
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assessed directly in childhood in these studies, markers of 
future CV disease including excess adiposity, dyslipidemia, 
dysglycemia and hypertension can be measured in child-
hood. Thus, examining the impact of fetal exposures on 
these CV risk factors in contemporary, prospective cohorts 
will assist in clarifying both pre -  and postnatal infl uences 
on CV disease development.   

  Infl uence on  b ody  c omposition 

 Fetal infl uences on body size, adiposity and body composi-
tion have been assessed in   several ongoing, prospective 
cohorts (see Table  20.1 ). In these cohorts, multiple determi-
nants of body size in early childhood have emerged.  62   
Important elements of maternal health including maternal 
gestational weight gain, maternal obesity and maternal 
cigarette exposure have emerged as determinants of body 
size in several studies. Paternal obesity is recognized as an 
important determinant in one study.  62   Postnatal factors 
including rapid weight gain in infancy, early childhood 
growth patterns, nutritional intake, sedentary activity 
levels and sleep patterns have been identifi ed as important 
determinants of body size. In the single study that has 
reported body composition, rather than just body size, 
birth weight was directly related to lean mass and to total 
fat mass, but was unrelated to the ratio of lean mass to fat 
mass, raising questions about the role of the fetal environ-
ment in excess adiposity.  63   Thus, although birth weight 
and, by inference, fetal nutrition may have an infl uence on 
lean mass accretion, with smaller babies having less lean 
mass, the infl uence on fat mass development is less clear. 

 Although maternal diabetes during pregnancy is associ-
ated with greater risk of overweight or obesity in most 
studies identifi ed in a recent review  64   and in a modern 
retrospective cohort,  65   a number of studies prospectively 
examining the development of adiposity have not reported 
on maternal glycemic status. In fact, few prospective 
cohorts have considered many identifi ed confounding 
variables in examining the fetal and early childhood deter-
minants of increased adiposity (see Table  20.1 ).  

  Infl uence on  g lycemia  s tatus 

 The infl uence of birth weight on dysglycemia in children 
has been investigated in three prospective cohort studies 
(see Table  20.1 ). Most studies investigated the infl uence of 
fetal exposures on insulin resistance although insulin secre-
tion was estimated in one study. In a population of children 
followed from birth in Pune, India, insulin resistance was 
highest in those in the lowest quartile for birth weight and 
the upper quartile for BMI at eight years of age.  66   In the 
ALSPAC study, insulin resistance at eight years of age 
(n   =   800) was most closely related to BMI at that age, and 
birth weight was related to insulin resistance only in the 

heaviest group.  67   Among infants studied in New Zealand, 
reduced insulin sensitivity was identifi ed in children 4 – 10 
years of age who were born prematurely (both small for 
gestational age and appropriate for gestational age) com-
pared to term born controls.  68   

 Maternal diabetes (type 1 and 2) during pregnancy has 
consistently been related to increased prevalence of predia-
betes and diabetes in the offspring, suggesting a role of  in 
utero  glycemia and not genetic predisposition to type 2 
diabetes as the most important etiologic factor.  56,69,70   
However, this relationship remains underinvestigated in 
contemporary prospective birth cohort studies.  

  Infl uence on  b lood  p ressure 

 Although body size during childhood is an important 
determinant of hypertension in youth, fetal factors includ-
ing maternal gestational weight gain and cigarette smoke 
exposure  in utero  have also been identifi ed as determinants. 
In longitudinal studies, elevated systolic blood pressure 
associated with maternal smoking persists until at least six 
years of age.  71    

  Infl uence on  c lustering of  m etabolic  r isk  f actors 

 Clustering of risk factors including body mass index, blood 
pressure, dyslipidemia and glycemic status in childhood 
has been associated with fetal infl uences in prospective 
studies, though it remains underinvestigated (see Table 
 20.1 ). In one study, maternal smoking and postinfancy 
weight gain were identifi ed as the most important predic-
tors of multiple CV risk factors, and breast feeding for 
longer than four months (OR 0.6, 95% CI 0.37 – 0.97) was 
protective. In that study, heavy newborns born to mothers 
who smoked during pregnancy had a 14 - fold increased risk 
of clustering of the CV risk factors at eight years of age. 
Unfortunately, this study was unable to account for the 
infl uence of maternal glycemic status, a factor shown to 
increase clustering of CV risk factors at 11 years of age in 
a smaller study.  57   In the latter study, those born with high 
birth weights to mothers with diabetes had a 3.6 - fold 
greater risk of clustering of CV risk factors, while heavier 
babies born to mothers without diabetes had risk levels 
similar to offspring with normal birth weights. 

 Review of ongoing contemporary cohorts has identifi ed 
several important fetal infl uences on increased adiposity 
and CV risk factor development in the offspring. Maternal 
weight gain, obesity, cigarette smoking and diabetes all 
appear to negatively infl uence the future CV and metabolic 
health of the offspring. While these outcomes are prelimi-
nary and need confi rmation in future studies, they are all 
potentially preventable fetal exposures, and as such offer 
hope of future prevention interventions directed at early 
life.   
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 Table 20.1     Fetal and early childhood infl uences on CV risk factor development in children: key fi ndings from contemporary cohorts 

   Cohort (country)     N     Outcome     Age     Maternal factors     Birth 
weight  

   Infancy factors     Childhood factors  

   Smoking     Diabetes     Obesity     Wt gain     Breast fed     Nutrition     Wt gain  

   Infl uences on body size/adiposity   

  Reilly et al  62   

 (UK)  

  5493    BMI    >    95%    7    +1.8        +4.25    +1.05    +     –     +    +  

  Rogers et al  63   

 (UK)  

  6086    % body fat    9 – 10    Conf            +                  

  Rogers et al  63   

 (UK)  

  6086    fat: lean mass    9 – 10    Conf             –                   

  Oken et al  78,79   

 (SA)  

  1044/ 746    BMI    3    +    Conf    Conf    Conf    Conf    Conf    Conf    Conf  

  Dubois et al  80   

 (Canada)  

  1550    BMI    >    95%    4.5    +1.8        +2    +    +3.9     –           

   Infl uences on dysglycemia   

  Bavdekar et al  81   

 (India)  

  477    HOMA - IR    8 – 9                +                +  

  Ong et al  67   

 (UK)  

  851    HOMA - IR / Insulin 

secretion  

  8                +    +            +  

  Jeffrey et al  82   

 (UK)  

  249    HOMA - IR    8         –      –      –      –      –         +  

   Infl uences on hypertension   

  Blake et al  71   

 (Australia)  

  702    SBP    6    +            +                  

  Oken et al  78,79   

 (USA)  

  970/ 746    SBP    3    +    Conf    Conf    Conf    Conf    Conf    Conf    Conf  

   Infl uences on clustering of CV risk factors   *    

  Huang et al  83   

 (Australia)  

  406    Cluster  *      8    +1.8            + ∼         +0.6        +1.4  

  Boney et al  84   

 (USA)  

  179    MS  *  *      11        +    +    +                  

  Bavdekar et al  81   

 (India)  

  477    HOMA - IR    8 – 9                +                +  

    ‘ + # ’ , identifi ed effect and OR where reported;  ‘  –  ’ , no signifi cant effect; Conf, reported confounder; blank, variable not reported.  

  NOTES: Ong  et al  also reported signifi cant effect of gestational weight gain; Dubois also reported effect of socioeconomic status; Boney  et al  reported OR of 3.6 for maternal diabetes + large 

for gestational age birth weight.  

   *    Cluster of increased BMI, BP, serum triglyceride, serum glucose.  

   *  *    BMI    >    85th, increased BP, dyslipidemia, glucose intolerance.  

   ∼  U - shaped relation with birth weight  –  highest risk at lowest and highest birth weights.   
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  Development of  r isk  d ue to 
 p ostnatal  f actors 

 The relative importance of prenatal versus postnatal growth 
on the development of CV disease and risk factors in adults 
has been controversial. The argument has been made that 
correction for adult weight has resulted in erroneous mag-
nifi cation of the infl uence of low birth weight on adult 
disease, and has minimized the potential role of postnatal 
factors. A systematic review of 21 studies confi rmed the 
signifi cant positive association between rapid infancy 
weight gain up to two years and obesity risk.  72   Further, as 
discussed above, numerous studies in youth suggest that 
low birth weight followed by accelerated growth in early 
life is closely related to the development of CV risk factors.  73   
Many of the studies discussed conclude that postnatal 
growth is an important determinant of the development of 
CV risk factors, strongly suggesting that fetal effects are 
modulated in postnatal life. It is hypothesized that under-
nutrition  in utero  results in developmental changes in organ 
systems that are maladapted to an environment of plenty 
postnatally. For example, undernutrition  in utero  results in 
reduced pancreatic beta - cell number. In these offspring, in 
the face of increasing obesity postnatally, greater insulin 
requirements secondary to insulin resistance cannot be 
met, resulting in beta - cell failure and ultimately dysglyce-
mia. Similar developmental changes in other organ systems 
including the renin - angiotensin system and liver are pro-
posed to be maladapted to the current obesogenic 
environment.  

  Underlying  m echanisms 

 As summarized in Figure  20.1 , converging evidence from 
human and animal studies substantiate that a number of 
factors occurring before birth and in early childhood can 
profoundly alter subsequent CV disease risk. These factors 
interact with genetic predisposition. Interpretation of the 
relative infl uence of each of the fetal and early life factors 
on later CV disease risk must take into account adult health 
status and are modifi able by postnatal exposure to other 
factors. 

 While the mechanisms of programming in fetal life are 
not clear, the postulates center on the impact of the mater-
nal nutritional and hormonal milieu on programming in 
the developing fetus and infant. Programming of organ 
growth (as discussed above) and of hypothalamic modifi -
cation of appetite control, energy balance, altered metabolic 
rate and/or physical activity in the offspring  52,74   are emerg-
ing as important potential mechanisms. Several molecular 
mechanisms related to methylation status, sympathetic 
innervations and selective leptin resistance or program-

ming of the mitochondrial and related genome have been 
proposed as the underlying processes involved in develop-
mental programming.  

  Implications for  p rimary  p revention of 
 c ardiovascular  d isease 

 Evidence to date suggests that fetal life and early childhood 
are periods of increased sensitivity to exposures that may 
result in the development of CV risk factors in childhood, 
and CV disease in adulthood. Prenatal exposures, especially 
to maternal metabolic disturbances including malnutrition, 
cigarette smoking, dysglycemia and hypercholesterolemia, 
increase the risk of ill health in the offspring. Accelerated 
growth postnatally modifi es these exposures. Although our 
current obesogenic environment appears to adversely infl u-
ence these prenatal exposures, postnatal modifi cation also 
affords an opportunity for primordial prevention efforts if 
introduced in children at high risk as identifi ed by their 
prenatal exposures. Continued efforts are required to defi ne 
the exposures and clarify our understanding of potential 
modifi able determinants of ill health in the offspring. While 
we await suffi cient human data to develop evidence - based 
practice guidelines for intervention in women and their 
offspring at increased CV risk, messages regarding the risks 
of maternal ill health on pregnancy outcome and future 
health of the offspring are emerging.  75,76   These develop-
ments may afford new opportunities for primary preven-
tion of CVD, such as that initiated by the NIH.  77   Although 
we should start thinking about preventive strategies based 
on our current understanding, we must recognize that, in 
spite of the promise, we do not yet have interventions that 
are proven effective in infl uencing these very early determi-
nants of CV disease development.  
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  Evidence for  g enetic  s usceptibility to 
 c oronary  h eart  d isease 

 Coronary heart disease is a complex phenotype which 
arises from the interaction of a number of risk factors 
including smoking, hyperlipidemia, hypertension, obesity, 
and diabetes. Epidemiologic studies have consistently indi-
cated the importance of a family history of coronary heart 
disease (CHD) as an independent risk factor for disease. 
Perhaps the most frequently cited study in this regard is 
the 1994 report from the Swedish Twin Study.  1   That report 
included 21   004 individuals, of whom 2810 had fatal CHD. 
Among male twin pairs in which the fi rst twin had died of 
CHD before the age of 55, the relative risk of fatal CHD in 
the second twin was 8.1 (95% confi dence interval (CI) 2.7 –
 24.5) for monozygotic (i.e. genetically identical) twins and 
3.8 (95% CI 1.4 – 10.5) for dizygotic twins. Among female 
twin pairs in which the fi rst twin had died of CHD before 
the age of 65, the relative risk of fatal CHD in the second 
twin was 15.0 (95% CI 7.1 – 31.9) for monozygotic twins 
and 2.6 (95% CI 1.0 – 7.1) for dizygotic twins. These results 
clearly indicate a signifi cant genetic contribution to the risk 
of CHD death. A 2002 analysis of the same cohort, which 
at that time included 4007 CHD deaths and a follow - up 
time of up to 36 years, used more sophisticated statistical 
modeling approaches to conclude that the heritability of 
fatal CHD events was 57% for males and 38% for females.  2   
By contrast with the earlier report from this study, it was 
suggested that there was persistence of the excess genetic 
risk of CHD death even into old age. A similar analysis 
among 7955 Danish twin pairs including 2476 CHD deaths 
reported a heritability of fatal CHD events of 53% for males 
and 58% for females, which is broadly concordant with the 
Swedish data.  3   Studies in the offspring of the original 

Framingham Heart Study participants have shown strong 
evidence for association of parental cardiovascular disease 
with the risk of offspring cardiovascular disease, and for 
sibling – sibling association of cardiovascular disease even 
after multivariable adjustment for other measured risk 
factors. In these studies, the relative risk associated with 
parental or sibling cardiovascular disease was between 1.45 
and 2.0.  4,5   

 The INTERHEART case – control study identifi ed nine 
modifi able risk factors (smoking, dyslipidemia, hyperten-
sion, diabetes, abdominal obesity, psychosocial factors, 
daily consumption of fruit and vegetables, regular alcohol 
consumption, and regular physical activity) which together 
predicted a very substantial proportion of the risk of a fi rst 
myocardial infarction (MI) in populations derived from 
every inhabited continent.  6   Family history was also assessed 
as a risk factor in that study. After adjustment for age, sex, 
smoking and region of recruitment, a positive family 
history conferred an odds ratio (OR) for MI of 1.55 (95% CI 
1.44 – 1.67). After additional adjustment for all of the nine 
most signifi cant factors, the risk was reduced to 1.45 (95% 
CI 1.31 – 1.60), remaining signifi cant. 

 Some studies have examined the heritability of quantita-
tive phenotypes related to atherosclerotic disease, such as 
carotid intima - media thickness and arterial calcifi cation 
in various sites;  7 – 9   substantial heritabilities have been 
found for these phenotypes (30 – 60%). These fi ndings 
further substantiate the assertion that genes play a sig-
nifi cant role in susceptibility to atherosclerosis and its 
consequences.  

  Genetic  a rchitecture of  c oronary  h eart 
 d isease  s usceptibility 

 While it is clear that there is a substantial genetic compo-
nent to CHD susceptibility, the architecture of that compo-
nent  –  in terms of the number of effects and their sizes  –  remains 
uncertain. Population genetic theory would predict that the 
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size of the effect of an allele on a phenotype should vary 
inversely with its frequency: that is, alleles that are common 
in the population should have small biologic effects, while 
large effects should be confi ned to rare alleles. With rela-
tively few exceptions, this prediction has been found to 
hold true both in humans and in experimental animals. 
Figure  21.1  illustrates this concept. Most of the successes in 
CHD genetics before 2007 were confi ned to the upper left -
 hand portion of the curve shown in Figure  21.1   , where 
studies in families with Mendelian (single - gene) forms 
of CHD had revealed large - displacement alleles which 
substantially affected the function of particular genes 
and which were suffi cient alone to confer very markedly 
increased risks of CHD (for example, LDL - receptor muta-
tions which cause familial hypercholesterolemia). However, 
because these alleles are rare, each one possibly existing in 
only a handful of families worldwide, their individual con-
tribution to the population burden of disease is modest. 
Common alleles which had only small effects on disease risk 
(conferring odds ratios of 1.2 – 1.5) would contribute far 
more signifi cantly to the impact of disease in the population. 
Conversely, however, such alleles would not be expected to 
have great predictive value for individual patients.   

 CHD is, in evolutionary terms, a very recent disease. 
Moreover, even at the peak of the CHD epidemic that is 
now waning in most Western countries, deaths from CHD 
tended to occur at ages older than the best estimates of the 
average life expectancy throughout human history.  10,11   
Therefore CHD, in common with many other degenerative 
diseases of later life, has almost certainly been invisible to 

natural selection throughout our evolutionary history, as it 
would not have affected our ancestors ’  reproductive fi tness. 
This implies that common variants (which tend to be evo-
lutionarily ancient) with effects on CHD could have arisen 
and persisted by chance alone, although the effects of such 
variants would be expected to be small. It is an attractive 
hypothesis that variants with benefi cial effects on condi-
tions of greater evolutionary impact (for example, infec-
tious disease or the ability to survive trauma) could have 
been selected for in our evolutionary history but have now 
 “ outlived their usefulness ”  in the toxic environmental 
setting of caloric abundance and limited physical activity. 
However, this has yet to be convincingly demonstrated for 
any variant. 

 In the last year, studies which have characterized 
common variation throughout the human genome in large 
numbers of CHD cases and controls have considerably 
clarifi ed our understanding of the situation with respect to 
the contribution of such common variation to disease risk. 
One locus has been convincingly replicated in multiple 
studies thus far (even in relatively small studies), and it 
seems likely that this is the principal susceptibility locus 
existing in the genome. It is, however, clear that there 
remains a substantial  “ heritability gap ”   –  that is, the frac-
tion of the heritability of CHD that is accounted for by the 
existing confi rmed candidate genes (such as variants in the 
apolipoprotein E gene) and the newly discovered alleles is 
far below the total calculated heritability of the condition. 
Among the possible explanations are that the rest of the 
heritability is due to very small effects of common alleles 
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     Figure 21.1     Effect size and allele frequency 
in populations. Both population genetic 
theory and empiric evidence suggest that the 
frequency of an allele will be inversely related 
to the size of its biologic effect (curve). Three 
general classes of detectable variants (boxes) 
can be distinguished; different approaches are 
needed to detect members of the different 
classes. GWA, genome - wide association.  
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which lie beyond the resolution of even the largest asso-
ciation studies. Alternatively, the remaining heritability 
may be due to  “ low - frequency intermediate penetrance ”  
variants, which would not have been captured by the exist-
ing genome - wide association studies but could nonetheless 
have signifi cant effects on risk for those individuals who 
carry them. Some evidence in favor of the existence of such 
variants from systematic resequencing studies is described 
below; recent technologic innovations which have dramati-
cally increased the speed and cost effectiveness of genome 
sequencing will enable systematic genome - wide evalua-
tion of rare variants in the near future.  

  Mendelian  d isorders  a ssociated with 
 c oronary  a rtery  d isease 

 A number of Mendelian disorders associated with prema-
ture CHD have been recognized, as summarized in Table 
 21.1 . Such disorders explain only a very small proportion 
of CHD cases, but knowledge of them is important for a 
number of reasons. First, it allows the development of 
effective strategies for the detection, treatment and preven-
tion of disease in affected individuals and families, which 
is particularly important as disease in these individuals 
often presents at a young age and follows an aggressive 
clinical course. Second, certain genes causing Mendelian 
forms of CHD have also been implicated in the risk of non -
 Mendelian CHD in the general population (see Table  21.1 ). 
Third, novel insights into the pathophysiologic mecha-
nisms of disease gained through the study of Mendelian 
disorders may allow the identifi cation of new biomarkers 
or targets for therapeutic intervention. Insights from inves-
tigations of familial hypercholesterolemia were important 
in the development of statins, and studies of apolipopro-
tein A - I (Apo A - I) defi ciency have resulted in recent clinical 
trials of recombinant Apo A - I Milano for the treatment of 
CHD, as discussed below.   

 Familial hypercholesterolemia (FH) is the most common 
Mendelian disorder conferring CHD risk. It is an autoso-
mal dominant condition caused by mutations in the low -
 density lipoprotein receptor (LDLR) gene, which disrupt 
the ability of the receptor to bind LDL at the cell membrane. 
Cellular uptake of LDL cholesterol is impaired, resulting in 
increased circulating levels of LDL cholesterol and stimula-
tion of intracellular cholesterol synthesis.  12 – 15   Over 1000 
mutations in the LDLR gene have been reported to be asso-
ciated with the syndrome. Point mutations account for 91% 
of mutations (missenses, deletions, nonsenses, insertions 
and splice variants have all been described), and 9% are 
major rearrangements.  16   The heterozygote frequency of 
familial forms of hypercholesterolemia is around 1 in 500 
in Western populations. The term familial hypercholester-
olemia is usually used specifi cally for the syndrome associ-

ated with mutations in the LDLR gene, but similar 
phenotypes are associated with abnormalities of the APOB 
and PCSK9 genes. Detailed investigation of patients with 
 “ familial hypercholesterolemia ”  phenotypes demonstrated 
that 79.1% were due to LDLR mutations, with 5.5% due to 
APOB mutations, and 1.5% due to mutations in PCSK9.  17   
Involvement of other genes may account for some of the 
remaining proportion. 

 FH heterozygotes have elevated circulating LDL choles-
terol levels, typically in the range 190 – 465   mg/dL, and 
develop tendon xanthomas, corneal arcus and premature 
coronary artery disease often before the age of 50 years. 
Affected homozygotes are more severely affected, often 
with LDL cholesterol above 465   mg/dL, cutaneous xantho-
mas, and coronary disease which may present below the 
age of 30 years. Untreated, the risk of CHD in affected 
heterozygotes by age 60 years is approximately 50 – 85% for 
men and 30 – 55% for women.  18,19   The key elements of the 
clinical diagnostic criteria for FH are raised serum choles-
terol, tendon xanthomas in the patient or a fi rst - degree 
relative, and a dominant inheritance pattern of premature 
CHD or elevated cholesterol.  20   Opportunistic and cascade 
screening for relatives of affected individuals may be used 
in routine practice, as discussed below. 

 Apo A - I is the major protein constituent of high - density 
lipoprotein (HDL). Mutations in the APOA1 gene cause 
Apo A - I defi ciency, which is an autosomal dominant dis-
order. Numerous mutations in the APOA1 gene have been 
reported, some of which lead to very low circulating HDL 
levels and increased risk of atherosclerosis.  21 – 23   However, a 
variant of Apo A - I (named Apo A - I Milano) identifi ed in 
an Italian family in 1980 did not seem to be associated with 
increased CHD risk.  24   The pedigree carrying this mutation 
was traced to a village in northern Italy, revealing 33 het-
erozygous carriers of the mutation who had markedly 
reduced HDL (10 – 30   mg/dL), raised triglycerides but a 
lower, rather than higher, risk of atherosclerosis compared 
to the general population.  25,26   The Apo A - I Milano protein 
differs from native Apo A - I by the substitution of cysteine 
for arginine at position 173, which changes its properties 
and allows the formation of disulfi de - linked homodimers 
and heterodimers with apoA - II.  27   Recombinant Apo A - I 
Milano complexed with a naturally occurring phospho-
lipid has been manufactured to mimic the properties of 
nascent HDL, and studies in animal models of atheroscle-
rosis showed that infusions of this complex rapidly reduced 
the lipid and macrophage content of atherosclerotic 
plaques.  28 – 31   A randomized double - blinded controlled 
trial of recombinant Apo A - I Milano therapy on coronary 
atherosclerosis in human subjects with acute coronary 
syndromes showed that intravenous infusion of the 
recombinant Apo A - I Milano complex at weekly intervals 
for fi ve weeks signifi cantly reduced coronary atheroma 
volume measured using intravascular ultrasound.  32   The 
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 Table 21.1     Mendelian  d isorders  i nvolving  c oronary  a rtery  d isease 

   Disorder     Inheritance     Affected genes     Consequences of gene mutation     Prevalence and clinical features  

  Familial 

hypercholesterolemia 

(OMIM# 143890)  

  Autosomal 

dominant  

  LDLR  *      LDLR encodes the cell membrane LDL 

receptor. More than 1000 mutations 

have been reported in the LDLR gene, 

which disrupt the ability of the LDL 

receptor to bind and endocytose LDL.  16   

This results in accumulation of LDL 

cholesterol in the circulation.  

  Heterozygote frequency 1/500. 

Heterozygotes have elevated circulating 

LDL levels, tendon xanthomas, corneal 

arcus, and premature CHD. 

Homozygotes more severely affected 

with higher LDL levels, cutaneous 

xanthomas, and CHD may present 

below the age of 30 years.  

  Familial defective Apo 

B (OMIM# 144010)  

  Autosomal 

dominant  

  APOB  *      APOB encodes apolipoprotein B - 100, 

which is the protein component of LDL. 

Apo B - 100 is the major ligand for the 

LDL receptor and mediates binding of 

LDL to the receptor. 10 mutations 

reported in APOB, which reduce the 

binding affi nity of Apo B - 100 to the 

LDL receptor, resulting in impaired 

cellular uptake and processing of LDL.  

  Heterozygote frequency 1/1000. Elevated 

circulating LDL with phenotype very 

similar to FH, but slightly milder in 

some studies. Risk of premature CHD 

is lower than with FH, but remains 

substantially elevated.  

  Autosomal dominant 

hypercholesterolemia 

3 (OMIM# 603776)  

  Autosomal 

dominant  

  PCSK9  *      PCSK9 encodes proprotein convertase 

subtilisin/kexin type 9. The exact 

function of this glycoprotein is not well 

understood, but several gain - of - function 

mutations seem to be associated with a 

reduction in the number of LDL 

receptors at the cell surface.  

  Studied in several pedigrees. Phenotype 

similar to FH, but prevalence and 

variations in phenotype not yet well 

defi ned.  

  Autosomal recessive 

hypercholesterolemia 

(OMIM# 603813)  

  Autosomal 

recessive  

  ARH    ARH encodes LDL receptor adaptor protein 

1 (LDLRRAP1). This interacts with the 

cytoplasmic domain of the LDL receptor 

and components of the clathrin 

endocytic machinery. Mutations lead to 

defective endocytosis of the LDL 

receptor.  

  Rare. Raised circulating LDL levels with 

phenotype similar to FH.  

  Apolipoprotein A - I 

(Apo A - I) defi ciency 

(OMIM# 107680)  

  Autosomal 

dominant  

  APOA1  *      APOA1 encodes Apo A - I, which is the 

major protein constituent of HDL. It 

mediates the interaction of HDL with 

cell surface receptors and other 

pathways. Mutations lead to very low 

circulating HDL levels.  

  Rare. Heterozygotes have low circulating 

HDL levels and some variants are 

associated with premature CHD risk  22,23   

whilst others are not.  25   Homozygotes 

with certain mutations may have 

xanthomas or corneal opacities and 

early CHD.  

  Tangier disease 

(OMIM# 205400)  

  Autosomal 

recessive  

  ABCA1  *      ABCA1 encodes ATP - binding cassette A1. 

This acts as a cholesterol effl ux pump, 

involved in cellular cholesterol 

homeostasis and HDL formation. 

Mutations lead to lipid accumulation 

within cells, including macrophages, 

which produces characteristic clinical 

and histologic features.  

  Rare. Affected homozygotes usually have 

pathognomonic enlarged orange 

tonsils. HDL levels very low, with 

increased CHD risk. Other features 

include: hepatosplenomegaly, 

lymphadenopathy, thrombocytopenia, 

anemia, GI disturbance, neuropathy, 

corneal opacities. Heterozygotes have 

low HDL and increased CHD risk 

without the other clinical features.  117    

Continued on p. 272



PART II  Prevention of cardiovascular diseases

272

   Disorder     Inheritance     Affected genes     Consequences of gene mutation     Prevalence and clinical features  

  Homocystinuria 

(OMIM# 236200)  

  Autosomal 

recessive  

  Cystathionine 

beta - synthase  

  Cystathionine beta - synthase is an enzyme 

in the methionine metabolism pathway. 

It catalyzes conversion of homocysteine 

and serine to cystathionine. Multiple 

loss - of - function mutations have been 

reported, producing high circulating 

homocysteine levels. The mechanisms 

leading to CHD are incompletely 

defi ned.  

  Worldwide 1/300   000, in Ireland 

1/65   000.  118   Affected homozygotes 

have  “ marfanoid ”  skeletal 

abnormalities, developmental delay/

mental retardation, ectopia lentis, 

osteoporosis, and thromboembolism. 

Untreated, 50% risk of 

thromboembolic vascular events 

(including CHD) by age 30 years.  119    

  Autosomal dominant 

coronary artery 

disease 2 (OMIM# 

610947)  

  Autosomal 

dominant  

  LRP6    LRP6 encodes LDL receptor related protein 

6, which is related to the LDLR gene 

and acts as a co - receptor in the Wnt 

signaling pathway. Missense mutation 

associated with reduced Wnt signaling, 

raised LDL, and premature CHD.  

  Single Iranian pedigree. Elevated LDL, 

premature CHD and metabolic 

syndrome described in homozygotes 

and heterozygotes.  120    

  Autosomal dominant 

coronary artery 

disease 1 (OMIM# 

608320)  

  Autosomal 

dominant  

  Uncertain 

 ?MEF2A  

  Genome - wide linkage analysis in a family 

with an autosomal dominant pattern of 

premature CHD identifi ed chromosome 

15q26 as a possible susceptibility 

locus.  121   Sequencing revealed a 21bp 

deletion in the MEF2A gene at this 

locus in affected individuals in that 

family, but analysis in other populations 

demonstrated that the 21bp MEF2A 

deletion did not co - segregate with CHD, 

suggesting it is not causative.  122   Other 

MEF2A mutations do not appear to be 

a common cause of CHD in Caucasians. 

The gene and mechanism remain to be 

elucidated.  

  Reported in isolated pedigrees. Premature 

CHD and MI.  

  Sitosterolemia (OMIM# 

210250)  

  Autosomal 

recessive  

  ABCG5 

 ABCG8  

  ABCG5/8 encode ATP - binding cassette 

G5/G8. These limit intestinal absorption, 

and promote biliary excretion, of 

non - cholesterol sterols. Inactivating 

mutations lead to high levels of plasma 

sterols.  

  Rare. Affected homozygotes have high 

plasma sterol levels, xanthomas, and 

premature CHD.  

   OMIM#, National Center for Biotechnology Information Online Mendelian Inheritance in Man identifi er ( www.ncbi.nlm.nih.gov/sites/

entrez?db=OMIM ).  * , genes for which variants have been shown to contribute to lipid/cardiovascular phenotypes in the general population. FH, 

familial hypercholesterolemia.   

Table 21.1 Continued

mechanism is uncertain, but may relate to an increase in 
reverse cholesterol transport from atheromatous lesions to 
the serum with subsequent hepatic removal. These inves-
tigations suggest that recombinant Apo A - I Milano, or 
drugs mimicking the effect of the mutation on lipoprotein 
traffi cking, could be useful for the stabilization, and pos-
sibly even regression, of atheromatous plaque in the wider 
population with CHD.  

  Family -  b ased  s tudies of  n on - Mendelian 
 c oronary  h eart  d isease:  g enome -  w ide 
 l inkage  a nalysis 

 Family - based linkage studies, which had delivered the 
identity of over 2000 genes for Mendelian conditions 
by 2005, have also been performed in many complex 
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diseases, including CHD. In this approach, the inheritance 
of chromosomal segments is tracked through families 
which have multiple members affected with disease by 
typing markers spaced throughout the genome. Because 
the individuals involved in a family study are separated by 
few meioses, comparatively few markers are required to 
accurately identify the inheritance of each chromosomal 
segment genome - wide within a family (several hundred 
rather than the hundreds of thousands of markers required 
in genome - wide association studies). Segments that are 
shared more often than expected by chance among family 
members affected with disease can thus be identifi ed; 
these segments may harbor genes which are involved 
in disease etiology. Most such studies in CHD were 
conceived in the early to mid 1990s, predating the vast 
expansion (by three orders of magnitude) in knowledge of 
genetic markers that made genome - wide association 
studies possible. Such studies were dogged by two intrinsic 
problems. First, although linkage is a very effi cient 
approach to detect alleles of large effect (such as in 
the context of Mendelian disease), the power to detect 
alleles with small effects (odds ratios below about 2.0) 
is very low.  33   Second, even when a replicated linkage 
 “ hit ”  is obtained in a complex disease, the genomic 
region requiring investigation before a gene is identifi ed 
remains very large, possibly containing hundreds of genes. 
As a result, there are relatively few examples where 
complex disease loci have been identifi ed using this 
approach. 

 Several genome - wide linkage studies in CHD have been 
published,  34 – 40   but cross - study replication of identifi ed 
loci has in general been lacking. Of these linkage 
studies, only one produced evidence in favor of a specifi c 
positional candidate gene, ALOX5AP, which encodes 
5 - lipoxygenase activating protein (FLAP).  38   FLAP is a 
necessary co - activator of the enzyme arachidonate 5 - 
lipoxygenase (ALOX5) which synthesizes leukotriene A4 
(LTA4), a short - lived mediator of infl ammation. Variants in 
ALOX5AP were associated with a relative risk of MI of 1.8, 
and a relative risk of stroke of 1.67, in that study. These 
genetic fi ndings have, however, not been consistently rep-
licated in other studies, and the summary of the evidence 
to date suggests that the effect of the haplotypes studied, 
if it exists, is of a much smaller size than originally esti-
mated.  41 – 46   Based on the initial genetic fi ndings, a clinical 
trial was conducted to examine the effect of FLAP inhibi-
tion on levels of biomarkers associated with MI risk in 191 
patients who had already suffered an MI and carried at - risk 
variants in FLAP.  47   The FLAP inhibitor led to suppression 
of plasma levels of leukotriene B4, myeloperoxidase, and 
C - reactive protein without any adverse events. This result 
suggests that clinical trials of agents inhibiting FLAP that 
are powered to detect differences in CHD endpoints would 
be of interest.  

  Single  n ucleotide  p olymorphisms and 
the  h uman  h aplotype  m ap 

 In the last 18 months genome - wide association (GWA) 
studies have delivered over a hundred new loci for upwards 
of 40 common diseases and continuous traits with a 
 “ complex ”  (that is, made up of multiple genetic effects) 
genetic architecture. The majority of such studies have 
been conducted in large numbers of unrelated cases of 
disease and controls, and at its simplest, the analysis con-
sists of comparing the frequency of genotypes at a large 
number of genetic polymorphisms spaced throughout the 
human genome one by one in the cases and controls. The 
polymorphisms used in these analyses consist of single 
base alternatives in the genetic sequence, called single 
nucleotide polymorphisms (SNPs, usually pronounced 
 “ snips ” ). The large - scale sequencing studies conducted to 
complete the Human Genome Project established that 
SNPs were the most common type of human genetic 
variant, and that SNPs with a minor allele frequency of 
greater than 1% occurred on average every 300 bases 
throughout the human genome. 

 Consider an autosomal SNP which has as alternative 
alleles the nucleotides thymine (T) or adenine (A). A diploid 
individual has three possible genotypes: thymine/thymine 
(T/T), thymine/adenine (T/A) or adenine/adenine (A/A). 
If the frequency of these two alleles in the population were 
80% T alleles and 20% A alleles, then the three genotype 
frequencies would be expected to be around 64%, 32%, and 
4% respectively (since the frequency of each homozygote 
genotype would be expected to be the square of the fre-
quency of the corresponding allele, and the heterozygote 
frequency twice the product of the two allele frequencies). 
Such a SNP would qualify as a  “ common variant ”   –  though 
the cut - off is somewhat arbitrary, SNPs with minor allele 
frequencies greater than 5% are generally considered to be 
common. Common SNPs tend to be evolutionarily ancient, 
because rare variants have a much higher likelihood of 
being eliminated over time by the random selection of 
gametes that occurs from generation to generation. Alleles 
conferring susceptibility to common degenerative diseases 
of later life such as CHD may have persisted throughout 
evolution because they do not commonly affect fi tness in 
the reproductive years and are therefore invisible to natural 
selection. Thus, genetic susceptibility to common disease 
might arise from a relatively small number of common 
variants in a particular susceptibility gene, as opposed to 
a large number of individually rare variants. This theory is 
known as the  “ common disease – common variant hypoth-
esis ” . It is the main theoretical argument in favor of study-
ing common SNPs for association with disease. From a 
practical point of view, rare SNPs with small effects on 
disease would be essentially impossible to detect in studies 
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of a feasible size (see Fig.  21.1 ), and the technology to sys-
tematically investigate genes for rare SNPs, even of large 
effect, has until very recently been far behind that available 
for the investigation of common SNPs. Recent GWA studies 
of many diseases have convincingly shown that the 
common disease – common variant hypothesis is to an 
extent true, although even for diseases such as type 2 dia-
betes, in which a large number of susceptibility variants 
have been found, these together do not explain the bulk of 
the inherited propensity to disease. 

 A systematic discovery program for SNPs was imple-
mented by the SNP Consortium, a public – private partner-
ship formed in 1999. The consortium released 1.4 million 
SNPs into the public domain by 2001, and there are pres-
ently more than 7 million validated SNPs in public data-
bases. This constitutes a fairly complete picture of human 
common SNP variation. However, simple knowledge of the 
SNPs did not make the task of assessing variation across the 
genome possible, since no platform exists that could type 7 
million SNPs in each of a large number of cases and controls 
in a cost - effective manner. It was therefore necessary to 
additionally determine the relationships between the SNPs 
that had been discovered, in order to establish which SNPs 
gave redundant or substantially overlapping information 
about genetic variation in different regions of the genome, 
and establish a minimal set of SNPs that could be feasibly 
typed in case – control studies while retaining relatively full 
information. Such data were provided by the collaborative 
International Haplotype Map (HapMap) Project, which 
aimed to obtain detailed genome - wide information on pat-
terns of common genetic variation in multiple world popu-
lations, suitable for association studies ( www.hapmap.org ). 

 Chromosomes in the present - day population are essen-
tially mosaics which refl ect the results of new mutations 
and genetic recombination on ancestral haplotypes (Fig. 
 21.2 ). When a SNP arises on a chromosome (since the per -
 base mutation rate at SNPs is low, most SNPs are thought 
to have arisen only once during evolution), initially the 
alleles present at all the surrounding pre - existing SNPs are 
strong predictors of genotype at the new SNP. As meiotic 
recombination occurs throughout the generations, the ini-
tially lengthy chromosomal segment containing strongly 
predictive genotypes will break down. Note that although 
in general terms more closely neighboring SNPs will be 
better predictors of each other ’ s genotypes, the relation-
ships cannot simply be derived mathematically; they must 
be empirically observed for each pair of SNPs of interest. 
The degree to which genotype at one SNP predicts geno-
type at a neighboring SNP is called  “ linkage disequilib-
rium ” , abbreviated  “ LD ” . For the purposes of association 
mapping it is most usefully measured by the correlation 
coeffi cient r 2  which varies between 0 in the case of two 
SNPs whose genotypes have no predictive value for each 
other, and 1 in the case of two SNPs that are perfect proxies 

for each other (and therefore one of them is entirely redun-
dant for association study purposes). r 2  is a useful measure 
because the power of an association study where the dis-
ease - causing variant is not directly observed varies 
inversely with r 2 . Thus, if a study of 2000 cases and controls 
were required to have adequate power to detect an odds 
ratio of a particular size should the causative variant be 
directly typed, a study of 4000 would be required if the 
most closely correlated SNP that was typed had an r 2  of 0.5 
with the untyped causative SNP.   

 The  “ grain ”  of the human genomic mosaic was a key 
factor in determining the feasibility of GWA studies (Fig. 
 21.2 ). If it had been very  “ fi ne ” , it might have been neces-
sary to type most of the 10 million common SNPs to rep-
resent them all satisfactorily, and if relatively  “ coarse ” , 
typing of only a few hundred thousand SNPs might 
be suffi cient. Some early studies  48   provided encouraging 
information that at the level of single genes, the mosaic was 
indeed quite coarse; subsequent studies in large genomic 
segments confi rmed that this was more generally true,  49   
and showed that the mean size of regions of strongly asso-
ciated SNPs (also known as  “ haplotype blocks ” ) is around 
22   kb in populations of European or Asian ancestry, and 
11   kb in populations of African ancestry.  50   These fi ndings, 
among others, suggested that a substantial proportion of 
common variation genome - wide could indeed be charac-
terized with several hundred thousand SNPs that were 
suffi ciently well correlated with all the remaining untyped 
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     Figure 21.2     Decay of allelic association over time: chromosomes are 
mosaics. Consider a new disease susceptibility allele D arising on an 
ancestral chromosome (bar). In that generation, all the markers in the 
region including markers M1 and M2 will be correlated with D. Genetic 
recombination will break down the region of association over time, 
introducing new haplotypes into the region. If the mosaic is  “ coarse ”  
(which is the case with the human genome) fewer markers are needed to 
tag each piece (or  “ haplotype block ” ) of the mosaic: thus, M1 and M2 
are both still good markers for D when the mosaic is coarse, but only M2 
is a good marker after further time has elapsed and the mosaic is fi ner.  
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SNPs that they could be considered to  “ tag ”  the untyped 
SNPs. In 2005 the Phase I HapMap reported data from 
around 1 million SNPs; in 2007, the Phase II HapMap con-
taining data on 3 million SNPs covering most common 
variations in most of the human genome was made avail-
able.  51 – 53   This provided the necessary information to design 
experiments in which common variation either within can-
didate genes or genome - wide could be thoroughly assessed 
using a subset of  “ tag ”  SNPs. An excellent recent review 
provides more detailed information on the achievements 
of the HapMap.  54   

 The key technologic advance required for the success of 
genome - wide association studies has been the develop-
ment of  “ gene chips ”  able to assay up to 1 million SNPs 
chosen on the basis of the genomic knowledge from the 
HapMap. Currently such chips are available for less than 
750 US dollars per sample, and the price is constantly 
falling even as the genomic coverage improves, in a situa-
tion analogous to that for computer microprocessors in 
recent years. The current  “ top of the range ”  products from 
the major manufacturers Illumina and Affymetrix tag 80 –
 90% of genome - wide SNPs in non - African origin popula-
tion at an r 2  of 0.8 or greater, although only around 66% of 
genome - wide SNPs are tagged at r 2  of 0.8 or greater in 
African origin populations in whom there is greater haplo-
type diversity. 

 Finally, large samples of well - characterized cases and 
controls have been required to render both reliable candi-
date – gene association studies and GWA studies feasible. 
Early work on CHD genetics in the 1990s clearly showed 
the potential for false - positive results in small samples; at 
that stage the problem was one of overoptimism, as inves-
tigators hoped to discover genetic effects much larger than 
those that (with the benefi t of hindsight) appear to be 
present. In the initial stage of a GWA study, where up to 1 
million SNPs may be typed, around 50   000 SNPs would be 
expected to show statistical signifi cance at the  P     <    0.05 
level, most of these purely by chance. To avoid these false 
positives, extremely stringent levels of signifi cance must be 
adopted (typically 5    ×    10  − 7  or thereabouts). In order to 
obtain this level of signifi cance for a SNP with a minor 
allele frequency of around 0.1, that confers an odds ratio of 
disease of about 1.3, 2000 cases and a similar number of 
controls are required. Within - study replication of associ-
ated SNPs in additional cohorts is considered an additional 
requirement to rule out the play of chance as a cause for 
the initial fi nding.  

  Candidate –  g ene  a ssociation  s tudies in 
 c oronary  h eart  d isease 

 In common with many other diseases, CHD has been the 
subject of large numbers of candidate – gene association 

studies that have examined many different genes. Nearly 
1000 such published studies are currently in the Genetic 
Association Database, an archive of association studies in 
human complex diseases ( http://geneticassociationdb.nih.
gov ). Conclusive identifi cation of associated variants 
has been very rarely achieved. Several factors are likely to 
contribute to this. The prior probability of association 
of any particular SNP in any one of 20   000 genes with a 
given disease is vanishingly small. Relevant pathophy-
siologic information that has led to the selection of a gene 
as a candidate (for example, its involvement in determin-
ing plasma levels of cholesterol) may increase the prior 
probability, but even so, it is certain that in this context 
 P     <    0.05, the conventionally accepted signifi cance level for 
result reporting, does not represent secure evidence 
in favor of the involvement of that gene. Thus, most 
genetic associations initially reported with signifi cance 
levels 0.01 <     P   <    0.05 can reasonably be expected to be false. 
The majority of reported studies to date have been of insuf-
fi cient size to robustly identify (i.e. with appropriately 
small  P  - values) the effects of small magnitude that would 
usually be expected for common SNPs. In a 2007 paper, 
Morgan and colleagues highlighted the replication 
problems in the fi eld by typing 85 variants in 70 genes 
previously claimed to be associated with the risk of 
acute coronary syndrome, fi nding just one borderline sig-
nifi cant ( P    =   0.03) association that was most likely due to 
the play of chance.  43   Although meta - analyses may, as in 
traditional epidemiology, assist in identifying true associa-
tions, a number of meta - analyses of genetic association 
studies have shown evidence for publication bias  –  the 
preferential reporting in the literature of small positive 
studies, whereas equally sized negative studies go unre-
ported. This greatly complicates the interpretation of quan-
titative overviews of the published literature; statistical 
tests for publication bias are relatively insensitive, and 
the regular detection of publication bias in the fi eld 
tends to undermine confi dence that it is not present for a 
particular association even in the absence of statistical evi-
dence. Results of several large - scale (that is, involving 
greater than 5000 cases of disease) meta - analyses are shown 
in Table  21.2 . Of these, the most convincing evidence in 
favor of association is with the Apo E epsilon - 2/epsilon - 3/
epsilon - 4 isoform polymorphism. Apolipoprotein E is a 
ligand for receptors that clear remnants of chylomicrons 
and very low density lipoproteins; the three isoforms 
bind with different affi nities and are associated with 
differences in levels of LDL - cholesterol. The recent GWA 
studies (see below) have not provided a great deal of 
additional evidence pertinent to this association because 
the two polymorphisms (Cys112Arg and Arg158Cys) 
that together defi ne the isoform are not well  “ tagged ”  by 
the SNPs present on the genotyping chips used in studies 
to date.    
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 Table 21.2     Candidate  g ene  p olymorphisms  a ssociated with  CHD  in  l arge -  s cale  m eta -  a nalyses ( > 5000  CHD  c ases) 

   Gene     Variant (rs number) and risk 
allele  

   Number of 
studies included  

   Number of CHD 
cases/controls  

   Relative risk (95% CI)     References  

  Cholesteryl ester transfer 

protein (CETP)  

  TaqIB (rs708272)  – A allele    38    19035/32368    0.95 (0.92 – 0.99) per allele    123  

  I405V (rs5882)  – G allele    18    10313/32244    0.94 (0.89 – 1.00) per allele    123  

   − 629C > A (rs1800775)  – A allele    17    11599/23185    0.95 (0.91 – 1.00) per allele    123  

  Apolipoprotein E (APOE)     ε 2 isoform carrier    17    21331/47467    0.80 (0.70 – 0.90)    124  

       ε 4 isoform carrier    17    21331/47467    1.06 (0.99 – 1.13)    124  

       ε 4/ ε 4 homozygote    17    21331/47467    1.22 (1.08 – 1.38)    124  

  Angiotensin type 1 

receptor (AGTR1)  

  +1166A/C (rs5186)  – C allele    27    10180/17129    1.13 (1.04 – 1.23) per allele    125  

  Factor V    G1691A (rs6025)  – A [Factor V 

Leiden]  

  60    15704/26686    1.17 (1.08 – 1.28) per allele    126  

  Prothrombin (factor II)    G20210A  – A allele    40    11625/14462    1.31 (1.12 – 1.52) per allele    126  

  Plasminogen activator 

inhibitor (PAI - 1)  

  [ − 675]4G/5G  – 4G allele    37    11763/13905    1.06 (1.02 – 1.10) per allele    126  

  Paraoxonase (PON1)    Q192R (rs662)  – R allele    43    10106/11786    1.12 (1.07 – 1.16) per allele    127  

  Endothelial nitric oxide 

synthase (eNOS)  

  Glu298Asp  – Asp/Asp 

homozygote  

  14    6036/6106    1.31 (1.13 – 1.51)    128  

      Intron - 4a  – a/a homozygote    16    6212/6737    1.34 (1.03 – 1.75)    128  

  Apolipoprotein B (APOB)    SpIns/Del  – DD homozygote    22    6007/5609    1.19 (1.05 – 1.35)    129  

  Methylene tetrahydrofolate 

reductase (MTHFR)  

  677C > T (rs1801133)  – TT 

homozygote  

  40    11162/12758    1.16 (1.05 – 1.28)    130  

  Identifi cation of  l ymphotoxin -  a lpha and 
 g alectin 2 by  a ssociation  s tudy of 93   000 
 s ingle  n ucleotide  p olymorphisms 

 The fi rst report from an association study of CHD that 
typed many thousands of SNPs (although providing insuf-
fi cient coverage to be classifi ed as a true genome - wide 
association study) was published in 2002. Ozaki and col-
leagues examined almost 93   000 gene - based SNPs (mainly 
in exons, introns and fl anking regions surrounding genes) 
in 14   000 genes, in 94 cases of MI and 658 controls.  55   Those 
SNPs showing a  P  - value for association of  < 0.01 were geno-
typed in a larger panel consisting of a total of 1133 cases 
with MI and 1006 controls. A susceptibility locus on chro-
mosome 6p21 was identifi ed, with maximal association 
found between MI and a fi ve - SNP haplotype in the lym-
photoxin - alpha (LTA) gene, which encodes a member of 
the tumor necrosis factor ligand family. Ozaki and col-
leagues then used molecular biologic techniques to identify 
novel proteins interacting with LTA, among which were 
galectin 2 (LGALS2), a sugar - binding lectin molecule of 
unknown function.  56   They identifi ed SNPs in LGALS2 and 
tested them for association with CHD in a study of 2302 
MI cases and 2038 controls. They found an odds ratio of 
1.23 (95% CI 1.13 – 1.35;  P p   =   4.5    ×    10  − 6 ) for MI associated 
with genotype at a SNP in intron 1 (C3279T). The rare T 
allele appeared protective, and it was associated with a 

halving of the transcriptional activity of the gene compared 
to the common allele. These studies identifying LTA and 
LGALS2 were large, rigorously conducted and included 
highly plausible functional data. It is therefore somewhat 
perplexing that the promising early results have not been 
successfully replicated in most other large studies.  44,57 – 63    

  Genome -  w ide  a ssociation  s tudies of 
 c oronary  h eart  d isease  e ndpoints 

 Four genome - wide association studies of CHD reported in 
2007 demonstrated conclusive evidence for association 
between common SNPs in the same  ∼ 100   kb region on chro-
mosome 9p21 and CHD risk.  64 – 67   Results of these studies 
are summarized in Table  21.3 . The Wellcome Trust Case –
 Control Consortium (WTCCC) study examined around 
400   000 SNPs in 1988 British Caucasians with a validated 
history of MI or coronary revascularization before the age 
of 66 years, and 3004 controls.  66   Associations were seen for 
SNPs across  > 100   kb in the 9p21 region, with the strongest 
association demonstrated for rs1333049 ( P    =   1.8    ×    10  − 14 ). For 
this SNP the heterozygote odds ratio was 1.47 (95% CI 
1.27 – 1.70) and the homozygote odds ratio was 1.90 (95% CI 
1.61 – 2.24).  ‘ Moderate ’  associations, defi ned as SNPs with a 
 P  - value greater than 5    ×    10  − 7  but less than 1    ×    10  − 5 , were 
reported for six other loci. Replication of the chromosome 
9 locus was achieved in a subsequent paper which added 
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data from a cohort comprising 875 German Caucasians 
with MI before the age of 60 years and at least one family 
member with premature CHD, and 1644 controls, which 
had been genotyped using the same chip.  67   As shown in 
Table  21.3 , two loci on chromosome 6 and chromosome 2 
were also replicated in the German cohort. The combined 
analysis identifi ed four additional loci potentially associ-
ated with CHD, one of which (chromosome 1p13.3) has 
subsequently been shown to be strongly associated with 
plasma LDL cholesterol. An analysis of 55 candidate genes 
previously reported to show association with CHD only 
confi rmed association for two SNPs tagging a variant in the 
lipoprotein lipase gene in these cohorts.   

 Helgadottir and colleagues performed a similar study in 
1607 Icelandic patients with MI (before age 70 years in 
males and 75 years in females) and 6728 controls, typed for 
around 300   000 genome - wide SNPs using the Illumina 
Hap300 chip.  65   The strongest association was found for 
three correlated SNPs in the same chromosome 9p21 region 
that was identifi ed in the WTCCC study, each with 
 P -  values of approximately 1    ×    10  − 6 . The association was 
replicated in four additional case – control cohorts. Combin-
ing data from all groups, allele G of the SNP rs10757278 
showed the strongest association with MI, with an odds 
ratio of 1.28 (95% CI 1.22 – 1.35,  P    =   1.2    ×    10  − 20 ) per allele. 

 In the third GWA study, McPherson and colleagues 
typed 100   000 SNPs in 322 cases of premature CHD and 312 
controls, confi rming positive results in a further 1658 cases 
and 9380 controls.  64   Two SNPs located within 20   kb of each 
other in the same region of chromosome 9p21 were signifi -

cantly associated with CHD. These two SNPs were vali-
dated in three additional independent cohorts (with 
varying inclusion parameters for defi ning CHD). 

 The chromosome 9p21 locus has thus shown a remark-
ably consistent association with CHD in GWA studies 
involving multiple Caucasian populations (Fig.  21.3 ). Sub-
sequent reports have replicated the association in Japanese 
and Korean populations,  68   and in multiple additional Cau-
casian case – control series, confi rmed by meta - analysis.  69 – 71   
Fine mapping and detailed characterization of the locus 
were performed in a large case – control study of 4251 CHD 
cases and 4443 controls from four European populations by 
Broadbent and colleagues.  69   Analysis of 62 SNPs in the 
region identifi ed a region of strong LD containing 14 SNPs 
that form four common haplotypes (cumulative frequency 
89%), with the association of the linked SNPs at this locus 
a consequence of a perfect  “ yin – yang ”  pair of haplotypes 
spanning 53   kb.   

 At the time of writing, this fi eld is rapidly evolving. As of 
February 2009, a number of subsequent GWA studies have 
provided strong evidence for several further loci, all of which 
have smaller effects than the chromosome 9p21 locus.  72 – 75    

  The  c hromosome 9p21  r egion: 
 m echanistic  c lues and  c andidate  g enes 

 The mechanism for the 9p21 association with CHD remains 
unclear at present; relationships between risk genotypes 
and other phenotypes have been explored to search for 

 Table 21.3     Susceptibility  l oci  i dentifi ed in  g enome -  w ide  a ssociation  s tudies of  CHD  that  h ave  b een  s uccessfully  r eplicated in a  s eparate  c ohort 

   Study     Phenotype     Total patients/
controls  

   SNPs on 
array  

   Locus/SNP.risk 
allele  

   Allele frequency     Relative risk (95% CI) 
heterozygote/
homozygote  

    P  - value  

   Controls     Cases  

  WTCCC  66   and 

Samani  67    

  CHD/MI    2863/4648    500   000    9p21/rs1333049/C    0.47    0.55    1.36 (1.27 – 1.46) per 

copy of risk allele  

  2.9    ×    10  − 19   

              6q25.1/rs6922269/A    0.25    0.29    1.23 (1.15 – 1.33) per 

copy of risk allele  

  2.9    ×    10  − 8   

              2q36.1/rs2943634/C    0.34    0.30    1.21 (1.13 – 1.30) per 

copy of risk allele  

  1.6    ×    10  − 7   

  Helgadottir  65      MI/CHD    4587/12   767    305   000    9p21/rs2383207/G    0.492    0.548    1.25 (1.18 – 1.31) per 

copy of risk allele  

  2.0    ×    10  − 16   

              9p21/rs10757278/G    0.453    0.517    1.28 (1.22 – 1.35) per 

copy of risk allele  

  1.2    ×    10  − 20   

  McPherson  64      CHD    4306/20   119    100   000    9p21/rs10757274/G    0.487  *      0.525  *      1.18 (1.02 – 1.37)/1.29 

(1.09 – 1.52)  *    

  4    ×    10  − 3   *    

              9p21/rs2383206/G    0.505  *      0.541  *      1.26 (1.09 – 1.46)/1.26 

(1.07 – 1.48)  *    

  7    ×    10  − 4   *    

    *    Data from ARIC cohort only.   
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mechanistic clues. Subgroup analyses in case – control 
studies have not demonstrated signifi cant heterogeneity in 
the risk associated with genotype between patients who 
had presented with or without MI, suggesting that the 
genetic effect is not on plaque rupture but rather on ath-
erosclerosis susceptibility. Nor has heterogeneity been 
demonstrated with regard to sex, age, and traditional risk 
factor status. Furthermore, no association between geno-
type and known risk factors for atherosclerosis has been 
demonstrated, suggesting the mechanism of the associa-
tion is independent of any of these factors.  65,67,69,76   

 GWA studies for type 2 diabetes mellitus published 
around the same time showed an association between 
diabetes and a chromosome 9p21 locus in some popula-
tions,  77 – 79   although this was not reported in other groups.  80,81   
Diabetes is a major risk factor for CHD, associated with 
features such as vascular endothelial dysfunction and 
hyperlipidemia that are also important in atherogenesis, 
raising the prospect of a shared pathophysiologic mecha-
nism for the two diseases. However, the most strongly 
associated SNP for type 2 diabetes in the region (rs10811661) 
lies beyond the linkage disequilibrium block that is strongly 
associated with CHD risk (see Fig.  22.3 ) and does not show 
association with CHD.  69,82   A second SNP (rs564398), associ-
ated with diabetes in a meta - analysis of 14   586 cases,  79   
which is not correlated with rs10811661, lies within the 
CHD - associated region described in the WTCCC study, 

and shows moderate correlation (0.28    <    r 2     <    0.42) with 
CHD - associated SNPs (see Fig.  21.3 ). rs564398 showed 
association with CHD in the study by Broadbent  et al  
( P    =   4    ×    10  − 8 ), but once a marker of the CHD risk haplotype 
was included in the statistical model, this became non -
 signifi cant ( P    =   0.08).  69   There is therefore no evidence for 
an effect of rs564398 on CHD risk independent of its asso-
ciation with the risk haplotype at the present time. 
However, insuffi cient numbers of people with and without 
CHD that are concordant and discordant for diabetes have 
been studied so far to enable a possible effect of rs564398 
on both diabetes and CHD to be entirely ruled out. 

 A CHD risk SNP (rs10757278) from the chromosome 
9p21 region has also been found to be signifi cantly asso-
ciated with abdominal aortic aneurysm (OR 1.31, P   =   
1.2    ×    10  − 12 ) and intracranial aneurysm (OR 1.29,  P    =   
2.5    ×    10  − 6 ), although after excluding potentially confound-
ing cases of known CHD, it was not signifi cantly associated 
with peripheral arterial disease, ischemic stroke or diabetes 
in a study involving patients with multiple cardiovascular 
phenotypes.  82   This report showed that the effect of 
9p21 variants on arterial disease is not solely confi ned to 
atherosclerotic conditions. Intracranial aneurysms typi-
cally present at a younger age than CHD, are commoner 
in females, and have non - atherosclerotic pathology. The 
identifi cation of an association between the same variants 
and two different pathologic types of arterial disease 
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     Figure 21.3     Position of the CHD risk SNPs/haplotypes and nearby genes at the chromosome 9p21 locus. Arrows denote genes or transcripts in the 
region, with the arrowhead pointing in the direction of transcription. Numbers designate base pairs along chromosome 9. The positions of lead SNPs/
haplotypes associated with cardiovascular disease and diabetes at the chromosome 9p21 locus in GWA studies are represented by the bars in the top 
half of the fi gure. Figure adapted from  www.hapmap.org .  
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suggests that the risk locus may be having its effect via a 
defect in the arterial ability to remodel in response to dif-
ferent types of stress, though this remains a conjecture at 
present. With respect to 9p21 variants and intermediate 
phenotypes related to coronary and cerebral atherosclero-
sis, two separate reports also found no association between 
CHD risk variants and carotid artery intima - media thick-
ness, a marker of carotid vascular disease that is associated 
with both MI and stroke risk.  76,83   

 A number of candidate genes potentially infl uencing the 
risk of CHD lie adjacent to the associated region (see Fig. 
 21.3 ). Functional studies to establish the infl uence of risk -
 associated SNPs on the transcription and activity of genes 
in the immediate region may enable one gene to be selected 
as the strongest candidate. The cell cycle checkpoint kinase 
genes CDKN2A and CDKN2B lie some 50   kb from the 
SNPs most associated with CHD (see Fig.  21.3 ). These 
tumor suppressor genes are involved in regulation of 
the cell cycle, aging, senescence and apoptosis, which 
are important factors in atherogenesis.  84,85   Resequencing 
of these genes in cases of MI has not identifi ed variants 
explaining the genetic association in the region, though 
effects of the risk SNPs on regulation of these genes remain 
a plausible mechanism requiring further investigation. 

 The CHD risk haplotype overlaps with ANRIL, a gene 
fi rst characterized in 2007 by investigators examining a 
deletion in a large melanoma - neural tumor syndrome 
family.  86   ANRIL encodes a large antisense non - coding 
RNA of presently unknown function. Such non - coding 
RNAs are believed to be involved in regulation of gene 
expression, through transcriptional and translational 
control mechanisms.  87   ANRIL has been shown to be widely 
expressed in different tissues, including heart, coronary 
smooth muscle, human monocyte - derived macrophages, 
carotid endarterectomy specimens, and abdominal aortic 
aneurysm samples.  69,86   The SNPs most strongly associated 
with CHD map to ANRIL introns and downstream 
sequences which could infl uence its expression, although 
no relationship between ANRIL expression and CHD risk 
has as yet been demonstrated.  69   

 Somewhat more distant from the risk haplotype, the 
MTAP gene encodes methylthioadenosine phosphorylase, 
an enzyme that is involved in polyamine metabolism. It 
has been suggested that variants may infl uence plasma 
levels of homocysteine and folate, although a recent study 
reported no variation in these related to genotype of the 
CHD risk SNP rs10757274.  71   

 It seems likely that the studies to date have identifi ed on 
chromosome 9p21 the most important single association 
between common genetic variation and CHD present in the 
genome. However, individual GWA studies have only had 
adequate power (80%) to detect relative risks greater than 
about 1.5 at the stringent signifi cance levels required for 
these analyses, and it is likely that further loci with smaller 

effects will be identifi ed through larger studies or meta -
 analyses of existing datasets.  88,89   The potential health 
importance of particular loci, particularly with regard to 
drug discovery, is not predictable from the magnitude of 
the odds ratio: for example, variants of the KCNJ11 gene 
confer an odds ratio of only 1.2 for diabetes in genome -
 wide studies but this gene is the target for the sulfonyl-
ureas, which have been a cornerstone of diabetes therapy 
for many years.  54,90,91   Meta - analyses should be facilitated by 
the recent development of genotype imputation algorithms 
which use the patterns of intermarker association in a set 
of common samples genotyped on two platforms to enable 
the combination of datasets typed on one or other plat-
form.  92   It should also be noted that the genotyping chips 
used in studies so far do not have complete coverage of 
all common variants. The Affymetrix 500K chip used in 
the WTCCC and German studies tags only about 68% of 
HapMap SNPs in Caucasian populations at r 2     >    0.8; the 
Illumina HumanHap300 is somewhat better at about 77% 
but still incomplete.  51   Thus, additional genotyping to com-
plete the representation of common genome - wide SNPs 
may yield additional loci in due course.  

  Genome -  w ide  a ssociation  s tudies of 
 p lasma  l ipids:  n ew  l oci 

 Recent GWA studies investigating plasma lipoprotein con-
centrations as quantitative traits have produced convincing 
associations at a number of loci, many of which have been 
replicated in separate analyses.  92 – 97   These recent studies 
have confi rmed over a dozen previously implicated loci 
and identifi ed seven newly associated genes associated 
with HDL cholesterol, LDL cholesterol and triglyceride 
levels (Table  21.4 ). One of these studies examined the rela-
tionship between lipoprotein - associated SNPs and CHD 
risk in a combined cohort comprising the WTCCC sample 
and an expanded panel of British individuals. All of the 
alleles associated with LDL metabolism were more common 
in CHD cases than controls, with modest odds ratios 
of 1.04 – 1.29 per allele; the association was signifi cant 
( P     <    0.05) for eight of the 11 SNPs. These fi ndings suggest 
that the newly identifi ed loci are potential targets for novel 
therapies affecting lipoprotein levels and CHD risk.    

   “ Mendelian  r andomization ”   s tudies: 
 u sing  g enetics to  i dentify  c ausal 
 e merging  r isk  f actors 

 As illustrated in the GWA studies of lipoproteins discussed 
above, it is now relatively straightforward to conduct GWA 
studies of intermediate traits potentially relevant to CHD 
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the causality or otherwise of the intermediate trait in the 
disease process  –  an approach termed  “ Mendelian ran-
domization ” .  98,99   The fi rst large - scale application of this 
approach investigated the association between genotypes 
at the fi brinogen locus infl uencing plasma fi brinogen levels 
and the risk of MI.  100,101   In that study of around 5000 cases 
of MI and a similar number of controls, association between 
plasma fi brinogen level and MI risk was observed, as 
in many previous studies. Association was also found 
between polymorphisms in the promoter region of the 
beta - fi brinogen gene and plasma fi brinogen levels. The 
authors reasoned that if the relationship between plasma 
fi brinogen and MI were causal, the polymorphisms associ-
ated with fi brinogen level should show an association with 
MI risk that was commensurate with the associations 
between the polymorphisms on plasma fi brinogen, and 
between plasma fi brinogen and MI risk. No association 
between the SNPs typed and MI risk was observed, either 
in primary data or a literature - based meta - analysis of beta -
 fi brinogen SNPs and MI. This suggested that plasma fi brin-
ogen did not play an important causal role in the risk of 
MI, but rather that the association observed was due to 
confounding or reverse causality. 

 Plasma levels of lipoprotein(a) have been known for 
many years to be highly genetically determined, with the 
major effect being due to a kringle IV type 2 size polymor-
phism in the Apo(a) gene. Plasma lipoprotein(a) levels 
are associated with MI risk, but the causal nature of 
the association has remained unclear. Recently, a  “ Mende-
lian randomization ”  approach involving 2800 cases and 
37   000 controls showed consistent association between 
lipoprotein(a) levels and MI risk, and between kringle IV 
repeats and MI risk, suggesting the association is causal.  102   
By contrast, a similar study involving 6500 MI cases, 2800 
ischemic cerebrovascular disease cases, and over 35   000 
controls did not suggest a causal association of C reactive 
protein with ischemic vascular disease.  103    

  Genetic  t esting in  c oronary  h eart 
 d isease:  r eady for  “  p rime  t ime ” ? 

 The potential utility of genetic testing in predicting the risk 
of CHD and other serious conditions of later life is easily 
appreciated by scientists and the public alike. CHD, 
however, is a condition in which known and modifi able 
lifestyle factors play key roles. It could be argued that 
public health measures such as tobacco control, promotion 
of physical activity and healthy diet, and reducing salt 
consumption are likely to yield much more substantial 
reductions in CHD morbidity and mortality than genetic 
testing. Since there have not, as yet, been any loci discov-

 Table 21.4     Loci  a ssociated with  l ipid  l evels in  g enomewide 
 a ssociation  s tudies (  P      <    10  − 6 ) 

   Trait     Locus     Nearest gene(s)     Largest effect 
size (mg/dL)  

  HDL cholesterol    16q13    CETP    4.12  

  8p21    LPL    2.09  

  15q21    LIPC    1.41  

  18q21    LIPG/ACAA2    1.20  

  1q42    GALNT2    1.11  

  9q31    ABCA1    0.82  

  16q22    LCAT    0.74  

  12q24    MVK/MMAB    0.48  

  LDL cholesterol    19p13    LDLR    9.17  

  19q13    APOE/C1/C4/C2    6.61  

  1p13    CELSR2/PSRC1/SORT1    5.48  

  2p24    APOB    4.89  

  5q13    HMGCR    3.8  *    

  19p13    NCAN/CILP2/PBX4    3.32  

  1p32    PCSK9    3.04  

  3q13    B4GALT4    2.23  

  6p21    B3GALT4    1.91  

  Triglycerides    11q23    APOA5/A4/C3/A1    25.82  

  2p24    APOB    18.46  *    

  8p21    LPL    11.57  

  2p23    GCKR/RBKS    8.59  

  7q11    MLXIPL/BCL7B/TBL2    8.21  

  1p31    ANGPTL3/DOCK7/

ATG4C  

  7.12  

  8q24    TRIB1    6.42  

  19p13    NCAN/CILP2/PBX4    6.10  

  11q23    APOA1/C3/A4/A5/

ZNF259/ BUD13  

  5.68  *    

  1q42    GALNT2    4.25  

  15q21 – 23    LIPC    3.62  

    *    Estimated effect size in mg/dL obtained by multiplying the 

proportion of 1 standard deviation change reported by Kathiresan 

and colleagues  93   by the standard deviation of the lipid value from the 

MDC - CC cohort of that study.   

susceptibility, and to test whether the association between 
genotype and intermediate trait translates to an association 
between genotype and disease. In the case of LDL choles-
terol above, the disease – trait association is securely estab-
lished through epidemiologic and randomized clinical trial 
data, so the disease – genotype association serves to validate 
the trait – genotype association. For emerging risk factors 
where the epidemiologically observed disease – trait asso-
ciation is not supported by randomized clinical trials (pos-
sibly because suitably specifi c agents are not available), the 
question can be posed somewhat differently to address 
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ered which modify the risk of non - Mendelian CHD to an 
extent that they would be considered useful in risk predic-
tion, it remains unknown whether the reactions of patients 
at risk of CHD for genetic reasons would be to avoid life-
style factors that further increased their risk or to take an 
attitude of  “ genetic determinism ”  that might if anything 
lead to adverse changes in their lifestyles. 

 For some of the monogenic disorders increasing CHD 
risk referred to above, genetic testing is already being 
applied in the clinical setting. In familial hypercholesterol-
emia, the most common such disorder with a population 
prevalence of 0.2%, there has been recent debate regarding 
the optimal strategy to deliver this service. Many patients 
with FH go untreated: only around 15% of the estimated 
110   000 patients with FH in the UK are thought to be 
receiving treatment in lipid clinics  104   and up to 75% of 
patients with FH may be unrecognized prior to their 
fi rst coronary event.  105   In The Netherlands and Iceland, 
both small countries with concentrated populations and 
well - supported government - funded programs, cascade 
screening for FH has proved very successful. The Dutch 
program is estimated to have found over a third of all cases 
to date, and is expected to achieve almost complete identi-
fi cation of cases by 2013.  106   The cascade screening strategy 
involves identifi cation and mutation testing of all fi rst -
 degree relatives of known cases in whom a mutation has 
been detected; of these relatives, 50% will be carriers of 
the same mutation. This optimizes the cost effectiveness of 
the approach by reserving the relatively costly genetic test 
for a group in which the prior probability of a positive 
result is substantial. Testing is then  “ cascaded ”  to the fi rst -
 degree relatives of mutation - positive family members, 
and so on through the family. Cascade screening can 
also be carried out in families without identifi ed FH 
mutations using gender -  and age - specifi c LDL cholesterol 
criteria to diagnose FH, but in this situation there is a range 
of LDL - C concentration where the diagnosis remains 
unclear. 

 Recently, Wald and colleagues proposed an alternative 
approach based upon opportunistic screening of children 
for hypercholesterolemia at the time of their routine immu-
nizations, arguing that in order for cascade screening to be 
optimally implemented, more index cases had to be identi-
fi ed.  107   Subsequent measurement of cholesterol in parents 
of hypercholesterolemic children was estimated by these 
authors to have power to detect around 96% of parents 
with FH, and thus potentially reduce the impact of FH in 
both generations of families where it was discovered. Such 
an approach raises many contentious issues including 
obtaining valid consent from the child, potential psycho-
logic damage from screening, and the impact of false posi-
tives. However, in many healthcare settings it is unlikely 
that cascade screening will identify more than 50% of cases, 

so novel approaches to case fi nding such as opportunistic 
childhood screening, screening of family practitioner 
records, and targeted screening of patients presenting with 
fi rst MI or acute coronary syndrome will need to be con-
sidered and piloted. It is unlikely that a  “ one size fi ts all ”  
approach will be effective across multiple healthcare 
systems. 

 Present knowledge about the genetic contribution to 
non - Mendelian CHD susceptibility does not argue in favor 
of genetic testing. Although population attributable frac-
tions of up to 0.22 for genotype at SNPs in the chromosome 
9p21 region have been claimed, it should be remembered 
that the case – control cohorts which have been used in 
studies to date have been specifi cally collected to be  “ genet-
ically loaded ”   –  that is, in general early - onset cases have 
been studied, with a preference for inclusion of families in 
whom there is an affected relative - pair. The generalizability 
of results regarding the relative magnitude of a genetic 
contribution to risk in such selected cohorts to the entire 
population at risk of CHD is questionable. From a practical 
point of view, the contribution of genotype at associated 
SNPs to the capacity to predict CHD in a representative 
population assessed for the  “ classic ”  CHD risk factors is 
perhaps the most important question. In a recent report, the 
chromosome 9p21 CHD risk SNP rs10757274 was typed in 
a prospective study of 2742 men aged 50 – 64 years old, who 
were free of CHD at baseline.  71   The report included 270 
CHD events that had occurred during a 15 - year follow - up 
period. Even in this relatively small number of cases, an 
effect of the SNP could be demonstrated ( P    =   0.04) with a 
per - allele effect size congruent with previous studies. The 
contribution of rs10757274 genotype to prediction of CHD 
risk was assessed using receiver operating characteristic 
(ROC) curves. The area under the ROC curve for the 
 “ classic ”  risk factors was 0.62 (95% CI 0.58 – 0.66), and this 
did not increase signifi cantly when rs10757274 genotype 
was included. Simulations suggested that if 10 additional 
SNP genotypes of similar effect to rs10757274 could be 
identifi ed, the area under the ROC curve could be increased 
to 0.76, a gain in predictive capacity which the authors 
judged to be potentially useful. However, it was noted 
that the proportion of individuals segregating multiple 
independently associated SNPs in any population would 
be low, limiting the likely clinical utility of such SNPs as 
predictors even if discovered. Moreover, the chromosome 
9p21 locus is clearly the strongest common genetic risk 
factor for CHD that has been discovered so far, and it 
seems unlikely from currently available data that many 
further loci will be discovered that confer a similar level 
of risk. 

 In this context, perhaps the best hope for  “ personalized 
medicine ”  with regard to CHD risk prediction lies with 
the potential for discovery of low - frequency intermediate 
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penetrance (LFIP) variants which, although contributing a 
small amount to the population attributable risk of disease, 
signifi cantly impact an individual ’ s personal risk.  

  Low -  f requency  i ntermediate  p enetrance 
 v ariants:  s till  l argely  u nknown  t erritory 

 Until recently, few studies had attempted to undertake sys-
tematic discovery of low - frequency variants (which we 
consider as those with allele frequencies 0.005 – 0.05 in the 
population) that may be involved in disease susceptibility. 
This is because such variants require gene sequencing to 
identify them directly; they cannot be indirectly inferred 
through association, as is possible with common variants. 
Sequencing using the Sanger method was too slow and 
costly to permit any but very limited studies of a handful 
of genes, which were conducted in major sequencing 
centers. Low - frequency variants might be expected to 
confer substantially higher disease odds ratios per allele 
than the 1.2 – 1.5 range generally observed in studies of 
common variation, as both theory and available data 
suggest that an inverse relationship between allele fre-
quency and effect size will usually be the case (see Fig. 
 21.1 ). Depending on the size of the effect on risk and the 
allele frequency, variants with frequencies 0.005 – 0.05 could 
make signifi cant contributions to familial risk. A hypotheti-
cal variant present in 1% of the population conferring an 
odds ratio of 3 for a disease with 5% population prevalence 
would have an insuffi ciently strong effect to result in Men-
delian segregation in carrier families, but would also be too 
uncommon to have much chance of being detected in a 
GWA study despite its large effect size. Such a variant 
would, however, have a larger effect on familial risk than 
most of the risk alleles for any complex disease that have 
emerged from GWA studies to date.  84   

 The PCSK9 gene provides the best example to date of the 
potential importance of LFIP variants in CHD risk. PCSK9 
is a member of the proprotein convertase gene family and 
regulates the availability of LDL receptors on the cell 
surface; activating mutations reduce the number of recep-
tors, while inactivating mutations result in a higher number 
(and thus a higher internalization of LDL cholesterol).  108   
Activating mutations in PCSK9 give rise to autosomal 
dominant hypercholesterolemia.  109   Nonsense mutations 
which inactivate PCSK9 result in 30 – 40% lower plasma 
LDL levels, and are present in 3% of African Americans. 
Missense mutations with smaller effects on LDL ( ∼ 15% 
lower) are present in a similar percentage of Caucasians. 
African American carriers of nonsense mutations have an 
88% lower long - term CHD risk while European American 
carriers of missense mutations have a 47% lower CHD 
risk.  110   These differences in risk are larger than would have 
been predicted from trials that used statins to lower LDL, 

presumably refl ecting the additional benefi t of lifelong 
lower LDL compared with LDL reduction initiated in 
middle life. These genetic results suggest that pharmaco-
logic inhibition of PCSK9 may be a promising therapeutic 
strategy to achieve or enhance LDL lowering. 

 Most importantly for this discussion, the effects on risk 
conferred by the LFIP variants in PCSK9 are much larger 
than those associated with any common variant likely to 
be identifi ed for CHD. If present for other genes, such 
substantial effects on risk would, by contrast with currently 
known common alleles, potentially be of interest in risk 
stratifi cation. This would be true particularly if the inter-
mediate trait affected by the gene were either unknown or 
not readily measurable (that is, unlike LDL cholesterol in 
the case of PCSK9), and if the rare allele effect were to 
increase, rather than to decrease risk. Novel resequencing 
technologies available within the last two years are now 
able to generate sequence data at over 200 times the speed 
of Sanger sequencing and a fraction of the cost, rendering 
systematic approaches to LFIP variants feasible.  111   Rese-
quencing of several hundred individuals will be necessary 
to identify LFIP variants with security; in the fi rst instance, 
such studies are likely to be targeted to those genes impli-
cated in disease susceptibility either by GWA studies or 
fi ndings in novel Mendelian families.  

  Pharmacogenetic  s tudies in 
 c ardiovascular  d isease 

 Pharmacogenetic studies investigating the effect of common 
genetic variants on drug response or side effects are in 
general at an early stage, although robust information is 
available in the case of warfarin and statins. Warfarin 
dosage requirement is infl uenced by common variants in 
the vitamin K epoxide reductase (VKORC1) gene, which 
is a target of warfarin, and in the cytochrome P450 - 2C9 
(CYP2C9) gene, which metabolizes warfarin. VKORC1 
genotype has been estimated to explain around 30% of the 
variation in warfarin dose, and CYP2C9 genotype around 
12% of the variation.  112   A recent GWA study confi rmed the 
importance of these two genes, and found no additional 
large effects in a test sample of 181 patients and a replica-
tion cohort of 374 patients.  113   In August 2007, the US Food 
and Drug Administration decided that the labeling of war-
farin should be modifi ed to highlight the potential role of 
genetic information at the CYP2C9 and VKORC1 genes in 
prescribing decisions. However, it is as yet unclear whether 
routine incorporation of genotype data into dosing proto-
cols when warfarin is commenced would be of substantial 
clinical benefi t, particularly in relation to its cost.  114   

 A recent genome - wide pharmacogenetic study of 
statin - induced myopathy typed around 300   000 SNPs in 
85 subjects with myopathy and 90 controls, all taking 
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have rendered systematic studies of common genetic vari-
ants feasible, novel ultra - high throughput technologies will 
shortly render it possible to screen all coding genetic 
sequence in an individual at relatively low cost. This will 
enable the systematic investigation of lower frequency 
variants which may have higher odds ratios for disease 
than common alleles, and thus be of greater importance in 
delivering a useful genetic input to personalized assess-
ments of CHD risk. 

 The challenges in this fi eld are rapidly moving from 
identifying association signals to elucidating the mecha-
nisms whereby the genes identifi ed affect the risk of CHD. 
This will be a time - consuming endeavor, but a necessary 
prerequisite for the design of new therapeutic agents based 
on these genetic insights.  

80   mg of simvastatin per day as part of a clinical trial 
(SEARCH) involving 12   000 participants.  115   A SNP in the 
SLCO1B1 gene, which encodes the hepatic transporter 
protein OATPB1, was strongly associated with myopathy 
( P    =   4    ×    10  − 9 ). The odds ratio among heterozygotes for the 
risk allele was 4.5 (95% CI 2.6 – 7.7) and in homozygotes it 
was 16.9 (95% CI 4.7 – 61.1). The frequency of the risk allele 
was 15%, and genotype was estimated to account for 
more than 60% of the risk of myopathy. The fi ndings were 
confi rmed in a second population drawn from a trial of 
40   mg of simvastatin daily ( P    =   0.004). Variants in the 
SLCO1B1 gene have previously been shown to affect the 
blood levels of several different statins, so it is likely that 
the genetic effect will be present for other drugs within the 
class.  116   Among people taking 40   mg of simvastatin (or 
equivalent doses of other statins) or less, the incidence of 
myopathy is only around 1 in 10   000 cases per year, but it 
may be substantially increased at higher statin doses  –  for 
example, defi nite or incipient myopathy occurred in just 
under 1 in 60 patients taking 80   mg of simvastatin in the 
SEARCH study. These fi ndings suggest that genotyping 
SLCO1B1 polymorphisms could be clinically useful in 
safety monitoring and tailoring of statin dosages, particu-
larly among patients in whom high - dose statins are being 
considered.  

  Conclusion 

 The last 12 months have seen the emergence of robust 
results regarding the magnitude and nature of the contri-
bution of common genetic variants to coronary heart 
disease risk. Four studies which systematically searched 
for variants associated with CHD risk throughout the 
human genome in large numbers of cases and controls all 
identifi ed the same novel region of chromosome 9p. The 
association has been replicated in many follow - up studies 
and can be considered defi nite. The consensus estimate 
from these studies is that CHD risk is increased by between 
20% and 30% per copy of the most strongly associated 
allele in the region that an individual carries, and the popu-
lation attributable risk of CHD from this region has been 
estimated to be as high as 20%. The mechanism of the 
association is as yet unclear. Pooled analyses of multiple 
datasets may identify additional common alleles, which are 
likely to have smaller effects on risk than the chromosome 
9p locus. In parallel with analyses of coronary disease end-
points, genome - wide association studies of plasma lipids 
in healthy populations have identifi ed seven new loci with 
signifi cant effects on HDL cholesterol, LDL cholesterol or 
triglycerides. New insights into the pathogenesis of CHD 
and the mechanisms of plasma lipoprotein metabolism are 
anticipated as a consequence of these recent discoveries. In 
addition to the technologic and knowledge advances that 

 Glossary of  g enetic  t erms  u sed  

 Alleles:      Alternative variants of genetic sequence that can 
be found at the same chromosomal locus. Because human 
cells are diploid (having two copies of each chromo-
some), individuals have two alleles at each locus (which 
may be the same or different).  

 Autosomal:      Pertaining to a non - sex chromosome (i.e. chro-
mosomes 1 – 22 in humans, but not chromosomes X and Y).  

 Complex trait:      Phenotype infl uenced by multiple genetic 
and environmental effects.  

 Dominant condition:      Genetic disease where the presence of 
one abnormal allele is suffi cient to cause the condition.  

 Exon:      Part of a gene whose sequence appears in mature 
RNA and may encode a protein (i.e. the  “ coding ”  part of 
the gene).  

 Gene:      A functional region of DNA, including sequence 
that is transcribed into RNA, regulatory elements, and 
also non - coding sequence that is removed during the 
formation of mature RNA (introns).  

 Genome:      The total genetic information encoded by the 
DNA in a set of chromosomes.  

 Genotype:      The combination of two alleles that represent 
an individual ’ s genetic sequence at an individual locus.  

 Haplotype:      The arrangement of alleles at a series of sites 
where variants exist along a chromosome.  

 Heterozygote:      Individual with different alleles on the 
maternally and paternally inherited chromosomes at a 
particular chromosomal locus.  

 Homozygote:      Individual with the same allele on the 
maternally and paternally inherited chromosomes at a 
particular chromosomal locus.  

 Intron:      Part of a gene that is removed during the formation 
of mature RNA and which does not encode a protein (i.e. 
the  “ non - coding ”  part of the gene).  

 Linkage disequilibrium (LD):      The association between 
alleles at two genetic markers. High LD means that geno-
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type at one marker predicts genotype at the other marker 
(and therefore, only one may need to be typed in associa-
tion studies).  

 Low - frequency intermediate penetrance variant:      A genetic 
variant that is relatively uncommon (somewhat arbi-
trarily, the less frequent allele present on less than 5% of 
chromosomes in the population), but which has a moder-
ate to large phenotypic effect.  

 Meiotic recombination:      Exchange of genetic sequence 
between homologous chromosomes that occurs during 
gamete formation (meiosis).  

 Mendelian disease:      A disease due to a single gene whose 
effects are suffi ciently large that the disease and the 
abnormal allele co - segregate within carrier families.  

 Nucleotides:      Purine and pyrimidine bases that make up 
the DNA sequence. There are four different nucleotides 
in DNA: adenine (A), cytosine (C), guanine (G), and 
thymine (T).  

 Polymorphism:      Naturally occurring variation in the 
genetic sequence. Typically used for variants where the 
less frequent allele is present on at least 1% of chromo-
somes in the population.  

 Recessive condition:      Genetic disease where the presence of 
two abnormal allele is required to cause the condition.  

 RNA:      Ribonucleic acid. The nucleic acid into which DNA 
is transcribed; messenger RNA is subsequently trans-
lated into proteins, while other types of RNA have roles 
in regulating gene expression.  

 Single nucleotide polymorphism (SNP):      A single base vari-
ation at a particular locus in the genetic sequence, where 
the less frequent allele is present on at least 1% of chro-
mosomes in the population. Mostly biallelic, that is, two 
alternative nucleotides may be present at any given SNP. 
There are estimated to be approximately 10 million SNPs 
in the human genome, and they are the most common 
form of human genetic variation.   
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  Introduction 

 The sequencing of the human genome is likely to be a 
landmark study of millennium proportions. The implica-
tions for cardiology from knowing the sequence of the 
human genome are many, but probably the most obvious 
is identifying the genes responsible for familial disorders. 
Abnormalities of the heart and blood vessels are number 
one among human birth defects occurring at about 1% of 
live births.  1,2   Genetic diagnosis and management are 
expected to be incorporated into the practice of a cardiolo-
gist by the end of this decade.  3   Knowing the etiology and 
understanding the pathogenesis of genetic disorders are 
most likely to improve the diagnosis, prevention and treat-
ment of those disorders and in addition, provide funda-
mental insights into acquired disorders that simulate the 
phenotype. A good example is that of familial hypercholes-
terolemia in which there is a defective receptor for cell 
uptake of cholesterol.  4   The fi ndings confi rmed that the 
plasma cholesterol was a major factor in coronary artery 
disease and subsequently led to unraveling of the synthe-
sis, transport and degradation of cholesterol. 

 The standard treatment today for coronary artery disease, 
both familial and acquired, includes the use of statins to 
lower plasma levels of low - density lipoprotein (LDL) cho-
lesterol. It must be emphasized that practically all genetic 
disorders have an environmental component and the 
resulting phenotype is due to an interplay between the 
gene (genotype) and the environment (phenotype). Fur-
thermore, for single gene disorders it is now recognized 
that some of the variability in the phenotype is also due to 
interplay between the causal mutations, environmental 
factors and the modifi er genes.  5   An obvious example of the 

importance of environmental factors is that of familial 
hypertrophic cardiomyopathy (FHCM). FHCM is a single 
gene disorder that is transmitted in an autosomal dominant 
pattern, giving rise to a phenotype of left ventricular hyper-
trophy.  6   The same genetic defect is present in the same 
abundance in the right and left ventricles yet the disease 
is seldom manifested in the right ventricle. This would 
imply that the high pressure of the left ventricle is an 
important stimulus in the pathogenesis of the phenotype 
of hypertrophy. 

 Genetic disorders are considered in three categories: 
chromosomal abnormalities, single gene disorders, and 
polygenic disorders. Chromosomal abnormalities are 
usually detected by the pediatric cardiologist in children 
while they are still very young. An example of an adult 
form of chromosomal abnormality would be Turner syn-
drome. In the last edition, we stated that the multigene 
disorders (e.g. coronary artery disease) are where the future 
must be but the technology had not yet arrived. The tech-
nology has now arrived and remarkable progress has been 
made in the past year.  7 – 9       

  Mutations  r esponsible for  s ingle  g ene 
 d isorders 

 Diseases due to an abnormality in a single gene are inher-
ited in a predictable pattern termed Mendelian transmis-
sion. In single gene disorders, the responsible gene is both 
necessary and suffi cient to induce the phenotype. Each 
individual has two copies of the gene, referred to as alleles, 
one from each parent. The odds of which of the two alleles 
from each parent is inherited are by chance alone, namely 
50%. Genes are units of heredity that are transmitted inde-
pendently to the next generation. Two genes separated on 
different chromosomes sort themselves independently 
through the process of cross - over between the chromo-
somes. The greater the distance between two loci, the more 
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 Table 22.1     Cardiac diseases with an identifi ed genetic locus or gene 

  Cardiomyopathies    Chromosomal locus  

  Hypertrophic cardiomyopathy    1q32, 3p21, 11q11, 12q23, 

14q12, 15q22, 19p13, 

15q11, 14q1, 4q26 – 27  

  Dilated cardiomyopathy without 

conduction defects  

  1q32, 6q1, 9q12, 10q24, 

15q1, 2q31  

  Dilated cardiomyopathy with 

conduction defects  

  1q1, 3p22, 6q23  

  Arrhythmogenic right ventricular 

cardiomyopathy  

  1q12, 2q32, 14q12, 14q23, 

3p23, 1q42  

  Mitochondrial cardiomyopathies    Mitochondrial DNA  

  Cardiac septal defects  

  Holt – Oram syndrome    12q2  

  Di George syndrome    22q  

  Noonan syndrome    12q  

  Aortic diseases  

  Aneurysms    11q23 – 24  

  Supravalvular aortic disease    9q  

  Marfan syndrome    15q  

  Conduction disorder  

  Familial heart block    19q13, 1q32  

  Ventricular arrhythmias  

  Long QT syndrome    3p21, 4q25, 7q35, 11p15, 

21q22, 17q23  

  Brugada syndrome    3p21  

  Idiopathic VT    3p21  

Autosomal recessive
inheritance

X-linked inheritance

Autosomal dominant
inheritance

I

II

III

I

II

III

Mitochondrial inheritance

I

II

III

I

II

III

Carrier Unaffected Affected

     Figure 22.1     Mendellian patterns of inheritance. Indicates carrier, 
unaffected and affected patterns of inheritance.  

likely they are to be separated during genetic transmission. 
A given disease may be due to multiple mutations in the 
same gene (allele heterogeneity) or to a single or multiple 
mutations in two or more genes (locus heterogeneity). It is 
important to keep in mind, however, that within any one 
family the gene and the mutation responsible for the 
disease are the same and only rarely would two genes be 
transmitted for the same disease. Mutations involving only 
a single nucleotide are known as point mutations and are 
responsible for 70% or more of all adult single gene disor-
ders (Table  22.1 ). A point mutation may be due to substitu-
tion of one nucleotide for another (missense mutation) or 
it may change the amino acid to a stop signal (nonsense), 
which will truncate the protein (truncated mutant); or it 
may eliminate a stop signal so the protein is elongated 
(elongated mutant). Nucleotides may be deleted or added 
which will result in a different reading from left to right 
and the gene may be read entirely differently, resulting in 
a non - functioning product (frameshift).    

  Patterns of  i nheritance of  s ingle 
 g ene  d isorders 

 Autosomal dominant disorders are so named because the 
disease occurs despite a mutation in only one of the alleles. 
Males and females are equally affected with about 50% of 
the offspring expected to have the defective gene (Fig. 
 22.1 ). The following features are characteristic of autosomal 
dominant inheritance: 
   •      each affected individual has at least one affected parent  
   •      50% of the offspring will have the defective gene  
   •      normal children of an affected individual bear only 
normal offspring  
   •      males and females are equally affected  
   •      both sexes are equally likely to transmit the abnormal 
allele to male and female offspring and therefore, male - to -
 male transmission occurs  
   •      vertical transmission through successive generations 
occurs  
   •      it is typical for autosomal dominant disorders to have 
delayed age of onset and variable clinical expression.      
 Autosomal dominance is the predominant form of inheri-
tance in adult cardiovascular disorders and examples 
would be FHCM and long QT syndrome. 

 Autosomal recessive inheritance, in contrast, requires 
both alleles to be defective and thus both parents must 
have the defective gene. The following features are charac-
teristic of autosomal recessive inheritance: 
   •      generally the parents are clinically normal heterozygotes  
   •      alternate generations are affected with no vertical 
transmission  
   •      both sexes are affected with equal frequency  
   •      each offspring of heterozygous carriers has a 25% chance 
of being affected, a 50% chance of being an unaffected 
carrier and a 25% chance of inheriting only normal alleles. 
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If one parent is homozygous and the other is heterozygous, 
the pattern is changed, with 50% being affected and 50% 
being carriers.    
 Examples of autosomal recessive disorders affecting the 
heart include Jervell and Lang - Nielson long QT syndrome 
and Pompe ’ s disease. 

 X - linked inherited disorders are caused by genes located 
on the X chromosome. Since a female has two X chromo-
somes, she may carry either one mutant allele or two mutant 
alleles; the trait may therefore display dominant or reces-
sive expression. Since males have only a single X chromo-
some, they are likely to display the full syndrome whenever 
they inherit the abnormal gene from their mother. Hence, 
the terms  X - linked dominant  and  X - linked recessive  apply 
only to the expression of the gene in females. Since males 
must pass on their Y chromosome to all male offspring, they 
cannot pass on mutant X alleles to their sons; therefore, no 
male - to - male transmission of X - linked disorders can occur. 
All females receiving a mutant X chromosome are thus car-
riers and those who become affected clinically are usually 
homozygous for the defective gene. The characteristic fea-
tures of X - linked inheritance are as follows: 
   •      no male - to - male transmission  
   •      all daughters of affected males are carriers  
   •      sons of carrier females have a 50% risk of being affected 
and daughters have a 50% chance of being carriers  
   •      affected homozygous females occur only when an 
affected male and a carrier female have children  
   •      the pedigree pattern in X - linked recessive traits tends to 
be oblique because of the occurrence of the trait in the sons 
of normal carrier sisters of affected males.    
 Examples of X - linked disorders of the heart include 
X - linked cardiomyopathy, Barth ’ s syndrome and muscular 
dystrophy. 

 Another uncommon inheritance pattern is that of mito-
chondrial abnormalities. The mitochondrion has its own 
genome of about 37 genes contained in 16   K of DNA in a 
single circular chromosome. Most of the disorders involve 
oxidative phosphorylation and are usually evident very 
early in life. Phenotypes due to mitochondrial DNA muta-
tions are transmitted by maternal inheritance only since the 
ovum has mitochondria but the sperm does not. The char-
acteristic features of mitochondrial inheritance of disease 
include: 
   •      equal frequency and severity of disease for each sex  
   •      transmission through females only, with offspring of 
affected males being unaffected  
   •      all offspring of affected females may be affected  
   •      extreme variability of expression of disease within a 
family  
   •      phenotypes may be age dependent  
   •      organ mosaicism is common.    
 An example of mitochondrial inherited cardiac disease is 
the cardiomyopathy of Kearns – Sayre syndrome.  

  Family  h istory and  i nherited 
 c ardiovascular  d isorders 

 Identifi cation of a disease segregating in a particular family 
is determined from the family history. Obtaining a careful 
family history has not hitherto been an emphasis for the 
cardiologist. Recognizing the importance of family history 
in single gene disorders and also in family cluster disorders 
such as atherosclerosis and hypertension must be a fore-
most part of the history and physical examination. Certain 
ethnic groups may direct specifi c testing such as for hemo-
globinopathies in populations from the Mediterranean or 
sickle cell disease in the African American. The fi rst indi-
vidual to be recognized to have the disease is usually 
referred to as the proband. Once a proband is recognized, 
information should be collected on all fi rst - , second -  or 
third - degree relatives. The information should include 
medical problems, pregnancies and information on those 
individuals related to the family who are deceased. Fre-
quently, it is important to pursue miscarriages, birth defects 
and other factors that may appear to be unrelated. A pedi-
gree should be constructed analogous to those shown in 
Figure  23.1 , to determine the pattern of inheritance.  

  Genetic  c ounseling 

 Once it has been established that there is a familial disease, 
it is important to provide information to the individual or 
parents appropriate to the education of the individual. 
Every attempt must be made to explain the disease so that 
important issues are understood by the individual. An 
attempt must be made to outline the diagnosis, prognosis 
if known, and mode of transmission together with a discus-
sion of the psychologic and social issues. It is also impor-
tant in young couples to emphasize the mode of transmission 
and their chances of passing on the disease as well as the 
availability of prenatal diagnosis if appropriate. The infor-
mation must be provided in a non - judgmental and unbi-
ased manner. The family must be able to make a decision 
with respect to their religion, social and cultural back-
grounds. It is sometimes frustrating for the counselor but 
personal bias must be avoided. Sometimes the issues are 
extremely sensitive and the options must be presented 
with concern and compassion but still remaining 
non - directional.  

  Single  g ene  c ardiovascular  d isorders 

 These diseases cover a wide spectrum from structural 
defects such as familial atrial septum to functional defects 
such as long QT syndrome (see Table  22.1 ). For most of 
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these diseases, the chromosomal location (locus) has been 
mapped but the gene has not yet been identifi ed. However, 
diseases such as the cardiomyopathies, particularly FHCM, 
have undergone major investigations with elucidation of 
the pathogenesis. Animal models of human FHCM have 
been developed and therapies have been evaluated. There 
is considerable progress in the identifi cation of genes 
responsible for ventricular arrhythmias, particularly the 
long QT and Brugada syndromes. It is still premature to 
manage these disorders based on their genetic etiology. 
This is in part because genetic screening is not available 
and the populations studied are not yet adequately charac-
terized to provide generalized approaches to treatment. A 
few of these disorders will be discussed to indicate our 
progress in improving diagnosis, prevention and treat-
ment. The discussion also indicates the trends for the future 
when most of these genes will be identifi ed and data 
become available on the pathogenesis and prognosis as 
they relate to the specifi c molecular defects. 

  Long  QT   s yndrome 

 Several mutations have been identifi ed in cardiac ion chan-
nels (sodium, potassium and calcium channel genes) 
responsible for long QT syndrome (LQT) which predis-
poses to ventricular arrhythmias and sudden death. Since 
the initial locus identifi ed was on chromosome 11, seven 
loci have been mapped and six genes identifi ed (see Table 
 22.1 ). Several mutations have been identifi ed in the sodium 
channel gene  SCN5A .  10 – 12   The long QT - associated muta-
tions in  SCN5A  are associated with increased sodium 
fl ux and prolonged depolarization. The mechanism for 
the arrhythmias is believed to be an imbalance between the 
inward and outward currents during the plateau of the 
action potential. Most of the mutations in the sodium 
channel appear to be gain of function. The pattern of inheri-
tance is most frequently autosomal dominant although a 
rare recessive form has also been identifi ed. 

 Several mutations have also been noted in potassium 
channels, which decrease potassium fl ux through a loss of 
function.  11,12   These mutations appear to have a dominant 
negative effect. Rarely, the QT syndrome is inherited in an 
autosomal recessive manner and may be associated with 
deafness (e.g. the Jervell and Lang – Nielsen syndromes). 
This observation led to the recognition that the inward 
potassium current is necessary for endolymph production 
in the inner ear.  13   There is extensive phenotypic variability 
among these various genes and mutations and within the 
same family there are many modifi ers yet to be recognized 
to properly interpret genotype/phenotype correlations. 

 Mutations are claimed to have some prognostic signifi -
cance. In general, patients with LQT1 due to the  KVLQT1  
gene and LQT2 due to  HERG  have a higher risk of cardiac 
events than patients with LQT3 due to  SCN5A .  14   The latter, 

despite causing fewer events, has a relatively higher mor-
tality, which indicates higher lethality of the events. The 
fi rst line of therapy in patients with LQT1 is beta - blockers. 
Preliminary data suggest LQT3 patients might benefi t from 
Na +1  channel blockers, such as mexiletine, but long - term 
data are not available yet (Class IIb). 

 A new syndrome has been described associated with 
shortening of the QT interval on the ECG and clinically 
with syncope and sudden death. This syndrome, referred 
to as the short QT syndrome, is due to mutations in the 
 SCN5A  gene.  15   

 Another form of cardiac channelopathy is idiopathic 
ventricular fi brillation. The ECG may be normal although 
some individuals have an associated electrocardiographic 
abnormality, including ST segment elevation in V1 – 3 
together with right bundle branch block, referred to as 
Brugada syndrome.  16 – 18   Mutations responsible for this 
disease have been linked to  SCN5A  with dominant inheri-
tance. There is at present no proven mechanism for the 
ventricular arrhythmia but it is believed to be due to het-
erogeneity between the epicardium and endocardium 
during repolarization which leads to re - entry.  

  Brugada  s yndrome 

 The ECG pattern is characteristic of this syndrome, consist-
ing of right bundle branch block and ST segment elevation 
in V1 – 3 and sudden death at a young age.  19   

  SCN5A  was identifi ed as the fi rst and, thus far, the only 
causal gene for Brugada syndrome in 1998.  20   Over 60 dif-
ferent mutations in SCN5A have been identifi ed that col-
lectively account for approximately 25% of all cases with 
Brugada syndrome. As in many other genetic disorders, 
Brugada syndrome also exhibits locus heterogeneity, and 
a second locus on chromosome 3 has been mapped.  21   
However, the causal gene has not yet been identifi ed. The 
only treatment is an implantable cardioverter - defi brillator 
(ICD). Once a case is identifi ed, it is recommended the 
family be screened for the mutation.  SCN5A  mutations 
induce a large spectrum of phenotypes, including Brugada 
syndrome, long QT syndrome (LQT3), isolated progressive 
cardiac conduction defect, idiopathic ventricular fi brilla-
tion, and sudden unexpected death syndrome (SUDS).  22       

  Familial  a trial  fi  brillation 

 Atrial fi brillation is the most common cardiac arrhythmia 
with a prevalence of 6% over the age of 65 years.  23   The 
chance of developing atrial fi brillation over age 40 years is 
about 25% in men and women.  24   Atrial fi brillation accounts 
for about one - third of all strokes and 30% of all patients 
with atrial fi brillation have a family history of the disease.  25   
In 1997, Brugada  et al  identifi ed the fi rst locus on chromo-
some 10q22 – 24 in a Spanish family.  26   Since that time, seven 



PART II  Prevention of cardiovascular diseases

292

 Table 22.2     Genetic loci responsible for atrial fi brillation 

   Locus     Gene     Mode of 
inheritance  

   Effect on function  

  10q22     –     AD      

  11p15     KCNQ1     AD    Gain of function  

  21q22     KCNE2     AD    Gain of function  

  11q13     KCNE3     AD      

  17q23     KCNJ2     AD    Gain of function  

  12p13     KCNA5     AD      

  1q21     GJA5     AD      

  6q14 – 16     –     AD      

  5p13     –     AR      

loci have been mapped and fi ve genes identifi ed:  KCNQ1 , 
 KCNE2 ,  KCNE3 ,  KCNJ2 ,  KCNA5  (Table  22.2 ). All of the 
genes identifi ed encode a potassium channel subunit. The 
mechanism of action by which these genes induce atrial 
fi brillation is shortening of the action potential duration 
and shortening of the atrial effective refractory period. The 
consistency of the mechanism of action suggests the devel-
opment of therapy specifi cally targeted to prevent these 
molecular events.   

 The most recent fi nding is that of somatic mutations in 
the connexin 40 gene.  27   This gene ( CJA5 ) encodes for the gap 
junction protein connexin 40, which is involved in electrical 
conduction in the myocardium. The mutation was identi-
fi ed through genetic screening of human atrial samples 
obtained from patients with atrial fi brillation undergoing 
cardiac surgery for valvular or other diseases. In addition 
to monogenic diseases, there is the observation that patients 
with structural heart disease are predisposed to atrial fi bril-
lation by inherited DNA polymorphisms.  28   The recent 
development of chips with hundreds of thousands of SNPs, 
enabling genome - wide scans will, over the next few years, 
elucidate those SNPs that predispose to atrial fi brillation. 
Within the next decade, one can expect most of the genes 
responsible for atrial fi brillation and those SNPs that confer 
predisposition to be identifi ed and therapies will be devel-
oped based on an individual ’ s genomic profi le.  

  Wolf – Parkinson - White  s yndrome 

 A gene responsible for an uncommon form of Wolff – 
Parkinson - White syndrome (WPW) was shown to be 
 AMPK .  29,30   Several mutations in  AMPK  have since been 
identifi ed  31 – 33   as inducing WPW which is associated with 
hypertrophic cardiomyopathy and conduction disorders 
along with a high incidence of atrial fi brillation. It appears 
that  AMPK  induces abnormalities in glycogen which leads 
to all three phenotypes: WPW, conduction disturbance and 
hypertrophic cardiomyopathy. A genetic animal model of 

WPW expressing the  AMPK  gene has been developed 
which should elucidate pathogenesis and suggest potential 
therapies.  34    

  Familial  h ypertrophic  c ardiomyopathy ( HCM ) 

  Clinical and  p athologic  f eatures of  HCM  
 HCM is an autosomal dominant disease defi ned by cardiac 
hypertrophy in the absence of an increased external load 
(primary hypertrophy). Patients with HCM exhibit protean 
clinical manifestations ranging from minimal or no symp-
toms to severe heart failure and sudden cardiac death 
(SCD). The majority of patients with HCM are asymptom-
atic or mildly symptomatic. The clinical manifestations 
often do not develop until the third or fourth decades of 
life. HCM is a relatively benign disease with an estimated 
annual mortality rate of  < 0.7% in the adult population.  35   
However, SCD is often the fi rst and tragic manifestation of 
HCM in the young.  36   HCM is the most common cause of 
SCD in young competitive athletes, accounting for approxi-
mately one - third of all SCD.  36   

 The main pathologic features of HCM include myocyte 
hypertrophy and disarray, interstitial fi brosis and, to a 
lesser extent, thickening of the media of intramural coro-
nary arteries. While hypertrophy and fi brosis are the 
common responses of the heart to all forms of injury, 
myocyte disarray is considered the pathologic hallmark of 
HCM.  37   Cardiac hypertrophy and interstitial fi brosis are 
the major determinants of mortality and morbidity in 
HCM.  38 – 40   In those with mild or no cardiac hypertrophy, 
myocyte disarray is associated with the risk of SCD.  41    

  Molecular  g enetics 
 HCM is a genetic disease with an autosomal dominant 
mode of inheritance. Family history of HCM is present in 
approximately half of all index cases (familial HCM) and 
the remainder are sporadic.  Sporadic  means offspring of 
parents of whom neither has the mutant gene or the disease. 
Presumably, the mother was exposed shortly after concep-
tion (12 – 24 hours) to a mutagen (EG radiation) that induced 
in the embryo a mutation that causes HCM. The mutation, 
albeit  de novo , in the affected offspring will transmit the 
mutation and disease to their offspring in the same pattern 
as familial. HCM usually is due to mutations in any of at 
least 12 contractile sarcomeric proteins (Table  22.3 ). 
Recently, a new gene ( MY0Z2  or myozenin 2) was identi-
fi ed as being responsible for HCM.  42   The gene encodes a Z 
disk protein and thus expands the spectrum of the causal 
genes to include those encoding the Z disk proteins. Over 
500 mutations in 12 genes have been identifi ed.  9      

  Genotype/ p henotype  c orrelations 
 Genotype/phenotype correlation studies suggest that cau sal 
mutations affect the magnitude of cardiac hypertrophy and 
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 Table 22.3     Causal genes for  HCM : genes coding for sarcomeric proteins 

   Gene     Symbol     Locus     Frequency     Predominant mutations  

    β   - Myosin heavy chain     MYH7     14q12     ∼ 30%    Missenses  

  Myosin binding protein - C     MYBPC3     11p11.2     ∼ 30%    Splice junction and insertion/deletion  

  Cardiac troponin T     TNNT2     1q32     ∼ 5%    Missenses  

  Cardiac troponin I     TNNI3     19p13.2     ∼ 5%    Missense and deletion  

    α   - Tropomyosin     TPM1     15q22.1     < 5%    Missenses  

  Essential myosin light chain     MYL3     3p21.3     < 5%    Missenses  

  Regulatory myosin light chain     MYL2     12q23 – 24.3     < 5%    Missense and 1 truncation  

  Cardiac   α   - actin     ACTC     15q11     < 5%    Missense mutations  

  Titin     TTN     2q24.1     < 5%    Missense mutations  

  Telethonin (Tcap)     TCAP     17q2    Rare    Missense mutations  

  Myozenin 2     MYOZ2     4q26    1:   250    Missense mutations  

    α   - Myosin heavy chain     MYH6     14q1    Rare    Missense and rearrangement mutations, (association)  

  Cardiac troponin C     TNNC1     3p21.3 – 3p14.3    Rare    Missense mutations (association)  

  Cardiac myosin light peptide kinase     MYLK2     20q13.3    Rare    Point mutations (association)  

  Caveolin 3     CAV3     3p25    Rare    Point mutations (association)  

  Phospholamban     PLN     6p22.1    Rare    Point mutations (association)  
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     Figure 22.2     Stratifi cation of risk according to mutation. Shown here are 
two different mutations in the   β MHC  gene. The mutation in Family 152 
is associated with essentially normal lifespan while Family 2 has a mean 
lifespan of about 28 years. This emphasizes the potential prognostic 
signifi cance of individual mutations.  

the risk of SCD (Fig.  22.2 ). Mutations in the beta - myosin 
heavy chain (MyHC) are generally associated with an early 
onset and more extensive hypertrophy and a higher inci-
dence of SCD.  43,44   In contrast, mutations in the myosin - bind-
ing protein C (MyBP - C) are associated with a low penetrance, 
relatively mild hypertrophy, late onset of clinical manifesta-
tions and a low incidence of SCD.  44 – 46   Mutations in cTnT are 
usually associated with a mild degree of hypertrophy but 
more extensive disarray and a high incidence of SCD.  41,47,48   
Mutations in alpha - tropomyosin are generally associated 
with a benign phenotype and mild left ventricular hyper-
trophy. However, a phenotype of mild hypertrophy and 
high incidence of SCD also has been described.  49   Mutations 

in essential and regulatory myosin light chains have been 
associated with mid - cavity obstruction in HCM and skeletal 
myopathy in some  50   but not in others.  51   Mutations in titin  52   
and alpha - actin  53 – 55   have been observed in a small number 
of families.   

 Despite the observed associations between severity of 
the phenotype and the causal mutations, there is consider-
able variability in phenotypic expression of HCM among 
affected members, even among those who have identical 
causal mutations. Overall, the results of genotype/pheno-
type correlation studies have been subject to a large number 
of confounding factors, such as the small size of the fami-
lies, small number of families with identical mutations due 
to low frequency of each mutation, infl uence of modifi er 
genes,  56   infl uence of non - genetic factors and rarely homo-
zygosity for causal mutations and compound muta-
tions.  20,57,58   Correlations in the small number of patients 
studied suggest prognostic stratifi cation by the mutations 
but caution must be exercised until larger studies are per-
formed (see Fig.  22.2 ).  

  Pathogenesis of  HCM  
 The initial defects induced by the mutant sarcomeric pro-
teins are diverse. They comprise impaired acto - myosin 
interaction and cardiac myocyte contractile performance, 
altered Ca +2  sensitivity, reduced ATPase activity, sarcomere 
dysgenesis, altered subcellular localization and altered 
stoichiometry of the sarcomeric protein.  59   However, despite 
the diversity of the initial defects, the fi nal phenotype is 
hypertrophy, fi brosis, and disarray. We have proposed that 
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a common link between the initial defect and the fi nal 
phenotype is impaired cardiac myocyte contractile func-
tion,  60   which increases myocyte stress and leads to activa-
tion of stress - responsive intracellular signaling kinases and 
trophic factors. Release of trophic factors activates the tran-
scription machinery, leading to cardiac hypertrophy, inter-
stitial fi brosis and other histologic and clinical phenotypes 
of HCM.  60   Accordingly, myocyte hypertrophy and disarray, 
interstitial fi brosis and thickening of the media of intramu-
ral coronary arteries are considered  “ secondary ”  pheno-
types and thus, potentially reversible. In addition, the 
severity of the phenotype is affected by factors other than 
the causal genes, i.e. the environmental factors and the 
modifi er genes. In support of this hypothesis, we have 
shown that stress - responsive signaling kinases ERK1/2 are 
activated in the heart of transgenic animal models of HCM 
and that cardiac hypertrophy and interstitial fi brosis could 
be reversed or attenuated by pharmacologic interventions, 
discussed later.   

  Dilated  c ardiomyopathy ( DCM ) 

  Genetics of  DCM  
 Dilated cardiomyopathy (DCM) is a primary disease of the 
myocardium diagnosed by a decreased left ventricular 
ejection fraction ( < 0.45) and an increased left ventricular 
cavity size (end - diastolic diameter  > 2.7   cm/m 2 ). Clinical 
features of DCM are those of heart failure, including 
syncope, cardiac arrhythmias and SCD. The etiology of 
DCM is diverse and a family history of DCM is present in 
approximately half of all index cases.  61 – 63   Thus, in such 
cases DCM is considered a familial disease. The remainder 
have no family history of DCM and thus DCM is consid-
ered sporadic. A signifi cant number of patients with DCM 
and their affected relatives are asymptomatic and are mis-
takenly considered as normal unless subjected to clinical 
and genetic investigation.  60   Familial DCM is commonly 
inherited as an autosomal dominant disease,  61   which clini-
cally manifests during the third and fourth decades of life. 
X - linked and autosomal recessive patterns of inheritance 
also occur, which may manifest early, often during the 
second decade of life. The mode of transmission is matri-
lineal when DCM occurs because of mutations in the mito-
chondrial DNA. DCM also occurs in conjunction with 
the triplet repeat syndromes and follows their pattern of 
inheritance. 

 DCM is an extremely heterogeneous disease (Table  22.4 ). 
Despite the diversity of the causal genes and mutations, the 
vast majority of them encode for proteins that are either 
components of the myocardial cytoskeleton or support it. 
Therefore, DCM is considered a disease of cytoskeletal pro-
teins. Given the diversity of causal genes and mutations, it 
is not surprising that each causal gene accounts for a very 
small fraction of familial DCM and none predominates. 

Collectively, the mapped genes account for approximately 
half of all familial DCM cases and in a signifi cant number 
of families, while the chromosomal loci have been mapped, 
the causal genes remain unidentifi ed. The gene encoding 
cardiac alpha - actin ( ACTC1 ) was the fi rst causal gene iden-
tifi ed for familial DCM with an autosomal dominant mode 
of inheritance.  64   The authors proposed that defects in the 
cytoskeletal proteins could cause DCM by impairing the 
transmission of contractile force.  64   Mutations in two 
additional components of the sarcomere, namely the beta -
 myosin heavy chain and cardiac troponin T, were found in 
patients with DCM.  65   As discussed earlier, mutations in 
 ACTC1 ,  MYH7  and  TNNT2  are also known to cause HCM. 
These fi ndings suggest that the topography of the muta-
tions within the sarcomeric proteins and the modifi er genes 
plays a signifi cant role in determining the ensuing clinical 
phenotype. Mutations in the cytoskeletal proteins delta sar-
coglycan,  66   metavinculin and dystrophin  45   are also known 
to cause DCM. Mutations in alpha - sarcoglycan (adhalin) 
cause an autosomal recessive form of DCM that occurs in 
conjunction with limb - girdle muscular dystrophy. An 
intriguing causal gene for familial DCM is the lamin A/C 
gene,  67 – 69   which encodes a nuclear envelope protein. The 
observed phenotype resulting from mutations in the rod 
domain of lamin A/C is progressive conduction disease, 
atrial arrhythmias, heart failure and SCD. Finally, muta-
tions in the intermediary fi lament desmin and its associ-
ated protein alpha/B - crystallin have been identifi ed in 
patients with DCM.  70 – 72   Often such mutations lead to a 
phenotype of cardiac and skeletal myopathy, referred to as 
desmin - related myopathy.  71   Collectively, these fi ndings 
suggest that mutations affecting the integrity of the cysto-
skeleton can cause DCM. Genotype/phenotype correla-
tions are not yet available in a systematic study.    

  Pathogenesis of  DCM  
 Mutations in cardiac alpha - actin, beta - myosin heavy chain, 
cardiac troponin T and other cytoskeletal proteins impart 
a dominant - negative effect on transmission of the contrac-
tile force to the extracellular matrix proteins.  64   Mutations 
in the dystrophin gene lead to decreased expression level 
of dystrophin, a major cytoskeletal protein in skeletal and 
cardiac muscles. Decreased expression of dystrophin 
impairs effi cient mechanical coupling and myocyte short-
ening. In X - linked DCM, the severity of the clinical pheno-
type correlates inversely with the expression level of 
dystrophin. The pathogenesis of DCM resulting from 
mutations in desmin and alpha/B - crystallin involves 
deposition of desmin and alpha/B - crystallin aggregates in 
the myocardium. The molecular pathogenesis of DCM 
caused by mutations in lamin A/C or emerin remains 
largely unknown. It is likely that lamin A/C is also involved 
in maintaining the integrity of the cytoskeleton. The patho-
genesis of cardiomyopathies in patients with the triplet 
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 Table 22.4     Genetic causes of dilated cardiomyopathy 

   Gene     Symbol     Locus     Frequency     Phenotypes  

  Cardiac  α  actin     ACTC     15q11 – 14    Low    DCM or HCM based on topography of the 

mutation and probably genetic background  

   β  - myosin heavy chain     MYH7     14q11 – 13    Low    DCM or HCM based on topography of the 

mutation and probably genetic background  

  Cardiac troponin T     TNNT2     1q32    Low    DCM or HCM based on topography of the 

mutation and probably genetic background  

   δ  Sarcoglycan     SGCD     5q33 – 34    Low    DCM  

    β   - Sarcoglycan    SGCB    4q12    Autosomal dominant      

  Dystrophin     DMD     Xp21    Low    X - linked DCM  

  Lamin A/C     LMNA     1p21.2    Low    DCM and conduction defect 

 Emery Driefus muscular dystrophy, 

Lipodystrophy (Dunnigan variety)  

  Taffazin (G4.5)     TAZ     Xq28    Low    DCM, ventricular non - compaction, skeletal 

myopthay, mitochondrial abnormalities  

  Desmin     DES     2q35    Low    Desmin - related myopathies  

   α B - crystallin     CRYAB     11q35    Low    Desmin - related myopathy  

  Desmoplakin     DSP     6p23 – 25    Low    Recessive DCM  

  Muscle LIM protein    MLP (CSPR3)    11q15.1    Low    Autosomal dominant  

  Cypher/ZASP (LIM domain binding 3)    LDB3    10q22.3 – q23.2    Low    Familial and sporadic  

  Telethonin (T - cap)     TCAP     17q12    Low      

  ?     ?     1q32    ?      

  ?     ?     2q14 – 22    ?    DCM   +   Conduction defect  

  ?     ?     2q31    ?      

  ?     ?     3p22 – 25    ?    DCM   +   Conduction defect  

  ?     ?     6q23 – 24    ?    DCM   +   Hearing loss  

  ?     ?     9q13 – 22    ?    DCM   +   Conduction defect   +   Adult onset 

limb girdle dystrophy  

  ?     ?     10q21 – 23    ?    DCM   +   MVP  

repeats syndrome is also unclear. Expansion of the CTG 
(CUG in mRNA) repeats in the 3 ′  untranslated region of 
the myotonin protein kinase gene could lead to unstable 
mRNA and decreased expression of the protein. It is also 
possible that proteins that bind to CUG repeats may be 
necessary for proper transcription, splicing, translation, 
and nuclear transport of mRNAs of cardiac genes.   

  Arrhythmogenic  r ight  v entricular 
 c ardiomyopathy ( ARVC ) 

 ARVC is the primary abnormality of the myocardium char-
acterized by a progressive loss of myocytes, fatty infi ltra-
tion and replacement fi brosis, which occur predominantly 
in the right ventricle.  73   ARVC, also referred to as arrhyth-
mogenic right ventricular dysplasia  , often manifests as 
ventricular arrhythmias originating from the right ventri-
cle. A characteristic electrocardiographic pattern is the 
presence of an epsilon wave and less characteristic fi ndings 
are depolarization/repolarization abnormalities in the 
right precordial leads. The age of onset of the disease is 

variable but commonly ARVC manifests with minor 
arrhythmias during adolescence, which progress to serious 
ventricular arrhythmias during the third and fourth decades 
of life, leading to SCD. In Italy, ARVC is a relatively common 
cause of SCD in the young.  74   Gradual fi bro - fatty infi ltration 
of the myocardium leads to regional and global right 
ventricular dysfunction and, less frequently, left ventricle 
failure. In advanced stages, both ventricles are involved 
and heart failure is the predominant manifestation. 

 Several loci for ARVC have been mapped, including loci 
on 14q23 - q24 (ARVD1),  75   1q42 - q43 (ARVD2),  76   14q12 - q22 
(ARVD3),  77   2q32 - q32.3 (ARVD4),  78   3p23 (ARVD5),  79   and 
10p14 - p12 (ARVD6).  80   The causal gene for ARVC2 with its 
locus on chromosome 1q42 - q43 has been identifi ed as the 
cardiac ryanodine receptor gene ( RYR2 ).  81   Mutations in the 
 RYR2  gene in four independent families with ARVC have 
been identifi ed.  81   However, the phenotype may be a 
phenocopy of catecholaminergic polymorphic ventricular 
tachycardia and not true ARVC. Mutations in  DSP ,  JUP , 
 PKP2  and  DSG2 , encoding the desmosomal proteins 
desmoplakin (DP), plakoglobin (PG), plakophilin 2 (PKP2) 
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and desmoglein 2 (DSG2), have been identifi ed.  82 – 86   Muta-
tions in  PKP2  appear to be the most common, accounting 
for approximately 20% of the cases.  83,86   Mutations in  DSG2  
and  DSP  each account for approximately 10 – 15% of the 
cases of ARVC.  86   Most mutations cause a frameshift and 
hence are expected to lead to premature termination of the 
proteins. The only treatment is an ICD to prevent sudden 
cardiac death. Mechanistic studies suggest suppression 
of the canonical Wnt signaling through beta - catenin by 
nuclear plakoglobin or plakophilin 2 as the mechanism 
responsible for myocyte apoptosis and fi bro - fatty replace-
ment of the myocardium.  87   

 The causal gene for an autosomal recessive form of 
ARVC, palmoplantar keratoderma, and peculiar woolly 
hairs (Naxos syndrome), is  JUP , which encodes plakoglo-
bin.  88   Plakoglobin is also a desmosome protein and, along 
with desmoplakin, anchors intermediate fi laments to des-
mosomes. The phenotype was described fi rst in a family 
from the island Naxos in Greece and was mapped to 17q21.   

  Integration of  g enetics into  r outine 
 c linical  m anagement 

 Single gene disorders, many of which are already known, 
could theoretically be tested for multiple mutations. 
However, such testing has not yet been incorporated into 
clinical management. This is due to many reasons: medical 
insurance is not available to offset the cost; certain ethical, 
social and legal issues await federal policies; and for many 
disorders, the screening technology is not yet available. 
There are also other issues (e.g. penetrance and expres-
sivity) that confound the interpretation of genetic data 
even when a mutation is known. Penetrance refers to the 
percentage of individuals with the mutant gene who will 
develop the disease. Most genes are not 100% penetrant 
and the onset of the disease further confounds the diagno-
sis since it is often age dependent. These problems are of 
greater concern when the pattern of inheritance is domi-
nant. Expressivity refers to the variability of clinical mani-
festations. In some individuals with the mutant gene, the 
phenotype is only partially represented which poses the 
problem of a causal relationship. 

 Despite the lack of availability of clinical genetic testing, 
screening of fi rst - degree relatives and other family members 
should be encouraged.  89   Once a DNA - based diagnosis of 
HCM is known within a family, clinical screening including 
history, physical examination, 12 - lead ECG and two -
 dimensional echocardiography should be performed on 
individuals who are 12 years of age or older. In general, 
individuals do not develop hypertrophy until puberty 
when there is a signifi cant growth spurt. Individuals 
affected should be re - evaluated every 12 – 18 months. Indi-
viduals within the family who do not have evidence of 

HCM should be screened every fi ve years. There is some 
debate as to whether at age 25 or 30, if there is no evidence 
of the disease, screening should be discontinued; however, 
since certain genes do not have onset until middle age or 
later, until genetic testing has been performed, clinical 
assessment should continue. In the meantime, it is sug-
gested that individuals of suspected HCM families undergo 
genetic testing through either a research laboratory or one 
of the independent private laboratories. In addition, genetic 
testing is sometimes necessary to exclude other causes of 
hypertrophy such as lysosomal enzyme abnormalities.  

  Polygenic or  c omplex  d isorders 

 There is ample evidence from dizygotic and monozygotic 
twins as well as endemic populations to indicate that 
diseases such as coronary artery disease (CAD) and hyper-
tension have a signifi cant genetic predisposition.  90   It is 
estimated that genetic predisposition accounts for over 
50% of risk in patients with coronary artery disease and an 
even greater component in those with premature heart 
disease.  91   Despite the success with single gene disorders, 
there has been very little progress with the common chronic 
diseases such as coronary artery disease and hypertension. 
In single gene disorders, a single gene responsible for the 
disease is inherited in a Mendelian pattern (i.e. passed from 
parents to their children). Families with these diseases can 
be analyzed for the genetic anomaly using a few hundred 
DNA markers (spanning the genome at 10 million base pair 
intervals). Using a process referred to as genetic linkage 
analysis, researchers can determine which markers are 
present in affected individuals versus normals and map the 
location of the gene. While genetic linkage analysis is 
useful for single gene disorders within an affected family, 
this approach cannot be used for complex common dis-
eases such as CAD and hypertension. 

 Twenty diseases account for about 89% of all deaths in 
the world, with cardiovascular disease accounting for over 
40%.  92   In contrast to single gene disorders, genetic predis-
position contributing to these diseases is due to multiple 
genes, with some contributing as little as 5% risk. The more 
appropriate and sensitive method to detect genes and other 
genomic alterations responsible for multigene disorders is 
referred to as a case – control association study.  93   In this type 
of study, the genomes of large populations of unrelated 
individuals with a chronic disease are compared to another 
large population without the disease, and the pool of 
genetic differences between the two is identifi ed. These 
genetic differences are then assessed in independent popu-
lations to determine whether the association remains sig-
nifi cant (referred to as replication). This method is best 
performed with a genome - wide scan that uses hundreds of 
thousands of DNA markers that span the entire human 
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genome. While the need for these genome - wide scans has 
been recognized for some time, they have not been feasible 
because of the availability of too few DNA markers and the 
prohibitive cost of genotyping large populations.  93   In the 
meantime researchers pursued a less expensive and less 
time - consuming method referred to as the candidate gene 
approach. This consisted of selecting one gene at a time and 
determining whether one or more forms of that gene are 
more common in diseased versus normal individuals. 
Several genes were claimed to be associated with disease, 
but recent studies  94   indicate that essentially none have been 
confi rmed in independent populations.  

  New  t echnology 

 The DNA of the human genome consists of 3.3 billion 
bases, the sequence of which was determined in 2003 by 
the Human Genome Project. This sequence is 99.9% identi-
cal in all humans, meaning the DNA sequence which 
carries the genetic differences varies by only one - tenth of 
1% or about 3 million bases. Most of these variations are 
referred to as single nucleotide polymorphisms (SNPs) 
since  ≥ 80% are due to substitutions of single bases (nucleo-
tides) scattered throughout the genome. On average, each 
genome has one SNP per 1000 base pairs. The remaining 
15 – 20% of variation is due to differing patterns of repetitive 
sequences, and deletion or addition of nucleotides, referred 
to as copy number variation (CNV). These SNPs and CNVs 
account for all human variation such as height, weight and 
susceptibility for, or protection against, disease.  95   Utilizing 
the SNPs as DNA markers, it was possible to generate 
platform arrays of millions of markers that could be used 
to search the entire genome for genes that predispose to 
chronic disease. This makes it possible to perform what 
are now referred to as genome - wide association (GWA) 
studies. Commercial platforms utilizing millions of DNA 
markers are currently available. With markers spaced 
across the genome at intervals averaging 1000 to 6000 base 
pairs, it is possible to detect genes that contribute even 
modestly to the disease. This is the newest technology 
evolving to map the location of the genes predisposing to 
chronic disease.  96   

 Success is already evident from genome - wide case – con-
trol association studies. Results from these studies are 
beginning to appear, with promising implications. Recently, 
three independent groups using the GWA approach dis-
covered the same genetic variation at chromosome 9p21 
that results in a signifi cantly increased risk of heart disease 
in Caucasians.  96   The risk of this genetic variation is inde-
pendent of all known risk factors such as cholesterol, high 
blood pressure and diabetes. Several genes have also been 
identifi ed in other chronic diseases including diabetes, 
Crohn ’ s disease and prostate cancer.  97   

  Coronary  a rtery  d isease 

 Identifying the genes responsible for several single gene 
disorders affecting cholesterol metabolism has contributed 
signifi cantly to our understanding of the pathogenesis 
and treatment of CAD (e.g familial hypercholesterolemia). 
However, as indicated previously, progress until recently 
has been minimal. Most of the research utilized the candi-
date gene approach and none of these genes have been 
replicated in independent populations and so remain 
suspect.  94   The list of candidate genes in Table  22.5  may be 
discarded as the results of the GWA studies become avail-
able. Two examples, namely  ABCA1  and  CYBA , are dis-
cussed briefl y. Plasma levels of high - density lipoprotein 
(HDL) cholesterol and its apolipoprotein A1 (apo - A1) are 
under tight control of genetic factors, which are largely 
unknown. Mutations in the ATP binding cassette trans-
porter ( ABCA1 ) gene in patients with Tangier disease  98   
have very low plasma levels of HDL - C and apo - A1 and an 
increased risk of coronary atherosclerosis. This suggests a 
major role for the ABCA1 protein in regulating plasma 
HDL - C and apo - A1 levels and thus the risk of athero-
sclerosis.  99   Several studies have reported an association 
between plasma HDL - C levels and SNPs in  ABCA1 .  100 – 102     

 A second example is the  CYBA  gene located on 16q24, 
which is involved in maintaining the delicate balance 
between oxidation and reduction (redox) in the vessel wall. 
 CYBA  codes for p22 phox  protein, which is a component of the 
plasma membrane - associated enzyme NADPH oxidase. 
NADPH oxidase is the most important source of superoxide 
anion, the precursor to a variety of potent oxidants, in intact 
vessel walls. p22 phox  in conjunction with gp91 forms a mem-
brane - bound heterodimeric protein referred to as fl avocyto-
chrome b 558 . The latter is considered the redox center of the 
NADPH oxidase. The p22 phox  protein is essential for the 
assembly and activation of the NADPH oxidase and plays 
a major role in NADPH - dependent O 2   

−   production in the 
vessel wall. There are several genetic variants of p22 phox  
including a 242C/T transition that results in replacement of 
histidine by tyrosine at amino acid position 72 (H72Y), a 
potential heme - binding site. We determined the association 
of the 242C/T variants with severity and progression of 
coronary atherosclerosis and response to treatment with a 
statin in a well - characterized cohort of Lipoprotein Coronary 
Atherosclerosis Study population.  103   In the placebo group, 
subjects with the mutation had 3 – 5 - fold greater loss in mean 
minimum lumen diameter (MLD) and lesion - specifi c MLD 
than those without. Progression was also more and regres-
sion less common in those with the mutation. 

 As indicated previously, GWA studies are likely to iden-
tify many genes predisposing to CAD in the very near 
future. The fi rst major locus has been identifi ed on chromo-
some 9p21.  96   The mechanism whereby this DNA region 
of 58   K base pairs predisposes to CAD remains to be 
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 Table 22.5     Selected candidate genes for coronary atherosclerosis and myocardial infarction 

   Gene     Locus     Polymorphism     Allele     Function  

   Vascular homeostasis   

  ACE    17q23    I/D    D     ↑ ACE  

  AGT    1q42    M235T    T     ↑ AGT  

  AT1    3q22    C1166A    AA    Unknown  

  ENOS    7q35 – 36    A/b    a    Unknown  

      Gln298Asp    Asp    ?  

   Hemostatic factors   

   β  - Fibrinogen    4q2    G - 453A    A     ↑ Fibrinogen  

  PAI - 1    7q21.3 – 22    4G/5G    4G     ↑ PAI - 1  

  GpIIb/IIIa    17q21.32    PI A1/A2 (T/C)PIA2    ?      

  Factor V    1q25 – 25    Arg506Gln    Gln    Resistance to APC  

  Factor VII    13q34    Arg353Gln    Arg     ↓ VII  

  Thrombomodulin    20p1    GG - 9/ - 10AT    AT    ?  

   Lipids and associated factors   

  Paraxoxonase    7q21 – 22    A/B (Gln92Arg)    B (Arg)     ↑ activity  

  LPL    8p22    Asn291Ser    Ser     ↓ HDL,  ↑ TG  

      Asp9Asn    Asn     ↓ HDL,  ↑ TG  

      Gly188Glu    Glu     ↓ HDL,  ↑ TG  

  Hepatic lipase    15    Various mutations         ↓ HDL  

  LDLr    19p13.3    Various mutations         ↑ LDL  

  ApoE, ( &  C1, CII)    19q13.2    E2/E3/E4    E4     ↑ LDL,  ↑ VLDL  

  ApoAI - CIII - AIV    11q23    Various mutations     –      ↓ HDL,  ↑ TG  

  ApoB100    2p24    Various mutations         ↑ LDL,  ↑ VLDL  

  Apo(a)    6q26    KIV repeats         ↑ Lp(a)  

  CETP    16q22    Few mutations         ↓ HDL  

  LCAT    16q22    Few mutations         ↓ HDL  

   Metabolic factors   

  MTHFR    1p36.3    C677T    T     ↑ Homocysteine  

  CBS    21q22.3    Various mutations     –      ↑ Homocysteine  

   ACE, angiotensin - converting enzyme; AGT, angiotensinogen; AT1, angiotensin II receptor 1; PAI - 1, plasminogen activator inhibitor - 1; GpIIb - IIIa, 

glycoprotein IIb - IIIa; eNOS, endothelial nitric oxide synthase; LPL, lipoprotein lipase; MTHFR, methylenetetrahydrofolate reductase; LCAT, lecithin 

cholesteryl acyltransferase; CETP, cholesteryl ester transfer protein; LDLr, low - density lipoprotein receptor; CBS, cysthathionine  β  synthase; HDL, 

high - density cholesterol; VLDL, very low - density cholesterol.   

determined. Nevertheless, in the Ottawa Heart Genome 
Study, 23   000 Caucasians were genotyped and the hetero-
zygous form was present in 50% and the homozygous 
form in about 25%. The relative risk for CAD is increased 
40% by the homozygous form and 15 – 20% by the hetero-
zygous form. The overall population risk is estimated to 
be about 10%. The 9p21 region was independently con-
fi rmed for increased risk of myocardial infarction by the 
Icelandic group in over 17   000 Caucasians with a similar 
gene frequency.  104   This was followed by further confi rma-
tion in a population of 5000 by the Wellcome Trust Case 
Control Consortium.  105   Thus, the 9p21 region has been con-
fi rmed as a signifi cant risk factor for CAD, in over 45   000 

Caucasians, and appears to be statistically independent 
of known risk factors. It does not appear to be a risk factor 
in African Americans and remains to be determined in 
other ethnic groups such as the Indian and Chinese 
populations.  

  Hypertension 

 Hypertension is among the top three or four most common 
diseases throughout the world. It is an independent risk 
factor for cardiac morbidity and mortality. It is a major 
stimulus for cardiac hypertrophy, which in itself signifi -
cantly increases susceptibility for SCD. Hypertension, as 
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indicated previously, is primarily a polygenic disease. 
There are likely to be multiple genes that increase suscep-
tibility for developing hypertension. These genes interact 
with the environment and the onset of hypertension is 
usually age dependent with 20 – 30% of the population 
being hypertensive in their elderly years. The susceptibility 
genes remain elusive but with the new ability to perform 
GWA studies, it is expected that many of these genes pre-
disposing to hypertension will be identifi ed in the next 
5 – 10 years. 

 Geller and his associates recently identifi ed a family with 
early onset of hypertension.  106   The disease segregates as a 
dominant Mendelian disorder. A mutation was identifi ed 
in the mineralocorticoid receptor. The patient had severe 
hypertension, decreased plasma renin activity, serum aldo-
sterone and no other underlying cause for hypertension. 
The mutation was a missense mutation in which leucine 
was substituted for serine at codon 810. The mutation is in 
the domain of the receptor that binds to the hormone. Nor-
mally, 21 - hydroxyl group steroids are necessary to activate 
this receptor. In contrast, the receptor with the mutation 
seems to activate itself and does not require 21 - hydroxyl 
stimulation. The potent antagonist spironolactone, which 
would block mineralocorticoid activity in normal individu-
als, acts as an agonist in individuals with this mutation, 
causing hypertension and further activating mineralcorti-
coid activity. This is quite a drastic and unexpected change 
for the mutation to not only have a positive effect but 
change the receptor to respond to hormones and drugs 
opposite to its normal response. Another important obser-
vation occurred in pregnancy, in which about 6% of 
individuals develop hypertension and may proceed to pre-
eclampsia. It was noted that progesterone, which normally 
does not activate the mineralcorticoid receptor, does so in 
individuals with the mutation. This has signifi cant implica-
tions in pregnancy since progesterone levels are normally 
increased 100 - fold and thus, women with this mutation 
would be expected to develop hypertension. Furthermore, 
treatment with spironolactone would increase the hyper-
tension and may precipitate pre - eclampsia. Two of the car-
riers in this family had undergone pregnancies all 
complicated by hypertension. It is also of note that while 
pregnant, these women had decreased serum potassium 
and aldosterone levels in keeping with the expected abnor-
mal response induced by the mutation. While this is not 
part of the polygenic causes for hypertension, it empha-
sizes the pathogenetic mechanism involved with hyper-
tension and clearly has improved the treatment of this 
condition which is particularly important in pregnancy. It 
is hoped that other Mendelian disorders causing hyperten-
sion will be identifi ed since although they form a very 
small percentage of the etiology of hypertension, compared 
to polygenic forms, they could have signifi cant implica-
tions for prevention and treatment.  106     

  Genetics and  f uture  t herapy 

 Once the gene responsible for a disease is identifi ed, it is 
usually possible through genetic animal models to deter-
mine the function as well as the pathogenesis of the disease. 
Genetic animal models of human FHCM have been devel-
oped both in mice and in the rabbit.  107 – 109   In the mouse, 
expression of Arg 403, known to cause human FHCM, 
exhibits myocyte and myofi brillar disarray, impaired 
cardiac function and extensive fi brosis. However, there is 
very little hypertrophy. Expression of this same mutation, 
Arg 403, in the rabbit is associated with a phenotype that 
is virtually identical to that observed in human FHCM.  109   
This may be because the rabbit has beta - MHC as the pre-
dominant myosin in the heart, as is found in human myo-
cardium, whereas the mouse heart has alpha - MHC. In the 
transgenic rabbit, there is myocyte disarray, impaired sys-
tolic and diastolic function, extensive interstitial fi brosis 
and extensive septal and posterior wall hypertrophy. There 
is also a signifi cant incidence of sudden death. Utilizing 
these two models, the pathogenesis of FHCM has been 
considerably elucidated. It does appear that impaired con-
tractility due to the inherited defect in the beta - MHC leads 
to impaired contractility,  60   which in turn is associated with 
disarray and upregulation of several growth factors that 
stimulate fi broblast proliferation with increased matrix for-
mation, myocyte hypertrophy and further disarray.  60   It has 
been shown in human FHCM that several growth factors 
are upregulated  60   and the pathology is that of fi brosis and 
hypertrophy. Recognizing that fi brosis and hypertrophy 
are secondary phenotypes would imply that, with appro-
priate therapy, there could be attenuation, prevention or 
even regression of these phenotypes. 

 A randomized placebo - controlled study was performed 
in the mouse model with 12 transgenic mice receiving 
placebo, 12 receiving losartan and 12 controls.  110   This study 
showed that despite a fully developed phenotype of disar-
ray and fi brosis, there was essentially a reversal of the 
phenotype to normal after about six weeks of therapy. TGF -
 beta, which is known to be a stimulus of fi broblastic activ-
ity and collagen deposition, also returned to control levels. 
It is thus likely that TGF - beta is a major mediator of fi brosis 
in the mouse. In the rabbit model, a similar randomized 
placebo - controlled study  111   was performed with simvas-
tatin. After 12 weeks of therapy, this model showed a 
37% reduction in hypertrophy and fi brosis with signifi cant 
improvement in ventricular function. The mechanism 
whereby simvastatin induces regression of hypertrophy 
and fi brosis is most likely due to the inhibition of isopre-
nylation of signaling proteins. This process is necessary to 
induce growth of the cardiac myocytes and/or fi broblasts. 
In similar studies spironolactone was also shown to reverse 
the HCM phenotype in the mouse.  112   Most recently, in 
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similar placebo - controlled studies, atorvastatin was shown 
to prevent the development of the HCM phenotype, when 
given prior to puberty in the transgenic rabbit.  113   

 These studies are very exciting and provide compelling 
evidence for an appropriate clinical study in humans. We 
are even more excited about these results since all of these 
drugs have been shown to be safe as they have been taken 
by millions of patients for other reasons. These animal 
models provide the potential to identify other targets for 
development of new therapies but clearly losartan, simv-
astatin, atorvastatin and spironolactone can be evaluated 
in the near future. It is of note that FHCM in humans 
usually does not present prior to puberty and thus, there 
is at least a 10 – 12 year window in those positive for the 
mutation in which appropriate therapy could prevent or 
modulate the rate of development of the phenotype of 
fi brosis and hypertrophy. There is also, of course, the pos-
sibility that one can inhibit the fi brosis separately, which 
would lead to more specifi c therapy for the treatment of 
the disease in humans. It is an example of how one can 
work from the bedside to the bench in identifying the gene 
and then back to the bedside, having developed therapies 
in animal models that can be evaluated in clinical trials. 

 We are also interested in a novel diagnostic means for 
the preclinical diagnosis of FHCM. In the transgenic rabbit 
model of human FHCM induced by expression of the Arg 
403 mutation, tissue Doppler velocities of the myocardium 
were assessed. It was observed that rabbits positive for 
the mutation, despite having no hypertrophy, exhibited 
impaired tissue Doppler velocities. These animals devel-
oped hypertrophy and the full phenotype but not until 
several months later.  114   Tissue Doppler velocities were eval-
uated in patients with FHCM, those positive for a mutation 
but without any clinical features and controls.  115   Thirteen 
patients positive for mutations but without hypertrophy or 
any other clinical phenotype exhibited decreased myocar-
dial tissue velocity. We compared these fi ndings with con-
trols and patients with a clinical phenotype of FHCM. 
Tissue Doppler imaging had a sensitivity of 85% and speci-
fi city of 90% in individuals without other clinical fi ndings. 
These fi ndings have been confi rmed by other investiga-
tors  116   and hopefully will be used to initiate therapy for 
prevention and possibly for screening athletes. The combi-
nation of effective therapy in animal models and a non -
 invasive test for preclinical diagnosis in patients offers 
great promise for the future. It is hoped clinical trials will 
be initiated in the near future for HCM, the most common 
cause of sudden cardiac death in the young. 
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   Introduction 

 Diet, as regularly consumed, and the nutrients supplied by 
it are major determinants which initiate and infl uence the 
course of atherothrombotic vascular disease.  1   It is esti-
mated that up to 30% of deaths from coronary heart disease 
(CHD), a major form of cardiovascular disease (CVD), are 
due to unhealthy diets.  2   Identifi cation of increased or 
decreased risk associated with dietary patterns or specifi c 
nutrients, in a methodologically rigorous manner, should 
lay the scientifi c foundation for general dietary recommen-
dations to populations as well as specifi c nutritional inter-
ventions in individuals at high risk of CVD.  

  Methodologic  i ssues in the  s tudy of 
 c ausal  a ssociations 

  Issues  r elated to  s tudy  d esign 

 Studies investigating the infl uence of diet on CVD or car-
diovascular risk factors have employed a wide variety of 
study designs: ecologic studies within and across popula-
tions, cross - sectional surveys, case – control studies ( de novo  
or nested), cohort studies, community - based demonstra-
tion projects, randomized clinical trials and before/after 
type of metabolic studies. These differ widely in terms of 
their ability to (a) identify, avoid and adjust for confound-
ing, (b) establish a temporal relationship of cause preceding 
the effect, (c) minimize bias, (d) provide a wide range of 
exposure, (e) ascertain composite endpoints, including 
fatal outcomes, (f) evaluate population - attributable risk, 
and (g) yield generalizable results. 

 Clinical trials, if well designed, provide the best frame-
work for studying associations, as the results are relatively 

free from bias and confounding. However, they often eval-
uate interventions which are relatively short term and 
introduced late in the natural history of disease and may 
not refl ect the effects of long - term differences in dietary 
exposures. Genetics now offers an alternative approach 
through  “ Mendelian randomization ” . This approach takes 
into account that genotypic differences in the metabolism 
of food ingredients may cause lifelong differences in expo-
sure to food components and their metabolites or to pur-
ported risk factors, and may thus establish causality 
without the need for prolonged follow - up.  3,4   

 A related issue is the use of experimental animals. 
Although these are often referred to as  “ animal models ” , 
their validity in predicting outcomes in humans is unclear. 
Lipid metabolism especially is species specifi c, as exempli-
fi ed by the lack of effi cacy of cholesterol - lowering statin 
drugs in many animal species, including monkeys.  5   Experi-
ments in animals are therefore best reserved for elucidating 
mechanisms, and cannot be used to argue that a particular 
food will have a particular effect on cardiovascular disease 
in humans.  

  Issues  i nvolving  o utcome  v ariables 

 These principally relate to a choice between disease end-
points and intermediate variables and the type of variables 
which are selected for study. Ideally, disease - related end-
points are preferable since they clearly demonstrate the 
benefi ts or risks of dietary exposures. With an exposure 
such as diet, effects may extend beyond cardiovascular 
outcomes. The need to evaluate impact of diet on total 
mortality and major co - morbidities, therefore, becomes 
important. Dietary exposures which infl uence thrombotic 
pathways may have opposite effects on the risk of hemor-
rhagic stroke and thrombotic stroke. The need to differenti-
ate the types of stroke in outcome evaluation is, therefore, 
clear and has important implications for populations which 
differ in their stroke profi les. 

 Intermediate variables have been frequently utilized in 
studies evaluating the association of dietary constituents or 
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dietary patterns to CVD. Most often, these are risk factors 
like blood pressure or plasma lipids. However, similar 
changes in total plasma cholesterol may be associated with 
variable effects on levels of LDL cholesterol and HDL cho-
lesterol and on the ratio of total to HDL cholesterol. The 
impact on risk of atherosclerotic CVD may thus vary. The 
25 - year follow - up experience of the Seven Countries Study 
revealed that while the increase in relative risk of CHD for 
comparable levels of plasma cholesterol elevation was 
similar across diverse populations, the absolute risk of 
CHD varied widely at the same level of plasma cholesterol, 
possibly due to other dietary and non - dietary infl uences.  6     
Dietary changes may also infl uence LDL particle size dif-
ferentially, and also the level of plasma triglycerides, with 
variable net effects on the atherogenicity of the plasma 
lipid pool. Such limitations were clearly illustrated in a 
study by Rudel  et al   7   in which monkeys fed monounsatu-
rated fat had similar lowering of LDL cholesterol as 
monkeys fed polyunsaturated fat but developed athero-
sclerosis equivalent to those fed saturated fat. In monkeys 
fed monounsaturated fatty acids, there was an enrichment 
of cholesteryl oleate in plasma cholesteryl esters, which 
correlated with coronary artery cholesteryl ester concentra-
tion.  8   Plasma lipids, as intermediate variables, could not 
also explain the degree of cardiovascular protection con-
ferred by the Mediterranean diet in the Lyon Diet Heart 
Study.  9   While studies of intermediate variables (e.g. cho-
lesterol levels) are useful in identifying mechanistic path-
ways of diet, there is a need for methodologically strong 
studies which relate dietary patterns or dietary interven-
tions to hard endpoints such as total mortality and com-
bined fatal and non - fatal cardiovascular events.  

  Issues  i nvolving  e xposure  v ariables 

 These involve the type of exposure selected for study, the 
methods of measurement employed as well as the duration 
and dose of exposure. First, the types of dietary exposure 
assessed for associations with CVD have varied from spe-
cifi c nutrients (such as saturated fat) to dietary items (such 
as fi sh) to food groups (such as fruit and vegetables) to 
dietary patterns (such as the Mediterranean diet or Adven-
tist diet) and composite dietary interventions (e.g. the 

DASH diet). A reductionist approach has inherent limita-
tions in the area of diet, because multiple interactions 
among many nutrients are likely to determine the physio-
logic effects and pathologic outcomes much more than the 
individual effects of an isolated nutrient. Multicomponent 
dietary exposures, however, render identifi cation of mech-
anistic causal pathways diffi cult to elucidate. While this 
frustrates efforts to develop and market specifi c food sup-
plements or nutriceuticals, interests of public health are 
likely to be better served by a causal enquiry exploring the 
connections of food patterns and food components to car-
diovascular health.   

 Second, the strengths and limitations of various methods 
of collecting accurate food consumption data are well rec-
ognized.  10   Questionnaire methods of ascertaining informa-
tion related to habitual food intake pose problems of 
validity and reproducibility even within well - defi ned pop-
ulations but these problems are likely to be magnifi ed 
when such instruments are applied across different cul-
tures. Even if the nutrient composition of self - reported 
diets is accurately estimated, different cooking methods 
may alter the fi nal bio - availability of those nutrients as 
actually consumed. The need for valid and reproducible 
biomarkers is, therefore, important when studies of specifi c 
nutrients are proposed. For example, adipose tissue fatty 
acid composition is a suitable biomarker for habitual type 
of dietary fat intake.  11   There may, however, be technical 
and fi nancial constraints which limit the use of such bio-
markers in large epidemiologic studies. 

 Third, a causal enquiry needs to recognize the lag time 
effect, wherein a long period of exposure to dietary vari-
ables is required before effect is evident on outcome vari-
ables Short - term studies may be incapable of identifying 
true effects even when they exist. This is clearly illustrated 
by trials evaluating the effect of sodium restriction on 
blood pressure, where benefi t was demonstrated only in 
trials in which the duration of exposure was at least 5 
weeks.  12   The dose of exposure is another critical variable, 
where many of the nutrients are physiologic requirements 
at a certain level but may pose risk of cardiovascular dys-
function and disease at other levels. The relationships may 
vary from linear to J - shaped or threshold, for different 
variables.  
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     Figure 23.1     Change in CHD risk associated 
with replacement of saturates by other fats 
(Nurses ’  Health Study).  (Reproduced with 
permission from Hu  et al   21  .)   
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  Issues  r elated to  d iet  a s an 
 i ndependent  v ariable 

 Unhealthy dietary behaviors often occur in association 
with other unhealthy behaviors such as physical inactivity 
and smoking. Furthermore, unhealthy dietary practices 
such as high consumption of saturated fats, salt and refi ned 
carbohydrates as well as low consumption of fruit and 
vegetables tend to cluster together. In contrast, persons 
who habitually adopt one healthy dietary practice are more 
likely to adopt other healthy dietary habits as well as prac-
tice regular physical activity and abstinence from smoking. 
Dietary behaviors may also refl ect patterns infl uenced 
by social class and may be infl uenced by stress levels. 
Dissociating the specifi c effects of individual dietary com-
ponents from other dietary components, physical activity 
levels and other behaviors becomes diffi cult outside the 
setting of a randomized controlled clinical trial. In obser-
vational studies, the question arises whether some dietary 
practices are merely a surrogate for other dietary practices 
or lifestyles such as physical activity, or for a composite of 
multiple health behaviors. 

 The effects of diet on multiple cardiovascular risk factors, 
ranging from body weight to blood lipids and blood pres-
sure to thrombotic mechanisms, also pose the question of 
when and how far to adjust for these variables in evaluat-
ing the relationship of diet to CVD. Since many of these are 
intermediate variables linking diet to CVD, adjustment to 
exclude their effect would underestimate the effect of diet. 
However, such variables are also infl uenced by factors 
other than diet.   

  Nutrients and  c ardiovascular  d isease 

 Willett defi ned a good diet by using a score based on low 
trans fat, high polyunsaturated fat, low glycemic load, high 
cereal fi ber, fi sh twice a week or more, and high folic acid.  13   

  Dietary fats 

 The relationship between dietary fats and CVD, especially 
CHD, has been extensively investigated, with strong and 
consistent associations emerging from a wide body of 
evidence accrued from animal experiments, as well as 
observational studies, clinical trials and metabolic studies 
conducted in diverse human populations. The relationship 
of dietary fat to CVD was initially considered to be medi-
ated mainly through the atherogenic effects of plasma 
lipids (total cholesterol, lipoprotein fractions and triglycer-
ides). The effects of dietary fats on thrombosis and endo-
thelial function as well as the relationship of plasma and 
tissue lipids to the pathways of infl ammation have been 
more recently understood.  11,14   Similarly the effects of 

dietary fats on blood pressure have also become more 
evident through observational and experimental research. 

 Cholesterol in the blood and tissues is derived from two 
sources: diet and endogenous synthesis. Dairy fat and meat 
are major sources. Egg yolk is particularly rich in cho-
lesterol but, unlike dairy and meat, does not provide 
saturated fatty acids. Dietary cholesterol raises plasma cho-
lesterol levels.  15   Although both HDL and LDL increase, the 
effect on the total/HDL ratio is still unfavorable, but 
small.  16   Observational evidence on an association of dietary 
cholesterol intake with cardiovascular disease is contradic-
tory.  17,18   The upper limit for dietary cholesterol intake has 
been prescribed, in most guidelines, to be 300   mg/day. 
However, since there is no requirement for dietary choles-
terol, it is advisable to keep the intake as low as possible.  14   
If intake of dairy fat and meat is controlled, there would 
be no need for a severe restriction of additional egg yolk 
intake. 

 Fatty acids are grouped into three classes  –  saturated 
fatty acids (SFA), monounsaturated fatty acids (MUFA) 
and polyunsaturated fatty acids (PUFA). SFA and MUFA 
can be synthesized in the body and hence are not dietary 
essentials. PUFA are essential fatty acids, since they cannot 
be synthesized in the body. 

  Saturated fatty acids (SFAs)  as a group raise total and LDL 
cholesterol, but individual SFAs have different effects.  11,19   
Myristic and lauric acids have greater effect than palmitic 
acid, but the latter is more abundant in food supply. The 
plasma cholesterol - raising effects of these three SFAs is 
higher when combined with high - cholesterol diets. Stearic 
acid has not been shown to elevate blood cholesterol and 
is rapidly converted to oleic acid (OA)  in vivo . Metabolic 
(feeding) studies demonstrate a marked elevation of both 
HDL and LDL cholesterol induced by SFA diets.  20,21   
Replacement of saturated fatty acids by polyunsaturated 
fat reduces the total to HDL cholesterol ratio but replace-
ment by carbohydrates does not. Also, tropical fats rich in 
lauric acid (C - 12) raise total cholesterol strongly, but 
because of their specifi c effect on HDL, the ratio of total to 
HDL cholesterol falls. Thus effects on blood lipids can be 
variable, depending on which blood lipids are studied, and 
we need data on actual outcomes to determine the true 
effects of fats on coronary heart disease.  22   

 The relationship of dietary saturated fat to plasma cho-
lesterol levels and to CHD was graphically demonstrated 
by the Seven Countries Study involving 16 cohorts, in 
which saturated fat intake explained 73% of the total vari-
ance in CHD across these cohorts.  23   In the Nurses ’  Health 
Study,  21   the effect of saturated fatty acids was much more 
modest, especially if saturates were replaced by carbohy-
drates. The most effective replacement for saturated fatty 
acids in terms of CHD outcome is by polyunsaturated fatty 
acids, i.e. linoleic acid. This agrees with the outcome of 
large randomized clinical trials, in which replacement of 
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saturated and trans fats by polyunsaturated vegetable oils 
effectively lowered coronary heart disease risk.  24   

  Trans fatty acids (t - FAs)  are geometric isomers of unsatu-
rated fatty acids that assume a saturated fatty acid - like 
confi guration. Partial hydrogenation, the process used to 
create t - FAs, also removes essential fatty acids such as lin-
oleic acid and alpha - linolenic acid. Metabolic studies have 
demonstrated that t - FAs render the plasma lipid profi le 
even more atherogenic than SFAs, by not only elevating 
LDL cholesterol to similar levels but also decreasing HDL 
cholesterol.  25   As a result, the ratio of LDL cholesterol to 
HDL cholesterol is signifi cantly higher with a t - FA diet 
(2.58) than with a SFA diet (2.34) or an oleic acid diet (2.02). 
Evidence that intake of t - FAs increases the risk of CHD 
initially became available from large population - based 
cohort studies in the US  26,27   and was corroborated in an 
elderly Dutch population.  28   Levels of t - FAs in a biochemi-
cal analysis of replicated baseline food composites corre-
lated with the risk of coronary death in the cohorts of the 
Seven Countries Study. Most trans fatty acids are contrib-
uted by industrially hardened oils, but the dairy and meat 
fats of ruminants are also a source. Eliminating t - FAs from 
the diet would be an important public health strategy to 
prevent cardiovascular disease. Since these agents are com-
mercially introduced into the diet, policy measures related 
to the food industry would be required along with public 
education. Trans fatty acids have been eliminated from 
retail fats and spreads in a large part of the world, but 
deep - fat fried fast foods and baked goods are a major and 
increasing source.  29   

 The only nutritionally important  monounsaturated fatty 
acid  (MUFA) is oleic acid, which is abundant in olive and 
canola oils and also in nuts. The epidemiologic evidence 
related to MUFAs and CHD is derived from studies on the 
Mediterranean diet, as well as from the Nurses ’  Health 
Study and other similar studies, which investigated the 
association and controlled for confounding factors.  30   
MUFAs have been shown to lower blood glucose and tri-
glycerides in type 2 diabetics and may decrease susceptibil-
ity of LDL to oxidative modifi cation. 

  Polyunsaturated fatty acids (PUFAs)  are derived from 
dietary linoleic acid (LA) (n - 6 PUFAs )  and dietary alpha 
linolenic acid (ALNA)   (n - 3 PUFAs). The important n - 6 
PUFAs are arachidonic acid (AA) and dihomogammalino-
lenic acid (DHGLA), while the important n - 3 PUFAs are 
eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA). Eicasanoids derived from AA have opposing meta-
bolic properties to those derived from DHA. A balanced 
intake of n - 6 and n - 3 PUFAs is, therefore, essential for health. 

 The biologic effects of n - 3 PUFAs are wide ranging, 
involving lipids and lipoproteins, blood pressure, cardiac 
function, arterial compliance, endothelial function, vascu-
lar reactivity and cardiac electrophysiology as well as 
potent antiplatelet and anti - infl ammatory effects, includ-

ing reduced neutrophil and monocyte cytokine produc-
tion.  11,31   DHA appears to be more responsible for the 
benefi cial effects of fi sh and fi sh oils on lipids and lipopro-
teins, blood pressure, heart rate variability, and glycemic 
control, in comparison to EPA, while a mixture of DHA and 
EPA signifi cantly reduced platelet aggregation in compari-
son to ALNA  in vitro .  11,32   The very - long chain n - 3 polyun-
saturated fatty acids powerfully lower serum triglycerides, 
but they raise LDL cholesterol.  33   Therefore, their effect on 
coronary heart disease is probably mediated through path-
ways other than cholesterol. 

 Much of the epidemiologic evidence related to n - 3 PUFAs 
is derived from the study of fi sh consumption in popula-
tions or interventions involving fi sh diets in clinical trials. 
Fish oils were, however, used in the GISSI study of 11   300 
survivors of myocardial infarction.  34   In this factorial design, 
fi sh oil (1   g/day) and vitamin E (300   mg/day) were com-
pared, alone and in combination, to placebo. After 3.5 years 
of follow - up, the fi sh oil group had a statistically signifi cant 
20% reduction in total mortality, 30% reduction in cardio-
vascular death and 45% decrease in sudden death. While 
most published studies do not indicate that dietary n - 3 
PUFAs prevent restenosis after percutaneous coronary 
angioplasty or induce regression of coronary atherosclero-
sis, one study reported that occlusion of aortocoronary 
venous bypass grafts was reduced after 1 year by daily 
ingestion of 4   g fi sh oil concentrate.  35   

 The Lyon Diet Heart Study incorporated an n - 3 fatty acid 
(alpha - linolenic acid) into a diet altered to develop a Medi-
terranean diet intervention.  9   In the experimental group 
plasma ALNA and EPA increased signifi cantly and the trial 
reported a 70% reduction in cardiovascular mortality at 5 
years in its initial report. Total cholesterol and LDL choles-
terol were identical in the experimental and control groups, 
suggesting that thrombotic and perhaps arrhythmic events 
may have been favorably infl uenced by n - 3 PUFAs. Since 
the diet altered many other variables, such as fi ber and 
antioxidants (by increasing fruit and vegetable consump-
tion), direct attribution of benefi ts to n - 3 PUFAs becomes 
diffi cult to establish. 

 The effect of different fatty acids on cardiac arhythmias 
has been an area of great interest. Diets rich in saturated 
fatty acids increase the risk of ventricular fi brillation and 
sudden cardiac death in primates. A population - based 
case – control study, using biomarkers, revealed a modest 
association of trans fatty acids in general and a strong 
association of trans isomers of linoleic acid in particular 
with primary cardiac arrest in humans.  36   Several studies in 
different animal models, primate and rodent, have shown 
that n - 3 PUFAs are protective against cardiac arrhythmias, 
especially ventricular fi brillation.  37   It has been suggested 
that the fall in CHD mortality in the USA and Australia 
since 1967 is probably attributable to an increase in poly-
unsaturate fat consumption in both countries since 1960.  38   
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The decline in CHD mortality in the Zutphen cohort has 
similarly been attributed to a decreased consumption, over 
time, of trans fatty acids.  28   

 The proportions of SFAs, MUFAs and PFAs as constitu-
ents of total fat intake and total energy consumption have 
engaged active attention, in view of the strong relationship 
of these fatty acids to the risk of CVD, especially CHD. The 
reduction of SFAs in the diet has been widely recom-
mended, but its replacement remains an area of debate as 
to whether the place of reduced SFAs should be taken by 
MUFAs, PUFAs or carbohydrate. In a meta - analysis of 
studies on the effect of various dietary fats on blood lipids, 
the negative effect of dietary trans fat was about twice that 
of saturated fat on a calorie - for - calorie basis.  39   Dietary trans 
fats have additional adverse effects, including increased 
serum triglyceride and lipoprotein (a) levels and adverse 
effects on endothelial function.  40,41   Both MUFA and PUFA 
improve the lipoproteins profi le, although polyunsatu-
rated fatty acids are somewhat more effective. In view of 
this, recent US dietary recommendations suggested that 
SFAs should be reduced to 7 – 8%, MUFAs should be 
increased to 13 – 15% and PUFAs raised to 7 – 10% of daily 
energy, with the total fat contributing no more than 30% of 
all calories consumed.  30,42   These may need to be adjusted 
for populations who consume lower quantities of total fat, 
so as to ensure an adequate intake of MUFAs and PUFAs 
even under those circumstances. 

 The total quantity of fat consumed, as a proportion of 
daily energy intake, has not shown a relation to CVD that 
is independent of the SFAs content. It has been argued that 
the type of fats consumed is far more important than the 
total amount of fat consumed.  43   The compatibility of high -
 fat Mediterranean diets (with total fat contributing  > 30% of 
calories) with coronary protection has also been cited as 
supportive evidence. While the emphasis on the type of fat 
is well placed, it must be recognized that high - fat diets are 
also high in energy. Whether this contributes substantially 
to overweight is a subject of much debate.  44   The Strong 
Heart Study examined the association between dietary fat 

intake and CHD incidence in American Indians.  45   Partici-
pants (n   =   2938) were followed for a mean ( ± SD) of 7.2    ±    2.3 
years. In the age group of 47 – 59 years, those in the highest 
quartile of intake of total fat, saturated fatty acids or mono-
unsaturated fatty acids had higher CHD mortality than did 
those in the lowest quartile (hazard ratio (95% CI): 3.57 
(1.21 – 10.49), 5.17 (1.64 – 16.36), and 3.43 (1.17 – 10.04), respec-
tively) after confounders were controlled for. These asso-
ciations were not observed for those aged 60 – 79 years. 
Based on these strong independent risk associations, it 
would be prudent to reduce fat intake early in life to reduce 
the risk of dying from CHD. 

 Enhancing the nutritional quality of dietary fat con-
sumption, to provide greater cardiovascular protection, 
may be attempted by decreasing the sources of saturated 
fats and eliminating trans fatty acids in the diet, increasing 
the consumption of foods containing unsaturated fatty 
acids (both MUFAs and PUFAs) and decreasing dietary 
cholesterol consumption. Figure  23.2  provides a break-
down of different types of fats in the commonly consumed 
edible fats/oils.  46      

  Carbohydrates 

 The relationship of dietary carbohydrates to CVD appears 
to be mediated through indirect mechanisms: contribution 
to total energy and its effect on overweight and obesity; 
infl uence on central obesity; effects on plasma lipids, espe-
cially triglycerides, and effects on glycemic control. The 
balance between carbohydrates and fat as sources of energy 
as well as the fi ber component of the diet are also areas of 
interest when considering this relationship. In feeding 
experiments, an increase in dietary energy from carbohy-
drates is usually associated with a moderate increase in 
fasting plasma triglyceride levels in the fi rst few weeks but 
these return to near original levels eventually. Epidemio-
logically, high carbohydrate intakes are associated with 
low plasma cholesterol and variable plasma triglyceride 
concentrations.  47   
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     Figure 23.2     Breakdown of fat types in 
various fats and oils.  (Reproduced with 
permission from Steckel  46  .)   
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 High - carbohydrate diets appear to reduce HDL choles-
terol levels and increase the fraction of small dense LDL, 
both of which may impact adversely on vascular disease. 
This dyslipidemic pattern is consistent with the elevation 
of plasma triglycerides. There is as yet no clear evidence 
that the risk of CVD is altered independently by the carbo-
hydrate levels in the diet. The glycemic index of foods 
might also be a determinant of the extent to which carbo-
hydrates can infl uence the glycemic status. Carbohydrate 
diets with high glycemic index might adversely impact 
on glucose control, with associated changes in plasma 
lipids.  48,49   

 Liu  et al   50   fi rst reported a positive association between a 
higher dietary glycemic load (GL) and risk of CHD in the 
Nurses ’  Health Study (NHS). Buelens  et al   51   report a similar 
association between GL and risk of CVD in the EPIC (Euro-
pean Prospective Investigation into Cancer and Nutrition) 
cohort. The analysis included 15   714 women aged 49 – 70 
years without diabetes or CVD at baseline. During 9 years 
of follow - up, 556 incident cases of major CVD events were 
documented. After adjusting for CVD risk factors and 
dietary fat and fi ber, the investigators found a signifi cant 
association between dietary GL and increased risk of CVD 
(risk ratio comparing extreme quartiles   =   1.47, 95% confi -
dence interval (CI) 1.04 – 2.09,  P  for trend   =   0.03). In both 
the NHS and EPIC cohorts, the increased risk was more 
pronounced among overweight and obese women com-
pared with normal - weight women. 

 It is mainly the amount and the type of carbohydrate 
consumed that will increase a person ’ s risk of developing 
cardiovascular disease, increased weight or type 2 diabetes. 
Non - refi ned carbohydrates, rich in dietary fi ber, like who-
legrains, fruit, vegetables and legumes, reduce the risk of 
heart disease. The greater risk of heart disease is associated 
with eating patterns high in refi ned carbohydrates, such 
as confectionery, cakes, biscuits, pastries and high - sugar 
drinks and fruit juice drinks. Limiting the amount of car-
bohydrate from foods containing refi ned carbohydrates is 
important for weight management and thus lowering the 
risk for heart disease.    

  Dietary  fi  ber 

 Dietary fi ber is a heterogeneous mixture of polysaccharides 
and lignin that cannot be degraded by the endogenous 
enzymes of vertebrate animals.  53   Water - soluble fi bers 
include pectins, gums, mucilages and some hemicelluloses. 
Insoluble fi bers include cellulose and other hemicelluloses. 
Most soluble fi bers reduce plasma total and LDL choles-
terol concentrations, as reported by several trials.  54   Pectins, 
psyllium, gums, mucilages, algal polysaccharides and 
some hemicelluloses lower total and LDL cholesterol levels 
without affecting HDL cholesterol, the reductions in total 
cholesterol being usually in the range of 5 – 10%. Human 

BOX 23.1  Recommendations by the National Heart 
Foundation, Australia   52    

    There is good evidence in the scientifi c literature to indicate 
that: 
   •      there is no signifi cant association between the total 

carbohydrate intake and the risk of developing 
cardiovascular disease  

   •      eating patterns with a high glycemic load raise blood 
triglyceride levels, increasing the risk of cardiovascular 
disease  

   •      eating patterns high in soluble fi ber lower blood LDL 
cholesterol levels, reducing the risk of CVD  

   •      total carbohydrate intake has no effect on insulin 
sensitivity or the risk of developing type 2 diabetes    

 There is moderate evidence in the scientifi c literature to 
indicate that: 
   •      consuming dietary fi ber from cereals (particularly 

wholegrains) and fruit is associated with a lower risk of 
cardiovascular disease  

   •      eating patterns low in refi ned carbohydrates are 
associated with a lower risk of developing type 2 
diabetes     

experiments have clearly shown that oat fi ber tends to 
lower plasma total and LDL cholesterol but wheat fi ber 
does not. Rice bran and barley may also lower cholesterol.  55   
Fiber consumption predicted insulin levels, weight gain 
and cardiovascular risk factors like blood pressure, plasma 
triglycerides, LDL and HDL cholesterol and fi brinogen 
more strongly than other dietary components in the 
CARDIA cohort study of young adults.  56   However, fi ber 
intake may be confounded with many other determinants 
of cardiovascular health. 

 Between 1996 and 2001, fi ve very large cohort studies in 
the USA, Finland and Norway all reported that subjects 
consuming relatively large amounts of wholegrain cereals 
have signifi cantly lower rates of CHD.  55,57   High intake of 
fi ber from cereal sources was associated with a reduced 
risk of CHD in the Nurses ’  Health Study  57   and was inversely 
associated with the risk of hypertension in the Health Pro-
fessionals Follow - up Study.  58   

 There are no randomized controlled trials evaluating 
the effects of wholegrain consumption on CHD events. 
However, numerous reviews have examined wholegrain 
intakes and the risk of CHD.  59 – 62   Others have linked who-
legrain consumption to lowered risk of diabetes and obesity 
in men  63   and women.  64   Both diabetes and overweight are 
risk factors for early - onset CHD and there is the possibility 
that modifying their risk could mediate some of the protec-
tive effects of wholegrains.  60   Lowering of plasma total and 
LDL cholesterol has been shown in male and female 
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Hispanic Americans.  65   In contrast, Davy  et al   66   did not fi nd 
a signifi cant reduction in total or LDL cholesterol but dem-
onstrated a lowering of more atherogenic small, dense LDL 
particles by oat bran relative to wheat cereal in sedentary, 
overweight American men. 

 Thus, the large body of prospective data provides con-
vincing evidence for a protective effect of wholegrains 
against CHD. Available evidence supports a recommenda-
tion for consumption of about 15   g /1000   kcal of fi ber.  54   
Since some of the reported benefi ts may have arisen from 
other dietary components occurring in association with 
fi ber in natural foods, dietary consumption of high - fi ber 
foods should be recommended rather than isolated fi ber. 
Addition of oat bran may be considered, where necessary, 
to supplement natural foods in order to attain the recom-
mended dietary intake.  

  Antioxidants 

 The oxidation of LDL by oxygen free radicals results in the 
unregulated uptake of modifi ed LDL by macrophages in 
arterial walls, accelerating the atherosclerotic process. Anti-
oxidant nutrients, which can directly scavenge free radi-
cals, include alpha - tocopherol (vitamin E isomer) and 
ascorbic acid (vitamin C), which have shown antioxidant 
activity both  in vitro  and  in vivo , as well as beta - carotene (a 
provitamin A carotenoid) which has displayed antioxidant 
activity  in vitro .  67   These mechanisms suggested that 
increased dietary intake or supplementation of these nutri-
ents would be protective against atheroslerotic vascular 
disorders. This was supported by evidence from observa-
tional studies for vitamin E and beta - carotene, but results 
of clinical trials employing supplements have been 
disappointing. 

 Observational cohort data suggest a protective role for 
carotenoids. The randomized trials, in contrast, reported a 
moderate adverse effect of beta - carotene supplementation, 
with a relative increase in the risk of cardiovascular death 
of 12% in a meta - analysis of four trials.  68   Cancer risk was 
also increased. 

 Several large cohort studies showed signifi cant reduc-
tions in the incidence of cardiac events in men and women 
taking high - dose vitamin E supplements.  67   However, the 
HOPE trial, a defi nitive clinical trial relating vitamin E 
supplementation to cardiovascular outcomes, revealed no 
effect of vitamin E supplementation (at 400   IU/day, for a 
mean follow - up of 4.5 years) on MI, stroke or death from 
cardiovascular causes in men or women.  69   Other trials also 
failed to demonstrate a cardioprotective effect of vitamin 
E supplements.  70   A recent meta - analysis also showed no 
evidence of a protective effect of antioxidant or B vitamin 
supplements on the progression of atherosclerosis.  71   

 Flavonoids are polyphenolic antioxidants which occur in 
a variety of foods of vegetable origin, such as tea, onions 

and apples. Data from several prospective studies indicate 
an inverse association of dietary fl avonoids with coronary 
heart disease.  65   A benefi t on stroke risk has also been 
reported.  66   However, confounding may be a major problem 
and may explain confl icting results of observational studies 
on fl avonoids and coronary heart disease. Fruits and veg-
etables also contain other phytochemicals that may have 
protective properties, including isothiocyanates and 
indoles (found in cruciferous vegetables), sulfi des (found 
in onions and garlic), terpenes (found in citrus oils) 
and phytoestrogens.  54   The overall health benefi t of fl avo-
noid consumption is unproven, and their intake in the 
form of fortifi ed foods or supplements should not be 
encouraged.  72   

 Systematic reviews  73,74   appraising large amounts of epi-
demiologic and observational evidence suggest that fl avo-
noids in chocolates may lower the risk of CHD mortality. 
Crude approximations suggest that eating 50   g of dark 
chocolate per day may reduce one ’ s risk of CVD by 10.5% 
(95% CI 7.0 – 13.5%). However, these estimates were based 
on results from studies of short duration, extrapolated to 
long - term CVD outcomes. Long - term randomized feeding 
trials, beyond short - term studies of CVD risk factor inter-
mediates, are warranted to investigate the impact of choco-
late consumption on cardiovascular outcomes. 

 Phenolics in red wine were shown to be able to inhibit 
the oxidation of LDL  in vitro  and this was suggested as an 
explanation of the  “ French paradox ” .  75   The Zutphen study, 
an epidemiologic study in The Netherlands, suggested an 
inverse correlation between the incidence of CHD and 
stroke and the dietary intake of fl avonoids, especially 
quercetin.  76   

 Green tea polyphenols have been studied extensively as 
CVD chemopreventive agents. A population - based pro-
spective cohort study (the Ohsaki Study) examined the 
association between green tea consumption and mortality 
from CVD, cancer and all causes with 40   530 persons in 
Miyagi Prefecture, in northern Japan.  77     Green tea consump-
tion was inversely associated with mortality from CVD and 
this inverse association was more pronounced in women 
( P    =   0.08 for interaction with sex). Kuriyama  78   reviewed the 
association between green tea or green tea extracts and 
CVD risk profi les and reported that more than half of the 
trials have demonstrated the benefi cial effects of green tea 
on CVD risk profi les. These results suggest a plausible 
mechanism for the benefi cial effects of green tea. 

 Sesso  et al   79   determined whether the intake of lycopene 
or tomato - based foods is associated with the risk of CVD 
in a prospective cohort of 39   876 middle - aged and older 
women initially free of CVD and cancer. They found that 
the dietary lycopene was not strongly associated with the 
risk of CVD. However, some inverse associations for CVD, 
noted for higher levels of tomato - based products, parti-
cularly tomato sauce and pizza, suggested that dietary 
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lycopene or other phytochemicals consumed as oil - based 
tomato products could confer cardiovascular benefi ts. 

 The confl ict between diet - based observational studies 
and clinical trials employing supplements may arise 
because of one or more explanatory factors: confounding, 
interactions/synergistic activity (among antioxidants; with 
other nutrients), isomers with differing activity in food 
compared to supplements, other associated protective 
elements in natural foods (e.g. fl avonoids, phytoestrogens) 
and/or temporal dissociation of antioxidant blood levels 
from fat intake in meals, when administered as once - daily 
pills. While the failure of pill supplementation does not 
necessarily exclude protective effects of dietary antioxi-
dants, current evidence does not support supplementation 
of any of these antioxidant vitamins for prevention of 
CHD. However, intake of their primary food resources, 
especially fruit and vegetables, may be encouraged.  

  Folate 

 The relationship of folate to CVD has been mostly explored 
through its effect on homocysteine (HCY), which has been 
incriminated as an independent risk factor for CHD and 
probably stroke.  80 – 83   Folic acid is required for the methyla-
tion of homocysteine to methionine. Reduced plasma folate 
has been strongly associated with elevated plasma homo-
cysteine levels and folate supplementation has been dem-
onstrated to decrease those levels.  84   However, the role of 
homocysteine as an independent risk factor for CVD has 
been subject to debate, in view of the data from several 
prospective studies which did not fi nd this association to 
be independent of other risk factors.  85   Furthermore, clinical 
trials such as the Norwegian Vitamin Trial (NORVIT),  86   
Vitamin Intervention for Stroke Prevention (VISP)  87   and 
HOPE - 2  88   showed that, even though vitamin supplementa-
tion reduced HCY levels, there was no signifi cant effect on 
cardiovascular risk. It has also been suggested that eleva-
tion of plasma HCY is a consequence and not a cause of 
atherosclerosis, wherein impaired renal function due to 
atherosclerosis raises plasma HCY levels.  89   At present, we 
cannot recommend the use of vitamin supplementation to 
reduce CVD risk.   

  Minerals:  b lood  p ressure and 
 c ardiovascular  d isease 

  Sodium 

 High blood pressure (HBP) is a major risk factor for CHD 
and both forms of stroke (ischemic and hemorrhagic). The 
relative risk of CVD for both systolic and diastolic blood 
pressures operates in a continuum of increasing risk for 
rising pressure but the absolute risk of CVD is considerably 

modifi ed by co - existing risk factors.  90   Of the many risk 
factors associated with high blood pressure, the dietary 
exposure most investigated has been daily sodium con-
sumption. It has been studied extensively in animal experi-
mental models, in epidemiologic studies, controlled clinical 
trials and in population studies on restricted sodium 
intake.  90   Salt or sodium intake has been directly correlated 
with mean blood pressure levels and prevalence of hyper-
tension in many populations. Comprehensive epidemio-
logic evidence was provided by the INTERSALT Study  91,92   
which investigated the relationship of 24 - hour urinary elec-
trolyte excretion to blood pressure in 52 population groups 
across 32 countries, using standardized methodology to 
provide comparable data. In adults aged 20 – 59 years, there 
was a signifi cant positive relationship between urinary 
sodium excretion and blood pressure across the 52 popula-
tion samples. Further, it was also observed that in four of 
these populations in whom the mean 24 - hour urinary 
sodium excretion was lower than 100   mmol/day, systolic 
blood pressure did not rise with age.  93   

 The effects on blood pressure levels of increased sodium 
consumption accompanying urbanization were demon-
strated in the Kenyan Luo Migration Study wherein rural 
farmers who traditionally consumed a low - salt diet were 
observed to have an elevation of blood pressure when they 
migrated to an urban environment. These migrants exhib-
ited blood pressure levels higher than rural controls and 
comparable to levels observed in Western populations.  94   
This rise in blood pressure was related to an increase in salt 
consumption and a reduced dietary intake of potassium. 
An overview of observational data in populations sug-
gested that a difference in sodium intake of 100   mmol/day 
could be associated with average differences in systolic 
blood pressure of 5   mmHg at age 15 – 19 years and 10   mmHg 
at 60 – 69 years.  95   Diastolic blood pressures are reduced by 
about half as much, but the association increases with age 
and the magnitude of the initial blood pressure. It was 
estimated that a universal reduction in dietary intake of salt 
by 50   mmol/day would lead to a 50% reduction in the 
number of people requiring antihypertensive therapy, a 
22% reduction in number of deaths due to strokes and a 
16% reduction in number of deaths from coronary heart 
disease.  95   

 A cohort study in Finland prospectively followed 1173 
men and 1263 women aged 25 – 64 years, with complete 
data on 24 - hour urinary sodium excretion and cardiovas-
cular risk factors.  96   The hazard ratios for CHD, CVD and 
all - cause mortality, associated with a 100   mmol increase in 
24 - hour urinary sodium excretion, were 1.51 (95% CI 1.14 –
 2.00), 1.45 (1.14 – 1.84) and 1.26 (1.06 – 1.50) respectively, in 
both men and women. The frequency of acute coronary 
events, but not acute stroke events, rose signifi cantly with 
increasing sodium excretion. Disaggregated analyses 
revealed signifi cant risk ratios in men only and revealed 
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that sodium predicted mortality in men who were over-
weight. Despite the limitations of such subgroup analyses, 
the overall association of increasing sodium excretion with 
CVD and all - cause mortality further supports the evidence 
linking increased sodium intake to adverse cardiovascular 
health outcomes. 

 Several clinical intervention trials, conducted to evaluate 
the effects of dietary salt reduction on blood pressure levels 
in hypertensive and normotensive individuals, have been 
systematically reviewed.  12,97   Many of the earlier trials were 
of limited size and short duration and were defi cient in 
statistical power. Based on an overview of 32 methodologi-
cally adequate trials (22 in hypertensive subjects and 12 in 
normotensive persons), Cutler  et al   12   concluded that a daily 
reduction in intake of sodium by 70 – 80   mmol was associ-
ated with a lowering of blood pressure in both hyperten-
sive and normotensive individuals, with systolic and 
diastolic blood pressure reductions of 4.8/1.9   mmHg in the 
former and 2.5/1.1   mmHg in the latter. Clinical trials have 
also demonstrated the sustained blood pressure lowering 
effects of sodium restriction in infancy,  98   as well as in the 
elderly in whom it provides a useful non - pharmacologic 
therapy.  99   In a 3 - year study of salt restriction by Cook  et 
al ,  100   the Trials of Hypertension Prevention (TOHP), Phase 
II, participants had a decrease in systolic blood pressure 
(1.3   mmHg,  P    =   0.02) that corresponded with a signifi cant 
dose - dependent reduction in sodium excretion. The Trial 
of Nonpharmacologic Interventions in the Elderly (TONE) 
was the fi rst multicenter clinical trial of suffi cient size and 
duration to show that lifestyle modifi cations can be used 
to control high blood pressure in older people. In elderly 
participants, sodium restriction resulted in mean reduc-
tions of 4.3   mmHg ( P     <    0.001) and 2.0   mmHg ( P    =   0.001) in 
systolic and diastolic blood pressure, respectively.  101   

 The effect of a multi - component lifestyle intervention 
that includes the combination of sodium restriction, the 
DASH diet, weight loss and regular aerobic exercise was 
evaluated in the Diet, Exercise, and Weight Loss Interven-
tion Trial (DEW - IT).  102   After 9 weeks, systolic and diastolic 
blood pressures were decreased by 12.1   mmHg ( P     <    0.001) 
and 6.6   mmHg ( P     <    0.001) respectively in the intervention 
participants compared with those in the control group. In 
subjects with above optimal blood pressure, the PREMIER 
trial showed that those in the  “ established recommenda-
tions ”  or  “ established   +   DASH diet ”  intervention groups 
had signifi cant weight loss and reduction in sodium intake; 
both groups achieved greater reductions in systolic and 
diastolic blood pressure than did patients in the  “ advice 
only ”  group.  103   

 The results of the low sodium  –  DASH diet trial  104   further 
strengthen the conclusion that reduction of daily sodium 
intake, through salt - restricted diets, lowers blood pressure 
effectively and is additive to the benefi ts conferred by the 
DASH diet. This trial revealed that low - sodium diets, with 

24 - hour sodium excretion levels around 70   mmol/day, are 
effective and safe. Sodium consumption has also been 
linked to the presence of left ventricular hypertrophy and 
restricted sodium intake has been demonstrated to result 
in regression of this important indicator of cardiovascular 
risk.  105,106   Of three population studies on restriction of salt, 
two (the Portuguese Salt Trial and the Tianjin trial in China) 
revealed signifi cant reductions in blood pressure in the 
intervention group, while the third (the Belgian Salt Inter-
vention Trial) did not reveal success because of diffi culties 
in reducing salt consumption.  107 – 109   Animal models as well 
as ecologic associations derived from the INTERSALT 
study suggest a direct relationship between sodium con-
sumption and the risk of stroke, though the methodology 
employed in these studies is not strong.  109,110   

 Based on the observational and trial data so far available, 
it would be justifi ed to recommend a salt intake of less than 
5   g/day.  104   Such advice would be appropriate even in tropi-
cal climates, as sodium homeostasis regulates sodium 
excretion in sweat and urine without adverse effects under 
such conditions.  

  Potassium 

 Cardioprotective effects of dietary potassium have been 
hypothesized as the basis for low CVD rates in populations 
consuming  “ primitive ”  diets and in vegetarians in indus-
trialized cultures.  111   The INTERSALT study provided evi-
dence of an inverse association between urinary potassium 
excretion and blood pressure levels, across diverse popula-
tions.  91   Migrant studies also revealed a rise in blood pres-
sure when diets changed to a lower potassium and higher 
sodium intake.  94   

 A protective effect of potassium on blood pressure was 
suggested by clinical studies reporting that severe short -
 term potassium restriction induces salt sensitivity in 
normotensive humans,  112   as well as the blood pressure low-
ering effect of potassium supplements to the diet (ranging 
from 24 to 104   mmol/day) in hypertensive subjects.  111   
Whelton  et al  concluded, from a meta - analysis of random-
ized controlled trials, that potassium supplements reduced 
mean blood pressures (systolic/diastolic) by 1.8/1.0   mmHg 
in normotensive subjects and 4.4/2.5   mmHg in hyperten-
sive subjects.  113   An increase in dietary intake of potassium, 
from approximately 60 to 80   mmol/day, was shown to be 
inversely and signifi cantly related to the incidence of stroke 
mortality in women.  114   

 While dietary potassium has been shown to have protec-
tive effects on blood pressure and CVD, there is no evi-
dence to suggest that long - term potassium supplements 
should be administered for cardiovascular protection. Sup-
plemental potassium has the potential for toxicity and 
adequate dietary intake of potassium, though foods rather 
than supplements should be the preferred pathway for 
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  Calcium and  m agnesium 

 A meta - analysis of studies involving calcium supplements 
reveals modest effects on blood pressure. The estimated 
blood pressure reduction was 2.1   mmHg for systolic blood 
pressure and 1.1   mmHg for diastolic blood pressure.  116   
There is weak evidence in the scientifi c literature to indi-
cate that an increase in calcium intake reduces the risk of 
ischemic stroke.  115   

 A review of 29 studies of magnesium was inconclusive 
due to methodologic problems but suggested that there 
was no negative association of blood pressure with mag-
nesium.  117   There is presently no evidence to recommend 
public health or clinical interventions involving the use of 
these minerals for cardiovascular protection in populations 
or individuals, other than in the form of a balanced diet 
providing an adequate daily intake.   

  Food  i tems and  f ood  g roups 

  Fruits and  v egetables 

 While the consumption of fruit and vegetables has been 
widely believed to promote good health, evidence related 
to their protective effect has only been presented in recent 
years.  118 – 120   A systematic review reported that nine of 10 
ecologic studies, two of three case – control studies and six 
of 16 cohort studies found a signifi cant protective associa-
tion for coronary heart disease with consumption of fruit 
and vegetables or surrogate nutrients.  120   For stroke, three 
of fi ve ecologic studies and six of eight cohort studies 
found a signifi cant protective association.  120   

 A 5 - year follow - up study of 39876 female health profes-
sionals  121   observed a signifi cant inverse association between 
fruit and vegetable intake and CVD risk. For increasing 
quintiles of total fruit and vegetable intake, the relative 
risks were 1.0, 0.78, 0.72, 0.68 and 0.68. After excluding 
participants with a self - reported history of diabetes, hyper-
tension or high cholesterol at baseline, the multivariate 
adjusted relative risk was 0.45 when extreme quintiles were 
compared (95% CI 0.22 – 0.91). In a 12 - year follow - up of 
15220 male physicians in United States,  122   men who con-
sumed at least 2.5 servings of vegetables/day were 
observed to have an adjusted relative risk of 0.77 for coro-
nary heart disease, compared with men in the lowest cat-
egory ( < 1 serving per day). Combining analyses of data 
from two large prospective cohort studies of women and 
men respectively, Joshipura  et al   123   reported that overall 
fruit and vegetable consumption were inversely related to 
the risk of ischemic stroke after adjusting for confounders. 
Assessed as a continuous trend, an increment of one 
serving/day was associated with 6% lower risk of ischemic 
stroke among men and women combined. When analyzed 

BOX 23.2  Recommendations by National Heart 
Foundation, Australia   115    

  For  s odium 
 Reducing dietary sodium is associated with a fall in blood 
pressure in hypertensive and normotensive individuals. 
This is supported by good evidence in the scientifi c 
literature to indicate that: 
   •      a reduction in dietary sodium from 140 to 100   mmol/day 

is associated with a fall in systolic blood pressure of 
2   mmHg from an average systolic blood pressure of 
135   mmHg  

   •      a reduction in dietary sodium from 140 to 65   mmol/day 
is associated with a fall in systolic blood pressure of 
7   mmHg from an average systolic blood pressure of 
135   mmHg  

   •      a reduction in dietary sodium of approximately 75   mmol/
day is associated with a fall in systolic blood pressure of 
4 – 5   mmHg in hypertensive individuals (baseline systolic 
blood pressure   =   140   mmHg) and a fall in systolic blood 
pressure of 2   mmHg in normotensive individuals 
(baseline systolic blood pressure  < 120   mmHg).    

 There is moderate evidence in the scientifi c literature to 
indicate that: 
   •      high dietary sodium intake is associated with increased 

stroke incidence, and mortality from coronary heart 
disease and cardiovascular disease.     

  For  p otassium 
 Increasing dietary potassium is associated with a fall in 
blood pressure in hypertensive and normotensive individu-
als. This is supported by good evidence in the scientifi c 
literature to indicate that: 
   •      an increase in dietary potassium intake of approximately 

54   mmol/day is associated with a fall in systolic blood 
pressure of 4 – 8   mmHg in hypertensive individuals 
(baseline systolic blood pressure   =   140   mmHg) and a fall 
in systolic blood pressure of 2   mmHg in normotensive 
individuals (baseline systolic blood pressure  < 120   mmHg).    

 There is moderate evidence in the scientifi c literature to 
indicate that: 
   •      High potassium intake is associated with decreased 

stroke mortality.     

  For Sodium/Potassium  r atio 
 There is weak evidence in the scientifi c literature to indicate 
that: 
   •      Blood pressure responsiveness to increased dietary 

potassium intake is greater in subjects with high sodium 
intake  

   •      Blood pressure responsiveness to decreased sodium 
intake is greater in subjects with low potassium intake     

cardiovascular potential. The benefi cial effects of fruit and 
vegetables recommend their regular use in daily diets at 
a level that should assure an adequate intake of dietary 
potassium.    
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separately for the type of fruit and vegetables, the lowest 
risks were observed for high consumption of cruciferous 
vegetables such as Brussels sprouts, cabbage and cauli-
fl ower, green leafy vegetables, citrus fruits, vitamin C - rich 
fruits and vegetables. 

 The effects of increased fruit and vegetable consumption 
on blood pressure, alone or in combination with a low - fat 
diet, were assessed in the DASH trial.  124   While the combi-
nation diet was more effective in lowering blood pressure, 
the fruit and vegetable diet also lowered the blood pressure 
in comparison to the control diet (2.8   mmHg systolic and 
1.1   mmHg diastolic). Such reductions, while seeming 
modest at the individual level, would result in a substantial 
reduction in population - wide risk of CVD by shifting the 
blood pressure distribution. 

 As per a recent review by Winkler,  125     the nature of the 
relationship does not appear to follow a strict dose –
 response pattern, but generally does show additional risk 
reduction with increases in fruit and vegetable intake 
(Table  23.1 ).   

 The bulk of evidence supports an inverse association 
between fruit and/or vegetable consumption and CHD. 
Fruits and vegetables, being low in energy, sodium, satu-
rated fat and total fats, bring about a reduction in obesity, 
blood pressure and serum lipids as a result of replacing 
 “ less healthy ”  alternative foods in the diet. Thus the ben-
efi ts of a plant - based diet, rich in fruit and vegetables, may 
derive from protective phytonutrients, high fi ber content 
and replacement value of substitution for atherogenic or 
obesogenic foods, all contributing in concert.  

  Fish 

 Most, but not all, population studies have shown that fi sh 
consumption in populations is associated with a reduced 
risk of CHD.  126 – 128   A systematic review concluded that the 
discrepancy in the studies may be due to differences in the 
populations studied, with only high - risk individuals ben-
efi ting from increasing their fi sh consumption.  128   It was 
estimated that, in high - risk populations, an optimum fi sh 
intake estimated at 40 – 60   g/day would lead to approxi-
mately a 50% reduction in death from coronary heart 
disease. In the Diet and Reinfarction Trial, 2 - year mortality 
was reduced by 29% in survivors of a fi rst myocardial 
infarction receiving advice to consume fatty fi sh at least 
twice a week.  129   While the protective effects of fi sh on CHD 
are principally mediated by n - 3 PUFAs, the contribution of 
other constituents of fi sh cannot be ruled out. The effect of 
dietary fi sh on the risk of stroke has been investigated in 
cohort studies, with confl icting results on the risk of isch-
emic stroke.  130,131   An ecologic study reported that fi sh con-
sumption is associated with a reduced risk of death from 
all causes as well as CHD and stroke mortality, using data 
from 36 countries.  132   

 In addition to the Nurses ’  Health Study  133   and the 
Health Professionals Follow - up Study,  134   other prospective 
cohort studies  135,136   also exhibited an inverse association 
between increasing omega - 3 consumption and the risk of 
stroke. In multivariate analyses, tuna, broiled or baked 
fi sh consumption was inversely associated with total 
stroke ( P    =   0.04) and ischemic stroke ( P    =   0.02). There was 
a 13% lower risk of ischemic stroke with an intake of 1 – 3 
times per week (relative risk (RR) 0.87), a 27% lower risk 
with an intake of 1 – 4 times per week (RR 0.73) and 30% 
lower risk with intake of fi ve or more times per week 
(RR 0.70), compared with an intake of less than once per 
month.  135   

 Omega - 3 can reduce the incidence of atrial fi brillation 
(AF) in the elderly  137   and in patients undergoing coronary 
bypass surgery.  138   In a randomized, double - blind, placebo -
 controlled study of 65 patients with cardiac arrhythmias 
without coronary heart disease or heart failure, Singer 
 et al   139   supplemented patients with 3   g daily fi sh oil or olive 
oil over 6 months. In the fi sh oil group, the incidence of 
atrial and ventricular premature complexes was reduced 
by 47% and 68% respectively; couplets were reduced by 
72% and triplets entirely disappeared. Other studies  140 – 142   
also support a preventive role of omega - 3s in arrhythmias 
and sudden death. 

 Two meta - analyses  143,144   further support an inverse asso-
ciation between omega - 3 and CHD. He  et al   143   assessed 
222   364 individuals with an average 11.8 years of follow - up. 
The pooled multivariate RRs for CHD mortality were 0.89 
for fi sh intake 1 – 3 times per month, 0.85 for once per week, 
0.77 for 2 – 4 times per week and 0.62 for fi ve or more 
times per week. Each 20   g/day increase in fi sh intake cor-
roborated to a 7% lower risk of CHD mortality ( P  for 
trend   =   0.03). Whelton  et al   144   conducted a meta - analysis of 
19 observational studies (14 cohort and fi ve case – control). 
Fish consumption versus little to no fi sh consumption was 
associated with a RR of 0.83 ( P     <    0.005) for fatal CHD and 
0.86 ( P     <    0.005) for total CHD. 

 Hooper  et al   145   reported no benefi t of omega - 3 in relation 
to total or CV mortality in a meta - analysis. The inclusion 
of the Diet and Reinfarction Trial - 2,  146   which reported an 
increase in sudden death with fi sh and fi sh oil intake, con-
tributed substantial heterogeneity to the meta - analysis. The 
results are also at variance with DART - 1, in which fi sh or 
fi sh oil supplementation decreased mortality by 29% over 
a 2 - year period.  147   The omission of the DART - 2 trial from 
the analysis provided an overall RR of death of 0.83 (CI 
0.75 – 0.91) with no signifi cant heterogeneity. 

 Thus, convincing evidence exists that supplemental 
omega - 3 fatty acids in relatively high doses of about 1   g 
per day modestly reduce blood pressure and triglycerides 
but, to date, this has not resulted in a consistent reduction 
in CVD risk in well - designed randomized controlled 
trials.  148 – 150    
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 Table 23.1     Summary of fi ndings related to association between consumption of fruits and vegetables and oucomes related to coronary heart disease 

   Study     #     Location     Design     Size     Duration     Incidence/
mortality  

   Fruits  &  
vegetables  

   Fruit only     Vegetables 
only  

   Subgroup 
analysis  

  WHS    1    US    cohort    39876 women 

 84251 women  

  5 years    I    inv +    inv  *      inv, ns    inv  *    

  NHS  &  HPS 

 NHANES/NHEFS  

  2    US    cohort    42158 men    8 years    I 

 I  

  inv  *   

 inv +  

  inv  *   

 N/A  

  inv  *   

 N/A  

  inv  *    

  3    US    cohort    9608 adults    16.6 years    M    inv  *      N/A    N/A      

  HFS    4    UK    cohort    10741 adults    18 – 24 years    M    N/A    inv  *      N/A    inv  *    

  ARIC    5    US    cohort    11940 adults    11 years    M    inv  *      N/A    N/A    inv  *    

  KIHD    6    Finland    cohort    2641 men    12,8 years    I    inv  *      N/A    N/A      

  Odyssey    7    US    cohort    6151 adults    13 years    M    inv  *      N/A    N/A    inv, ns  

  BLSA    8    US    cohort    501 men    18 years    M    iny  *      inv, ns    inv  *      inv  *    

  PHS    9    US 

 52  

  cohort    15220 men 

 15152 cases  

  12 years    I    N/A    N/A    inv  *      inv  *    

  INTERHEART 

 Pamplona  

  10    countries    case - control    14820 controls 

 171 cases  

  N/A    I  a      inv  *      N/A    N/A    inv  *    

  Hospital Study    11    Spain    case - control    171 controls 

 350 cases  

  N/A    I  a      N/A    inv  *      inv +    n/a  

  India Multi - center Study 

 Three Italian  

  12    India    case - control    700 controls 

(women)  

  N/A    I  a      N/A    pos  *      inv  *        

  Case – Control                1713 cases                          

  Studies    13    Italy    case - control    2317 controls    N/A    I  a      N/A    N/A    inv  *      inv  *    

  TOTAL  –  cohort studies                        5 incidence 

 4 mortality  

  8/8 inv 

 8/8 signifi cant  

  4/4 inv 

 3/4 signifi cant  

  4/4 inverse 

 3/4 signifi cant  

  7/7 inverse 

 6/7 signifi cant  

  TOTAL  –  case – control                        4 incidence 

 0 mortality  

  1/1 inv 

 1/1 signifi cant  

  1/2 inv 

 2/2 signifi cant  

  3/3 inverse 

 3/3 signifi cant  

  2/2 inverse 

 2/2 signifi cant  

  TOTAL  –  all studies                        9 incidence 

 4 mortality  

  9/9 inv 

 9/9 signifi cant  

  5/6 inv 

 5/6 signifi cant  

  7/7 inverse 

 6/7 signifi cant  

  8/8 inverse 

 7/8 signifi cant  

   WHS   =   Women ’ s Health Study; NHS   =   Nurses ’  Health Study; HPS   =   Health Professionals ’  Study; HFS   =   Health Food Shoppers Study; ARIC   =   Atherosclerosis Risk in Communities Study; 

KIHD   =   Kuopio Ischemic Heart Disease Study; BLSA   =   Baltimore Longitudinal Study of Ageing; PHS   =   Physician ’ s Health Study  

  I   =   incidence; M   =   Mortality  

  +   =   statistically signifi cant in some strata but not highest;   

   *       =   statistically signifi cant in highest stratum or per serve; ns   =   not statistically signifi cant: N/A   =   not assessed  

   a    these case - control studies included incident cases of non - fatal MI only; deceased cases were not included   

  Source :   Winkler 2006  125   
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  Nuts 

 Five large epidemiologic studies have, thus far, demon-
strated that frequent consumption of nuts was associated 
with decreased risk of CHD, the best known among them 
being the Adventist Health Study.  151 – 154   The RR ranged from 
0.43 to 0.82 for subjects who consumed nuts more than fi ve 
times/week compared to those who never consumed nuts. 
An inverse dose – response relationship was demonstrated 
between the frequency of nut consumption and the risk of 
CHD, in men and women. Most of these studies considered 
nuts as a group, combining many types of nuts. 

 The effect of specifi c nuts on lipid and lipoprotein end-
points was evaluated in several clinical studies. The nuts 
studied to date include walnuts, almonds, legume peanuts, 
macadamia nuts, pecans and pistachio nuts.  151   Collectively, 
these clinical studies indicate that inclusion of nuts in a 
lipid - lowering diet has favorable effects, but do not provide 
unequivocal evidence of an additive effect of nuts to the 
effects of a low saturated fat diet  per se . The fatty acid 
profi le of nuts (high in unsaturated fatty acids and low in 
saturated fatty acids) contributes to cholesterol lowering by 
altering the fatty acid composition of the diet as a whole. 
Nuts are also a rich source of dietary fi ber. It must, however, 
be recognized that the high fat content of nuts makes them 
high in calorie content and advice to include nuts in the 
diet must be tempered in accordance with the desired 
energy balance. While further research is needed to char-
acterize the independent protective effects of nuts against 
CVD and identify the mechanisms of such protection, 
available evidence suggests that nuts should be recom-
mended as part of an energy - appropriate healthy diet 
which is intended to reduce the risk of CHD. 

 In 2003, the FDA approved two qualifi ed health claims 
for nuts, one for nuts in general and another for walnuts.  155   
The approved language is as follows:  “  ‘ Scientifi c evidence 
suggests but does not prove that eating 1.5   oz (42   g) per day 
of most nuts, as part of a diet low in saturated fat and 
cholesterol, may reduce the risk of heart disease ” . This 
health claim language was consumer tested and found to 
be ranked signifi cantly higher than the FDA generic claim 
for clarity and understandability. In order for a food to 
qualify for the health claim, the product must contain 11   g 
or more of whole or chopped nuts per reference amount 
customarily consumed (a standardized serving size). Any 
nuts labeled with the claim must contain no more than 4   g 
saturated fat per 50   g. Eligible nuts for the claim include 
almonds, hazelnuts, peanuts, pecans, some pine nuts, pis-
tachio nuts, and walnuts.  156,157    

  Soy 

 Several trials indicate that intake of soy has a benefi cial 
effect on plasma lipids.  158,159   A composite analysis of 38 

clinical trials found that an average consumption of 47   g of 
soy protein a day led to a 9% decline in total cholesterol 
and a 13% decline in LDL cholesterol in subjects free of 
CHD.  158   The benefi t of soy consumption was associated 
with baseline cholesterol levels, such that those with the 
highest cholesterol levels derived the maximum benefi t 
(subjects with total cholesterol  > 335   mg/dL showed a 19% 
reduction in total and 24% reduction in LDL cholesterol). 
Cholesterol lowering of this magnitude could potentially 
reduce the risk for CHD by 20 – 40%. 

 Soy is rich in isofl avones, compounds that are structur-
ally and functionally similar to estrogen. Several animal 
experiments suggest that intake of these isofl avones may 
provide protection against CHD  160   but human data on effi -
cacy and safety are still awaited. Naturally occurring iso-
fl avones, isolated with soy protein, reduced the plasma 
concentrations of total and LDL cholesterol without affect-
ing the concentrations of triglycerides or HDL cholesterol 
in mildly hypercholesterolemic individuals, in a casein -
 controlled clinical trial.  161   

 A very large amount of soy protein, more than half the 
daily protein intake, may lower LDL cholesterol by a few 
percentage points when it replaces dairy protein or a 
mixture of animal proteins.  162   The evidence favors soy 
protein rather than soy isofl avones as the responsible nutri-
ent. No benefi t is evident on HDL cholesterol, triglycerides, 
lipoprotein (a) or blood pressure. Thus, the direct cardio-
vascular health benefi t of soy protein or isofl avone supple-
ments is minimal at best. For this reason, use of isofl avone 
supplements in food or pills is not recommended. In con-
trast, soy products such as tofu, soy butter, soy nuts or 
some soy burgers should be benefi cial to cardiovascular 
and overall health because of their high content of polyun-
saturated fats, fi ber, vitamins, and minerals, and low 
content of saturated fat. Using these and other soy foods 
to replace foods high in animal protein that contain satu-
rated fat and cholesterol may confer benefi ts to cardiovas-
cular health.  163   Soy protein also may be used to increase 
total dietary protein intake and to reduce carbohydrate or 
fat intake.  

  Garlic 

 Zhang  et al   164   reported that gender might affect the action 
of garlic on plasma cholesterol and glucose levels of normal 
subjects. A systematic review of the effectiveness of garlic 
as an antihyperlipidemic agent included 10 studies and 
found that in six studies garlic was effective in reducing 
serum cholesterol levels. The average drop in total choles-
terol was 9.9%, LDL 11.4%, and triglycerides 9.9%.  165   Other 
direct cardioprotective effects of garlic in humans have also 
been reported, such as a decrease in unstable angina,  166   
an increase in the elastic property of blood vessels,  167   and 
a decrease in peripheral arterial occlusive disease.  168   In 
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addition, garlic has been shown to increase peripheral 
blood fl ow in healthy subjects  169   while inhibiting the pro-
gression of coronary calcifi cation in patients receiving statin 
therapy.  170   Rahman and Lowe  171   concluded in their review 
that although garlic appears to hold promise in reducing 
parameters associated with cardiovascular disease, more 
in - depth and well - designed studies are required.  

  Dairy  p roducts 

 Milk and milk products are important contributors to 
dietary fat and can be high in saturated fat and cholesterol. 
They are also sources of minerals like potassium, magne-
sium and calcium. Milk protein has been implicated in a 
study reporting elevated levels of antibodies to milk protein 
in patients with myocardial infarction in comparison with 
healthy controls.  172   Dairy consumption has been correlated 
positively, in an ecologic study, with blood cholesterol as 
well as coronary mortality. Milk consumption correlates 
positively with coronary mortality rates in 43 countries and 
with myocardial infarction in 19 regions of Europe.  173,174   
In contrast, a population - based study in men of Japanese 
ancestry in Honolulu reported a reduced risk of ischemic 
stroke in older middle - aged men, which could not be 
explained by the intake of dietary calcium.  175   

 On the basis of presently available evidence, reduced 
intake of high - fat dairy foods should be recommended for 
cardiovascular protection. Whether milk or milk products 
modifi ed to substantially lower the content of saturated fat 
are associated with an increase or decrease in cardiovascu-
lar risk cannot be commented upon at present. They formed 
a component of the DASH diet which signifi cantly lowered 
blood pressure and may be considered as part of a compos-
ite dietary advice.  

  Alcohol 

 Alcohol is both a nutrient supplying 29   kJ/g and a drug that 
is a central nervous system depressant.  176   The relationship 
of alcohol to overall mortality and cardiovascular mortality 
has generally been J - shaped, when studied in Western pop-
ulations in whom the rates of atherothrombotic vascular 
disorders are high.  177 – 181   The protective effect of moderate 
ethanol consumption is primarily mediated through its 
effect on the risk of CHD, as supported by more than 60 
prospective studies.  178   A consistent coronary protective 
effect has been observed for consumption of 1 – 2 drinks per 
day of an alcohol - containing beverage but heavy drinkers 
have higher total mortality than moderate drinkers or 
abstainers, as do binge drinkers. Moderate alcohol con-
sumption (up to two drinks per day) has also been associ-
ated with a reduced risk of ischemic stroke in men and 
women.  182   Long - term heavy alcohol consumption ( > 60   g/
day) increases an individual ’ s risk for all stroke subtypes. 

 Several mechanisms for the cardioprotective effects of 
alcohol have been proposed: increase in plasma HDL cho-
lesterol; reduced platelet aggregation or clotting; enhanced 
fi brinolysis; phenolic constituents of some alcoholic bever-
ages acting as antioxidants or platelet inhibitors.  183   Genetic 
variations which slow alcohol metabolism have been 
shown to increase HDL cholesterol and reduce the risk of 
myocardial infarction.  4   Based on current evidence, the 
benefi t of moderate alcohol consumption seems to be a 
generic effect regardless of the type of beverage.  184   While 
the specifi c advantages of red wine over other alcoholic 
beverages are unproven, the claimed benefi cial effects 
of fl avonoids on lipoprotein oxidation are available from 
grape juice as from wine.  185   

 Certain subgroups have a lower risk of coronary heart 
disease associated with alcohol intake. These include post-
menopausal women and men over the age of 45 years.  186   
In these groups, light and moderate drinking of alcohol has 
consistently been associated with lower risk of coronary 
heart disease.  187 – 189   

 A systematic review of ecologic, case – control and pro-
spective studies concluded that all alcoholic drinks were 
linked with a lower risk of coronary heart disease.  190   
However, beyond three drinks per day for men and two 
per day for women, the disadvantages of alcohol consump-
tion rapidly outweigh the advantages.  191   This is especially 
true for those at low risk of death from coronary heart 
disease. In younger populations, drinking larger amounts 
of alcohol in one session is associated with injuries and 
cardiovascular heart disease mortality.  192   

 The possible benefi cial effects of moderate ethanol con-
sumption must be weighed against the deleterious effects 
of high intake, including increased risk of hypertension, 
cardiomyopathy and hemorrhagic stroke. Alcohol con-
sumption, in excess of three drinks per day, is associated 
with a rise in blood pressure and plasma triglyceride 
levels. Reduction or cessation of alcohol consumption is a 
widely recommended measure for non - pharmacologic 
therapy of hypertension, in many international guidelines. 
The recommendations related to alcohol should be made 
in accordance with the cultural practices of the populations 
and the clinical profi le of individuals, with advice to 
avoid excess in all cases. The optimal intake, for cardio-
vascular protection, depends on age, gender, presence 
of other risk factors or associated diseases and on the 
intake of folic acid. However, it is generally recommended 
to be about two drinks a day for men and one a day for 
women.  

  Eggs 

 Eggs are unique because of their high cholesterol content. 
Major effects on atherosclerosis are observed in experimen-
tal animals but extrapolation to humans is doubtful. A large 
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observational study suggested that there was no increase 
in the risk of CHD up to one egg per day (except in a dia-
betic subgroup), in the US population.  193   In terms of global 
recommendations, it may still be prudent to limit the intake 
to 3 – 4 eggs/week. With all the trimmings, a three - white 
egg omelet is almost indistinguishable by taste from an 
omelet enriched with 600   mg cholesterol, and the whites -
 only omelet also remains a very good source of protein, 
ribofl avin, and selenium.  194   

 Djouss é  and Gaziano  195   have calculated an adjusted 
hazard ratio of 1.41 for all - cause mortality over a 20 - year 
span in 21   327 Harvard - educated male physicians who ate 
 ≥ 1 egg/day. It is important that a pattern of less frequent 
intake did not infl uence risk. However, if diabetes was co -
 existent in these healthcare professionals, a trend existed 
across a broader range of egg consumption. The egg intake 
pattern in this study population was extremely low: only 
8% of participants were eating  ≥ 1 egg/day. For compari-
son, 36% of the men in the Framingham Study  196   and 37% 
of men in a Japanese study  197   with similar outcome assess-
ments ate  ≥ 1 egg/day. However, in both these cohorts, 
there was no association between egg consumption and 
myocardial infarction, CVD death or all - cause mortality. 
Yet, this much higher consumption pattern may has con-
founded a graded effect that occurred at lower egg intakes. 

 Data from the most recent National Health and Nutri-
tional Examination Survey (NHANES III, 1988 – 94) were 
utilized by Song and Kerver  198   to compare the nutritional 
quality indicators of diets that contained eggs (USDA food 
grouping system) with those that did not. In this cross -
 sectional and population - based study, egg consumption 
made important nutritional contributions to the American 
diet and was not associated with high serum cholesterol 
concentrations.   

  Dietary  p atterns and  c omposite  d ietary 
 i nterventions 

  The Mediterranean  d iet 

 The traditional Mediterranean diet has been described to 
have eight components: 
  1     high monounsaturated - to - saturated fat ratio  
  2     moderate ethanol consumption  
  3     high consumption of legumes  
  4     high consumption of cereals (including bread)  
  5     high consumption of fruits  
  6     high consumption of vegetables  
  7     low consumption of meat and meat products  
  8     moderate consumption of milk and dairy products.  118      
 Most of these are found in many diets. The characteristic 
component is olive oil, and many equate a Mediterranean 
diet with consumption of olive oil. 

 Based on ecologic comparisons, Keys  et al   199   hypothe-
sized that a traditional Mediterranean diet conferred pro-
tection against CVD and several other disorders, principally 
because of a low saturated fat content. Three prospective 
population studies in Greece, Denmark and Australia 
provided supportive evidence of protective effects on 
overall mortality.  200   However, this traditional form of Medi-
terranean diet has not been tested in controlled clinical 
trials. 

 A secondary prevention trial of dietary intervention in 
survivors of a fi rst recent myocardial infarction, which 
aimed to study the cardioprotective effects of a Mediter-
ranean type of diet, actually left out its most characteristic 
component, olive oil.  201   This diet was designed to supply 
 < 35% of energy as fat,  < 10% of energy as saturated fat,  < 4% 
of energy as linoleic acid (n - 6) and  > 0.6% of energy as 
alpha - linolenic acid (n - 3). The main fat source was rape-
seed oil. Vegetables and fruits were also increased in the 
diet. Two major biologic factors were modifi ed by the 
intervention: plasma levels of alpha - tocopherol and 
ascorbic acid were elevated and plasma n - 3 fatty acids 
increased, along with a decrease in n - 6 fatty acids. Other 
biologic mediators of altered risk, like fl avonoids, folate 
and minerals like potassium, were probably altered but 
not measured. While the initial publication reported a 
70% reduction in recurrence of myocardial infarction 
and cardiac death, the 4 - year follow - up study reported a 
72% reduction in cardiac death and non - fatal myocardial 
infarction. The risk of overall mortality was lowered by 
56%.  9   

 In the Mediterranean Diet, Cardiovascular Risks and 
Gene Polymorphisms (Medi - RIVAGE) study, the effects of 
a Mediterranean - type diet (Med group) or a low - fat diet 
(low - fat group) on risk factors were evaluated in 212 vol-
unteers (men and women) with moderate risk factors for 
cardiovascular disease. After a 3 - month intervention, both 
diets signifi cantly reduced cardiovascular disease risk 
factors to an overall comparable extent.  202    

  Vegetarian  d iets 

 A reduced risk of CVD has been reported in populations 
of vegetarians living in affl uent countries  203 – 205   and in case –
 control comparisons in developing countries.  206   Reduced 
consumption of animal fat and increased consumption of 
fruit, vegetables, nuts and cereals may underlie such a pro-
tective effect. However, vegetarian diets  per se  need not be 
healthful.  205   If not well planned, they can contain a large 
amount of refi ned carbohydrates and trans fatty acids 
while being defi cient in the levels of vegetable and fruit 
consumption. The composition of the vegetarian diet 
should, therefore, be defi ned in terms of its cardioprotec-
tive constituents rather than endorsing the  “ vegetarian ”  
label as an omnibus category.  
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   “ Prudent ”   v ersus  “ Western ”   p atterns 

 Using factor analysis on a 131 - item food frequency ques-
tionnaire, Hu  et al  identifi ed two major dietary patterns at 
baseline in 44   875 men followed up for 8 years in the Health 
Professionals Follow - up Study.  207   The  “ prudent ”  pattern 
was characterized by higher intake of vegetables, fruit, 
legumes, wholegrains, fi sh and poultry whereas the 
 “ Western ”  pattern was characterized by higher intake of 
red meat, processed meat, refi ned grains, sweets and 
dessert, French fries and high - fat dairy products. After 
adjustment for age and other coronary risk factors, relative 
risks, from the lowest to the highest quintiles of the prudent 
pattern score, were 1.0, 0.87, 0.79, 0.75 and 0.70. In contrast, 
the relative risks across increasing quintiles of the Western 
pattern were 1.0, 1.21, 1.36, 1.40 and 1.64. These associa-
tions persisted in subgroup analyses according to cigarette 
smoking, Body Mass Index and parental history of myo-
cardial infarction.  

  Japanese  d iet 

 The traditional Japanese diet has attracted much attention 
because of the highest life expectancy and low CHD mor-
tality rates among the Japanese.  208   This diet is low in fat 
and sugar and includes soy, seaweeds, raw fi sh and a pre-
dominant use of rice. It has been high in salt, but salt con-
sumption has recently been declining in response to 
Japanese Health Ministry guidelines. There is also a recent 
trend towards increased fat consumption and plasma cho-
lesterol levels have risen, and their effects on CHD and 
CVD mortality rates need to be watched.  

   DASH   d iets 

 The effects of composite dietary interventions on blood 
pressure levels, in  “ normotensive ”  and  “ hypertensive ”  
individuals, were studied in well - designed clinical 
trials.  104,124   The initial dietary intervention, used in the 
Dietary Approaches to Stop Hypertension (DASH) trial, 
involved a diet that emphasized fruits, vegetables and low -
 fat dairy products and included wholegrains, poultry, fi sh 
and nuts while reducing the amounts of red meat, sweets 
and sugar - containing beverages. Two variants of the inter-
vention diet were used: a fruit and vegetables (F - V) diet 
and a low fat F - V (DASH) diet. The latter was designed to 
lower the intake of total and saturated fat as well as dietary 
cholesterol. In comparison with a  “ typical ”  diet in the 
United States, both intervention diets lowered blood pres-
sure but the DASH diet was more effective in substantially 
reducing systolic and diastolic blood pressures, both in 
people with and those without hypertension.  104   The DASH 
diet was also demonstrated to be effective as fi rst - line 
therapy in individuals with stage I isolated systolic hyper-

tension (i.e. with a systolic blood pressure of 140 – 159   mmHg 
and a diastolic blood pressure below 90   mmHg), with 78% 
of those on the DASH diet reducing their systolic blood 
pressure to  < 140   mmHg, in comparison to 24% in the 
control group.  209   The DASH diet resulted in lowering 
plasma levels of total cholesterol and LDL cholesterol but 
these changes were also accompanied by a reduction in 
HDL cholesterol levels.  210   While the Framingham risk score 
improved as a result of the impact on total and LDL cho-
lesterol as well as blood pressure, the impact of the associ-
ated reduction in HDL cholesterol needs to be assessed. 

 The DASH trial was followed by a well - designed facto-
rial trial combining the DASH diet with high, intermediate 
and low levels of sodium consumption and measuring the 
effects on blood pressure, in comparison to a control diet 
typical of the United States, administered with similar 
graded variations in the sodium content.  124   Within each 
assigned group (DASH v typical), participants ate foods 
with high, intermediate and low levels of sodium for 30 
consecutive days each, in random order. Reduction in 
sodium intake, at each level, resulted in signifi cant lower-
ing of systolic and diastolic blood pressures in both DASH 
and control groups. The fall was, however, maximal when 
the DASH diet was modifi ed to reduce the sodium content. 
As compared with the control diet with a high sodium 
level, the DASH diet with a low sodium level led to a mean 
systolic blood pressure that was 7.1   mmHg lower in par-
ticipants without hypertension and 11.5   mmHg lower in 
participants with hypertension (Fig.  23.3 ). There was also 
a  − 4.5   mmHg difference in the mean diastolic pressure 
level, between the low sodium - DASH diet phase and the 
high sodium - control diet phase of the trial.   

 The effects of the low sodium - DASH diet have great 
potential for application in both population - based and 
individual focused strategies for prevention and control 
of high blood pressure and associated CVD. Adoption of 
the low sodium - DASH diet, by populations at large, is 
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     Figure 23.3     Effect of the low sodium DASH diet on systolic blood 
pressure.  
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likely to be safe and benefi cial in shifting the population 
distributions of blood pressure (and plasma cholesterol) 
towards lower levels of cumulative risk of CVD in those 
populations. Similarly, this diet will also provide an effec-
tive non - pharmacologic therapeutic intervention in the 
clinical management of individuals identifi ed to be at 
increased risk of CVD because of high blood pressure and 
associated risk factors.   

  Implications for  p olicy 

 Diet and nutrition play a critical role in the causation of 
major CVDs and, along with physical activity, infl uence 
many of the biologic variables that mediate the risk of those 
diseases. There is, therefore, an opportunity to alter the 
direction and dimensions of the global CVD epidemic 
through policy interventions (at the local, national and 
global levels), which promote the availability, affordability 
and acceptability of health - promoting diets and restrain 
the marketing and consumption of unhealthy foods. 

BOX 23.3  Dietary recommendations for cardiovascular health    

     •      A low intake of saturated fatty acids (SFAs): less than 7% of daily energy intake (within these limits, intake of foods rich in 
myristic and palmitic acids should be especially reduced). Edible fat intake need not exceed 40   g and total fat intake should 
be limited to levels at which fat will provide no more than 20% of total energy. The use of ghee (clarifi ed butter) should be 
restricted to special occasions and should not be a regular daily feature.  

   •      A very low intake of trans fatty acids (hydrogenated oils and fats): less than 1% of daily energy intake.  
   •      Adequate intake of polyunsaturated fatty acids (PUFAs): 6 – 10% of daily energy intake, with an optimal balance of n - 6 

PUFAs and n - 3 PUFAs at 5 – 8% and 1 – 2% levels of daily energy intake, respectively.  
   •      Intake of monounsaturated fatty acids (MUFAs) to make up the rest of daily energy intake from fats, with daily total fat 

intake ranging between 15% and 30% of daily energy intake (this may be based on current levels of population consumption 
in different regions and modifi ed in accordance with age, activity and goals of body weight).  

   •      While there is no evidence that links the quantity of dietary fat to CVD, independent of the effects of fat composition and 
unhealthy weight gain, there are concerns over potential excess energy consumption associated with an unrestricted fat 
intake. These support a recommendation that fat intake should not exceed 30% of daily energy intake. However, in very 
active groups with healthy dietary practices and stable healthy weight, fat intake may go up to 35% of energy.  

   •      Dietary cholesterol consumption should be restricted to less than 300   mg per day, mainly through the restriction of dairy fats.  
   •      Daily intake of fresh fruit and vegetables (including berries, green leafy and cruciferous vegetables and legumes), in an 

adequate quantity (400 – 500   g per day), is recommended to reduce the risk of CHD, stroke and high blood pressure.  
   •      Restrict daily salt (sodium chloride) intake to less than 5   g per day. This should take into account total sodium intake from 

all dietary sources. Minimize other forms of sodium consumption such as as through food additives or preservatives, such 
as monosodium glutamate (MSG). Potassium intake should be at a level which will keep the sodium   :   potassium ratio close 
to 1, i.e. at daily potassium intake levels of 70 – 80   mmol per day. This may be achieved through adequate daily consumption 
of fruits and vegetables. Such a balance may also be obtained through use of potassium - enriched low - sodium salt 
substitutes.  

   •      The consumption of fi sh and other marine foods should provide over 200   mg per day of docosahexaenoic acid (DHA) and 
eicosapentaenoic acid (EPA).  

   •      Regular low to moderate consumption of alcohol (that is 1 – 2 drinks per day) is protective against CHD. Concerns about 
other cardiovascular and health risks associated with alcohol consumption (including stroke, hypertension and some 
cancers) do not favor a general recommendation for its use.    

  Source: Adapted from WHO Expert Consultation on Diet and Prevention of Chronic Diseases 2002:  www.who.int/hpr/
nutrition/ExpertConsultationGE.htm    

 Currently available evidence strongly indicates that car-
diovascular health is heavily infl uenced by the quality of 
dietary fat and the quantity of fruits and vegetables as well 
as salt consumed daily. While several other food items also 
contribute to enhanced or decreased risk of CVD, these 
remain the principal determinants of diet - related CVD risk. 
Whether derived from controlled clinical trials or an eco-
logic study of reasons for the sharp decline in coronary 
mortality in Poland since 1991, the evidence suggests 
that dietary changes can substantially alter the risk of 
CVD.  211,212   Policies must, therefore, address these directly 
and decisively. 

 These measures must encompass a wide range of educa-
tional as well as regulatory measures, acting through price 
and non - price mechanisms. That success in reducing CVD 
risk factor levels as well as CVD mortality is achievable 
through such measures that infl uence usual diet patterns 
is clear from the experience of developed countries.  213   
Developing countries like Mauritius too have shown that 
population levels of CVD risk factors can be altered by a 
combination of community education and regulatory inter-



CHAPTER 23  Diet and cardiovascular disease

321

ventions related to the price of edible oils.  214   Measures to 
infl uence the quality of dietary fat (as well as the total 
quantity) consumed must address the elimination of trans 
fats and reduction of saturated fats from the daily diet. 
Governments must work with the food industry to infl u-
ence production, processing, pricing and labeling of food 
products so that these goals can be met. Consumer educa-
tion must be enhanced so that informed choices can 
be made, even as the availability of healthier foods is 
promoted through such measures. As market economy 
becomes a globally pervasive economic model, it must be 
recognized that markets are not autonomous entities and 
should be molded, for public good, by consumer con-
sciousness as well as enlightened regulatory measures. 

 Recent initiatives in different regions of the world offer 
models for such policy interventions. The agreement 
between the food industry and the food standard authori-
ties of UK, to progressively reduce the salt content in pro-
cessed foods, is yielding results in terms of reduced salt 
consumption by the population.  215   The ban on trans fats in 
the restaurants of New York and for processed foods in 
Denmark exemplifi es nutrition regulation in the interests 
of public health.  216   Food labeling, ranging from display of 
nutrient composition to  “ traffi c lights ”  signals indicating 
the health - related nutrient profi le of food products, is being 
practiced or proposed by an increasing number of coun-
tries. Voluntary or legally imposed restrictions on advertis-
ing of high - energy/low - nutrient beverages and foods to 
young people ( “ advertising code ” ) are also on the anvil in 
the European Union. The WHO ’ s Global Strategy on Diet 
and Physical Activity and Health (DPAS) provides guide-
lines for multisectoral policies which countries should 
implement to prevent CVD and other chronic diseases.  217   
Policy interventions such as these do not as yet have the 
evidence of evaluated implementation to support them. 
However, the weight of scientifi c evidence which links salt, 
trans fats and refi ned sugars to high risk of CVD and other 
health disorders should be adequate to initiate such 
policies.   

 As these policies are progressively implemented, rigor-
ous evaluation must be conducted to assess their impact. 
As Louis Pasteur exhorted his research students,  “ Keep 
your enthusiasm but let strict verifi cation be its constant 
companion ” .    

  References 

1.     Reddy   KS  .  Cardiovascular diseases in the developing coun-
tries: dimensions, determinants, dynamics and directions for 
public health action .  Public Health Nutr   2002 ; 5 : 231  –  7 .  

2.     Lichtenstein   AH  ,   Appel   LJ  ,   Brands   M  ,   Carnethon   M  ,   Daniels   S  , 
  Franch   HA    et al.   Diet and Lifestyle Recommendations Revision 
2006 A scientifi c statement from the American Heart Associa-
tion Nutrition Committee .  Circulation   2006 ; 114 : 82  –  96 .  

3.     Clayton   D  ,   McKeigue   PM  .  Epidemiological methods for study-
ing genes and environmental factors in complex diseases . 
 Lancet   2001 ; 358 ( 9290 ): 1356  –  60 .  

4.     Hines   LM  ,   Stampfer   MJ  ,   Ma   J    et al.   Genetic variation in alcohol 
dehydrogenase and the benefi cial effect of moderate alcohol 
consumption on myocardial infarction .  N Engl J Med   2001 ; 344 :
 549  –  55 .  

5.     Krause   BR  ,   Princen   HMG  .  Lack of predictability of classical 
animal models for hypolipidemic activity: a good time for 
mice?   Atherosclerosis   1998 ; 140 : 15  –  24 .  

6.     Verschuren   WMM  ,   Jacobs   DR  ,   Bloemberg   BPM    et al.   Serum 
total cholesterol and long - term coronary heart disease mortal-
ity in different cultures: twenty - fi ve year follow - up of the 
Seven Country Study .  JAMA   1995 ; 274 : 131  –  6 .  

7.     Rudel   LL  ,   Parks   JS  ,   Sowyer   JK  .  Compared with dietary mono 
unsaturated and saturated fat, poly unsaturated fat protects 
African green monkeys from coronary artery arteriosclerosis . 
 Arterioscler Throm Vasc Biol   1995 ; 15 : 2101  –  10 .  

8.     Rudel   LL  ,   Hains   JL  ,   Sowyer   JK    et al.   Hepatic origin of choles-
teryl oliate in coronary artery arteriosclerosis in African green 
monkeys: enrichment by dietary mono unsaturated fat .  J Clin 
Invest   1997 ; 100 : 74  –  83 .  

9.     De   Lorgeril   M  ,   Salen   P  ,   Martin   JL    et al.   Mediterranean diet, 
traditional risk factors, and the rate of cardiovascular complica-
tions after myocardial infarction: fi nal report of Lyon Diet 
Heart Study .  Circulation   1999 ; 99 : 779  –  85 .  

10.     Willett   WC  .  Nutritional Epidemiology .  New York :  Oxford Uni-
versity Press ,  1990 .  

11.     Kris - Etherton   P  ,   Daniels   SR  ,   Eckel   RH    et al , for the  Nutrition 
Committee of the American Heart Association .  Summary of the 
Scientifi c Conference on Dietary Fatty Acids and Cardiovascu-
lar Health .  Circulation   2001 ; 103 : 1034  –  9 .  

12.     Cutler   JA  ,   Follmann   D  ,   Allender   PS  .  Randomized trials of 
sodium reduction: an overview .  Am J Clin Nutr   1997 ; 65 ( suppl 
2 ): 643S  –  651S .  

13.     Willett   W  .  Concepts and controversies on diet: stop recom-
mending low - fat diets!   Permanente J   2003 ; 7 ( 3 ): 24  –  33 .  

14.    Ghafoorunissa .  Dietary lipids and heart disease  –  the Indian 
context .  Natl Med J India   1994 ; 7 : 270  –  5 .  

15.     Hopkins   PN  .  Effects of dietary cholesterol on serum choles-
terol: a meta - analysis and review .  Am J Clin Nutr   1992 ; 55 :
 1060  –  70 .  

16.     Weggemans   RM  ,   Zock   PL  ,   Katan   MB  ,  Dietary cholesterol from 
eggs increases the ratio of total cholesterol to high -  density 
lipoprotein cholesterol in humans: a meta - analysis .  Am J Clin 
Nutr   2001 ; 73 : 885  –  91 .  

17.     Stamler   JS  ,   Shekelle   RB  .  Dietary cholesterol and human coro-
nary heart disease .  Arch Pathol Lab Med   1988 ; 112 : 1032  –  40 .  

18.     Hu   F  ,   Stampfer   MJ  ,   Rimm   EB    et al.   A prospective study of egg 
consumption and risk of cardiovascular disease in men and 
women .  JAMA   1999 ; 281 : 1387  –  94 .  

19.     Grundy   S  ,   Vega   GL  .  Plasma cholesterol responsiveness to satu-
rated fatty acids .  Am J Clin Nutr   1998 ; 47 : 822  –  4 .  

20.     Katan   MJ  ,   Zock   PL  ,   Mensink   RP  .  Dietary oils, serum lipopro-
teins and coronary heart disease .  Am J Clin Nutr   1995 ; 61 ( suppl ):
 1368S  –  73S .  

21.     Hu   F  ,   Stampfer   MJ  ,   Manson   JE    et al.   Dietary fat intake and 
the risk of coronary heart disease in women .  N Engl J Med  
 1997 ; 337 : 1491  –  9 .  



PART II  Prevention of cardiovascular diseases

322

22.     Assmann   G  ,   Schulte   H  .  Relation of high - density lipoprotein 
cholesterol and triglycerides to incidence of atherosclerotic 
coronary artery disease (the PROCAM experience) .  Am J Cardiol  
 1992 ; 70 : 733  –  7 .  

23.     Kromhout   D  ,   Menotti   A  ,   Bloemberg   B    et al.   Dietary saturated 
and trans fatty acids and cholesterol and 25 - year mortality from 
coronary heart disease: the Seven Countries Study .  Prev Med  
 1995 ; 24 : 308  –  15 .  

24.     Mensink   RP  ,   Katan   MB  .  Effect of dietary fatty acids on serum 
lipids and lipoproteins  –  a meta - analysis of 27 trials .  Arterioscler 
Thromb   1992 ; 12 : 911  –  19 .  

25.     Ascherio   A  ,   Katan   MB  ,   Zock   PL  ,   Stampfer   MJ  ,   Willett   WC  . 
 Trans fatty acids and coronary heart disease .  N Engl J Med  
 1997 ; 340 : 1994  –  8 .  

26.     Willett   WC  ,   Stampfer   MJ  ,   Manson   JE    et al.   Intake of trans fatty 
acids and risk of coronary heart disease among women .  Lancet  
 1993 ; 341 : 581  –  5 .  

27.     Ascherio   A  ,   Rimm   EB  ,   Giovannucci   EL    et al.   Dietary fat and 
risk of coronary heart disease in men: cohort follow up study 
in the United States .  BMJ   1996 ; 313 : 84  –  90 .  

28.     Oomen   CM  ,   Ocke   MC  ,   Feskens   EDM    et al.   Association between 
trans fatty acid intake and 10 - year risk of coronary heart disease 
in the Zutphen Elderly Study: a prospective population - based 
study .  Lancet   2001 ; 357 : 746  –  51 .  

29.     Katan   MB  .  Trans fatty acids and plasma lipoproteins .  Nutr Rev  
 2000 ; 58 : 188  –  91 .  

30.     Kris - Etherton   PM  .  Monosaturated fatty acids and risk of car-
diovascular disease .  Circulation   1999 ; 100 : 1253  –  8 .  

31.     Mori   TA  ,   Beilin   LJ  .  Long - chain omega 3 fatty acids, blood lipids 
and cardiovascular risk reduction .  Curr Opin Lipidol   2001 ; 12 :
 11  –  17 .  

32.     Mori   TA  ,   Bao   DQ  ,   Burke   V    et al.   Purifi ed eicosapentaenoic acid 
and docosahexaenoic acid have differential effects on serum 
lipids and lipoproteins, LDL - particle size, glucose and insulin, 
in mildly hyperlipidaemic men .  Am J Clin Nutr   2000 ; 71 :
 1085  –  94 .  

33.     Harris   WS  .  n - 3 fatty acids and serum lipoproteins: human 
studies .  Am J Clin Nutr   1997 ; 65 :  1645S  –  1654S .  

34.    GISSI Prevenzione Investigators .  Dietary supplementation 
with n - 3 polyunsaturated fatty acids and vitamin E after myo-
cardial infarction: results of the GISSI Prevenzione Trial. 
Gruppo Italiano per lo Studio della Sopravvivenza nell ’ Infarto 
Miocardico .  Lancet   1999 ; 354 : 447  –  55 .  

35.     Von   Schacky   C  .  n - 3 fatty acids and the prevention of 
coronary atherosclerosis .  Am J Clin Nutr   2000 ; 71 ( 1 suppl ):
 224S  –  227S .  

36.     Lemaitre   RN  ,   King   IB  ,   Raghunathan   TE    et al.   Cell membrane 
trans - fatty acids and the risk of primary cardiac arrest .  Circula-
tion   2002 ; 105 : 697  –  701 .  

37.     McLennan   PL  ,   Abeywardena   MY  ,   Charnock   JS  .  Dietary fi sh 
oil prevents ventricular fi brillation following coronary artery 
occlusion and reperfusion .  Am Heart J   1998 ; 116 :  709  –  17 .  

38.     Hetzel   BS  ,   Charnock   JS  ,   Dwyer   T  ,   McLennan   PL  .  Fall in coro-
nary heart disease mortality in U.S.A. and Australia due to 
sudden death: evidence for the role of polyunsaturated fat .  J 
Clin Epidemiol   1989 ; 42 : 885  –  93 .  

39.     Katan   MB  ,   Zock   PL  ,   Mensink   RP  .  Effects of fats and fatty acids 
on blood lipids in humans: an overview .  Am J Clin Nutr  
 1994 ; 60 ( 6 suppl ): 1017S  –  1022S .  

40.     Katan   MB  ,   Mensink   R  ,   Van   Tol   A    et al.   Dietary trans - fatty acids 
and their impact on plasma lipoproteins .  Can J Cardiol   1995 ;
 11 ( suppl G ): 36G  –  38G .  

41.     de   Roos   NM  ,   Bots   ML  ,   Katan   MB  .  Replacement of dietary satu-
rated fatty acids by trans - fatty acids lowers serum HDL choles-
terol and impairs endothelial function in healthy men and 
women .  Arterioscler Thromb Vasc Biol   2001 ; 21 ( 7 ): 1233  –  7 .  

42.     Grundy   SM  .  What is the desirable ratio of saturated, polyun-
saturated, and monounsaturated fatty acids in the diet?   Am J 
Clin Nutr   1997 ; 66 ( suppl ): 988S  –  990S .  

43.     Grundy   SM  .  The optimal ratio of fat - to - carbohydrate in the 
diet .  Annu Rev Nutr   1999 ; 19 : 325  –  41 .  

44.     Willett   WC  .  Dietary fat plays a major role in obesity .  Obesity 
Rev   2002 ; 3 : 59  –  68 .  

45.     Xu   J  ,   Eilat - Adar   S  ,   Loria   C  ,   Goldbourt   U  ,   Howard   BV  ,   Fabsitz  
 RR    et al.   Dietary fat intake and risk of coronary heart disease: 
the Strong Heart Study .  Am J Clin Nutr   2006 ; 84 : 894  –  902 .  

46.     Steckel   M  ,  1996  –  2007 . Available at:  www.spinalhealth.net/fats.
html .  

47.     Truswell   AS  .  Food carbohydrates and plasma lipids  –  an 
update .  Am J Clin Nutr   1994 ; 59 ( suppl ): 710S  –  8S .  

48.     Jenkins   DJA  ,   Jenkins   AL  ,   Wolever   TMS    et al.   Low glycemic 
index: lente carbohydrates and physiological effects of altered 
food frequency .  Am J Clin Nutr   1994 ; 59 ( suppl ): 706S  –  9S  . 

49.     Liu   S  ,   Willet   WC  ,   Stampfer   MJ    et al.   A prospective study of 
dietary glycemic load, carbohydrate intake, and risk of coro-
nary heart disease in US women .  Am J Clin Nutr   2000 ; 71 :
 1455  –  61 .  

50.     Liu   S  ,   Willett   WC  ,   Stampfer   MJ    et al.   A prospective study of 
dietary glycemic load, carbohydrate intake, and risk of coro-
nary heart disease in US women .  Am J Clin Nutr   2000 ; 71 :
 1455  –  61 .  

51.     Beulens   JWJ  ,   de   Bruijne   LM  ,   Stolk   RP    et al.   High dietary gly-
caemic load and glycemic index increase risk of cardiovascular 
disease among middle - aged women: a population - based fol-
low - up study .  J Am Coll Cardiol   2007 ; 50 : 14  –  21 .  

52.    National Heart Foundation of Australia . Position statement: 
carbohydrates, dietary fi bre, glycaemic index/load and cardio-
vascular disease.  2006 . Available at:  www.heartfoundation.
com.au .  

53.     Marlett   JA  .  Content and composition of dietary fi ber in 117 
frequently consumed foods .  J Am Diet Assoc   1992 ; 92 : 175  –  86 .  

54.     Shikany   JM  ,   Ala   B  ,   White   GL  .  Dietary guidelines for chronic 
disease prevention .  South Med J   2000 ; 93 : 1138  –  51 .  

55.     Truswell   AS  .  Cereal grains and coronary heart disease .  Eur J 
Clin Nutr   2002 ; 56 : 1  –  14 .  

56.     Ludwig   DS  ,   Pereira   MA  ,   Kroenke   CH    et al.   Dietary fi ber, weight 
gain, and cardiovascular risk factors in young adults .  JAMA  
 1999 ; 282 : 1539  –  46 .  

57.     Liu   S  ,   Stampfer   MJ  ,   Hu   FB    et al.   Whole grain consumption and 
the risk of coronary heart disease: from the Nurses ’  Health 
Study .  Am J Clin Nutr   1999 ; 70 : 412  –  19 .  

58.     Rimm   EB  ,   Ascherio   A  ,   Giovannucci   E    et al.  Vegetable, fruit and 
cereal fi ber intake and risk of coronary heart disease among 
men .  JAMA   1996 ; 275 : 447  –  51 .  

59.     Anderson   JW  .  Whole grains protect against atherosclerotic car-
diovascular disease .  Proc Nutr Soc   2003 ; 62 : 135  –  42 .  

60.     Jacobs   DR  ,   Gallaher   DD  .  Whole grain intake and cardiovascu-
lar disease: a review .  Curr Atheroscler Rep   2004 ; 6 : 415  –  23 .  



CHAPTER 23  Diet and cardiovascular disease

323

61.     Richardson   DP  .  Wholegrain health claims in Europe .  Proc Nutr 
Soc   2003 ; 62 : 161  –  9 .  

62.     Topping   D  .   Relationship Between Whole Grain Intake and Risk 
of Coronary Heart Disease. Food Standards Australia New 
Zealand: Diet - disease Relationship Review  2006 .  http://www.
foodstandard.gov.au   

63.     Koh - Banerjee   P  ,   Franz   M  ,   Sampson   L  ,   Liu   S  ,   Jacobs   DR   Jr  , 
  Spiegelman   D    et al.   Changes in whole - grain, bran, and cereal 
fi bre consumption in relation to 8 - y weight gain among men . 
 Am J Clin Nutr   2004 ; 80 : 1237  –  45 .  

64.     Liu   S  ,   Willett   WC  ,   Manson   JE  ,   Hu   FB  ,   Rosner   B  ,   Colditz   G  . 
 Relation between changes inintakes of dietary fi bre and grain 
products and changes in weight and development of obesity 
among middle - aged women .  Am J Clin Nutr   2003 ; 78 : 920  –  7 .  

65.     Karmally   W  ,   Montez   MG  ,   Palmas   W    et al.   Cholesterol - lowering 
benefi ts of oat - containing cereal in Hispanic Americans .  J Am 
Diet Assoc   2005 ; 105 : 967  –  70 .  

66.     Davy   BM  ,   Davy   KP  ,   Ho   RC  ,   Beske   SD  ,   Davrath   LR  ,   Melby   CL  . 
 High - fi ber oat cereal compared with wheat cereal consumption 
favorably alters LDL - cholesterol subclass and particle numbers 
in middle - aged and older men .  Am J Clin Nutr   2002 ; 76 :
 351  –  8 .  

67.     Rimm   EB  ,   Stampfer   MJ  .  Antioxidants for vascular disease .  Med 
Clin North Am   2000 ; 84 : 239  –  49 .  

68.     Ness   AR  .  Commentary: beyond beta - carotene  –  antioxidants 
and cardiovascular disease .  Int J Epidemiol   2001 ; 30 : 143  –  4 .  

69.     Yusuf   S  ,   Dagenais   G  ,   Pogue   J  ,   Sleight   P  .  Vitamin E supplemen-
tation and cardiovascular events in high - risk patients. The 
Heart Outcomes Prevention Evaluation Study Investigators .  N 
Engl J Med   2000 ; 345 : 154  –  60 .  

70.    Collaborative Group of the Primary Prevention Project (PPP) . 
 Low - dose aspirin and vitamin E in people at cardiovascular 
risk: a randomized trial in general practice .  Lancet   2001 ;
 357 : 89  –  95 .  

71.     Bleys   J  ,   Miller   ER  ,   Pastor - Barriuso   R  ,   Appel   LJ  ,   Guallar   E  . 
 Vitamin - mineral supplementation and the progression of ath-
erosclerosis: a meta - analysis of randomized controlled trials  
 Am J Clin Nutr   2006 ; 84 : 880  –  7 .  

72.     Halliwell   B  .  Dietary polyphenols: good, bad, or indifferent for 
your health?   Cardiovasc Res   2007 ; 73 : 341  –  7 .  

73.     Ding   EL  ,   Hutfl ess   SM  ,   Ding   X  ,   Girotra   S  .  Chocolate and preven-
tion of cardiovascular disease: a systematic review .  Nutr Metab 
(Lond)   2006 ; 3 : 2  –  14 .  

74.     Florescu   M  .  Chocolate and prevention of cardiovascular 
disease: a systematic review .  J Clin Med   2006 ; 1 ( 3 ): 84 .  

75.     Szmitko   PE  ,   Verma   S  .  Antiatherogenic potential of red wine: 
clinician update .  Am J Physiol Heart Circ Physiol   2005 ; 288 :
 H2023  –  30 .  

76.     Hertog   MGL  ,   Feskens   EJM  ,   Hollman   PCH  ,   Katan   MB  ,   Krom-
hout   D  .  Dietary antioxidant fl avonoids and risk of coronary 
heart disease. The Zutphen Elderly Study .  Lancet   1993 ; 342 :
 1007  –  11 .  

77.     Kuriyama   S  ,   Shimazu   T  ,   Ohmori   K  ,   Kikuchi   N  ,   Nakaya   N  , 
  Nishino   Y    et al.   Green tea consumption and mortality due to 
cardiovascular disease, cancer, and all causes in Japan  –  the 
Ohsaki Study .  JAMA   2006 ; 296 ( 10 ): 1255  –  65 .  

78.     Kuriyama   S  .  The relation between green tea consumption and 
cardiovascular disease as evidenced by epidemiological 
studies .  J Nutr   2008 ; 138 : 1548S  –  1553S .  

79.     Sesso   HD  ,   Gaziano   JM  ,   Liu   S  ,   Buring   JE  .  Flavonoid intake and 
the risk of cardiovascular disease in women .  Am J Clin Nutr  
 2003 ; 77 : 1400  –  8 .  

80.     Stampfer   MJ  ,   Malinow   MR  ,   Willett   WC    et al.   A prospective 
study of plasma homocysteine and risk of myocardial infarc-
tion in US physicians .  JAMA   1992 ; 268 : 877  –  81 .  

81.     Selhub   J  ,   Jacques   PF  ,   Bostom   AG    et al.   Association between 
plasma homocysteine concentrations and extracranial carotid -
 artery stenosis .  N Engl J Med   1995 ; 332 : 286  –  91 .  

82.     Stampfer   MJ  ,   Malinow   MR  ,   Willett   WC    et al.   A prospective 
study of plasma homocysteine and risk of myocardial infarc-
tion in US physicians .  JAMA   1992 ; 268 : 877  –  81 .  

83.     Welch   GN  ,   Loscalzo   J  .  Homocysteine and atherothrombosis .  N 
Engl J Med   1998 ; 338 : 1042  –  50 .  

84.     Brouwer   IA  ,   van   Dusseldorp   M  ,   Thomas   CM    et al.   Low dose 
folic acid supplementation decreases plasma homocysteine 
concentrations: a randomized trial .  Am J Clin Nutr   1999 ; 69 :
 99  –  104 .  

85.     Scott   JM  .  Homocysteine and cardiovascular risk .  Am J Clin Nutr  
 2000 ; 72 : 333  –  4 .  

86.     Bonaa   KH  . NORVIT: randomized trial of homocysteine - 
lowering with B - vitamins for secondary prevention of cardio-
vascular disease after acute myocardial infarction. Program 
and Abstracts from the European Society of Cardiology 
Congress  2005 , September  3  –  7 .  

87.     Toole   JF  ,   Malinow   MR  ,   Chambless   LE    et al.   Lowering homocys-
teine in patients with ischemic stroke to prevent recurrent 
stroke, myocardial infarction, and death. The Vitamin Interven-
tion for Stroke Prevention (VISP) randomized controlled trial . 
 JAMA   2004 ; 291 : 565  –  75 .  

88.     Lonn   E  ,   Yusuf   S  ,   Arnold   MJ  , for the Heart Outcomes Prevention 
Evaluation (HOPE) 2 Investigators.  Homocysteine lowering 
with folic acid and B vitamins in vascular disease .  N Engl J Med  
 2006 ; 354 ( 15 ): 1567  –  77 .  

89.     Guttormsen   AB  ,   Ueland   PM  ,   Svarstad   E  ,   Refsum   H  .  Kinetic 
basis of hyperhomocysteinemia in patients with chronic renal 
failure .  Kidney Int   1997 ; 52 : 495  –  502 .  

90.     Gibbs   CR  ,   Lip   GYH  ,   Beevers   DG  .  Salt and cardiovascular 
disease: clinical and epidemiological evidence .  J Cardiovasc Risk  
 2000 ; 7 : 9  –  13 .  

91.    INTERSALT Cooperative Research Group .  INTERSALT: an 
international study of electrolyte excretion and blood pressure. 
Results for 24   hr urinary sodium and potassium excretion .  BMJ  
 1988 ; 297 : 319  –  28 .  

92.     Elliott   P  ,   Stamler   J  ,   Nicholas   R    et al , for the  INTERSALT Coop-
erative Research Group .  INTERSALT revisited: further analy-
ses of 24   hr sodium excretion and blood pressure within and 
across populations .  BMJ   1996 ; 312 : 1249  –  1253 .    

93.     Mancilha Carvalho   JJ  ,   Baruzzi   RG  ,   Howard   PF    et al.   Blood pres-
sure in four remote populations in the Intersalt study .  Hyperten-
sion   1989 ; 14 : 238  –  46 .  

94.     Poulter   NK  ,   Khaw   KT  ,   Hopwood   BEC  ,   Mugambi   M  ,   Peart   WS  , 
  Rose   G    et al.   The Kenyan Luo migration study: observations on 
the initiation of a rise in blood pressure .  BMJ   1990 ; 300 : 967  –  72 .  

95.     Law   MR  ,   Frost   MD  ,   Wald   NJ  .  By how much does salt reduction 
lower blood pressure? III. Analysis of data from trials of salt 
reduction .  BMJ   1991 ; 302 : 819  –  24 .  

96.     Tuomilehto   J  ,   Jousilahti   P  ,   Rastenyte   D  ,   Moltchanov   V  ,   Tans-
kanen   A  ,   Pietinen   P  ,   Nissinen   A  .  Urinary sodium excretion and 



PART II  Prevention of cardiovascular diseases

324

cardiovascular mortality in Finland: a prospective study .  Lancet  
 2001 ; 357 : 848  –  51 .  

97.     Law   MR  ,   Frost   CD  ,   Wald   NJ   III  .  Analysis of data from trials of 
salt reduction .  BMJ   1991 ; 302 : 819  –  24 .  

98.     Geleijnse   JM  ,   Hofman   A  ,   Witteman   JC  ,   Hazebroek   AA  , 
  Valkenburg   HA  ,   Grobbee   DE  .  Long - term effects of neonatal 
sodium restriction on blood pressure .  Hypertension   1997 ; 29 :
 913  –  17 . (Published erratum in Hypertension 1997;29:1211.)  

99.     Whelton   PK  ,   Appel   LJ  ,   Espeland   MA    et al.   Sodium reduction 
and weight loss in the treatment of hypertension in older 
persons  –  a randomized controlled Trial of Nonpharmacologic 
Interventions in the Elderly (TONE). TONE Collaborative 
Research Group .  JAMA   1998 ; 279 : 839  –  46 .  

100.     Cook   NR  ,   Kumanyika   SK  ,   Cutler   JA  ,   Whelton   PK  .  Dose -
 response of sodium excretion and blood pressure change 
among overweight, nonhypertensive adults in a 3 - year dietary 
intervention study .  J Hum Hypertens   2005 ; 19 : 47  –  54 .  

101.     Appel   LJ  ,   Espeland   MA  ,   Easter   L  ,   Wilson   AC  ,   Folmar   S  ,   Lacy  
 CR  .  Effects of redcued sodium intake on hypertension control 
in older individuals. Results from the Trial of Nonpharmaco-
logical Interventions in the Elderly (TONE) .  Arch Intern Med  
 2001 ; 161 ( 5 ): 685  –  93 .  

102.     Miller   ER  ,   Erlinger   TP  ,   Young   DR  ,   Jehn   M  ,   Charleston   J  ,   Rhodes  
 D    et al.   Results of the Diet, Exercise, and Weight Loss Interven-
tion Trial (DEW - IT) .  Hypertension   2002 ; 40 ; 612  –  18 .  

103.     Lien   LF  ,   Brown   AJ  ,   Ard   JD  ,   Loria   C  ,   Erlinger   TP  ,   Feldstein   AC   
 et al.   Effects of PREMIER lifestyle modifi cations on participants 
with and without the metabolic syndrome .  Hypertension   2007 ;
 50 : 609  –  16 .  

104.     Sacks   FM  ,   Svetkey   LP  ,   Vollmer   WM    et al.   Effects on blood pres-
sure of reduced dietary sodium and the Dietary Approaches to 
Stop Hypertension (DASH) Diet .  N Engl J Med   2001 ; 344 : 3  –  10 .  

105.     Schmieder   RE  ,   Messerli   FH  ,   Garavaglia   GE  ,   Nunez   BD  .  Dietary 
salt intake. A determinent of cardiac involvement in essential 
hypertension .  Circulation   1988 ; 78 : 951  –  6 .  

106.     Forte   JG  ,   Miguel   JM  ,   Miguel   MJ    et al.   Salt and blood pressure: 
a community trial .  J Hum Hypertens   1989 ; 3 : 179  –  84 .  

107.     Tian   HG  ,   Guo   ZY  ,   Hu   G    et al.   Changes in sodium intake and 
blood pressure in a community - based intervention project in 
China .  J Hum Hypertens   1995 ; 9 ; 959  –  68 .  

108.     Staessen   J  ,   Bulpitt   CJ  ,   Fagard   R    et al.   Salt intake and blood pres-
sure in the general population: a controlled intervention trial 
in two towns .  J Hypertens   1988 ; 6 : 965  –  73 .  

109.     Tobian   L  ,   Hanlon   S  .  High sodium chloride diets injure arteries 
and raise mortality without raising blood pressure .  Hyperten-
sion   1990 ; 15 : 900  –  3 .  

110.     Xie   JX  ,   Sasaki   S  ,   Joossens   JV  ,   Kesteloot   H  .  The relationship 
between urinary cations obtained from the INTERSALT study 
and cerebrovascular mortality .  J Hum Hypertens   1992 ; 6 : 17  –  21 .  

111.     Young   DB  ,   Lin   H  ,   McCabe   RD  .  Potassium ’ s cardiovascular pro-
tective mechanisms .  Am J Physiol   1995 ; 268 : R825  –  R837 .  

112.     Krishna   GG  ,   Miller   E  ,   Kapoor   S  .  Increased blood pressure 
during potassium depletion in normotensive men .  N Engl J Med  
 1989 ; 320 : 1177  –  82 .  

113.     Whelton   PK  ,   He   J  ,   Cutler   JA    et al.   Effects of oral potassium on 
blood pressure: meta - analysis of randomized controlled clini-
cal trials .  JAMA   1996 ; 275 : 1016  –  22 .  

114.     Khaw   KT  ,   Barrett - Connor   E  .  Dietary potassium and stroke 
associated mortality .  N Engl J Med   1987 ; 316 : 235  –  40 .  

115.    National Heart Foundation of Australia . Summary of evidence 
statement on the relationships between dietary electrolytes and 
cardiovascular disease, October  2006 . Available at:  www.heart-
foundation.com.au .  

116.     Griffi th   LE  ,   Guyatt   GH  ,   Cook   RJ    et al.   The infl uence of dietary 
and non - dietary calcium supplementation on blood pressure. 
An updated meta - analysis of randomized controlled trials .  J 
Hypertens   1999 ; 12 : 84  –  92 .  

117.     Mizushima   S  ,   Cuppauccio   FP  ,   Nichols   R  ,   Elliott   P  .  Dietary mag-
nesium intake and blood pressure: a qualitative overview of 
the observational studies .  J Hum Hypertens   1998 ; 12 : 447  –  53 .  

118.     Nestle   M  .  Animal v. plant foods in human diets and health: is 
the historical record unequivocal?   Proc Nutr Soc   1999 ; 58 :
 211  –  18 .  

119.     Law   MR  ,   Morris   JK  .  By how much does fruit and vegetable 
consumption reduce the risk of ischaemic heart disease?   Eur J 
Clin Nutr   1998 ; 52 : 549  –  56 .  

120.     Ness   AR  ,   Powles   JW  .  Fruit and vegetables, and cardiovascular 
disease: a review .  Int J Epidemiol   1997 ; 26 : 1  –  13 .  

121.     Liu   S  ,   Manson   JE  ,   Lee   I - M    et al.   Fruit and vegetable intake and 
risk of cardiovascular disease: the Women ’ s Health Study .  Am 
J Clin Nutr   2000 ; 72 : 922  –  8 .  

122.     Liu   S  ,   Lee   I - M  ,   Ajani   U    et al.   Intake of vegetables rich in carot-
enoids and risk of coronary heart disease in men: the Physi-
cians ’  Health Study .  Int J Epidemiol   2001 ; 30 : 130  –  5 .  

123.     Joshipura   KJ  ,   Ascherio   A  ,   Manson   JF    et al.   Fruit and vegetable 
intake in relation to risk of ischemic stroke .  JAMA   1999 ; 282 :
 1233  –  9 .  

124.     Appel   LJ  ,   Moore   TJ  ,   Obarzanek   E    et al.   A clinical trial of the 
effects of dietary patterns on blood pressure .  N Engl J Med  
 1998 ; 336 : 1117  –  24 .  

125.     Winkler   E  ,   Newman   B  . Food Standards Australia New Zealand 
Diet  –  Disease Relationship Review. Dietary fruit and vegetable 
intake and risk of coronary heart disease. Report July  2000 . 
 http://www.foodstandard.gov.au   

126.     Kromhout   D  ,   Bosschieter   EB  ,   de   Lezenne Coulander   C  .  The 
inverse relation between fi sh consumption and 20 year mortal-
ity from coronary heart disease .  N Engl J Med   1985 ; 312 :
 1205  –  9 .  

127.     Daviglus   ML  ,   Stamler   J  ,   Orencia   AJ    et al.   Fish consumption and 
the 30 - year risk of fatal myocardial infarction .  N Engl J Med  
 1997 ; 336 : 1046  –  53 .  

128.     Marckmann   P  ,   Gronbaek   M  .  Fish consumption and coronary 
heart disease mortality. A systematic review of prospective 
cohort studies .  Eur J Clin Nutr   1999 ; 53 : 585  –  90 .  

129.     Burr   ML  ,   Fehily   AM  ,   Gilbert   JF    et al.   Effects of changes in fat, 
fi sh and fi bre intakes on death and myocardial reinfarction: diet 
and reinfarction trial (DART) .  Lancet   1989 ; 2 : 757  –  61 .  

130.     Gillman   MW  ,   Cupples   LA  ,   Millen   BE    et al.   Inverse association 
of dietary fat with development of ischaemic stroke in men . 
 JAMA   1997 ; 278 : 2145  –  50 .  

131.     Orenica   AJ  ,   Daviglus   ML  ,   Dyer   AR    et al.   Fish consumption and 
stroke in men .  Stroke   1996 ; 27 : 204  –  9 .  

132.     Zhang   J  ,   Sasaki   S  ,   Amano   K  ,   Kesteloot   H  .  Fish consumption 
and mortality from all causes, ischaemic heart disease and 
stroke: an epidemiological study .  Prev Med   1999 ; 28 : 520  –  9 .  

133.     Iso   H  ,   Rexrode   KM  ,   Stampfer   MJ  ,   Manson   JE  ,   Colditz   GA  , 
  Speizer   FE    et al.   Intake of fi sh and  ω 3 and risk of stroke in 
women .  JAMA   2001 ; 285 ( 3 ): 304  –  12 .  



CHAPTER 23  Diet and cardiovascular disease

325

134.     He   K  ,   Rimm   EB  ,   Merchant   A  ,   Rosner   BA  ,   Stampfer   MJ  ,   Willett  
 WC  ,   Ascherio   A  .  Fish consumption and risk of stroke in men . 
 JAMA   2002 ; 288 ( 24 ): 3130  –  6 .  

135.     Mozaffarian   D  ,   Longstreth   WT  ,   Lemaitre   RN  ,   Manolio   TA  , 
  Kuller   LH  ,   Burke   GL  ,   Siscovick   DS  .  Fish consumption and 
stroke risk in elderly individuals: the cardiovascular health 
study .  Arch Intern Med   2005 ; 165 ( 2 ): 200  –  6 .  

136.     Erkkila   AT  ,   Lichtenstein   AH  ,   Mozaffarian   D  ,   Herrington   DM  . 
 Fish intake is associated with a reduced progression of coro-
nary artery atherosclerosis in postmenopausal women with 
coronary artery disease .  Am J Clin Nutr   2004 ; 80 ( 3 ): 626  –  32 .  

137.     Mozzaffarian   D  ,   Psaty   BM  ,   Rimm   EB  ,   Lemaitre   RN  ,   Burke   GL  , 
  Lyles   MF    et al.   Fish intake and risk of incident atrial fi brillation . 
 Circulation   2004 ; 110 ( 4 ): 368  –  73 .  

138.     Calo   L  ,   Bianconi   L  ,   Colivicchi   F  ,   Lamberti   F  ,   Loricchio   ML  ,   de  
 Ruvo   E    et al.   N - 3 fatty acids for the prevention of atrial fi bril-
lation after coronary artery bypass surgery: a randomized, con-
trolled trial .  J Am Coll Cardiol   2005 ; 45 ( 10 ): 1723  –  8 .  

139.     Singer   P  ,   Wirth   M  .  Can n - 3 PUFA reduce cardiac arrhythmias? 
Results of a clinical trial .  Prostaglandins Leukotrienes Essential 
Fatty Acids   2004 ; 71 ( 3 ): 153  –  9 .  

140.     Christensen   JH  ,   Riahi   S  ,   Schmidt   EB  ,   Molgaard   H  ,   Kirstein 
Pedersen   A  ,   Heath   F    et al.   n - 3 Fatty acids and ventricular arrhy-
thmias in patients with ischaemic heart disease and implantable 
cardioverter defi brillators .  Europace   2005 ; 7 ( 4 ): 338  –  44 .  

141.     Leaf   A  ,   Albert   CM  ,   Josephson   M  ,   Steinhaus   D  ,   Kluger   J  ,   Kang  
 JX    et al.   Prevention of fatal arrhythmias in high - risk subjects by 
fi sh oil n - 3 fatty acid intake .  Circulation   2005 ; 112 ( 18 ): 2762  –  8 .  

142.     Raitt   MH  ,   Connor   WE  ,   Morris   C  ,   Kron   J  ,   Halperin   B  ,   Chugh   SS   
 et al.   Fish oil supplementation and risk of ventricular tachycar-
dia and ventricular fi brillation in patients with implantable 
defi brillators: a randomized controlled trial .  JAMA   2005 ; 293 ( 23 ):
 2884  –  91 .  

143.     He   K  ,   Song   Y  ,   Daviglus   ML  ,   Liu   K  ,   Van   Horn   L  ,   Dyer AR. 
Greenland   P  .  Accumulated evidence on fi sh consumption and 
CHD mortality: a meta - analysis of cohort studies .  Circulation  
 2004 ; 109 ( 22 ): 2705  –  11 .  

144.     Whelton   SP  ,   He   J  ,   Whelton   PK  ,   Muntner   P  .  Meta - analysis of 
observational studies on fi sh intake and CHD .  Am J Cardiol  
 2004 ; 93 ( 9 ): 1119  –  23 .  

145.     Hooper   L  ,   Harrison   RA  ,   Summerbell   CD  ,   Moore   H  , 
  Worthington   HV  ,   Ness   A  ,   Capps   N  ,   Davey Smith   G  ,   Riemersma  
 R  ,   Ebrahim   S  .  Omega 3 fatty acids for prevention and treatment 
of cardiovascular disease .  Cochrane Database of Systematic Reviews  
 2004 , Issue  4 . Art. No.: CD003177. DOI: 10.1002/14651858.
CD003177.pub2.  

146.     Burr   ML  ,   Ashfi eld - Watt   PAL  ,   Dunstan   FDJ    et al.   Lack of benefi t 
of dietary advice to men with angina: results of a controlled 
trial .  Eur J Clin Nutr   2003 ; 57 : 193  –  200 .  

147.     Burr   ML  ,   Fehily   AM  ,   Gilbert   JF  ,   Rogers   S  ,   Holliday   RM  ,   Sweet-
nam   PM    et al.   Effects of changes in fat, fi sh, and fi bre intakes 
on death and myocardial reinfarction: Diet And Reinfarction 
Trial (DART) .  Lancet   1989 ; 2 ( 8666 ): 757  –  61 .  

148.     Balk   EM  ,   Lichtenstein   AH  ,   Chung   M  ,   Kupelnick   B  ,   Chew   P  ,   Lau  
 J  .  Effects of omega - 3 fatty acids on serum markers of cardio-
vascular disease risk: a systematic review .  Atherosclerosis  
 2006 ; 189 ( 1 ): 19  –  30 .  

149.     Hooper   L  ,   Thompson   RL  ,   Harrison   RA  ,   Summerbell   CD  , 
  Ness   AR  ,   Moore   HJ    et al.   Risks and benefi ts of omega 3 fats for 

mortality, cardiovascular disease, and cancer: systematic 
review .  BMJ   2006 ; 332 ( 7544 ): 752  –  60 .  

150.     Mozaffarian   D  ,   Rimm   EB  .  Fish intake, contaminants, and 
human health: evaluating the risks and the benefi ts .  JAMA  
 2006 ; 296 ( 15 ): 1885  –  99 .  

151.     Kris - Etherton   PM  ,   Zhao   G  ,   Binkoski   AE    et al.   The effects of nuts 
on coronary heart disease risk .  Nutr Rev   2001 ; 59 : 103  –  11 .  

152.     Fraser   GE  ,   Sabate   J  ,   Beeson   WL  ,   Strahan   TM  .  A possible protec-
tive effect of nut consumption on risk of coronary heart disease. 
The Adventist Health Study .  Arch Intern Med   1992 ; 152 : 1416  –  24 .  

153.     Fraser   GE  ,   Lindsted   KD  ,   Beeson   WL  .  Effect of risk factor values 
on lifetime risk of and age at that fi rst coronary event. The 
Adventist Health Study .  Am J Epidemiol   1995 ; 142 : 746  –  58 .  

154.     Hu   FB  ,   Stamfer   MJ  .  Nut consumption and risk of coronary 
heart disease: a review of epidemiologic evidence .  Curr Athero-
sclero Rep   1999 ; 1 : 204  –  9 .  

155.    Offi ce of Nutritional Products, Labeling and Dietary Supple-
ments, Food and Drug Administration . Qualifi ed health claims: 
letter of enforcement discretion  –  nuts and coronary heart 
disease (docket No 02P20505), July 14,  2007 . Available at:  www.
cfsan.fda.gov/;dms/qhcnuts2.html .  

156.     Ternus   M  ,   McMahon   K  ,   Lapsley   K  ,   Johnson   G  .  Qualifi ed health 
claim for nuts and heart disease prevention: development of 
consumer friendly language .  Nutr Today   2006 ; 41 : 62  –  6 .  

157.     King   JC  ,   Blumberg   JB  ,   Ingwersen   L  ,   Jenab   M  ,   Tucker   KL  .  Tree 
nuts and peanuts as components of a healthy diet .  J Nutr  
 2008 ; 138 : 1736S  –  40S .  

158.     Anderson   JW  ,   Smith   BM  ,   Washnok   CS  .  Cardiovascular and 
renal benefi ts of dry bean and soybean intake .  Am J Clin Nutr  
 1999 ; 70 ( suppl ): S464  –  74 .  

159.    Third International Symposium on the role of soy in preventing 
and treating chronic disease .  J Nutr   2000 ; 130 ( suppl ): S653  –  711 .  

160.     Anthony   MS  ,   Clarkson   TB  ,   Bullock   BC  .  Soy protein versus soy 
phitoestrogens (isofl avones) in the prevention of coronary 
artery atherosclerosis of cynomolgus monkeys (abstract) .  Cir-
culation   1996 ; 94 ( suppl 1 ): 1  –  265 .  

161.     John   R  ,   Crouse   III  ,   Morgan   T    et al.   Randomized trial comparing 
the effect of casein with that of soy protein containing varying 
amounts of isofl avones on plasma concentrations of lipids and 
lipoproteins .  Arch Intern Med   1999 ; 159 : 2070  –  6 .  

162.     Sacks   FM  ,   Lichtenstein   A  ,   Horn   LV  ,   Harris   W  ,   Kris - Etherton   P  , 
  Winston   M  .  Soy protein, isofl avones, and cardiovascular health: 
an American Heart Association Science Advisory for Profession-
als From the Nutrition Committee .  Circulation   2006 ; 113 : 1034  –  44 .  

163.     Yeung   J  ,   Yu   T  .  Effects of isofl avones (soy phyto - estrogens) on 
serum lipids: a meta - analysis of randomized controlled trials  
 Nutr J   2003 ; 2 : 15  –  23 .  

164.     Zhang   XH  ,   Lowe   D  ,   Giles   P  ,   Fell   S  ,   Connock   MJ  ,   Maslin   DJ  . 
 Gender may affect the action of garlic oil on plasma cholesterol 
and glucose levels of normal subjects .  J Nutr   2001 ; 131 : 1471  –  8 .  

165.     Alder   R  ,   Lookinland   S  ,   Berry   JA  ,   Williams   M  .  A systematic 
review of the effectiveness of garlic as an antihyperlipidemic 
agent .  J Am Acad Nurse Pract   2003 ; 15 : 120  –  9 .  

166.     Li   G  ,   Shi   Z  ,   Jia   H  ,   Ju   J  ,   Wang   X  ,   Xia   Z    et al.   A clinical investiga-
tion on garlicin injection for the treatment of unstable angina 
pectoris and its actions on plasma endothelin and blood sugar 
levels .  J Trad Chin Med   2000 ; 20 : 243  –  6 .  

167.     Breithaupt - Grogler   K  ,   Ling   M  ,   Boudoulas   H  ,   Belz   GG  ,   Heiden  
 M  ,   Wenzel   E  ,   Gu   LD  .  Protective effect of chronic garlic intake 



PART II  Prevention of cardiovascular diseases

326

187.     Marmot   M  ,   Brunner   E  .  Alcohol and cardiovascular disease: the 
status of the U shaped curve .  BMJ   1991 ; 303 : 565  –  8 .  

188.     Maclure   M  .  Demonstration of deductive meta - analysis: ethanol 
intake and risk of myocardial infarction .  Epidemiol Rev   1993 ;
 15 : 328  –  51 .  

189.     Shaper   AG  ,   Wannamethee   G  ,   Walker   M  .  Alcohol and coronary 
heart disease: a perspective from the British Regional Heart 
Study .  Int J Epidemiol   1994 ; 23 : 482  –  94 .  

190.     Rimm   EB  ,   Williams   P  ,   Fosher   K  ,   Criqui   M  ,   Stampfer   MJ  .  Moder-
ate alcohol intake and lower risk of coronary heart disease: 
meta - analysis of effects on lipids and haemostatic factors .  BMJ  
 1999 ; 319 : 1523  –  8 .  

191.     Cowie   MR  .  Alcohol and the heart .  Br J Hosp Med   1997 ;
 57 ( 9 ): 457  –  60 .  

192.     Jurgen   R  ,   Greenfi eld   T  ,   Rogers   J  .  Average volume of alcohol 
consumption, patterns of drinking, and all - cause mortality: 
results from the US National Alcohol Survey .  Am J Epidemiol  
 2001 ; 153 : 64  –  71 .  

193.     Trichopoulou   A  ,   Kouris - Blazos   A  ,   Vassilakou   T    et al.   The diet 
and survival of elderly Greeks; a link to the past .  Am J Clin Nutr  
 1995 ; 61 ( suppl ): 1346S  –  1350S .  

194.     Eckel   RH  .  Egg consumption in relation to cardiovascular 
disease and mortality the story gets more complex   Am J Clin 
Nutr   2008 ; 87 : 799  –  800 .  

195.     Djouss é    L  ,   Gaziano   JM  .  Egg consumption in relation to cardio-
vascular disease and mortality: the Physicians ’  Health Study . 
 Am J Clin Nutr   2008 ; 87 : 964  –  9 .  

196.     Dawber   TR  ,   Nickerson   RJ  ,   Brand   FN  ,   Pool   J  .  Eggs, serum cho-
lesterol, and coronary heart disease .  Am J Clin Nutr   1982 ;
 36 : 617  –  25 .  

197.     Nakamura   Y  ,   Okamura   T  ,   Tamaki   S    et al.   Egg consumption, 
serum cholesterol, and cause - specifi c and all - cause mortality: 
the National Integrated Project for Prospective Observation of 
Non - communicable Disease and Its Trends in the Aged, 1980 
(NIPPON DATA80) .  Am J Clin Nutr   2004 ; 80 : 58  –  63 .  

198.     Song   WO  ,   Kerver   JM  .  Nutritional contribution of eggs to Amer-
ican diets .  J Am Coll Nutr   2000 ; 19 ( suppl ): 556S  –  62S .  

199.     Keys   A  ,   Menotti   A  ,   Karvonen   MJ    et al.   The diet and 15 - year 
death rate in the Seven Countries Study .  Am J Epidemiol  
 1986 ; 124 : 903  –  15 .  

200.     Trichopoulou   A  ,   Vasilopoulou   E  .  Mediterranean diet and lon-
gevity .  Br J Nutr   2000 ; 84 ( suppl - 2 ): S205  –  S209 .  

201.     De   Lorgeril   M  ,   Renaud   S  ,   Mamelle   N    et al.   Mediterranean 
alpha - linolenic acid - rich diet in secondary prevention of coro-
nary heart disease .  Lancet   1994 ; 343 : 1454 .  

202.     Vincent - Baudry   S  ,   Defoort   C  ,   Gerber   M  ,   Bernard   M  ,   Verger   P  , 
  Helal   O    et al.   The Medi - RIVAGE study: reduction of cardiovas-
cular disease risk factors after a 3 - mo intervention with a Med-
iterranean - type diet or a low - fat diet   Am J Clin Nutr   2005 ; 82 :
 964  –  71 .  

203.     Rimm   EB  ,   Ascherio   A  ,   Giovannucci   E    et al.   Vegetable, fruit, and 
cereal fi ber intake and risk of coronary heart disease among 
men .  JAMA   1996 ; 275 : 447 .  

204.     Gilman   MW  ,   Cupples   LA  ,   Gagnon   DJ    et al.   Protective effect of 
fruits and vegetables on development of stroke in men .  JAMA  
 1995 ; 273 : 1113  –  17 .  

205.     Willett   WC  .  Convergence of philosophy and science: the Third 
International Congress on Vegetarian Nutrition .  Am J Clin Nutr  
 1999 ; 70 ( suppl ): 434S  –  8S .  

on elastic properties of aorta in the elderly .  Circulation  
 1997 ; 96 : 2649  –  55 .  

168.     Kiesewetter   H  ,   Jung   F  ,   Jung   EM  ,   Mroweitz   C  ,   Koscielny   J  , 
  Wenzel   E  .  Effect of garlic on platelet aggregation in patients 
with increased risk of juvenile ischaemic attack .  Eur J Clin Phar-
macol   1993 ; 45 : 333  –  6 .  

169.     Anim - Nyame   N  ,   Sooranna   SR  ,   Johnson   MR  ,   Gamble   J  ,   Steer   PJ  . 
 Garlic supplementation increases peripheral blood fl ow: a role 
for interleukin - 6?   J Nutr Biochem   2004 ; 15 : 30  –  6 .  

170.     Budoff   MJ  ,   Takasu   J  ,   Flores   FR  ,   Niihara   Y  ,   Lu   B  ,   Lau   BH    et al.  
 Inhibiting progression of coronary calcifi cation using Aged 
Garlic Extract in patients receiving statin therapy: a prelimi-
nary study .  Prev Med   2004 ; 39 : 985  –  91 .  

171.     Rahman   K  ,   Lowe   GM  .  Garlic and cardiovascular disease: a 
critical review .  J Nutr   2006 ; 136 : 736S  –  740S .  

172.     Davies   DF  ,   Rees   BW  ,   Davies   PT  .  Cow ’ s milk antibodies and 
coronary heart disease .  Lancet   1980 ; 1 ( 8179 ): 1190  –  1 .  

173.     Law   MR  ,   Wald   N  .  An ecological study of serum cholesterol and 
ischaemic heart disease between 1850 and 1990 .  Eur J Clin Nutr  
 1994 ; 48 ( 5 ): 305  –  25 .  

174.     Seely   S  .  Diet and coronary disease. A survey of mortality rates 
and food consumption statistics of 24 countries .  Med Hypoth  
 1981 ; 7 : 907  –  18 .  

175.     Abbott   RD  ,   Curb   JD  ,   Rodriguez   BL    et al.   Effect of dietary 
calcium and milk consumption on risk of thromboembolic 
stroke in older middle aged men .  Stroke   1996 ; 27 : 813  –  18 .  

176.     Gaziano   JM  ,   Buring   JE  ,   Breslow   JL    et al.   Moderate alcohol 
intake, increased levels of high - density lipoprotein and its sub-
fractions, and decreased risk of myocardial infarction .  N Engl J 
Med   1993 ; 329 : 1829  –  34 .  

177.     Rehm   J  ,   Bondy   S  .  Alcohol and all cause mortality: an overview . 
 Novartis Foundation Symp   1998 ; 216 : 223  –  32 .  

178.     Gaziano   JM  ,   Godfried   S  ,   Hennekens   CH  .  Alcohol and coronary 
heart disease trends .  Cardiovasc Med   1996 ; 329 : 1829  –  34 .  

179.     Maclure   M  .  Demonstration of deductive meta - analysis: ethanol 
intake and risk of myocardial infarction .  Epidemiol Rev   1993 ; 15 :
 328  –  51 .  

180.     Moore   RD  ,   Pearson   T  .  Moderate alcohol consumption and 
coronary artery disease: a review .  Medicine   1986 ; 65 : 242  –  67 .  

181.     Sacco   RL  ,   Elkind   M  ,   Boden - Albala   B    et al.   The protective effect 
of moderate alcohol consumption on ischemic stroke .  JAMA  
 1999 ; 281 : 53  –  60 .  

182.     Gaziano   JM  ,   Buring   JE  ,   Brestlow   JL    et al.   Moderate alcohol 
intake increased levels of high - density lipoprotein and its sub-
fractions, and decreased risk of myocardial infarction .  N Engl J 
Med   1993 ; 329 : 1829  –  34 .  

183.     Gaziano   JM  ,   Hennekens   CH  ,   Godfried   SL    et al.   Type of alco-
holic beverage and risk of myocardial infarction .  Am J Cardiol  
 1999 ; 83 : 52  –  7 .  

184.     Miyagi   Y  ,   Miwa   K  ,   Inoue   H  .  Inhibition of human low - density 
lipoprotein oxidation by fl avonoids in red wine and grape 
juice .  Am J Cardiol   1997 ; 80 : 1627  –  31 .  

185.     Hu   FB  ,   Stampfer   MJ  ,   Rimm   EB    et al.   A prospective study of egg 
consumption and risk of cardiovascular disease in men and 
women .  JAMA   1999 ; 281 ( 15 ): 1387  –  94 .  

186.    Ministry of Health, New Zealand .  Food and Nutrition Guidelines 
for Healthy Adults: A Background Paper .  2003 . Available at:  www.
moh.govt.nz/moh.nsf/f872666357c511eb4c25666d000c8888/
fe468ceed06b0771cc256cd600709490?OpenDocument  . 



CHAPTER 23  Diet and cardiovascular disease

327

212.     Zatonski   WA  ,   McMichael   AJ  ,   Powles   JW  .  Ecological study of 
reasons for sharp decline in mortality for ischaemic heart 
disease in Poland since 1991 .  BMJ   1998 ; 317 : 678 .  

213.     Pietinen   P  ,   Vartianinen   E  ,   Seppanen   R    et al.   Changes in diet in 
Finland from 1972 to 1992: impact on coronary heart disease 
risk .  Prev Med   1996 ; 25 : 243  –  50 .  

214.     Dowsen   GK  ,   Gareeboo   H  ,   George   K    et al.   Changes in popula-
tion cholesterol concentrations and other cardiovascular 
risk factor levels after fi ve years of non - communicable 
disease intervention programme in Mauritius .  BMJ   1995 ; 311 :
 1255  –  9 .  

215.     Cappuccio   FP  .  Salt and cardiovascular disease .  BMJ   2007 ; 334 ;
 859  –  60 .  

216.    www.nyc.gov/html/doh/downloads/pdf/cardio/cardio-
transfat-bro.pdf   

217.    World Health Organization .  Global Strategy on Diet, Physical 
Activity and Health .  Geneva :  WHO ,  2004 . Available at:  www.
who.int/dietphysicalactivity .   

 
 

  

206.     Pais   P  ,   Pogue   J  ,   Gerstein   H  ,   Zachariah   E    et al.   Risk factors for 
acute myocardial infarction in Indians: a case – control study . 
 Lancet   1996 ; 348 : 358  –  63 .  

207.     Hu   FB  ,   Rimm   EB  ,   Stampfer   MJ    et al.   Prospective study of major 
dietary patterns and risk of coronary heart disease in men .  Am 
J Clin Nutr   2000 ; 72 : 912  –  21 .  

208.     Shimamoto   T  ,   Komachi   Y  ,   Inada   H    et al.   Trends for coronary 
heart disease and stroke and their risk factors in Japan .  Circula-
tion   1989 ; 79 : 503  –  15 .  

209.     Moore   TJ  ,   Conlin   PR  ,   Ard   J  ,   Svetkey   LP   for the  DASH Collab-
orative Research Group .  DASH (Dietary Approaches to Stop 
Hypertension) Diet is effective treatment for stage 1 isolated 
systolic hypertension .  Hypertension   2001 ; 38 : 155  –  8 .  

210.     Obarzanek   E  ,   Sacks   FM  ,   Vollmer   WM    et al.   Effects on blood lipids 
of a blood pressure - lowering diet: the Dietary Approaches to 
Stop Hypertension (DASH) Trial .  Am J Clin Nutr   2001 ; 74 : 80  –  9 .  

211.     Truswell   AS  .  Review of dietary intervention studies: effect 
on coronary events and on total mortality .  Aust N Z J Med  
 1994 ; 24 : 98  –  106 .  



328

24

Evidence-Based Cardiology, 3rd edition. Edited by S. Yusuf, J.A. Cairns, 
A.J. Camm, E.L. Fallen, and B.J. Gersh. © 2010 Blackwell Publishing, 
ISBN: 978-1-4051-5925-8.

 Integrating  a pproaches to  p revention 
of  c ardiovascular  d isease  

   David A   Wood   and   Kornelia   Kotseva  
  Cardiovascular Medicine, National Heart and Lung Institute, Imperial College, London, UK       
 

  Introduction and  h istorical  p erspective 

 Cardiovascular diseases (CVD), of which coronary heart 
disease (CHD) is the most common, are the major causes 
of death in middle - aged and older people in most devel-
oped countries and in many developing countries.  1 – 3   
Cardiovascular diseases result in substantial disability 
worldwide and contribute in large part to the escalating 
costs of healthcare, especially with an increasing aging 
population,  4   and are predicted to be the leading cause of 
death and disability - adjusted life - years by 2020.  5   A signifi -
cant proportion of cardiovascular morbidity and mortality 
could be prevented through population strategies, and by 
making cost - effective clinical interventions accessible and 
affordable, both for people with established disease and for 
those at high risk of developing cardiovascular disease.  6,7   

 This chapter is about integrating clinical approaches to 
prevention of cardiovascular disease for those with estab-
lished atherosclerotic disease (secondary prevention) and 
those who are asymptomatic but at high risk of developing 
the disease (primary prevention). 

 The World Heart and Stroke Forum (WHSF) Guidelines 
Task Force of the World Heart Federation (WHF) recom-
mends that every country develop a national policy on 
CVD prevention.  8   This national policy should set priorities 
for public health and clinical interventions appropriate to 
the country, and be the foundation for developing national 
evidence - based clinical guidelines on CVD prevention. 

 While the causes of CVD are common to all parts of the 
world, the approaches to cardiovascular prevention at a 
societal or individual level will differ between countries for 
cultural, social, medical, and economic reasons. Although 
national guidelines will share common principles of CVD 
prevention  –  the need for patient priorities, absolute risk 

thresholds for treatment and treatment targets  –  they may 
differ in terms of the organization of preventive cardiology, 
risk factor treatment thresholds and targets, and the avail-
ability and use of cardioprotective medications.  

  Nomenclature and  d efi nitions 

 The World Health Organization report on prevention of 
coronary heart disease describes three strategies for pre-
vention,  1   which still apply today but for all atherosclerotic 
cardiovascular disease. These three strategies complement 
each other: 
   •      a  ‘ population ’  strategy  –  for altering, in the entire popu-
lation, the lifestyle and environmental factors, and their 
social and economic determinants, that are the underlying 
causes of the mass occurrence of CVD  
   •      a  ‘ high - risk ’  strategy  –  identifi cation of individuals at 
high risk of developing the disease, and action to reduce 
their risk factor levels  
   •      secondary prevention  –  prevention of disease progres-
sion and recurrent cardiovascular events in patients with 
clinically established coronary or other atherosclerotic 
disease.    
 The  secondary prevention  strategy addresses those who have 
survived the development of symptomatic atherosclerotic 
disease  –  acute coronary syndromes, angina, transient cere-
bral ischemia, stroke, peripheral arterial disease  –  with the 
object of reducing the risk of recurrent cardiovascular 
events, improving quality of life and life expectancy. 
However, it is necessarily limited to survivors. The fi rst 
manifestation of CVD can be sudden collapse and death, 
e.g. ventricular fi brillation in the context of acute myocar-
dial infarction. In addition, among those who survive the 
initial ischemic insult, the resulting tissue damage may be 
so great that secondary prevention offers little gain. This is 
because prognosis is largely determined by the extent of 
cardiac or cerebral damage. Therefore, a high - risk primary 
prevention strategy is required. 
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 The  high - risk  strategy identifi es those asymptomatic indi-
viduals in the population who are apparently well but at 
high multifactorial risk of developing CVD, with the object 
of reducing their total CVD risk through lifestyle, risk 
factor and therapeutic management. However, its overall 
impact on the burden of disease in the population is limited 
because it only targets those at highest risk whereas the 
burden of CVD arises in those at modest risk where medical 
interventions are not appropriate. 

 Therefore, a  population  strategy, which tackles the major 
determinants of cardiovascular diseases at a societal level, 
is paramount and without such a strategy, these diseases 
will remain a major cause of ill health and premature death, 
regardless of the fact that secondary prevention and high -
 risk strategies do reduce cardiovascular morbidity and 
mortality for individuals.  

  Incidence,  n atural  h istory, and  p rognosis 

  Secondary  p revention 

 The fi rst clinical presentation of atherosclerotic disease is 
with sudden death or, more commonly, a non - fatal event, 
principally of the coronary arteries, cerebral arteries or 
peripheral arteries. Whatever the affected arterial territory, 
the pathology of the disease is the same and is usually 
ubiquitous. Although the acute management will differ 
according to the affected arterial territory, the ways of pre-
venting a recurrence are common to all manifestations 
of atherosclerosis  –  lifestyle (smoking cessation, eating a 
healthy diet and being physically active), the management 
of other risk factors (blood pressure, lipids and glucose) 
and the use of cardioprotective drugs, some of which have 
specifi c clinical indications, e.g. beta - blockers following 
myocardial infarction, based on evidence from randomized 
controlled trials. 

 All patients with atherosclerotic cardiovascular disease 
should be eligible for a comprehensive prevention program. 
Traditionally, such programs have focused on patients with 
coronary disease, especially those following myocardial 
infarction or revascularization, usually by cardiac surgery. 
Yet the benefi ts of prevention demonstrated in those who 
have had a myocardial infarction are as likely to be achieved 
in patients with angina pectoris, stroke or other atheroscle-
rotic disease. So the new challenge is to provide preventive 
cardiology programs for all atherosclerotic disease patients.  

  High -  r isk  s trategy 

 Primary prevention of CVD in individuals has traditionally 
focused on single risk factors, such as  “ hypertension ” , 
rather than multiple risk factors or the total risk approach 
and as a consequence, the potential benefi ts of total CVD 

risk reduction have not been achieved. Although there is a 
continuous relationship between blood pressure and the 
risk of developing CVD, the higher the blood pressure, the 
higher the risk. The term  “ hypertension ”  dichotomizes this 
distribution into those with a blood pressure consistently 
greater than a specifi ed level, e.g. 140/90   mmHg, and those 
with a blood pressure less than this level which is com-
monly referred to as  “ normal ” . The level of blood pressure 
defi ning  “ hypertension ”  is not based on the epidemiology 
of blood pressure and cardiovascular risk, but is rather 
deduced from randomized controlled trials which have 
shown evidence of benefi t through reducing blood pres-
sure in those with levels above, say, 140/90   mmHg. The 
consequence of this approach is that someone with a blood 
pressure of 142/92   mmHg is considered to be  “ hyperten-
sive ”  and therefore receives blood pressure - lowering 
therapy, but another person of the same age and sex with 
a blood pressure of 138/88   mmHg is considered to be  “ nor-
motensive ”  and therefore requires no treatment. Yet the 
total risk of developing CVD is not just a function of blood 
pressure but of all the cardiovascular risk factors taken 
together which are associated with a given level of blood 
pressure. This is called total cardiovascular risk. This term 
is used to describe the probability of a person developing 
an atherosclerotic cardiovascular event over a defi ned 
period of time. 

 The concept of total CVD risk assessment and manage-
ment was fi rst advanced by Jackson in 1993 in the context 
of treating  “ hypertension ” ; namely, the indication for treat-
ing blood pressure was not just a function of the blood 
pressure level but rather the absolute CVD risk, based on 
a combination of all risk factors, of which blood pressure 
was just one component.  9   This was followed in 1994 and 
1998 by the Joint European Societies ’  recommendations 
which applied this principle of total coronary risk assess-
ment to the management of all risk factors: blood pressure, 
lipids and diabetes.  10,11   The European CHD risk charts, 
developed from a concept pioneered by Anderson,  12   used 
age, sex, smoking status, blood cholesterol and SBP to esti-
mate the 10 year risk of a fi rst fatal or non - fatal coronary 
heart disease event. There were separate European charts 
for those with and without diabetes. 

 The importance of estimating total CVD risk before 
making a decision to intervene medically is illustrated in 
Figure  24.1 . The fi gure illustrates that in a middle - aged 
man who is a non - smoker with a blood pressure of 
120   mmHg, the absolute risk of developing fatal CVD pro-
gressively increases as the total cholesterol to HDL - choles-
terol ratio rises from 3.0 to 7.0. However, at every level of 
this lipid ratio the absolute risk for a man of the same age 
who smokes cigarettes and has raised blood pressure is 
substantially higher. In fact, the chances of such a man 
developing CVD with a lipid ratio of 3.0 is actually higher 
than a lipid ratio of 7.0 in a non - smoking man with lower 
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a new system for cardiovascular risk estimation called 
SCORE (Systematic Coronary Risk Estimation), based on 
data from 12 European prospective cohort studies: 205,178 
subjects with 2.7 million years of follow - up and 7934 car-
diovascular deaths.  15   Two charts were produced: one for 
high - risk regions and the other for low - risk regions of 
Europe (Figs  24.2 ,  24.3 ). SCORE estimates the 10 - year risk 
of a fi rst fatal atherosclerotic event, whether heart attack, 
stroke, aneurysm of the aorta or other fatal manifestation 
of atherosclerotic disease. All ICD (International Classifi ca-
tion of Diseases) codes that could be due to atherosclerosis 
are included. One advantage of a risk score based on 
mortality is that it can be recalibrated if good - quality, up -
 to - date mortality and risk factor prevalence data are avail-
able for a country. The SCORE CVD mortality charts have 
been recalibrated for a number of European countries: 
Germany, Greece, Poland, Spain, Sweden, Cyprus, Bosnia/
Herzegovina and Russia. The electronic, interactive 
version of SCORE, called HEARTSCORE, is available from 
the European Society of Cardiology ( www.escardio org/
heartscore ).   

 A 10 - year CVD risk of 5% or more (red zone) for fatal 
events was defi ned in the 2003 Joint European Societies 
guidelines as high risk, and people at this level of risk 
should receive a professional lifestyle intervention and, 
if appropriate, drug therapies to reduce total CVD risk. 
Although an individual ’ s treatment should be guided 
by their total CVD risk, the physician also needs to 
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     Figure 24.1     The relationship of total cholesterol/HDL cholesterol ratio to 
10 - year fatal CVD events in men and women aged 60 years with and 
without risk factors, based on a risk function derived from the SCORE 
project.  (Reproduced with permission from Graham  et al .  2  )   
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     Figure 24.2     SCORE chart: 10 - year risk of 
fatal CVD in populations at high CVD risk 
based on the following risk factors: age, 
gender, smoking, systolic blood pressure and 
total cholesterol.  (Reproduced with 
permission from Graham  et al .  2  )   

blood pressure. Although women are usually, age for age, 
at lower absolute risk of CVD than men, this advantage is 
lost at any level of the lipid ratio if the woman is a smoker 
with raised blood pressure.   

 The third and fourth editions of the Joint European Soci-
eties Guidelines published in 2003 and 2007  13,14   introduced 
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     Figure 24.3     SCORE chart: 10 - year risk of 
fatal CVD in populations at low CVD risk 
based on the following risk factors: age, 
gender, smoking, systolic blood pressure and 
total cholesterol.  (Reproduced with 
permission from Graham  et al .  2  )   

take account of other factors, e.g. co - morbidity and life 
expectancy, before committing a person to lifelong 
therapies. 

 In 2007 the WHO developed CVD risk prediction charts 
because equations derived from Caucasian populations are 
not necessarily valid to predict CVD risk in low -  and mid-
dle - income countries.  1   The Comparative Risk Assessment 
(CRA) Project, conducted by the WHO and described in the 
2002 World Health Report, determined the burden of 
disease attributable to selected major risk factors, including 
smoking, Body Mass Index, high blood pressure, and high 
blood cholesterol.  16   This project involved the standardized 
collection and assessment of risk factor prevalences by 
WHO epidemiologic subregion. Estimates of relative risk 
per unit increase in continuous risk factors, i.e. per mmHg 
for systolic blood pressure, were determined from the CRA 
project largely from prospective cohort studies. Absolute 
risk of a cardiovascular event was determined by scaling 
individual relative risk to population incidence rates of 
cardiovascular disease (coronary heart disease and stroke), 
estimated from the Global Burden of Disease Study. The 
probability of a cardiovascular event was extrapolated to a 
10 - year period. The new WHO/International Society of 
Hypertension (ISH) risk prediction charts are based on 
these data and there are charts with and without choles-
terol, and for patients with and without diabetes. 

 In summary, the great strength of the total risk approach 
is that it provides a rational means of making decisions 

about intervening in a targeted way, thereby making best 
use of resources available to reduce cardiovascular risk. 
The traditional approach focused on single risk factors 
as if they were  “ diseases ”  and this way of thinking is 
still being promoted with the use of terms such as  “ pre -
 hypertension ”  or  “ pre - diabetes ” . Many in the medical pro-
fession are reluctant to change from a unifactorial to a total 
risk approach because of their traditional medical training. 
The total risk approach also runs counter to the special 
interests of some professional societies, which focus on 
single risk factors, and the pharmaceutical industry and 
regulatory authorities which license drugs for single 
clinical indications. This unifactorial approach leads to 
people being labelled as  “ high risk ”  and for many this 
will be incorrect, leading to inappropriate use of drug ther-
apies. In contrast, the total risk approach identifi es that 
section of the population at highest risk of developing 
CVD. Such individuals have the most to gain from lifestyle 
and medical interventions to reduce their cardiovascular 
risk. So CVD risk scoring moves the focus of identifi cation 
and treatment from individual risk factors to multiple risk 
factors. The intensity of interventions can then be matched 
to the level of total CVD risk. Research is required to vali-
date the WHO regional risk prediction charts for each 
national population, and to confi rm that using risk stratifi -
cation methods in low -  and middle - income countries 
results in benefi ts for both patients and the population as 
a whole.   
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  Management 

  Secondary  p revention 

 Cardiac rehabilitation traditionally focused on physical 
rehabilitation but this specialty has gradually evolved into 
more comprehensive professional lifestyle programs  –  
smoking cessation, making healthy food choices and 
becoming physically active  –  based on behavioral models 
of change. Risk factor management in terms of controling 
blood pressure, lipids and glucose to defi ned targets, and 
the use of cardioprotective drug therapies, is also now inte-
gral to this approach. Finally, the psychosocial and voca-
tional support required to help patients lead as full a life 
as possible is also provided. This evolution in cardiac reha-
bilitation is refl ected in the current WHO defi nition.  17  

   “ The rehabilitation of cardiac patients is the sum of activ-
ities required to infl uence favorably the underlying 
cause of the disease, as well as the best possible physical, 
mental and social conditions, so that they may, by their 
own efforts, preserve or resume when lost, as normal a 
place as possible in the community. Rehabilitation cannot 
be regarded as an isolated form of therapy but must be 
integrated with the whole treatment of which it forms 
only one facet. ”    

 The original defi nition  18   was changed in 1993 with the 
addition of the following words:  “ to infl uence favorably 
the underlying cause of the disease ”  –  in short, all aspects 
of CVD prevention. 

 The overall preventive objective for patients who present 
with symptoms of coronary artery disease  –  stable angina, 
unstable angina or acute MI  –  is to reduce the risk of a 
further non - fatal event or death from cardiovascular 
disease. Cardiac rehabilitation was originally provided 
only for patients recovering from a myocardial infarction 
(MI) and those who had coronary artery bypass graft 
(CABG) surgery (or other forms of cardiac surgery). With 
the more recent emphasis on infl uencing the underlying 
causes of atherosclerotic disease, patients presenting with 
all forms of coronary artery disease, including unstable and 
stable angina, are now being included together with those 
who have other forms of atherosclerotic disease (e.g. tran-
sient cerebral ischemia or peripheral arterial disease) in 
cardiovascular prevention and rehabilitation programs. By 
addressing all aspects of lifestyle and risk factor manage-
ment, and prescribing cardioprotective drug therapies, the 
risk of future cardiovascular events can be reduced in all 
these patients as evidenced by the meta - analyses. 

 The scientifi c evidence from randomized controlled 
trials shows that exercise - based cardiac rehabilitation of 
coronary patients reduces both total and cardiac mortality. 

The main objective of the Cochrane systematic reviews and 
meta - analyses,  19   last updated in 2004,  20   was to determine 
the effectiveness of exercise only, or exercise as part of a 
comprehensive cardiac rehabilitation programme, on total 
and CHD mortality, morbidity, health - related quality of life 
(HRQoL) and modifi able cardiac risk factors of patients 
with coronary heart disease. The last review also addressed 
previous concerns regarding the applicability of this evi-
dence to routine clinical practice. Trials with 6 or more 
months of follow - up were included if they assessed the 
effects of exercise training alone or in combination with 
psychologic or educational interventions. Altogether, 48 
trials with a total of 8940 patients were included. Cardiac 
rehabilitation compared with usual care was associated 
with reduced all - cause mortality (odds ratio (OR) 0.80; 95% 
confi dence interval (CI) 0.68 – 0.93) and cardiac mortality 
(OR 0.74; 95% CI 0.61 – 0.96) (Class I, Level A). There was 
no difference in recurrent myocardial infarction, CABG or 
PTCA (Class IIb, Level B) (Table  24.1 ).   

 At follow - up the proportion of patients who reported 
smoking was signifi cantly reduced with cardiac rehabilita-
tion (OR 0.64; 95% CI 0.50 – 0.83) (Class IIa, Level B). There 
was a signifi cantly greater reduction in systolic blood pres-
sure for those in cardiac rehabilitation (weighted mean dif-
ference,  − 3.2   mmHg; 95% CI  − 5.4 to  − 0.9   mmHg) but no 
difference in diastolic blood pressure (Class IIa, Level B). 
There was also a signifi cantly greater reduction in total 
cholesterol concentration (weighted mean difference, 
 − 0.37   mmol/L ( − 14.3   mg/dL); 95% CI  − 0.63 to  − 0.11   mmol/L 
( − 24.3 to  − 4.2   mg/dL)) and triglyceride concentration 
(weighted mean difference,  − 0.23   mmol/L ( − 20.4   mg/dL); 
95% CI  − 0.39 to  − 0.07   mmol/L ( − 34.5 to  − 6.2   mg/dL)) for 
those in cardiac rehabilitation, but no difference in low -
 density or high - density lipoprotein concentrations (Class 
IIa, Level B). With the exception of smoking, the other risk 
factor changes in favor of intervention were rather small, 
and therefore would have had a limited impact on clinical 
events. So the reduction in total and cardiac mortality 

 Table 24.1     Pooled odds ratios ( OR ) and 95% confi dence intervals 
( CI ) for total and cardiac mortality, recurrent myocardial infarction, 
 CABG  and  PTCA  in patients with  CHD  randomly assigned to 
evidence - based cardiac rehabilitation versus usual care   20    

   Clinical outcomes     Treatment 
 n/N  

   Control 
 n/N  

   OR (95% CI)  

  Total mortality    326/4295    381/4137    0.80 (0.68 – 0.93)  

  Cardiac mortality    211/2706    267/2665    0.74 (0.61 – 0.90)  

  Recurrent myocardial 

infarction  

  203/2416    214/2331    0.79 (0.57 – 1.09)  

  CABG    101/1556    120/1581    0.87 (0.65 – 1.16)  
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observed in this meta - analysis can be largely attributed to 
lifestyle changes: increased physical activity, healthier diets 
and smoking cessation. 

 Importantly, this meta - analysis showed no difference in 
mortality between exercise - only cardiac rehabilitation and 
comprehensive cardiac rehabilitation. The effect of cardiac 
rehabilitation on total mortality was independent of coro-
nary heart disease diagnosis, type of cardiac rehabilitation, 
dose of exercise intervention or duration of follow - up. 
Health - related quality of life improved to similar levels 
with cardiac rehabilitation and usual care. 

 The contribution of secondary prevention programs, 
with or without exercise, was evaluated in two related 
systematic reviews and meta - analyses,  21,22   the most recent 
in 2005.  22   This meta - analysis included 63 randomized trials 
(21   295 patients with coronary disease), including 51 trials 
that were not included in the fi rst review (limited to litera-
ture published before 1999 and excluding any studies with 
exercise components) and 26 trials that were not included 
in Taylor ’ s review of cardiac rehabilitation (limited to lit-
erature published before 2003 and including few  “ indi-
vidual counseling ”  programs). The summary risk ratio was 
0.85 (95% CI 0.77 – 0.94) for all - cause mortality (Table  24.2 ), 
but this result improved over time from a risk ratio of 0.97 
(95% CI 0.82 – 1.14) at 12 months to 0.53 (95% CI 0.35 – 0.81) 
at 24 months (Class I, Level A). The summary risk ratio 
was 0.83 (95% CI 0.74 – 0.94) for recurrent myocardial infarc-
tion over a median follow - up of 12 months (Class I, Level 
A). The effects on mortality and myocardial infarction were 
similar for programs that included both exercise and risk 
factor education, or risk factor education without exercise, 
or for exercise alone. Thirty - fi ve trials reported effects on 
cardiovascular risk factors and although summary effects 
are not reported in this review, the effect sizes were gener-
ally considered to be small to moderate (Class IIb, Level 
B). Of the 27 trials that assessed the use of cardioprotective 
medications, eight demonstrated statistically signifi cantly 
better application of at least one therapy in the intervention 
patients, three demonstrated better prescribing in interven-
tion but not achieving statistical signifi cance, and 11 did 
not demonstrate any appreciable difference between inter-
vention and control patients (Class IIb, Level B). Quality 
of life was not formally evaluated overall but effect sizes 
in the individual trials were reported to be generally small.   

 Importantly, this distinction between  “ cardiac rehabilita-
tion ”  and  “ secondary prevention ”  is artifi cial and any com-
parisons based on these rather arbitrary classifi cations will 
usually be confounded. In  “ exercise - only ”  trials people are 
free to adopt a healthier diet and stop smoking. In  “ second-
ary prevention ”  trials, without a supervised exercise com-
ponent, people are free to exercise. What these meta - analyses 
really demonstrate, from different perspectives depending 
on trials included, are the overall benefi ts of an integrated 
multidisciplinary and multifactorial approach to reducing 

 Table 24.2     Risk ratios ( RR ) and 95% confi dence intervals ( CI ) for 
total mortality and recurrent myocardial infarction for secondary 
prevention programs without exercise, with exercise and exercise 
only   22    

        Treatment 
 n/N  

   Control 
 n/N  

   RR (95% CI)  

   All - cause mortality   

  Program without exercise    364/4598    417/4604    0.87 (0.76 – 0.99)  

  Program with exercise    223/2404    242/2251    0.88 (0.74 – 1.04)  

  Exercise - only program    72/1165    101/1120    0.72 (0.54 – 0.95)  

  Overall    659/8167    760/7975    0.85 (0.77 – 0.94)  

   Recurrent myocardial infarction   

  Program without exercise    194/2787    221/2742    0.86 (0.72 – 1.03)  

  Program with exercise    198/2075    230/1922    0.62 (0.44 – 0.87)  

  Exercise - only program    77/1124    99/1073    0.76 (0.57 – 1.01)  

  Overall    469/5986    550/5737    0.83 (0.74 – 0.94)  

cardiovascular risk and cardiovascular and all - cause 
mortality. The relative and absolute contributions in such 
comprehensive programs of their individual components 
 –  smoking cessation, diet, physical activity, lowering blood 
pressure, cholesterol and glucose  –  to reducing cardiovas-
cular and total mortality are not known from these meta -
 analyses, and data quality from many trials is either 
incomplete or inadequate for such analyses to be per-
formed. As many of the postmyocardial cardiac rehabilita-
tion trials were undertaken before the modern management 
of acute coronary disease, e.g. primary PTCA and throm-
bolysis, and the introduction of cardioprotective medica-
tions such as antiplatelet therapies, beta - blockers, ACE 
inhibitors and ARBs, some calcium channel blockers and 
statins, the added value of such programs to current prac-
tice is also not known. However, it is likely that relative 
reductions in risk achieved by cardiovascular prevention 
and rehabilitation, principally through lifestyle changes 
from these early randomized controlled trials, will still 
apply to coronary and other atherosclerotic disease patients 
even though they are now, because of modern treatments, 
at lower absolute risk of recurrent disease and death. 

 Unfortunately, risk factor management in patients with 
CHD in Europe is far from optimal. Surveys of preventive 
cardiology practice such as EUROASPIRE I, II and III show 
a considerable gap between evidence - based guidelines and 
the lifestyle, risk factor and therapeutic management 
of patients with coronary disease.  23 – 27   Over a period of 12 
years there are adverse time trends in smoking (higher 
rates in younger patients  < 50 years, especially among 
women), in the prevalence of obesity and central obesity 
which are both increasing, no change in the prevalence of 
raised blood pressure, and an increasing prevalence of dia-
betes. Only lipid management has improved, and improved 
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substantially, due to the huge increase in prescriptions of 
statins  26   (Table  24.3 ). In the most recent EUROASPIRE III 
survey of 13,935 coronary patients from 22 countries, there 
is evidence of considerable potential to further reduce car-
diovascular risk in this patient population, as many are still 
not achieving the recommended lifestyle and risk factor 
targets defi ned in the European guidelines  27   (Table  24.4 ). In 
Europe only about a third of coronary patients receive any 
form of cardiac rehabilitation, with considerable variation 
between European regions.  28   Patients with other clinical 
manifestations of atherosclerotic CVD receive little or no 
systematic preventive and rehabilitative care. The majority 
of coronary patients in the EUROASPIRE II survey were 
not advised to follow a cardiac rehabilitation program, and 
less than a third of all patients attended such a program.  28   
The traditions and practice of cardiac rehabilitation in 
Europe differ substantially between countries, ranging 
from intensive residential rehabilitation through to ambu-
latory hospital, community -  and home - based programs. 
They also differ in their patient populations, staffi ng, man-
agement protocols, duration and follow - up. According to 
EUROASPIRE II, whatever form of cardiac rehabilitation 
was provided for the coronary patients who reported 

 Table 24.3     Time trends in the prevalence (%) of risk factors in patients with  CHD  in Europe: comparison between  EUROASPIRE  I ,  II  and  III  in eight countries 
by survey, country, diagnosis and gender   26    

   Survey     Smoking  1       Obesity  2       Central obesity  3       Raised blood 
pressure  4    

   Elevated total 
cholesterol  5    

   Reported diabetes 
mellitus  

   EA I 
 %  

   EA II 
 %  

   EA III 
 %  

   EA I 
 %  

   EA II 
 %  

   EA III 
 %  

   EA I 
 %  

   EA II 
 %  

   EA III 
 %  

   EA I 
 %  

   EA II 
 %  

   EA III 
 %  

   EA I 
 %  

   EA II 
 %  

   EA III 
 %  

   EA I 
 %  

   EA II 
 %  

   EA III 
 %  

  Risk factor prevalence    20.3    21.2    18.2    25.0    32.6    38.0    42.2    53.0    54.9    58.1    58.3    60.9    94.5    76.7    46.2    17.4    20.1    28.0  

   Overall signifi cance   §       P    =    0.64      P    =    0.0006      P    =    0.0001      P    =    0.49      P     <     0.0001      P    =    0.004   

    1    Self - reported smoking or  > 10   ppm carbon monoxide in breath;       2    BMI  ≥ 30   kg/m 2 ;      3    Waist circumference  ≥ 88   cm for women or  ≥ 102   cm for men;      4    Systolic 

blood pressure  ≥ 140   mmHg and/or diastolic blood pressure  ≥ 90   mmHg for non - diabetics and systolic blood pressure  ≥ 130   mmHg and/or diastolic blood 

pressure  ≥ 80   mmHg for diabetics;      5    Total cholesterol  ≥ 4.5   mmol/L;       §     Adjusted for differences in distribution of age and diagnostic category.   

 Table 24.4      EUROASPIRE   III : prevalence (%) of  CHD  risk factors and use of cardioprotective medication in patients with  CHD  in 22 countries in 
Europe   27    

   Current 
smoking  1   
 %  

   Obesity  2   
 %  

   Increased waist 
circum - ference  3   
 %  

   Raised 
blood 
pressure  4   
 %  

   Elevated 
TC  5   
 %  

   Diabetes 
mellitus  6   
 %  

   Anti -
 platelets 
 %  

   Beta -
 blockers 
 %  

   ACE 
inhibitors/
ARB 
 %  

   Calcium 
channel 
blockers 
 %  

   Statins 
 %  

   Anti -
 coagulants 
 %  

  17.2    35.3    52.7    56.0    51.1    34.8    90.5    79.8    70.9    24.5    78.1    5.6  

    1    Self - reported and/or CO in breath  > 10   ppm;      2    BMI  ≥ 30   kg/m 2 ;      3    Waist circumference  ≥ 102   cm for men and  ≥ 88   cm for women;      4    Systolic blood 

pressure  ≥ 140   mmHg and/or diastolic blood pressure  ≥ 90   mmHg (systolic blood pressure  ≥ 130   mmHg and/or diastolic blood pressure  ≥ 80   mmHg in 

patients with diabetes);      5    Serum total cholesterol  ≥ 4.5   mmol/L;      6    Self - reported and/or fasting plasma glucose  ≥ 7.0   mmol/L.   

attending such programs, the majority still did not achieve 
the lifestyle, risk factor and therapeutic goals  28   (Table  24.5 ). 
In addition, the families of patients with premature CHD 
are not systematically followed up, with fewer than one in 
10 fi rst - degree relatives having a cardiovascular risk assess-
ment as a consequence of premature disease developing in 
their family  29   (Table  24.6 ).    

  Primary  p revention 

 In primary prevention the evidence for multiple risk factor 
interventions is less strong. Primary prevention programs 
in many countries attempt to reduce mortality and morbid-
ity due to CHD through risk factor modifi cation. It is 
widely believed that multiple risk factor intervention using 
counseling and educational methods is effi cacious and 
cost - effective and should be expanded. The effects of mul-
tiple risk factor intervention for reducing cardiovascular 
risk factors, mortality from CHD and total mortality among 
adults without clinical evidence of established cardiovas-
cular disease have been assessed in Cochrane reviews and 
meta - analyses on two occasions, in 1997  30   and 2006.  31   Inter-
vention studies using counseling or education to modify 
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 Table 24.5      EUROASPIRE   II : prevalence of risk factors according to participation in a cardiac rehabilitation program in patients with  CHD  in 15 
countries in Europe   28    

   Current smoking  1       Obesity  2       Raised BP  3       Raised cholesterol  4       Diabetes  5    

   No CRP 
 %  

   CRP 
 %  

   No CRP 
 %  

   CRP 
 %  

   No CRP 
 %  

   CRP 
 %  

   No CRP 
 %  

   CRP 
 %  

   No CRP 
 %  

   CRP 
 %  

  22.4    18.7    33.0    28.2    51.4    48.8    60.2    55.0    20.6    17.6  

   P     <     0.001   6       P    =    0.02   6       P    =    0.001   6       P     <     0.001   6       P    =    0.20   6    

    1    Self - reported and/or CO in breath  > 10   ppm;      2    BMI  ≥ 30   kg/m 2 ;      3    SBP/DBP  ≥ 140/90   mmHg;      4    Total cholesterol  ≥ 5   mmol/L ;      5    Self - reported and/or fasting 

plasma glucose  ≥ 7.0   mmol/L.      6    Signifi cance of differences in prevalences between CR and No CR groups adjusted for center, diagnostic category, 

gender and age.   

 Table 24.6      EUROASPIRE   II : screening for risk factors in relatives of 
patients with premature  CHD    29    

        Siblings     Children  

  Prevalence of CHD (%)    9.9    1.5  

  Screening because of CHD 

in the family (%)  

  11.1    5.6  

     Index patient CABG (%)    16.5    8.6  

     Index patient PTCA (%)    9.9    4.1  

     Index patient AMI (%)    7.5    6.2  

     Index patient ischemia (%)    5.9    3.4  

 Table 24.7     Peto odds ratios ( POR ) and 95% confi dence intervals ( CI ) 
for total mortality and  CHD  mortality in multiple risk factor 
interventions versus control   31    

        Treatment 
 n/N  

   Control 
 n/N  

   POR (95% CI)  

  Total mortality    3466/62267    4622/62900    0.96 (0.92 – 1.01)  

  Coronary heart 

disease mortality  

  1234/62267    1639/62900    0.96 (0.89 – 1.04)  

  Non - fatal myocardial 

infarction  +    

  NR    NR    1.01 (0.93 – 1.10)  

   NR, not reported.  

   +    WHO factories; Gotheborg Study, Oslo Study only.   

more than one cardiovascular risk factor in adults from 
general populations, occupational groups, or high - risk 
groups were identifi ed. Trials of less than 6 months dura-
tion were excluded. A total of 39 trials were found in the 
2006 meta - analysis, more than double the 18 trials identi-
fi ed for the original review. Ten out of the 39 trials reported 
total mortality or coronary heart disease mortality as out-
comes. However, only four of these trials were suffi ciently 
large to have meaningful power to address these disease 
endpoints. In the 10 trials with clinical event endpoints, the 
pooled effects suggest that multiple risk factor intervention 
has no effect on mortality (Table  24.7 ). The pooled OR for 
total and CHD mortality were 0.96 (95% CI 0.92 – 1.01) and 
0.96 (95% CI 0.89 – 1.04) respectively (Class IIb, Level B). 
However, there was evidence of statistical heterogeneity in 
the pooled OR for total mortality, but not for CHD mortal-
ity. Three hypertension trials (Hypertension, Detection and 
Follow - up Program, Johns Hopkins Hypertension Trial 
and Swedish RIS) reported signifi cant reductions in total 
mortality, and this is most likely due to the benefi ts of effec-
tive antihypertensive therapy in these trials. Removal of 
these three trials reduced the heterogeneity for total mortal-
ity. Importantly, there was a signifi cant interaction between 

intervention and level of CHD risk at baseline, which indi-
cated that trials recruiting higher risk patients were more 
likely to demonstrate clinical benefi ts. An important caveat 
to these results is that a small, but potentially important, 
benefi t of treatment (about a 10% reduction in CHD mortal-
ity) may have been missed.   

 This apparent lack of effect on coronary and total mortal-
ity overall refl ects a modest reduction in smoking and 
small changes in blood pressure and lipids, the latter due 
to limited drug treatment in these trials. The odds of reduc-
tion in smoking prevalence was 20% (95% CI 8 – 31%) with 
substantial heterogeneity (Class IIb, Level B). Validation 
of reported smoking habit with biochemical measures sug-
gests that this improvement may be overestimated. 
Changes in systolic (SBP) and diastolic (DBP) blood pres-
sure were small. The weighted mean differences between 
intervention and control were  – 3.6   mmHg (95% CI  − 3.9 to 
 − 3.3   mmHg) for SBP and for DBP  − 2.8   mmHg (95% CI  − 2.9 
to  − 2.6   mmHg) (Class IIb, Level B). Exclusion of those 
trials in which a high proportion of subjects were on phar-
macologic treatment resulted in smaller but still statisti-
cally signifi cant net reductions in blood pressure: SBP 
 − 2.7   mmHg (95% CI  − 3.9 to  − 3.3) and DBP  –  1.7   mmHg 
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(95% CI  − 2.0 to  − 1.5). Blood cholesterol concentrations 
showed a small but highly signifi cant fall of  − 0.07   mMol/L 
(95% CI  − 0.8 to  − 0.06   mMol/L) between intervention and 
control (Class IIb, Level B). There was also substantial 
heterogeneity in this analysis. Several trials made substan-
tial use of lipid - lowering drugs but exclusion of these trials 
did not make any difference to the overall pooled differ-
ence observed. Risk factor net changes were strongly cor-
related with initial level of smoking, diastolic (but not 
systolic) blood pressure and blood cholesterol. Those 
studies with the highest baseline smoking prevalence, dia-
stolic blood pressure and blood cholesterol levels demon-
strated larger intervention - associated falls in these risk 
factors. In some studies, outcomes may have been overes-
timated because of regression to the mean effects, lack of 
intention - to - treat analyses, habituation to blood pressure 
measurement, and use of self - reports of smoking. One 
important observation from this meta - analysis was that 
interventions using personal or family counseling and edu-
cation, with or without pharmacologic treatments, appear 
to be more effective at achieving risk factor reduction and 
consequent reductions in mortality. 

 In contrast, numerous single risk factor trials using drug 
therapies to lower blood pressure and lipids have shown 
comparable reductions in CVD risk that would be pre-
dicted from the epidemiologic relationships.  32 – 38   Therefore, 
if multifactorial interventions were to achieve the same 
treatment effects as those demonstrated in unifactorial 
trials, a substantial reduction in total CVD risk would 
be expected. The challenge is to integrate management 
through a multidisciplinary multifactorial program. 

 In primary prevention the gap between evidence - based 
guidelines and clinical practice is even greater than that 
seen for coronary patients. The EUROASPIRE III survey 
of primary prevention in 12 countries showed that in 
5687 patients being treated for blood pressure, dyslipid-
emia or diabetes there is even greater potential to further 
reduce cardiovascular risk. ( www.escardio.org/congresses/ 
esc2008/congress-reports/Pages/4480-4481-wood-ryden.

aspx ). A large majority of such patients are not achieving 
the recommended lifestyle and risk factor targets defi ned 
in the European guidelines (Table  24.8 ).   

 Yet it is possible to further reduce this gap between guide-
lines and practice by providing a comprehensive program 
of preventive care, as demonstrated by the European Society 
of Cardiology EUROACTION project ( www.escardio.org/
euroaction ). This cluster randomized controlled trial of a 
nurse - managed preventive cardiology program for coro-
nary (hospital) and high - risk (primary care) patients showed 
that they, and their families, were more likely to make 
healthy changes to their diet and physical activity levels, 
and to have their blood pressure and other risk factors 
managed more effectively compared to usual care.  39,40     

  The  EUROACTION  Preventive Cardiology 
Program in  h ospital and  g eneral  p ractice 

 The object of EUROACTION was to demonstrate whether 
a professional multidisciplinary preventive cardiology 
program could help more patients and their families 
achieve the lifestyle, risk factor and therapeutic goals 
defi ned in the European prevention guidelines. The EURO-
ACTION program was set up in eight countries and 24 
hospital and general practice centers in the context of a 
matched pair cluster randomized controlled trial.  39   

 In the hospitals, cardiologists and nurses recruited eligible 
patients and their families. After a multidisciplinary assess-
ment of lifestyle, risk factors, and drug treatment by a nurse, 
dietitian and physiotherapist, couples attended at least eight 
sessions, one every week, in which they were individually 
assessed by each member of the team. The patients and their 
partners then attended a group workshop and a supervised 
exercise class. The cardiologists initiated and uptitrated the 
cardioprotective drugs and nurses monitored risk factors 
and adherence to drug treatments at each session. At 16 
weeks, patients and their partners were reassessed by the 
whole team and a report was sent to their family doctors. 

 Table 24.8      EUROASPIRE   III : prevalence (%) of  CHD  risk factors and use of cardioprotective medication in patients at high cardiovascular risk in 12 
countries in Europe   *    

   Current 
smoking  1   
 %  

   Obesity  2   
 %  

   Increased waist 
circum - ference  3   
 %  

   Raised 
blood 
pressure  4   
 %  

   Elevated 
TC  5   
 %  

   Diabetes 
mellitus  6   
 %  

   Anti -
 platelets 
 %  

   Beta -
 blockers 
 %  

   ACE 
inhibitors/
ATRB 
 %  

   Calcium 
channel 
blockers 
 %  

   Diuretics 
 %  

   Statins 
 %  

  16.9    43.5    61.6    70.8    78.9    38.6    22.0    31.2    55.7    24.0    33.8    39.9  

    1    Self - reported and/or CO in breath  > 10   ppm;      2    BM I  ≥ 30   kg/m 2 ;      3    Waist circumference  ≥ 102   cm for men and  ≥ 88   cm for women;      4    Systolic blood 

pressure  ≥ 140   mmHg and/or diastolic blood pressure  ≥ 90   mmHg (systolic blood pressure  ≥ 130   mmHg and/or diastolic blood pressure  ≥ 80   mmHg in 

patients with diabetes);      5    Serum total cholesterol  ≥ 4.5   mmol/L;      6    Self - reported and/or fasting plasma glucose  ≥ 7.0   mmol/L.  

   *     www.escardio.org/congresses/esc2008/congress - reports/Pages/4480 - 4481 - wood - ryden.aspx    
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 In the general practice centers, family doctors and nurses 
recruited patients and their families. The program started 
with the same nurse assessment of lifestyle, risk factors, and 
drug treatment as for the hospital patients but was then 
open ended. At each visit (one every week), couples were 
assessed by the nurse, who led the group workshops, and 
by the family doctors responsible for drug treatment. Patients 
and partners did not have supervised exercise classes. 

 Patients and partners in hospital and general practice 
were provided with a personal record card for lifestyle and 
risk factor targets, together with family support packs 
( www.escardio.org/euroaction ). 

 The EUROACTION preventive cardiology program 
reduced the risk of cardiovascular disease compared with 
usual care mainly through lifestyle changes by families, 
who together made healthier food choices and became 
more physically active (Class I, Level A) (Table  24.9 ). 
These lifestyle changes led to some weight loss in both 
groups of patients and, for high - risk patients, there was 
also a signifi cant reduction in central obesity. Blood pres-
sure control was improved in both groups of patients and 
for those with coronary heart disease this was achieved 
without the use of additional antihypertensive drugs. 
Control of blood cholesterol concentrations improved in 
both groups of patients and signifi cantly so in high - risk 
patients because of increased use of statins. Overall, the use 
of all cardioprotective drugs was substantially higher in the 
hospital compared to the primary care program. However, 
for high - risk patients in the EUROACTION program, ACE 
inhibitors and statins were both prescribed more frequently 
compared to usual care.   

 Although these results are encouraging for the multidis-
ciplinary approach, there is still scope for further improve-
ment. The smoking cessation intervention based on advice 
reduced relapse in patients with coronary heart disease, 
but had no impact on smoking high - risk patients. Despite 
protocol recommendation to use smoking cessation thera-
pies, these were hardly used at all because of cost. Although 
the same protocol for risk factor management was used 
in hospital and general practice, use of blood pressure and 
lipid - lowering drugs was more conservative in general 
practice. As a consequence, most of the high - risk patients 
did not achieve lipid targets. Diabetes care could have been 
improved if the intervention nurses had taken responsibil-
ity for diabetes management. 

 EUROACTION is a contemporary example of an inte-
grated approach to cardiovascular disease prevention 
which incorporated several important principles. By setting 
up this program in busy general hospitals and general prac-
tices, it is possible to generalize the results to the manage-
ment of all coronary and high - risk patients in everyday 
clinical practice. Integrating initial diagnosis and manage-
ment with continued preventive care in the same health-
care facility is likely to increase and maintain participation 

in the program. In the EUROASPIRE survey only a third of 
coronary patients attended cardiac rehabilitation, whereas 
two - thirds joined the EUROACTION hospital program and 
nine out of 10 eligible high - risk patients participated in 
primary care. EUROACTION addressed all the priority 
patient groups for cardiovascular prevention and made no 
distinction between symptomatic coronary disease (sec-
ondary prevention) and those at high risk (primary preven-
tion). All these patients are at high risk of cardiovascular 
disease and need professional lifestyle support and risk 
factor management. It was a family - centered program 
involving patients ’  partners and other family members 
because of the evidence of concordant lifestyle within fami-
lies and concordance for change.  41,42   Patients making the 
greatest changes had partners making similar changes. In 
addition, fi rst - degree relatives of patients with premature 
atherosclerotic disease are at increased CVD risk so it is 
appropriate to offer lifestyle and risk factor management to 
the whole family, not just the patient. 

 In summary, the EUROACTION demonstration project 
in preventive cardiology showed that standards of preven-
tive care in general hospitals and general practices across 
Europe can be improved. This nurse - managed, multidis-
ciplinary, family - based, ambulatory program achieved 
healthier lifestyles and improvements in other risk factors 
for patients with coronary heart disease, those at high risk 
of developing cardiovascular disease, and their partners by 
comparison with those in usual care. EUROACTION is a 
model of preventive cardiology, successfully implemented 
and objectively assessed, which can be used in routine 
clinical practice. To achieve the benefi cial effects of the 
EUROACTION program, we need to go beyond special-
ized cardiac rehabilitation services and provide local pre-
ventive cardiology programs, appropriately adapted to the 
medical, cultural, and economic setting of a country.  

  The Polypill  c oncept 

 The concept of combining drugs (aspirin, beta - blocker, 
angiotensin converting enzyme inhibitors and statins) that 
have been proven to reduce major vascular events in sec-
ondary prevention into a combination tablet was suggested 
by Yusuf.  43   Such a combination pill could theoretically lead 
to a 75% relative risk reduction in vascular events. Combin-
ing these drugs into a single pill could enhance adherence 
(both physician and patient), reduce costs and increase 
affordability, and thereby assist in reducing the treatment 
gap. Wald and Law  44   expanded this concept to primary 
prevention (all  > 55 years) irrespective of the levels of risk 
factors on the grounds that most individuals in urban soci-
eties have elevated risk factors and that age alone is a suf-
fi ciently important risk factor. They hypothesized that use 
of a polypill which includes half doses of three antihyper-
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 Table 24.9      EUROACTION : proportions of coronary and high - risk patients and partners achieving the European lifestyle, risk factor and therapeutic 
targets for  CVD  prevention at 1 year   40    

   Proportion n (%) achieving 
European targets at 1 year  *    

   Hospital     General practice  

   Coronary patients     Partners     High - risk patients     Partners  

   INT     UC     INT     UC     INT     UC     INT     UC  

  Not smoking  *  *      57.9    47.1    32.3    17.5    73.5    72.3    85.0    79.4  

   P    =    0.06      P    =    0.13      P    =    0.89      P    =    0.07   

  Saturated fat  < 10% of total 

energy  *  *  *    

  55.1    40.3    60.0    42.1    NA    NA    NA    NA  

   P    =    0.009      P    =    0.31           

  Oily fi sh  ≥ 3x/week    16.5    8.2    10.6    7.5    11.1    6.0    19.6    6.9  

   P    =    0.04      P    =    0.71      P    =    0.13      P    =    0.054   

  Fish  ≥ 20   g/day    79.0    66.9    77.8    63.3    82.6    66.5    80.9    65.6  

   P    =    0.62      P    =    0.68      P    =    0.07      P    =    0.26   

  Fruit and vegetables  ≥ 400   g/day    72.0    35.2    72.0    36.5    78.4    38.8    76.9    54.4  

   P    =    0.004      P    =    0.002      P    =    0.005      P    =    0.002   

  Physical activity  ≥ 30 minutes, 

 ≥ 4x/week  

  53.8    19.6    40.8    26.6    50.3    22.1    44.4    24.6  

   P    =    0.002      P    =    0.06      P    =    0.01      P    =    0.03   

  BMI  < 25   kg/m 2     27.2    20.7    38.3    33.8    27.6    22.0    29.3    32.3  

   P    =    0.20      P    =    0.26      P    =    0.85      P    =    0.52   

  Weight loss  ≥ 5% in patients 

with BMI  ≥ 25   kg/m 2  at initial 

assessment  

  19.5    13.2    NA    NA    16.5    6.8    NA    NA  

   P    =    0.28      Na      P    =    0.005      Na   

  Ideal waist circumference (men 

 < 94   cm; women  < 80   cm)  

  30.9    21.5    27.9    25.8    23.2    15.2    27.2    24.7  

   P    =    0.11      P    =    0.10      P    =    0.10      P    =    0.45   

  BP  < 140/90   mmHg ( < 130/85 in 

those with diabetes)  

  65.3    55.2    67.0    63.0    57.6    40.5    71.2    53.2  

   P    =    0.04      P    =    0.21      P    =    0.03      P    =    0.03   

  BP  < 140/90   mmHg in patients 

without diabetes  

  71.9    60.0    Numbers too small    66.8    48.4    Numbers 

too small     P    =    0.04      P    =    0.04   

  BP  < 130/85   mmHg in patients 

with diabetes  

  36.2    32.8    Numbers too small    38.4    19.0    Numbers 

too small     P    =    0.26      P    =    0.04   

  TC  < 5   mmol/L    77.5    70.8    34.7    33.0    35.8    295 (31.5)    33.2    30.2  

   P    =    0.23      P    =    0.60      P    =    0.64      P    =    0.0.76   

  LDL - C  < 3   mmol/L    80.7    74.0    42.9    40.1    44.8    35.2    39.4    37.5  

   P    =    0.07      P    =    0.48      P    =    0.17      P    =    0.71   

  HbA1c  < 7% (in those with 

diabetes)  

  60.6    50.0    54.6    44.4    79.9    65.4    83.3    31.3  

   P    =    0.29     Numbers too small     P    =    0.12     Numbers 

too small  

  Antiplatelet therapy    93.2    92.2    13.5    14.4    13.4    10.2    14.4    9.1  

   P    =    0.28      P    =    0.45      P    =    0.19      P    =    0.35   

  Beta - blockers    76.4    80.1    17.0    17.1    17.4    15.7    18.8    12.4  

   P    =    0.16      P    =    0.79      P    =    0.91      P    =    0.43   

  ACE inhibitors    52.4    56.2    16.3    10.5    29.4    19.5    12.1    11.0  

   P    =    0.26      P    =    0.92      P    =    0.02      P    =    0.84   

  Statins    85.7    80.1    19.1    15.0    37.7    22.1    22.0    15.4  

   P    =    0.04      P    =    0.38      P    =    0.03      P    =    0.23   

    *    The difference in percentages were calculated by combining the country - specifi c differences using a random effect meta - analysis (REML estimation); 

       *  *    Hospital: patients at goal as a proportion of the target population (self - reported smoking in the month prior to the index event); Primary care: 

proportion of patients not smoking at fi nal assessment;      *  *  *    Random subsample only; NA: not available; INT, intervention; UC; usual care.   
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 Table 24.10     Integrated approach to lifestyle, risk factor and therapeutic management for secondary and primary prevention of cardiovascular disease 

        Patients with atherosclerotic cardiovascular disease     Asymptomatic patients at high multifactorial risk 
of developing CVD  

   Lifestyle   

   Smoking habit     All smokers should be advised and supported by a physician or other health professional to stop smoking completely 

(Class I, Level A) 

 Therapeutic support with (i) nicotine replacement therapies or (ii) buproprion or (iii) nicotine receptor antagonist, should 

be offered to all smokers (Class I, Level B)  

   Diet     A dietitian or trained health professional should formally assess nutrient intake of patients and their partners and then advise 

on healthy food choices which achieve the following: 

 Total intake of fat  ≤ 30% of total daily energy intake (Class I, Level A) 

 Intake of saturated fats to  ≤ 10% of total daily energy intake (Class I, Level A) 

 Replacement of saturated fats with monounsaturated or polyunsaturated fats (Class I, Level A) 

 Reduction of daily salt intake to less than 5   g per day (Class I, Level A) 

 Daily intake of fresh fruit and vegetables, as well as wholegrains and pulses, to at least 400   g per day (Class IIa, Level C) 

 Consumption of fi sh and other marine foods to provide  > 200   mg per day of eicosapentaenoic (EPA) and docosahexanaenoic 

(DHA) fatty acids (Class I, Level A) 

 Reduction of the intake of dietary cholesterol to  < 300   mg per day (Class IIa, Level C) 

 Reduction of alcohol to  < 14 units/week (in women) and  < 21 units/week (in men) (Class IIa, Level C)  

   Physical activity     An exercise specialist or trained health professional should formally assess physical activity of patients and their partners 

and then advise on specifi c activities which achieve the following: regular moderate - intensity activity (e.g. brisk 

walking) lasting at least 30 minutes per day on at least 5 days of the week (Class I, Level A)  

tensive agents, a statin and folic acid (to lower homocyste-
ine levels) could reduce coronary heart disease by 80% and 
stroke by 88%, with few adverse effects. While the use of a 
polypill in secondary prevention is likely to be more readily 
acceptable as each component is already recommended in 
this population, the use of the polypill in individuals with 
no CVD and selected solely on age is controversial. At 
present there is only one trial of the polypill that has been 
published.  45   The Indian Polypill Study (TIPS)  45   evaluated 8 
different drug (combination) regimens and demonstrated 
that the polypill was well tolerated, but that the degree of 
reduction of BP and LDL was substantially lower (by about 
half) than the projections of Wald and Law. Using the 
observed decreases in risk factors, the TIPS investigators 
projected that a polypill could reduce the risk of myocar-
dial infarction by about 50%, and that of stroke by about 
60%. These estimates require validation in large and long 
term randomized trials, and at least two such trials in 
primary prevention are underway.  

  Summary 

 An integrated approach to prevention of cardiovascular 
disease is required for all eligible patients in everyday clini-
cal practice. The WHO describes strategies for secondary 
and primary prevention of atherosclerotic disease in order 

to reduce the risk of cardiovascular events, improve quality 
of life and life expectancy. 

 In a meta - analysis of cardiac rehabilitation compared 
with usual care, all - cause mortality was reduced (OR 0.80; 
95% CI 0.68 – 0.93), as was cardiac mortality (OR 0.74; 95% 
CI 0.61 – 0.96) (Class I, Level A). There was no difference in 
recurrent myocardial infarction, CABG or PTCA (Class IIb, 
Level B). At follow - up, the number of patients who reported 
smoking was also reduced in the cardiac rehabilitation 
group (OR 0.64; 95% CI 0.50 – 0.83) (Class IIa, Level B) and 
there were signifi cant reductions in systolic blood pressure, 
total cholesterol and triglyceride concentration (Class IIa, 
Level B). With the exception of smoking, other risk factor 
changes were rather small so the observed reduction in 
total and cardiac mortality can be largely attributed to life-
style changes. The contribution of secondary prevention 
programs, with or without exercise, was also evaluated in 
a separate meta - analysis. All - cause mortality was reduced 
with a risk ratio (RR) of 0.85 (95% CI 0.77 – 0.94) and this 
benefi t improved over time with a RR of 0.53 (95% CI 0.35 –
 0.81) at 24 months (Class I, Level A). Recurrent myocardial 
infarction was also reduced with a RR of 0.83 (95% CI 
0.74 – 0.94) over a median follow - up of 12 months (Class I, 
Level A). The effects of these programs on other cardiovas-
cular risk factors were also considered to be moderate to 
small (Class IIb, Level B). Importantly, total mortality and 
myocardial infarction reductions were similar for programs 

Continued on p. 340
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        Patients with atherosclerotic cardiovascular disease     Asymptomatic patients at high multifactorial risk 
of developing CVD  

   Other risk factors   

   Body weight 
and 
distribution   

  A dietitian or other health professional should measure height, weight and waist circumference. 

 All individuals who are overweight or obese should be encouraged to lose weight through a combination of a reduced -

 energy diet and increased physical activity (Class I, Level B) 

 The targets for BMI and waist circumference are: 

 BMI:  < 25   kg/m 2  (Caucasians);  < 23   kg/m 2  (Asians) 

 Waist circumference: 

 Caucasians: men  < 94   cm; women  < 80   cm 

 Asians: men  < 90   cm; women  < 80   cm  

   Blood pressure     Blood pressure should be measured regularly by a health professional 

 The decision to start blood pressure - lowering medication depends not only on the blood pressure levels but also on total 

CVD risk 

 Lifestyle advice should be given to all patients with elevated blood pressure 

 Individuals with established CVD, people at high multifactorial risk and individuals with particularly elevated blood 

pressure, or lesser degree of raised blood pressure with target organ damage, should be given blood pressure - lowering 

therapy (Class I, Level A)  

   Lipids  

 Total cholesterol 

 LDL cholesterol  

  Fasting lipids (total cholesterol, HDL cholesterol and triglycerides) should be measured regularly by a health professional 

 The decision to start lipid - lowering medication depends not only on the lipid levels but also on total CVD risk 

 Lifestyle advice should be given to all patients with dyslipidemia 

 Individuals with established CVD, people at high multifactorial risk, individuals with particularly elevated total and LDL 

cholesterol should be given a statin or other LLD (if statin is contraindicated) (Class I, Level A)  

   Glucose  

 Fasting plasma 

glucose  

  Fasting plasma glucose should be measured on at least three separate occasions and if the FPG is  > 6.0   mmol/L ( > 110   mg/

dL) an oral glucose tolerance test (OGTT) should be performed. Glycated hemoglobin (HbA1c) should be checked in all 

patients with DM 

 Patients with dysglycemia or DM require professional dietary advice and oral hypoglycemic +/ −  insulin medication (Class 
I, Level A) 

 ACE inhibitors/ARBs and statins are recommended to reduce cardiovascular risk (Class I, Level A)  

   Cardioprotective drug therapies   

  Antiplatelet drugs    Aspirin 75   mg/daily (Class I, Level A)    Aspirin 75   mg/daily (Class IIa, Level B)  

  Beta - blockers    All people following myocardial infarction (Class I, Level A) 

 People with heart failure or LV dysfunction (Class I, Level A) 

 For angina to relieve the symptom of myocardial ischemia 

(Class I, Level A)  

  As an antihypertensive therapy (ACE inhibitors, calcium 

channel blockers and diuretics are preferred as the 

fi rst -  and second - line antihypertensive therapies) 

(Class IIa, Level A)  

  ACE inhibitors/

ARBs  
  Treatment of heart failure or left ventricular dysfunction (Class 

I, Level A) 

 To reduce blood pressure for secondary prevention (Class IIa, 
Level B)  

  To reduce blood pressure for primary prevention 

(Class I, Level A)  

  Statins    All patients with established CVD to reduce TC and LDL 

cholesterol to target (Class I, Level A)  
  All high - risk people for primary prevention (Class I, 

Level A)  

  Anticoagulants    Consider in: large anterior MI, left ventricular aneurysm, 

paroxysmal tachyarrhythmia, severe heart failure to reduce 

the risk of thromboembolic event (Class II, Level B)  

    

   Blood relatives     First - degree relatives of patients with premature atherosclerotic 

disease (men  < 55 years and women  < 65 years) should be 

screened for cardiovascular risk factors, including fasting 

lipids. The genetic disorder of familial hypercholesterolemia 

(FH) should be considered when interpreting lipid results in 

these family members (Class IIa, Level C)  

  If total cholesterol is    >    or equal to 8.0   mmol/L consider 

screening fi rst - degree relatives for FH (Class IIa, 
Level C)  

Table 24.10 Continued
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that included exercise and risk factor education, or risk 
factor education without exercise, or exercise alone. So the 
distinction between  “ cardiac rehabilitation ”  and  “ second-
ary prevention ”  is artifi cial and comparisons based on 
crude program defi nitions are usually confounded. What 
these meta - analyses really demonstrate are the overall ben-
efi ts of an integrated multidisciplinary and comprehensive 
multifactorial approach to reducing cardiovascular risk, 
cardiovascular events and all - cause mortality. 

 In primary prevention those programs undertaking mul-
tifactorial interventions have not achieved the same clinical 
outcomes as those seen for single risk factor interventions. 
In a meta - analysis the pooled OR for total and CHD mortal-
ity were 0.96 (95% CI 0.92 – 1.01) and 0.96 (95% CI 0.89 – 1.04) 
respectively (Class IIb, Level B). A small but potentially 
important treatment benefi t (about a 10% reduction in CHD 
mortality) may have been missed. There was a modest 
reduction in smoking (the odds of reduction in smoking 
prevalence was 20% (95% CI 8 – 31%)) (Class IIb, Level B) 
with only small changes in blood pressure and lipids. Impor-
tantly, it is the use of drugs or not which largely explains 
differences in treatment effect between unifactorial (almost 
entirely drugs) and multifactorial (lifestyle and limited 
drugs) trials in primary prevention. A multidisciplinary and 
comprehensive multifactorial approach to primary preven-
tion, combining a professional lifestyle intervention and 
appropriate drug management of other major risk factors, 
will have a greater benefi cial impact on clinical outcomes. 

 A nurse - managed multidisciplinary, comprehensive 
multifactorial, preventive cardiology program (EUROAC-
TION) for coronary and high - risk patients and their fami-
lies across Europe achieved healthier lifestyles and better 
control of blood pressure and other risk factors, with more 
effective use of cardioprotective drug therapies (Class I, 
Level A). EUROACTION is only one model of preventive 
cardiology, successfully implemented and objectively 
assessed, which is generalizable to everyday clinical prac-
tice. At present, lifestyle and risk factor standards set by 
prevention guidelines are not achieved by a majority of 
patients, as evidenced by EUROASPIRE and other surveys, 
and only a minority access professional preventive cardiol-
ogy programs. To achieve the clinical benefi ts of a multi-
disciplinary, comprehensive multifactorial, prevention 
program, we need to integrate professional lifestyle inter-
ventions with effective risk factor management and evi-
dence - based drug therapies, appropriately adapted to the 
medical, cultural, and economic setting of a country.  
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   Introduction 

 Angina pectoris accounts for approximately 6.5 million of 
the 13 million cases of coronary heart disease (CHD) preva-
lence in the United States. The economic burden of symp-
tomatic angina and CHD is great, with aggregate direct and 
indirect costs approximating $150 billion per year.  1   Stable 
angina refers to discomfort in the chest, neck, arms, and 
jaws that is precipitated typically by physical activity or 
emotional stress and is relieved by rest or nitroglycerin. It 
usually occurs in patients with obstruction of one or more 
of the coronary arteries though some patients presenting 
with angina may have normal coronary arteries. Impaired 
microvascular perfusion related in part to obstructive 
plaque formation causes a mismatch between myocardial 
oxygen demand and supply which contributes to develop-
ment and progression of angina.  2,3     

 Despite the unabated growth in percutaneous coronary 
intervention (PCI) and coronary artery bypass graft (CABG) 
surgery for treating symptomatic CHD, the prevalence of 
angina pectoris in the US continues to increase. Inability to 
tolerate full doses of antianginal agents, limitations due 
to adverse effects from combinations of medications, into-
lerance or tachyphylaxis to various antianginal agents, 
such as nitrates, and persistent ischemia despite revascu-
larization  4   have emphasized a need for more aggressive 
approaches to management of persistent as well as recur-
ring angina. Drug therapy for stable angina includes 
antianginal and anti - ischemic agents that improve the 
 “ quality ”  of life and vasculoprotective agents that increase 
the  “ quantity ”  of life.  5   Aspirin, beta - blockers, angiotensin -
 converting enzyme (ACE) inhibitors and statins are recog-
nized as vasculoprotective agents while beta - blockers 
also prevent or reduce ischemia. By contrast, long - acting 

nitrates, calcium channel blockers (CCBs) and newer agents 
such as ranolazine are anti - ischemic, but have not been 
shown to provide vasculoprotection.  3    

  Epidemiology 

 Chronic stable angina is the major symptomatic presenta-
tion in about 50% of CHD patients.  5,6   There is a growing 
prevalence of chronic ischemia and angina due to residual 
coronary artery disease (CAD) after PCI and CABG. Of the 
1620 consecutive NHLBI dynamic registry patients who 
underwent PCI, 26% continued to report angina despite 
more than one antianginal medication.  7   In the ARTS trial, 
patients were randomized to PCI or CABG for symptom 
relief. Despite optimal revascularization nearly 80% of the 
patients in the PCI group and 60% in the CABG group 
continued to experience angina and required antianginal 
medications.  4   Thus increased revascularization has led 
to increasing residual ischemia, and an increasing need for 
medical therapy. 

 Patients continue to experience persistent ischemia and 
angina despite traditional drug therapy. A signifi cant per-
centage of patients have relative intolerance to full doses 
of nitrates, CCB and beta - blockers, and despite use of tra-
ditional agents, patients reported having two anginal epi-
sodes per week on average.  3   Combinations of beta - blockers 
and CCBs have similar depressive effects on blood pressue 
(BP), heart rate (HR) and AV nodal conduction, thus limit-
ing maximal dosage of each of the medications. Thus 
improved treatment of recurring ischemia and angina 
remains an important therapeutic goal.  

  Defi nition and  c lassifi cation 

 Chronic stable angina pectoris is often predictable and 
is classically manifest as substernal or precordial chest 
discomfort that typically occurs after physical activity, 
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emotional stress or both. The site of discomfort is usually 
retrosternal but may radiate to neck, arms or jaw. Classic 
(typical) angina presents as a sensation in the chest of 
squeezing, heaviness or pressure, which usually lasts up to 
15 minutes and abates when the stressor is gone, the patient 
rests or uses sublingual nitroglycerin. Chest discomfort 
that occurs during rest or at night has been described in 
patients with chronic stable angina, although this is gener-
ally more typical of unstable angina or acute coronary syn-
drome. Anginal equivalents such as exertional dyspnea, 
sweating, excessive fatigue, and fainting are common in 
women and in the elderly. Atypical presentations are more 
common in women who may report variable pain thresh-
olds, inframammary pain, palpitations or sharp stabbing 
pain. Patient with diabetes and dysautonomia may present 
with atypical pain, dyspnea or no symptoms ( “ silent 
myocardial ischemia ” ). Classifi cation of the severity of 
the angina is useful in management of chronic angina 
(Box  25.1 ).  3,8      

  Pathophysiology 

 A disparity between the metabolic demands of the myocar-
dium during exertion (as a consequence of increasing con-
tractility, heart rate and systolic wall stress) and the inability 
to supply incremental coronary blood fl ow (CBF) due 
to narrowed epicardial coronary arteries in the face of 
increased myocardial oxygen demand is the principal 
factor in developing angina pectoris in CHD.  9   Increases in 
heart rate precipitated by adrenergic stresses, such as phys-
ical or emotional stress, sexual activity, or physiologic 
stresses such as arrhythmias, thyrotoxicosis or infection 
may precipitate so - called  “ demand angina ” .  9   CBF is the 
most important determinant of myocardial oxygen supply. 
Numerous factors infl uence the epicardial and subendo-
cardial blood fl ow. Limitations of CBF may be due to 
atherosclerosis in either the epicardial or coronary micro-
vasculature. In the epicardial coronary arteries, as coronary 
atherosclerosis progresses, there is progressive plaque 
deposition in the wall of the artery. As atherosclerosis 
worsens, the plaque may cause hemodynamic obstruction 
to CBF and may result in angina.  3   Typically, coronary 
luminal narrowings less than 70% of cross - sectional area 

may not elicit either spontaneous or exercise - induced 
angina or ischemia, since the microvasculature (coronary 
resistance vessels) has the capacity to dilate and increase 
subendocardial perfusion in response to increasing 
demand. Such dilation, however, generally becomes maxi-
mized when coronary stenoses exceed 70% which, in turn, 
will trigger either spontaneous or exercise - induced anginal 
episodes. Symptomatic angina usually occurs about 25 – 30 
seconds after onset of the ischemic cascade.  10   Approxi-
mately one - half of all stable CAD patients experience epi-
sodes of silent myocardial ischemia. 

 Endothelial dysfunction and coronary vasomotor control 
are important determinants of myocardial oxygen supply. 
Impaired smooth muscle relaxation has been suggested 
as a marker for atherosclerosis. In the WISE study, attenu-
ation of coronary fl ow reserve was observed with intra-
coronary adenosine, suggesting impaired vascular smooth 
muscle relaxation.  11   In patients with CAD, there is loss of 
endothelium - dependent vasodilation and increased sensi-
tivity to catecholamine - induced vasoconstriction.  12   This 
may become manifest in patients as  “ variable threshold 
angina ”  due to superimposed dynamic obstruction second-
ary to vasoconstriction of narrowed atherosclerotic vessels. 

 There is accumulating evidence that implicates coronary 
microcirculatory dysfunction in CHD patients with angina 
pectoris, including wide variability in effort tolerance over 
time, a large scatter or overlap between stenosis severity 
and coronary fl ow reserve, and variability in clinical out-
comes after initial successful PCI. Approximately 25% of 
biomarker - positive ACS patients exhibit no fl ow - limiting 
stenosis at coronary angiography, but may display plaque 
fi ssuring or erosion with microvascular embolization.  13    

  Medical  m anagement of  m yocardial 
 i schemia 

 Comprehensive management of myocardial ischemia 
involves antianginal (anti - ischemic) agents and vasculo-
protective agents. Antianginal therapies with nitrates, beta -
 blockers and CCBs are useful for symptom management. 
Vasculoprotective therapy includes lifestyle changes and 
pharmacologic therapy with antiplatelet therapy, ACE 
inhibitors (ACE - I), and statins which, in the aggregate, 
reduce progression of atherosclerosis, stabilize atheroscle-
rotic plaque, and decrease the risk of thrombosis in patients 
with chronic stable angina. 

  Lifestyle  c hanges 

 Intensive multifactorial risk reduction has been shown to 
reduce the rate of coronary luminal narrowing and decrease 
hospitalizations for cardiac events.  14   Patients with chronic 
stable angina who are receiving medical therapy should be 

BOX 25.1  Classifi cation and severity of angina 

        •      Class I No angina with ordinary physical activity. Angina 
with prolonged and more than usual exertion  

   •      Class II Early onset  –  limitation of ordinary activity  
   •      Class III Marked limitation of ordinary activity  
   •      Class IV Angina at rest/inability to carry out physical 

activity without chest discomfort     
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encouraged to exercise as tolerated by their symptoms. 
Regular exercise may promote  “ ischemic preconditioning ”  
and provide protection during recurring bouts of ischemia. 
A trial comparing PCI with graded, regular aerobic exercise 
in patients with single - vessel CAD showed that 20 minutes 
of daily exercise was associated with improved maximal 
myocardial O 2  uptake, lower costs, and fewer rehospital-
izations for angina pectoris as compared with PCI during 
a 1 - year follow - up.  15   All patients should be encouraged to 
enroll in a comprehensive cardiac rehabilitation program. 
A diet low in saturated fat, and with appropriate restriction 
of excessive carbohydrate consumption (especially in 
patients with diabetes mellitus (DM) or insulin resistance) 
is encouraged.  5   Epidemiologic studies have also consis-
tently demonstrated the benefi ts associated with modest 
alcohol intake, which may reduce progression of CAD 
and lower the likelihood of developing coronary events.  5   
Vigorous efforts at smoking cessation and weight control 
should be encouraged in all patients.  5   In patients with 
DM, strict control of blood sugar (with a target HbA1C less 
than 7%) and control of blood pressure (target less than 
120 – 130/80   mmHg) may reduce the rate of secondary 
events.  5    

  Adjunctive  p harmacologic  t herapy 

  Antiplatelet  a gents 
 Aspirin and clopidogrel are the common antiplatelet agents 
that have been used in the secondary prevention of cardio-
vascular disease. In high - risk patients with CHD, the use 
of aspirin was associated with a signifi cantly reduced risk 
of non - fatal MI, non - fatal stroke and vascular death by 
22%.  16   In patients with chronic stable angina, use of aspirin 
was associated with signifi cant reduction in proinfl amma-
tory markers and high - sensitivity C - reactive protein (hs -
 CRP) levels.  17   Long - term aspirin at a dose of 81 – 325   mg is 
recommended in all patients with stable angina who do not 
exhibit aspirin allergy or evidence of aspirin resistance,  5   
in which cases clopidogrel may be substituted. The use of 
clopidogrel alone was slightly superior to aspirin, and 
associated with 8.7% relative reduction in vascular death, 
ischemic stroke and myocardial infarction in the large 
CAPRIE study.  18   

 Dual antiplatelet therapy has been well studied in 
patients with acute coronary syndrome (ACS) and those 
undergoing PCI. In the CHARISMA trial,  19   over 15   000 
patients with clinically evident cardiovascular disease or 
multiple risk factors were randomized to receive clopido-
grel (75   mg) with low - dose aspirin (75 – 162   mg daily) or 
placebo plus low - dose aspirin. The combination of clopi-
dogrel plus aspirin was not signifi cantly more effective 
than aspirin alone in reducing the composite primary end-
point of MI, stroke or death from cardiovascular causes 
among patients with stable CHD or multiple cardiovascu-

lar risk factors. There was a strong suggestion of benefi t in 
patients with established vascular disease and symptom-
atic atherothrombosis (prespecifi ed secondary endpoint), 
but alternatively, a suggestion of harm in asymptomatic 
patients with multiple risk factors and no demonstrable 
heart or vascular disease.  

   ACE   i nhibitors 
 The role of ACE - I in patients with left ventricular dysfunc-
tion has been well documented.  20 – 22     ACE - I improve sur-
vival in patients with symptomatic and asymptomatic 
heart failure, improve heart function after MI, and have 
provided renal protection in patients with renal insuffi -
ciency, especially diabetics. The use of ACE - I is a  Class I, 
Level A  recommendation in stable angina patients with 
diabetes, previous MI and those with evidence of left ven-
tricular systolic dysfunction, generally defi ned as an ejec-
tion fraction  < 40%.  5   Treatment with quinapril improved 
endothelial function in patients who did not have severe 
hyperlipidemia or heart failure.  23   The Heart Outcomes Pre-
vention and Evaluation (HOPE) trial showed that ramipril 
reduced cardiovascular death, MI and stroke in patients 
with vascular disease in the absence of heart failure.  22   
However, the Prevention of Events with Angiotensin Con-
verting Enzyme Inhibition (PEACE) trial showed that in 
patients with stable heart disease and preserved left ven-
tricular function receiving standard therapy, trandolapril 
did not add any incremental mortality benefi t.  24   

 Controversy exists over the best ACE - I to use in patients 
with CAD. Tissue - specifi c agents such as quinapril, 
ramipril, perindopril and trandolapril may have high lipo-
philicity and better ACE binding capability. It is postulated 
that these tissue - specifi c ACE - I are able to penetrate the 
endothelial wall better and achieve better degrees of ACE 
inhibition that may impede atherogenesis, although this 
remains an unsettled question clinically. In patients who 
are unable to tolerate ACE - I, angiotensin receptor - blocking 
agents (ARBs) may be used. ARBs have been shown to be 
as effective as ACE - I in high - risk patients.  25 – 27    

  Statins 
 Multiple randomized controlled trials of both primary and 
secondary prevention have convincingly demonstrated the 
clinical benefi t of statins in reducing death, MI and stroke. 
The role of statins in patients with cardiovascular disease 
continues to evolve, with more and more aggressive efforts 
to lower low - density lipoprotein (LDL) cholesterol to levels 
 < 70   mg/d (1.82   mmol/L) in high - risk CHD patients (those 
who are post - MI, ACS patients, diabetics, and those with 
prior stroke or peripheral arterial disease). Epidemiologic 
studies have shown a consistent and positive relationship 
between LDL cholesterol and the risk of coronary heart 
disease.  28   Statins have emerged as the most widely 



PART IIIA  Stable coronary artery disease

348

prescribed medication for lowering LDL cholesterol. The 
reduction in LDL cholesterol with statins ranges from 30% 
to 60%. The benefi ts of statins may at least partly be 
explained by the reduction in LDL cholesterol. Statins gen-
erally do not cause a signifi cant increase in high - density 
lipoprotein (HDL) cholesterol or a reduction in serum tri-
glyceride levels, with the possible exception of rosuvas-
tatin. They have been shown to promote plaque stabilization 
in ACS patients,  29   improve endothelial dysfunction, and 
elicit regression of atherosclerotic plaques.  30   The anti -
 infl ammatory effects of statins are refl ected in the reduction 
seen in C - reactive protein levels.  31   These benefi ts have 
translated clinically into signifi cant reductions in total mor-
tality, rates of fatal and non - fatal MI, stroke, and the need 
for myocardial revascularization procedures in patients 
with stable CAD.  32,33   Lipid reduction with statins has been 
shown to reduce the progression of atherosclerosis not only 
in native vessels, but also in graft vessels after CABG 
surgery.  34   Intensive lowering of lipids (LDL  < 70   mg/dL) as 
compared to moderate lipid reduction (LDL  < 100   mg/dL) 
has been demonstrated to result in less progression of ath-
eroma burden in the coronary arteries.  35   Trials of lower LDL 
cholesterol levels in patients with stable CAD and angina 
have demonstrated the benefi ts of statins and the need to 
lower the targets for LDL cholesterol for secondary preven-
tion. These trials form the basis of the NCEP guidelines for 
LDL cholesterol to less than 100   mg/dL in high - risk patients 
and less than 70   mg/dL for very high - risk patients (e.g. 
diabetes).  36   Higher doses of statins may increase the inci-
dence of adverse effects. Intensive lipid lowering with 
80   mg of atorvastatin daily is associated with greater inci-
dence of elevated serum aminotransferases as compared to 
10   mg of atorvastatin daily.  37   The risk of muscle injury is 
increased with higher doses of statins as well as with the 
concomitant use of fi brates, which may be used in CAD 
patients with mixed dyslipidemia (high LDL - C and triglyc-
eride levels). 

 The role of HDL - C is being increasingly recognized 
because of the strong inverse relationship between low 
levels of HDL - C and the risk of developing cardiac events. 
There are abundant epidemiologic data to support the 
observation that a low HDL - C level is a strong, indepen-
dent predictor of CHD risk, with levels less than 35   mg/dL 
associated with an eightfold higher risk than HDL - C levels 
above 65   mg/dL.  38   Raising the level of HDL - C has been 
shown to reduce coronary event rates in primary and sec-
ondary prevention. Based on growing clinical evidence, 
patients should be treated to achieve HDL - C of 40   mg/dL 
in men and 50   mg/dL in women.  39   Combination therapy 
with a statin and extended - release niacin may offer the best 
strategy for controling mixed dyslipidemia characterized 
by increased LDL - C and reduced HDL - C levels, and may 
optimize cardiovascular rate reduction in patients with 
CHD.  40,41    

  Inhibition of  c holesterol  a bsorption 
 Ezetimibe is the fi rst member of a class of agents that inhib-
its the absorption of cholesterol from the intestine.  42,43   Ezeti-
mibe co - administered with statins produces inhibition of 
both cholesterol synthesis and intestinal cholesterol absorp-
tion, resulting in complementary effects that lower LDL -
 C.  44,45   Co - administration of ezetimibe with a statin results 
in approximately a 18 – 24% greater reduction of LDL - C, 
beyond the LDL - C reduction attributable to the statin 
alone.  46,47   Accordingly, the percentage of patients who can 
reach their risk - appropriate NCEP goal is considerably 
higher when ezetimibe is added to LDL - C - reducing 
therapy, especially statins.  42,47   

 Recent data have shown that ezetimibe also leads to 
signifi cantly greater reductions in CRP in combination with 
statins; in one study, reductions on CRP ranged from 26% 
to 44% across background simvastatin doses of 10 – 80   mg 
as compared with 4 – 20% reductions with simvastatin alone 
at the same doses. Thus, with both greater LDL - C and CRP 
reductions, the percentage of patients who reach LDL - C 
 < 70   mg/dL in conjunction with CRP  < 2   mg/dL  17   is nearly 
doubled when ezetimibe is added. In the recent Vytorin 
Versus Atorvastatin (VYVA) trial, the combination ezeti-
mibe/simvastatin approximately doubled the rates of 
achieving this degree of lowering of LDL - C and CRP across 
the approved dose ranges.  44   This promises to be an impor-
tant component of combination dyslipidemic therapy, 
although defi nitive clinical outcomes data are presently 
lacking until the ongoing IMPROVE - IT Trial is completed 
and published.   

  Anti -  i schemic/ a ntianginal  t herapy 

  Beta -  b lockers 
 Beta - blockers have a  Class 1, Level A  recommendation for 
the initial therapy of patients with prior MI.  5   However, 
there is a paucity of prospectively acquired data in patients 
without prior MI and, in such patients, the ACC/AHA 
recommendation for chronic stable angina is  Class I, Level 
B . Beta - blockers reduce heart rate and contractility and 
reduce myocardial oxygen demand. Reduction in heart 
rate increases the diastolic fi lling time during which nutri-
tive coronary fl ow occurs, enhancing myocardial tissue 
perfusion. Beta - blockers limit increases in heart rate during 
exercise and are particularly effective in exercise - induced 
angina. Beta - blockers may be non - selective (e.g. proprano-
lol), cardioselective (e.g. atenolol, metoprolol),  48   with 
intrinsic sympathomimetic effect (e.g. pindolol, acebutolol) 
or with alpha - blocking activity (e.g. labetolol, carve-
dilol).  49,50   All of the beta - blockers, including those with 
combined alpha and beta receptor blockade, have been 
studied for treatment of stable angina.  51,52   Beta - blockers 
have been shown to improve survival in patients with 
previous MI, primary angioplasty for acute ST segment 
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elevation MI, and patients with heart failure secondary to 
left ventricular systolic dysfunction. There have been no 
randomized trials showing survival benefi t or reduction in 
rates of coronary events in patients with only stable angina. 
Hence, the doses of beta - blockers must be titrated so as to 
increase exercise tolerance and reduce symptoms of angina 
while avoiding unwanted side effects (Table  25.1 ). All beta -
 blockers are equally effective in alleviating angina pectoris, 
although optimal doses may vary. Prominent side effects 
of beta - blockers include bradycardia, bronchoconstriction, 
fatigue, depression, impotence, and worsening of periph-
eral vascular disease. Despite concerns about their side 
effects, beta - blockers can be safely used in many patients 
with chronic obstructive pulmonary disease or peripheral 
arterial disease. Beta - blockers may be combined with 
nitrates and CCBs. The combination of beta - blockers and 
nitrates is more effective than either agent alone.  53,54   Caution 
should be used when combining beta - blockers with vera-
pamil and diltiazem due to additive negative inotropic and 
chronotropic effects and the risk of AV block.    

  Calcium  c hannel  b lockers 
 A variety of calcium channel blockers have been studied in 
the long - term treatment of chronic stable angina. Calcium 
channel blockers block the entry of calcium into the myo-
cardial and vascular smooth muscle cells and promote both 
coronary and peripheral vasodilation. Dihydropyridines 
(e.g. nifedipine, amlodipine, nicardipine) have a propor-
tionately greater effect on vascular smooth muscle and are 
particularly effective in reducing systemic arterial blood 
pressure. Results of a meta - analysis indicated that the use 
of these drugs for hypertension does not increase morbid-
ity and mortality.  55   Verapamil and diltiazem affect conduc-
tion through the AV node and have a negative chronotropic 
action. 

 All calcium channel blockers have been shown to be 
effective in the treatment of chronic stable angina.  56,57   Dihy-
dropyridines reduce the frequency of anginal episodes, 
improve exercise duration and reduce the need for nitro-
glycerin. Verapamil, diltiazem and short - acting nifedipine 

 Table 25.1     Dosage of beta - blockers 

   Beta - blockers     Dosage     Conditions that 
may limit use  

  Propranolol    80 – 240   mg    Asthma 

 Severe bradycardia 

 AV block 

 Severe depression 

 Raynaud ’ s syndrome 

 Sick sinus syndrome  

  Metoprolol short 

acting  

  50 – 150   mg twice daily  

  Metoprolol long 

acting  

  100 – 300   mg once daily  

  Atenolol    25 – 100   mg once daily  

 Table 25.2     Dosage of calcium channel blockers 

   Calcium channel 
blockers  

   Dose     Conditions 
that limit use  

  Nifedipine, sustained 

release  

  30 – 90   mg once daily    AV block 

 Bradycardia 

 Heart failure 

 Left ventricular 

dysfunction 

 Sinus node 

dysfunction  

  Amlodipine    2.5 – 10   mg once daily  

  Verapamil, short 

acting  

  40 – 120   mg 2 – 3 times/

day  

  Verapamil, sustained 

release  

  180 – 240   mg once/

twice daily  

  Diltiazem, sustained 

release  

  120 – 480   mg once daily  

are effective in vasospastic (Prinzmetal ’ s) angina.  58   Short -
 acting nifedipine is associated with an increased incidence 
of cardiovascular events and is not recommended for 
patients with unstable angina or ACS.  59   On the other 
hand, verapamil, diltiazem and long - acting dihydropyri-
dines (e.g. amlodipine, extended - release nifedipine) have 
been shown to be safe and effective in treating stable 
angina.    

  Nitrates 
 Nitroglycerin was the fi rst medication to be used for angina 
more than 150 years ago. Nitrates reduce myocardial 
oxygen demand by increasing venous capacitance, thus 
decreasing LV volume (preload). Nitrates dilate coronary 
arteries and favorably enhance subendocardial perfusion.  60   
Sublingual nitroglycerin has been used to treat the acute 
onset of anginal symptoms as well as prophylactically to 
minimize or prevent anginal symptoms when these agents 
are administered in advance of the known offending activ-
ity. Isosorbide dinitrate and its active metabolite, isosorbide 
mononitrate, are used as an oral preparation for the treat-
ment of angina.  61   Extended - release preparations like iso-
sorbide mononitrate and transdermal nitrate patches offer 
the convenience of once - daily regimens. None of the nitrate 
regimens provides 24 - hours antianginal prophylaxis due 
to the development of nitrate tolerance.  62   Prevention of 
tolerance requires an intermittent dosing strategy with 
a nitrate - free interval of 8 – 12 hours. A combination of 
nitrates with hydralazine, folic acid and antioxidants like 
vitamin E may reduce the development of nitrate toler-
ance.  63,64   Carvedilol, with its antioxidant, alpha -  and beta -
 blocking effect, may be a useful combination with nitrates.  65   
Nitrates are generally well tolerated, with facial fl ushing 
and headache being the most common side effects. Severe 
hypotension may occur if nitrates are used within 24 
hours of phosphodiesterase inhibitors (sildenafi l, tadalafi l, 
vardenafi l).    
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overload which, in turn, leads to intracellular calcium over-
load, resulting in increased diastolic LV stiffness as well 
as electrical instability. The ischemia - associated diastolic 
stiffness compresses the intramyocardial vessels, leading to 
reduced coronary blood fl ow and the exacerbation of myo-
cardial ischemia. Ranolazine prevents the abnormal increase 
in the late inward sodium current, and thereby prevents the 
 “ downstream ”  consequences of ischemic left ventricular 
stiffness and compression of intramyocardial blood vessels 
which, in turn, reduces myocardial ischemia.  67   

 In chronic stable angina patients, ranolazine monother-
apy signifi cantly improved total exercise duration, time to 
angina onset and time to ST depression as compared to 
placebo.  69   There was no signifi cant increase in the heart rate 
or blood pressure at rest or with exercise. Ranolazine sig-
nifi cantly improved exercise duration and anginal symp-
toms when added to standard antianginal therapy, which 
included beta - blockers, diltiazem or amlodipine.  70   Added 
to maximum - dose amlodipine (10   mg daily), ranolazine 
reduced anginal frequency and nitroglycerine consump-
tion.  71   Of note, those patients with the most frequent angina 
( > 4.5 episodes/week) experienced the greatest benefi t from 
the addition of ranolazine, suggesting that these patients 
may have more severe or prolonged ischemia - associated 
myocardial dysfunction and consequent hypoperfusion, 
a pathophysiologic state most likely to benefi t from the 
unique mechanism of action of ranolazine. 

 Ranolazine also appears to be effective in patients 
with and without diabetes. A  post hoc  analysis of diabetic 
patients in the CARISA trial reported not only a reduction 
in the mean number of anginal episodes per week, but 
also a reduction in the HbA1c levels by 0.72 from the 
baseline.  72   

 As a result of its multiple effects on transmembrane ion 
currents (both late inward Na +  current and the inward 
potassium (K + ) rectifi er current), ranolazine slightly pro-
longs the QT ( ∼ 6   ms on average) with no clinical sequelae 
and no reported instances to date of torsades de pointes.  73   
There was also no associated effect of QT dispersion. The 
use of ranolazine was not associated with early after depo-
larization (EAD) or increased dispersion of ventricular 
repolarization. Ranolazine can be used in combination 
with all CCBs, beta - blockers or nitrates. Dosing should be 
initiated at 500   mg bid and increased to maximum dose of 
1000   mg bid based on clinical symptoms. Dizziness and 
nausea were the most common side effects, mostly at high 
doses. 

 Potent inhibitors of CYP3A (e.g. macrolides, protease 
inhibitors) increase levels of ranolazine and prolong the 
QTc interval, and thus should not be co - administered with 
ranolazine. Ranolazine can be used as add - on therapy in 
patients with chronic stable angina who have not achieved 
an adequate response with other antianginal agents but is 
now approved as fi rst - line therapy for chronic angina. 

 Table 25.3     Dosage of nitrates 

   Nitrates     Dosage     Conditions that limit 
use  

  Isosorbide dinitrate, 

short acting  

  20 – 60   mg once 

daily  

  Severe aortic stenosis 

 Hypertrophic obstructive 

cardiomyopathy 

 Caution in patients 

using medications for 

erectile dysfunction  

  Isosorbide dinitrate, 

sustained release  

  60 – 120   mg once 

daily  

  Isosorbide mononitrate, 

short acting  

  20   mg twice daily  

  Isosorbide mononitrate, 

sustained release  

  60 – 120   mg once 

daily  

  Nitroglycerin patch    0.4 – 0.6   mg  

  Combination of  a ntianginal  m edications 
 Combinations of antianginal drugs may be used if symp-
toms persist. Beta - blockers and nitrates may be more effec-
tive than nitrates or beta - blockers alone.  53   Similarly, the 
combination of beta - blockers with dihydropyridines was 
more effective for improving exercise duration and was 
better tolerated than either alone.  66   No data exist on the 
effi cacy of using more than two drugs. Certain drug com-
binations should be avoided because of the potential for 
adverse effects including hypotension or bradycardia. 
Newer agents may offer additional pharmacologic benefi t 
in combination with traditional antianginal medications 
without the risk of adverse effects.   

  Newer  a gents in  a ngina and  m yocardial 
 i schemia  m anagement 

 Despite intensive escalation of antianginal therapy, includ-
ing combinations of beta - blockers, long - acting nitrates and 
calcium channel blockers, some patients continue to experi-
ence persistent or refractory angina, and there are now 
newer mechanistic approaches to optimize pharmacologic 
management of myocardial ischemia. Additionally, an 
improved understanding of ischemia mechanisms has 
prompted new therapeutic approaches towards the treat-
ment of stable angina. The mechanisms of action of these 
newer drugs are complementary to those of the traditional 
antianginal medications. 

  Ranolazine 
 First approved by the FDA in early 2006, ranolazine is a 
late sodium (Na + ) current inhibitor that has an antianginal 
and anti - ischemic effect without eliciting any change in 
the heart rate, blood pressure or rate - pressure (double) 
product.  67,68   

 Myocardial ischemia causes an exaggerated, enhanced 
late inward Na +  current, which leads to intracellular sodium 
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 The recently published MERLIN trial  74   demonstrated in 
over 6500 patients that ranolazine therapy was safe and 
well tolerated, even in high - risk patients following an acute 
coronary syndrome treated with a wide variety of concomi-
tant anti - ischemic therapies. While this study did not show 
that ranolazine was superior to placebo in reducing the 
composite primary endpoint of death, MI or recurrent 
myocardial ischemia, ranolazine was shown to signifi -
cantly reduce the secondary endpoint of recurrent myocar-
dial ischemia in this population of ACS patients.  

  Fasudil 
 Rho kinase in the myocardial cell triggers vasoconstriction 
through accumulation of phosphorylated myosin. Animal 
models of coronary artery spasm have shown that Rho 
kinase inhibitors effectively suppress vasoconstriction. 
Fasudil, an orally available Rho kinase inhibitor, increased 
the time to  > 1   mm ST segment depression and improved 
exercise duration.  75   Fasudil did not affect the heart rate or 
blood pressure and was well tolerated.  

  Trimetazidine 
 Trimetazidine is a metabolic modulator and partial fatty 
acid oxidation inhibitor that has proven to be benefi cial for 
combination therapy in patients with stable angina. Oxygen 
requirements of glucose pathways are lower than the free 
fatty acid (FFA) pathway. During ischemia, oxidized FFA 
levels rise which, in turn, blunt the glucose pathway. 
Trimetazidine inhibits beta - oxidation and shifts the equi-
librium towards increased use of glucose, thus improving 
oxygen utilization. Trimetazidine in combination with 
long - acting nitrates or beta - blockers has been shown to 
decrease the number of anginal attacks per week.  76    

  Ivabradine 
 The I f  current is an inward Na + /K +  current that activates 
pacemaker cells of the sinoatrial (SA) node. Ivabradine is a 
novel, specifi c heart rate - lowering agent that acts on SA 
node cells by selectively inhibiting pacemaker I f  current in 
a dose - dependent manner. It slows the diastolic depolar-
ization slope of the SA node cells and reduces HR during 
rest and exercise in animals and human volunteers. Ivabra-
dine at 7.5   mg bid and 10   mg bid was non - inferior to 
atenolol 100   mg daily for all exercise parameters. Sinus 
bradycardia occurred in 2.2% (ivabradine 7.5   mg), 5.4% 
(ivabradine 10   mg) and 4.3% in the atenolol group. Results 
from the INITIATIVE study suggest that I f  current inhibi-
tion with ivabradine may be as effective as beta - blockade 
in the treatment of stable angina.  77   A recent placebo - 
controlled multicenter trial of ivabradine in stable ischemic 
heart disease (BEAUTIFUL trial) did not show long - term 
clinical event reduction but improved angina.  

  Nicorandil 
 This drug activates the ATP - sensitive K +  channels, which 

play an important role in ischemic preconditioning and 
promote dilation of the coronary resistance arterioles. 
Its nitrate moiety dilates epicardial coronary vessels and 
systemic veins. The addition of nicorandil to standard 
antianginal therapy was associated with a signifi cant 
improvement in CAD death, non - fatal MI or unplanned 
hospital admission for cardiac chest pain.  78     

  Non -  p harmacologic  a ntianginal  a pproaches 

 Non - pharmacologic antianginal strategies include 
enhanced external counterpulsation (EECP), transmyocar-
dial laser revascularization (TMR) and spinal cord stimula-
tion (SCS). EECP promotes coronary collateral formation 
and may improve endothelial function. EECP has been 
shown to reduce the frequency and severity of angina in 
randomized trials.  79   TMR involves making laser channels 
into the myocardium and promotes angiogenesis. TMR 
improves angina class in patients with class IV anginal 
symptoms.  80   Both EECP and TMR are FDA approved for 
the treatment of chronic stable angina. In addition, SCS 
improves release of endogenous opiates, redistributes 
myocardial blood fl ow and decreases neurotransmission of 
painful stimuli. In patients with class III and IV angina, SCS 
may provide equivalent symptom relief to CABG.  81     

  Role of  m yocardial  r evascularization 

 Revascularization includes PCI (i.e. balloon angioplasty and 
stenting) and CABG surgery which have both been shown 
to improve symptoms in patients with angina. Revascular-
ization has not been shown to improve survival in patients 
with chronic angina and normal left ventricular function, 
except for those with left main coronary disease.  82 – 84   Several 
trials have compared cardioprotective medical therapy with 
PCI. In patients with Canadian Cardiovascular Society 
(CCS) class I or II stable angina, aggressive medical therapy, 
including lifestyle modifi cation, vasculoprotective agents 
and revascularization (if symptoms worsen), results in 
similar rates of death and MI as with PCI.  85,86   

 The Clinical Outcomes Utilizing Revascularization and 
Aggressive Drug Evaluation (COURAGE) trial was a mul-
ticenter study of patients with documented myocardial 
ischemia and angiographically confi rmed single -  or multi -
 vessel coronary artery disease who were randomized to a 
strategy of PCI plus intensive medical therapy or intensive 
medical therapy alone.  87   Lifestyle modifi cation included 
smoking cessation, moderately intensive exercise fi ve times 
per week and dietary fat less than 30% of daily calories. 
Aggressive medical therapy goals included target BP of 
less than 130/85   mmHg, LDL 60 – 85   mg/dL and HDL 
 > 40   mg/dL. The primary outcome during long - term fol-
low - up included all - cause mortality and non - fatal MI. A 
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total of 2287 patients with objective evidence of myocardial 
ischemia and signifi cant CAD from 50 US and Canadian 
centers were enrolled between 1999 and 2004; 1149 patients 
were assigned to PCI with optimal medical therapy and 
1138 to optimal medical therapy alone. 

 The baseline characteristics of the patients were similar 
in the two groups, the median duration of angina prior 
to randomization was 26 months (mean six episodes per 
week), 58% of patients had CCS class II or III angina and 
2168 patients (95%) had objective evidence of myocardial 
ischemia. Among patients who underwent myocardial per-
fusion imaging at baseline, 90% had either single (23%) or 
multiple (67%) reversible defects from inducible ischemia. 
There was a high usage rate of multiple, evidence - based 
therapies post randomization and during follow - up, which 
was comparable in both study arms. At the 5 - year follow -
 up visit, 70% of subjects achieved an LDL  < 85   mg/dL 
(2.21   mmol/L: (median 71    ±    1.3   mg/dL; 1.84    ±    0.03   mmol/L), 
65% and 94% achieved systolic and diastolic blood pres-
sure targets of  < 130   mmHg and  < 85   mmHg, respectively, 
and 45% of diabetics achieved a HgbA1C  ≤ 7.0%. 

 The primary outcome (death from any cause or non - fatal 
MI) occurred in 19.0% of the PCI group and 18.5% of the 
medical therapy group (unadjusted hazard ratio 1.05; 95% 
confi dence interval (CI) 0.87 – 1.27;  P    =   0.62). For the pre-
specifi ed secondary outcome of death, non - fatal MI or 
stroke, the event rate was 20.0% in the PCI group and 19.5% 
in the medical therapy group (hazard ratio 1.05; 95% CI 
0.87 – 1.27;  P    =   0.62). The rates of hospitalization for ACS 
were 12.4% in the PCI group and 11.8% in the medical 
therapy group (hazard ratio 1.07; 95% CI 0.84 – 1.37; 
 P    =   0.56), and adjudicated MI rates were 13.2% and 12.3%, 
respectively (hazard ratio 1.13; 95% CI 0.89 – 1.43;  P    =   0.33). 
For death alone, the rates were 7.7% and 8.3% (hazard ratio 
0.87; 95% CI 0.65 – 1.16). For stroke alone, the rate was 2.1% 
in the PCI group and 1.8% in the medical therapy group 
(hazard ratio 1.56; 95% CI 0.80 – 3.04;  P    =   0.19). 

 Over the 7 years of follow - up, 21% of the PCI patients 
had additional revascularization as compared with 33% of 
the medical therapy patients (hazard ratio 0.61; 95% CI 
0.51 – 0.72;  P     <    0.001). The median time to fi rst (or repeat) 
revascularization was approximately 11 months; in the fi rst 
year 10.5% and 16.5% of patients in the PCI and optimal 
medical therapy groups, respectively, required revascular-
ization. In the initial PCI group, 77 patients subsequently 
underwent CABG, as compared with 81 patients in the 
medical therapy group. At 5 years, 74% of the PCI patients 
and 72% of the medical therapy patients were free of angina 
( P    =   ns). 

 There was no signifi cant interaction ( P     <    0.01) between 
treatment effect and any predefi ned subgroup variable. 
When subgroup variables were included in a multivariate 
analysis, the hazard ratio for treatment was essentially 
unchanged (1.09; 95% CI 0.90 – 1.33;  P    =   0.77).  

  Recommended  i nitial  m anagement 
 a pproach in  s table  c oronary  a rtery 
 d isease  p atients  w ith  a ngina 

 The COURAGE trial demonstrated the profound impact of 
intensive medical therapy and lifestyle intervention on 
mitigating clinical events in both randomized arms of the 
trial during long - term follow - up. A recent meta - analysis  88   
which evaluated 4 trials (including COURAGE) of bare 
metal stent vs. optimal medical therapy in patients with 
stable coronary artery disease, was entirely consistent with 
the fi ndings in COURAGE. Among stable CAD patients 
with chronic angina,  optimal medical therapy as an initial 
management strategy is both safe and effective . Simply stated, 
CAD is a systemic problem that requires systemic treat-
ment. Flow - limiting lesions cause angina and ischemia but 
may not necessarily be the lesions predisposing to death, 
MI, and ACS. Optimal medical therapy (OMT) is directed 
toward stabilizing so - called vulnerable plaques that are 
frequently mild angiographically and non - obstructive, 
such that OMT should rightfully be regarded as the pre-
ferred therapeutic approach to reducing clinical events in 
patients with chronic coronary syndromes and as comple-
mentary to focal revascularization approaches directed 
toward angina and ischemia relief, if needed. Achieving 
and maintaining multiple treatment targets may be a dif-
fi cult challenge, but is well worth the effort. 

 Lifestyle changes of regular aerobic exercise, smoking 
cessation, dietary intervention, and weight maintenance 
should be instituted ( Class I, Level B ). Control of blood 
pressure ( Class I, Level A ), elevated blood sugar in dia-
betics ( Class I, Level B ), and secondary goals of lipid 
control ( Class I, Level A ) should be achieved. Antiplatelet 
agents are to be used in all patients ( Class I, Level A ). 
Vasculoprotective agents including ACE - I and statins 
should also be prescribed to all patients with chronic 
angina ( Class I, Level A ). Beta - blockers are recommended 
as the initial therapy for patients with prior MI ( Class I, 
Level A ) and, despite the absence of randomized trials 
demonstrating clinical event reduction in CAD patients 
without MI, are widely prescribed for chronic stable 
angina patients and are effective for relieving angina and 
abolishing or attenuating ischemia ( Class I, Level B ). 
Short - acting nitrates are used for acute anginal episodes 
( Class I, Level C ). Calcium channel blockers and long -
 acting nitrates can be used if beta - blockers are not tolerated 
or contraindicated ( Class I, Level B ). Combinations of anti-
anginal drugs may be used if symptoms of angina persist 
( Class I, Level B ) (Figure  25.1 ). Beta - blockers plus nitrates 
may be more effective than either alone. Similarly, the com-
bination of beta - blockers with dihydropyridines was more 
effective for improving exercise duration and was better 
tolerated than either alone. Newer agents like ranolazine 
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*Depending on clinical characteristics and absence of a contraindication

Beta-blocker Add
LA nitrates

Add
Ca++ blocker or

Ranolazine  
If symptoms

persist*

If symptoms

persist 

Add
Ca++ blocker

Add
LA nitrates or

ranolazine

If symptoms

persist

Add
ranolazine

Add
LA nitrates or
Ca++ blocker

If symptoms

persist 

     Figure 25.1     Algorithm for treatment of 
stable coronary artery disease  .    

offer additional antianginal effect without additive side 
effects. 

 Coronary angiography and the possibility of revascular-
ization should be considered in patients with impaired left 
ventricular function, angina refractory to maximal medical 
therapy, symptomatic multivessel disease or high - risk fea-
tures on stress testing  82 – 84   ( Class I, Level A ). Advanced age, 
diffuse disease, poor distal targets, lack of suitable conduits 
and co - morbid conditions that increase perioperative com-
plications may be barriers to revascularization necessitat-
ing medical therapy.  89   In addition, CAD progression is a 
major reason for postrevascularization angina.  90    

  Conclusion 

 Evidence - based OMT has been shown to signifi cantly 
reduce the rates of anginal symptoms, death or MI in stable 
CAD patients, and should be considered the foundation of 
contemporary management. CAD is fundamentally a sys-
temic vascular disease process that may ultimately lead to 
ACS when non - fl ow limiting vulnerable plaques rupture. 
Revascularization is a  “ focal ”  approach to stenotic coro-
nary segments that alleviates angina but does not reduce 
the overall burden of vascular disease. PCI has not been 
shown, to date, to reduce the rates of death or MI in non -
 ACS patients, whether drug - eluting or bare metal stents are 
employed. A  “ focal ”  approach to CAD management, as 
well as a  “ systemic ”  approach with intensive, multifaceted 
medical therapy and lifestyle intervention, should be 
viewed as complementary and additive treatment strate-
gies, and should be regarded as the optimal overall 
approach to contemporary CAD management  .  
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  Introduction 

 Percutaneous coronary intervention (PCI) has been the 
most commonly employed coronary revascularization 
strategy for almost 20 years. In patients with chronic stable 
angina, the goals of PCI include the relief of angina and 
ischemia as well as preventing the progression and com-
plications of coronary artery disease (CAD). This chapter 
describes the principles and evidence basis for coronary 
intervention technologies and reviews historic and contem-
porary trials that have compared PCI with medical therapy 
in stable CAD.  

  Principles and  h istoric  o verview 

 Myocardial ischemia arises principally from an imbalance 
between myocardial oxygen requirements and supply. 
Coronary fl ow reserve (CFR) describes the normal physi-
ologic capacity to increase coronary blood fl ow (hyper-
emia) in response to heightened downstream demand 
through dilation of coronary resistance vessels (principally 
precapillary arterioles). By defi nition, hemodynamically 
signifi cant stenoses in upstream epicardial coronary arter-
ies are those that diminish CFR by preventing physiologic 
hyperemia, leading to the potential for regional myocardial 
ischemia. The threshold for ischemia is determined sub-
stantially by the severity of the epicardial stenosis, but is 
also modulated by factors such as collateral fl ow, myocar-
dial viability and blood oxygen content. Successful PCI 
alleviates the offending epicardial stenosis, thereby pre-
venting ischemia through partial or complete normaliza-
tion of CFR. 

 Dotter and Judkins fi rst proposed the concept of trans-
luminal angioplasty in peripheral arteries in 1964.  1   

Thirteen years later, Gruntzig performed the fi rst balloon 
angioplasty of a stenotic coronary artery in a conscious 
human.  2,3   The ability of balloon angioplasty to enlarge the 
vessel lumen and relieve stenosis was originally attributed 
to compression of the atheromatous plaque.  3   However, 
luminal improvement immediately following balloon or 
stent - based PCI is actually the result of plaque displace-
ment. Luminal stretching (barotrauma) leads to fracture of 
the intimal plaque and partial disruption of the media and 
adventitia, allowing enlargement of the lumen by increas-
ing overall vessel diameter.  4   Elastic vessel recoil, post - trau-
matic neointimal proliferation, and positive (favorable) or 
negative remodeling of the treated segment determine the 
fi nal healed result which stabilizes 4 – 6 months following 
intervention. 

 Balloon - based percutaneous transluminal coronary 
angioplasty (PTCA) became widely disseminated in the 
1980s. As equipment design and operator experience 
improved, PTCA was progressively employed in higher 
risk patients and in more challenging anatomy, including 
longer lesions, bifurcations, total occlusions and multives-
sel disease.  5   The technique remained limited, however, by 
dissection and thrombosis of the treated vessel (threatened 
or actual abrupt closure) requiring emergency CABG in 
3 – 5% of patients, and by restenosis of the treated segment 
in 20 – 30% of patients. A variety of novel devices were 
developed to solve these problems; however, only coronary 
stenting has demonstrated improved procedural safety and 
late clinical outcomes when rigorously compared to balloon 
angioplasty alone (see below). 

 Compared to balloon angioplasty alone, modern metallic 
stents nearly eliminate elastic recoil and compress or seal 
planes of barotrauma - induced disruption, thereby prevent-
ing propagation of dissection and reducing the stimuli for 
thrombosis that lead to abrupt vessel closure. While metal-
lic stents prevent negative vessel remodeling, they also 
prevent positive remodeling and have no benefi cial effect 
on neointimal proliferation. Thus bare metal stents have 
reduced, but by no means eliminated, restenosis. Active 
antiproliferative drug coatings employed on drug - eluting 
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stents substantially prevent neointimal proliferation and 
have reduced restenosis rates to below 10%. Bare metal or 
drug - eluting stents are now used in more than 95% of PCI 
cases, with procedural success rates greater than 98% and 
emergency CABG rates less than 1% in most institutions.  6   
Balloon angioplasty is now most often used to dilate a 
vessel prior to stent deployment in order to enhance visu-
alization of the target segment, improve stent deliverabil-
ity, and ensure calcifi ed vessels yield to dilation forces. 
Balloon angioplasty, often at high pressures (14 – 24 atmo-
spheres), is also employed to further expand the stent and 
vessel following initial stent deployment. This technique is 
intended to ensure optimum lumen dimensions and com-
plete apposition of stent struts to the vessel wall, and is 
associated with a reduced incidence of restenosis and stent 
thrombosis.  6   Stand - alone balloon angioplasty (no stent) 
is now reserved for specifi c circumstances: small - caliber 
vessels ( < 2.5   mm), side branch treatment at bifurcations, 
distal bypass graft anastomotic lesions, select cases of focal 
in - stent restenosis, and in patients unable to tolerate dual 
antiplatelet therapy.  

  Percutaneous  c oronary  i ntervention 
 t echnology 

 PCI systems share three basic components: a guiding cath-
eter that provides stable access to the coronary ostium; a 
steerable guidewire that is advanced distal to the stenosis 
and acts as a rail for delivering a variety of therapeutic 
devices; and a non - elastomeric balloon (with or without a 
mounted stent) for dilating the physiologically signifi cant 
epicardial stenosis (Fig.  26.1 ).   

 A number of diagnostic and guiding catheters have been 
developed for coronary arteriography. To allow passage 
of balloons and other devices, early thick - walled guiding 
catheters were constructed from large 10 and 11   F tubes 
that demanded correspondingly large - caliber arterial 
sheaths with their attendant bleeding risks. Modern guide 
catheters allow most cases to be completed through 6   F or 

smaller vascular access sheaths, thereby reducing bleeding 
risk and enabling radial or femoral artery access (see 
below). 

 Modern guidewires combine atraumatic tip softness 
with precise torque control for steering, graduated support 
for device delivery, and improved radiographic visibility. 
Lubricated hydrophilic coatings are employed on specialty 
wires for tortuous or critically stenotic segments. Stiffer tip 
designs with different shaft and taper characteristics are 
now available for crossing chronic total occlusions (CTOs). 
The large selection of modern guidewires has improved 
procedural success in a wide range of challenging anatomic 
substrates. 

 The cross - sectional profi les of modern angioplasty 
balloon catheters and stent delivery systems have also 
decreased substantially while their fl exibility has increased. 
Together with myriad other design improvements, modern 
balloon catheters and stent delivery systems can readily be 
made to pass through marked tortuousity and to access 
distal arterial segments. These improvements may also 
reduce trauma, endothelial injury and associated plaque 
progression in coronary segments proximal to the target 
lesion, though these benefi ts have not been clearly 
demonstrated.  

  Vascular  a ccess 

 A variety of vascular approaches are available for PCI. The 
right and left femoral arteries are the most commonly used 
access sites. Although Sones fi rst introduced a cutdown 
approach for the brachial artery for diagnostic coronary 
angiography, this approach has been supplanted by percu-
taneous radial artery access. Access site selection currently 
depends on operator and patient preference, anticoagula-
tion status, body habitus, and the presence of signifi cant 
peripheral vascular disease (PVD). 

 Small trials suggest a transradial approach is preferred 
in patients with morbid obesity.  7,8   The recent Agostoni  et al  
meta - analysis included 12 randomized trials (n   =   3224) 

(a) (b)

     Figure 26.1     (a) Photograph of a guiding catheter that provides stable access to the coronary ostium (1), a non - elastomeric balloon (with a mounted 
stent) (2) for dilating physiologically signifi cant epicardial stenosis, and a steerable guidewire (3) that is advanced distal to the stenosis and acts as a rail 
for delivering a variety of therapeutic devices. (b) Expanded 5.0    ×    32   mm bare metal stent.  
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comparing the transradial and transfemoral approach.  9   The 
risk of major adverse cardiac events (MACE) was similar 
for both the radial and femoral approach (odds ratio (OR) 
0.92, 95% confi dence interval (CI) 0.57 – 1.48;  P    =   0.7). Radial 
access was associated with a signifi cantly lower rate of 
entry site complications and bleeding (OR 0.20, 95% CI 
0.09 – 0.42;  P    =   0.0001) but a higher rate of procedural failure 
(OR 3.30, 95% CI 1.63 – 6.71;  P    =   0.001). The multicenter 
OASIS - 7/CURRENT trial is enrolling patients and will 
help clarify the importance of access site selection in 
PCI.  

  Technology and  p harmacology  t rials of 
 p ercutaneous  c oronary  i ntervention in 
 s table  c oronary  a rtery  d isease 

  Bare  m etal  s tents 

 Balloon - expandable metallic stents were the fi rst advance 
to reduce restenosis, reduce acute complications and 
provide superior medium - term clinical outcomes when 
compared to balloon angioplasty alone. 

 BENESTENT - 1 and STRESS were early pivotal trials 
comparing bare metal stents (BMS) with balloon angio-
plasty  10,11   in simple, short coronary stenoses. Elective 
Palmaz - Schatz stenting was compared to balloon angio-
plasty and the results provided the evidence base for FDA 
approval in 1994 for the prevention of restenosis in  de novo  
lesions. Both studies showed improved initial angiographic 
results using quantitative coronary angiography (QCA), 
larger postprocedural minimal luminal diameters (MLD), 
fewer residual dissections, and decreased clinical and 
angiographic restenosis at six months. In BENESTENT - 1 
(n   =   520), the mean ( ± SD) MLD immediately after the pro-
cedure were 2.48    ±    0.39   mm in the stent group and 
2.05    ±    0.33   mm in the angioplasty group; at follow - up, the 
diameters were 1.82    ±    0.64   mm in the stent group and 
1.73    ±    0.55   mm in the angioplasty group ( P    =   0.09), which 
correspond to rates of restenosis (diameter of stenosis (DS) 
 > 50%) of 22% and 32%, respectively ( P    =   0.02). In STRESS 
(n   =   410), the mean ( ± SD) MLD immediately after the pro-
cedure were 2.49    ±    0.43 in the stent group and 1.99    ±    0.47   mm 
in the angioplasty group ( P     <    0.001). At six months, the 
patients with stented lesions continued to have a larger 
luminal diameter (1.74    ±    0.60 vs 1.56    ±    0.65   mm,  P    =   0.007) 
and a lower rate of restenosis (DS 31.6% vs 42.1%,  P    =   0.046). 
TOSCA - 1 was the largest stent versus balloon trial 
in complex coronary stenoses (non - acute occlusions).  12   
Stenting again resulted in larger mean six - month MLD 
(1.48 versus 1.23   mm,  P     <    0.01) and a reduced binary angio-
graphic restenosis rate (55% versus 70%,  P     <    0.01). 

 Bare metal stents were initially limited by stiffness, 
modest radial strength and inconsistencies in paving which 

restricted their utility in complex anatomy. Numerous 
design iterations by stent manufacturers lead to second - , 
third -  and fourth - generation stents that incorporated sub-
stantially improved stent fl exibility (both before and after 
stent deployment), superior radial strength and paving, 
thinner struts, enhanced radiographic visibility, and inno-
vative metallurgy. However, newer trials employed non -
 inferiority designs to compare different types of bare metal 
stents, making it diffi cult to confi rm or quantify the effects 
of improved stent designs. 

 Two meta - analyses have been published comparing 
stenting with balloon angioplasty. Brophy  et al  identifi ed a 
total of 29 trials involving 9918 patients (Figs  26.2 ,  26.3 ).  13   
No overall difference between strategies of routine coro-
nary stenting versus routine balloon angioplasty was 
observed for death or myocardial infarction outcomes 
(odds ratio 0.90, 95% CI 0.72 – 1.11) or the need for coronary 
artery bypass surgery (odds ratio 1.01, CI 0.79 – 1.31). 
However, nearly all trials allowed or encouraged early 
cross - over to stenting for patients experiencing balloon 
angioplasty failure due to marked recoil, dissection and 
threatened or actual abrupt closure, a design feature that 
almost certainly obscured from the primary intention - to -
 treat analyses an important safety advantage provided by 
stents. Coronary stenting did reduce the rate of restenosis 
by half (odds ratio 0.52, CI 0.37 – 0.69) and the need for 
repeated balloon angioplasty by 40% (odds ratio 0.59, CI 
0.50 – 0.68]). Al Suwaidi  et al  performed a separate meta -
 analysis of 23 trials and reached similar conclusions.  14     

 Clinical trials comparing routine stenting to routine 
balloon angioplasty enrolled anatomically and clinically 
selected patients. Outcomes in real - world practice includ-
ing patients with complex stenoses, multivessel disease 
and a typical burden of co - morbidity were described in 
a population - based analysis from Canada.  15   After adjust-
ment, this analysis showed the adoption of routine bare 

Rate of death/MI

Odds ratio

0.90 (0.72-1.11)

0.52 (0.37-0.69)

0.59 (0.50-0.68)

0.05 0.01
Stent
better

PTCA
better

1.0 5.0

Rates of repeat
PTCA

Rates of angiographic
restenosis

     Figure 26.2     Meta - analysis of stents versus conventional balloon 
angioplasty on rate of death or MI, angiographic restenosis, and repeat 
PTCA. MI, myocardial infarction; PTCA, percutaneous transluminal 
coronary angioplasty.  (From Brophy  et al .  13  )   
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        Figure 26.3     Evaluation of the Effects of routine stenting versus 
conventional PTCA on death and reinfarction. (a) Effects on death; 
(b) effects on reinfarction. AS, Angioplasty or Stent; BENESTENT, Belgian 
Netherlands Stent Study; BESMART, Bestent in Small Arteries; BOSS, 
Balloon Optimization versus Stent Study; CADILLAC, Controlled 
Abciximab and Device Investigation to Lower Late Angioplasty 
Complications; DESTINI, Doppler Endpoint Stenting International 
Investigation; EPISTENT, Evaluation of Platelet IIb/IIIa Inhibitor for Stenting; 
FRESCO, Florence Randomized Elective Stenting in Acute Coronary 
Occlusions; FROST, French Optimal Stenting Trial; GRAMI, Gianturco -
 Roubin in Acute Myocardial Infarction; ISAR - SMART, Intracoronary 
Stenting or Angioplasty for Restenosis Reduction in Small Arteries; MAJIC, 
Mayo - Japan Investigation for Chronic Total Occlusion; OCBAS, Optimal 

Coronary Balloon Angioplasty With Provisional Stenting Versus Primary 
Stent; OPUS, Optimum Percutaneous Transluminal Coronary Angioplasty 
Compared With Routine Stent Strategy; OR, odds ratio; PASTA, Primary 
Angioplasty Versus Stent Implantation in Acute Myocardial Infarction; 
SARECCO, Stent or Angioplasty after Recanalization of Chronic Coronary 
Occlusions; SISA, Stenting in Small Arteries; SPACTO, Stent versus 
Percutaneous Angioplasty in ChronicTotal Occlusion; Stent - PAMI, Stent 
Primary Angioplasty in MI; STENTUIM, Immediate Coronary Angioplasty 
with Elective Wiktor Stent Implantation Comparedwith Conventional 
Balloon Angioplasty in Acute Myocardial Infarction; TOSCA, Total 
Occlusion Study of Canada; other abbreviations as in Fig.  27.2 . 
 (From Brophy  et al .  13  )   

metal stenting was associated with a 28% reduction in 
target vessel revascularization and 21% reduction in major 
adverse cardiac events. Clinical results and outcomes with 
bare metal stents have continued to improve with the 

development of more fl exible and thin - strut stent designs  16   
and widespread adoption of modern antithrombotic and 
antiplatelet therapies administered during and after stent 
insertion (see below).  
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Figure 26.3 Continued

  Drug -  e luting  s tents ( DES ) 

 Although BMS constituted an important advance over 
balloon angioplasty alone, restenosis due to neointimal 
overgrowth continues to pose a signifi cant clinical chal-
lenge particularly when it is diffuse, proliferative or occlu-
sive.  17   In a multicenter cross - sectional registry describing 
the burden of in - stent restenosis in the immediate pre - DES 
era, approximately 7% of all cardiac catheterization proce-
dures performed involved patients with restenosis of one 
or more bare metal stents.  18   Local delivery of potent antip-
roliferative drugs via DES has proven an effi cacious tech-
nology. At the time of writing, four DES device are approved 
for coronary use in Europe or North America. In order of 
regulatory approval, these are the Cypher ™  (sirolimus 
eluting, Cordis, Miami Lakes, FL), Taxus ™  (paclitaxel 

eluting, Boston Scientifi c, Boston, MA), Endeavor ™  (zotaro-
limus eluting, Medtronic, Minneapolis, MN) and XienceV ™  
(everolimus eluting, Abbott Vascular, Santa Clara, CA). All 
are composed of a balloon - expandable metallic stent with 
an adherent polymer that serves as the reservoir for the 
antiproliferative drug. The drugs elute and diffuse into 
peri - stent vascular tissue in the weeks following stent 
deployment where, to a variable degree, they inhibit 
mitosis of smooth muscle cells that are the primary cellular 
constituent of restenotic neointimal tissue. 

 Multiple surrogates have been used to evaluate BMS and 
DES effi cacy. In addition to the quantitative angiographic 
measures of lumen dimensions and binary restenosis, 
 “ ischemia driven ”  target lesion or target vessel revascular-
ization (TLR or TVR) and clinical restenosis are commonly 
employed clinically relevant endpoints. Angiographic and 
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clinical restenosis rates after BMS implantation typically 
exceed 20% and 10% respectively, with rates more than 
doubling in certain patient subsets. Risk factors for reste-
nosis include small reference vessel diameter, long lesion 
or stent length, and medically treated diabetes mellitus.  19   
A small minimal stent cross - sectional area on intravascular 
ultrasound (IVUS) imaging also predicts restenosis (see 
below).  20   In contrast, clinical and angiographic restenosis 
rates are less than 10% in multiple DES series.  21 – 28   

 SIRIUS  21   and TAXUS IV  22   were pivotal trials that demon-
strated decreased clinical and angiographic restenosis with 
drug - eluting versus bare metal stents. Although TLR dra-
matically decreased, there was again no difference in death 
or myocardial infarction. In SIRIUS, the mean in - segment 
(stent plus 5   mm margins) MLD of the sirolimus - coated 
Bx Velocity stent at 240 days was 2.15    ±    0.61   mm vs 
1.60    ±    0.72   mm ( P     <    0.001) for the bare metal stent with a 
restenosis rate (DS  > 50%) of 8.9 versus 36.3% (I    <    0.01). In 

TAXUS IV, the mean in - segment MLD of the paclitaxel -
 coated Express stent at nine months was 2.03    ±    0.55   mm 
versus 1.68    ±    0.61   mm ( P     <    0.001) for the bare metal stent 
with a restenosis rate of 7.9 versus 26.6% ( P     <    0.001). 

 Two non - inferiority trials have demonstrated similar 
MLD and restenosis rates with the remaining commercially 
marketed DES: ENDEAVOR - 3 compared zotralimus - elut-
ing and sirolimus - eluting stents and SPIRIT - 3 compared 
everolimus - eluting and paclitaxel - eluting stents. 

 The widespread adoption of DES reduced restenosis and 
decreased the need for subsequent procedures compared 
to BMS.  23 – 28b   Stone  et al  performed a pooled analysis of four 
double - blind trials in which 1748 patients were randomly 
assigned to receive either sirolimus - eluting stents or BMS 
and fi ve double - blind trials in which 3513 patients were 
randomly assigned to receive either paclitaxel - eluting 
stents or BMS (Figs  26.4 ,  26.5 ).  23   The four - year rates of stent 
thrombosis were 1.2% in the sirolimus stent group versus 
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     Figure 26.4     Analysis of randomized trials of 
sirolimus versus BMS on death, MI, and TLR. 
BMS, bare metal stents; MI, myocardial 
infarction; TLR, target lesion revascularization. 
 (From Stone  et al .  23  )   
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0.6% in the BMS group ( P    =   0.20) and 1.3% in the paclitaxel 
stent group versus 0.9% in the BMS group ( P    =   0.30). 
However, after one year, there were fi ve episodes of stent 
thrombosis in patients with sirolimus - eluting stents versus 
none in patients with BMS ( P    =   0.025) and nine episodes in 
patients with paclitaxel - eluting stents versus two in patients 
with BMS ( P    =   0.028). The four - year rates of target lesion 
revascularization were markedly reduced in both the siro-
limus stent and the paclitaxel stent group, as compared 
with the BMS groups. The rates of death or MI did not 
differ signifi cantly between the groups that received DES 
or BMS.   

 The decreased restenosis rates with DES may come at a 
price. Although the on - label randomized controlled trials 
failed to detect an increase in late stent thrombosis with 
DES, large off - label real - world registries have produced 
confl icting results. It appears that the increased late stent 
thrombosis observed with DES may be offset by decreased 
restenosis - driven myocardial infarctions over time. Large, 
multicenter trials powered to address these questions are 
ongoing. Currently, the data as a whole support the follow-
ing conclusions.  29  
    •      DES signifi cantly reduce restenosis compared with BMS.  
   •      Overall stent thrombosis rates are low and occur with 
both BMS and DES.  
   •      The timing of stent thrombosis appears to vary, with 
DES more likely to be associated with late and very late 
stent thrombosis. Cessation of clopidogrel appears to be an 
important but not universal precipitating factor.  
   •      In the carefully selected and monitored patient popula-
tions enrolled in the randomized trials leading to FDA 
approval, there was no difference in death or MI during 
follow - up.  
   •      The optimal duration of dual antiplatelet therapy with 
clopidogrel remains uncertain.     

  Atherectomy 

 Plaque volume is a predictor of restenosis.  30   The directional 
atherectomy catheter gained FDA approval in 1990 and 
allowed cutting and removal of coronary plaque in a con-
trolled ( “ directional ” ) manner. It was hypothesized that 
plaque removal, by avoiding barotrauma and reducing 
plaque volume, would incite a less vigorous neointimal 
response and restenosis. However, increased rates of myo-
cardial infarction, death, and major complications without 
a signifi cant reduction in restenosis were found in ade-
quately powered randomized trials, leading to abandon-
ment of this technology.  31 – 33   

 Rotational atherectomy (Rotablator ™ , Boston Scientifi c, 
Boston, MA) is a debulking procedure employing a rapidly 
rotating diamond - tipped abrasive burr (160000 –
 180   000   rpm). The device pulverizes calcifi ed atheroscle-
rotic plaque into tiny particles intended to pass through the 

BOX 26.1  Intravascular imaging ultrasound ( IVUS )  
 (modifi ed from 2005 ACC/AHA/SCAI guideline update 
for percutaneous coronary intervention)   

  Class  II  a   i ndications 
 IVUS is reasonable for the following: 
   •      Assessment of the adequacy of deployment of coronary 

stents, including the extent of stent apposition and 
determination of the minimum luminal diameter within 
the stent. (Level B)  

   •      Determination of the mechanism of stent restenosis 
(inadequate expansion versus neointimal proliferation) 
and to enable selection of appropriate therapy (vascular 
brachytherapy versus repeat balloon expansion). 
(Level B)  

   •      Evaluation of coronary obstruction at a location diffi cult 
to image by angiography in a patient with a suspected 
fl ow - limiting stenosis. (Level C)  

   •      Assessment of a suboptimal angiographic result after 
PCI. (Level C)  

   •      Establishment of the presence and distribution of 
coronary calcium in patients for whom adjunctive 
rotational atherectomy is contemplated. (Level C)  

   •      Determination of plaque location and circumferential 
distribution for guidance of directional coronary 
atherectomy. (Level B)     

  Class  II  b   i ndications 
 IVUS may be considered for the following: 
   •      Determination of the extent of atherosclerosis in patients 

with characteristic anginal symptoms and a positive 
functional study with no focal stenoses or mild CAD on 
angiography. (Level C)  

   •      Preinterventional assessment of lesional characteristics 
and vessel dimensions as a means to select an optimal 
revascularization device. (Level C)  

   •      Diagnosis of coronary disease after cardiac 
transplantation. (Level C)     

  Class  III   i ndications 
     •      IVUS is not recommended when the angiographic 

diagnosis is clear and no interventional treatment is 
planned. (Level C)     

microcirculation and be removed by the reticuloendothelial 
system. Unfortunately, sludging of particles can result in 
obstruction of the microcirculation with an increased risk 
of ischemia and non - Q wave myocardial infarction.  34 – 36   Its 
use is primarily limited, therefore, to removal of superfi cial 
calcium that may otherwise prevent lumen and vessel 
expansion.  

  Intravascular  u ltrasound ( IVUS ) 

 Since the introduction of IVUS to interventional cardiology 
in 1988, it has gained acceptance as both a research tool and 
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a clinical modality useful for clarifying epicardial coronary 
anatomy when the angiographic interpretation is unclear 
or ambiguous. IVUS can provide not only high spatial reso-
lution images of the vessel lumen and stent, but also 
detailed and potentially useful information about plaque 
and arterial wall characteristics.   

 Despite an extensive literature validating the precision 
and intraprocedural utility of IVUS, data supporting the 
ability of this technology to improve clinical outcomes are 
few. The CLOUT trial evaluated IVUS - guided balloon 
angioplasty.  37   IVUS use resulted in a larger mean MLD, 
from 1.95 to 2.21   mm ( P     <    0.0001), and a larger luminal area 
from 3.2 to 4.5   mm  2   ( P     <    0.0001). Periprocedural complica-
tion rates and six - month restenosis rates were nevertheless 
similar. The SIPS trial (n   =   269) compared IVUS - guided 
versus angiographically guided balloon angioplasty with 
bailout stenting where appropriate.  38   There was a signifi -
cant improvement in TLR in the IVUS optimized group at 
two - year follow - up (17% vs 29%; P p     <    0.05). 

 Subsequent IVUS - guided stent trials have demonstrated 
that minimum stent area (MSA), as measured by IVUS, is 
a predictor of late angiographic and clinical restenosis.  39   
However, the confl icting fi ndings of small IVUS - guided 
stent optimization trials have been rationalized by the dif-
fering angiographic procedural endpoints in the IVUS -
 guided arms, as well as the disparate adjunctive medical 
treatment strategies employed (see below). 

 Recent concerns with late stent thrombosis with DES 
have fuelled speculation that the mechanism may be 
related to incomplete stent apposition against the arterial 
wall.  40 – 42   Using IVUS to guide DES deployment and thereby 
ensure adequate stent expansion and complete stent – vessel 
wall apposition has therefore been advocated in anatomi-
cally complex target lesions, but large randomized long -
 term studies that evaluate clinical outcomes after procedures 
with and without IVUS are needed to confi rm this hypoth-
esis. Presently there are no randomized or compelling 
outcome data that support the contention that routine 
IVUS during PCI improves clinical results.  

  Pressure  w ire 

 The ratio of the mean coronary artery pressure distal to a 
stenosis to the mean aortic pressure during maximal vaso-
dilation (maximal hyperemia) is called the fractional fl ow 
reserve (FFR).  43   Comparisons with differing stress testing 
modalities in patients with stable coronary artery disease 
revealed that in 45 consecutive patients, the sensitivity of 
FFR for the identifi cation of reversible ischemia was 88%, 
the specifi city 100%, the positive predictive value 100%, 
and the negative predictive value 88%. A 0.014 inch pres-
sure sensor - tipped coronary angioplasty guidewire is 
advanced across a stenosis, and the absolute distal pressure 
is recorded at rest and at maximal hyperemia induced by 

intracoronary or intravenous infusion of adenosine. The 
ischemic threshold value of FFR is  < 0.75 and current indi-
cations are listed in Box  26.2 .   

 The appropriateness of intervening on stable coronary 
artery lesions of intermediate severity and without func-
tional obstruction using pressure wire criteria was assessed 
in the DEFER study.  44   In 325 patients scheduled for PCI of 
an intermediate stenosis, FFR was measured prior to the 
planned intervention. If the FFR was  ≥ 0.75, patients were 
randomly assigned to deferral (Defer group, n   =   91) or PCI 
(Perform group, n   =   90). If FFR was  < 0.75, PCI was per-
formed as planned and these patients were followed up as 
the reference group (Reference group, n   =   144). At fi ve 
years, event - free survival was not different between the 
Defer and Perform groups (80% and 73% respectively; 
 P    =   0.52), but was signifi cantly worse in the reference group 
(63%;  P    =   0.03). The composite rate of cardiac death and 
acute myocardial infarction in the Defer, Perform, and Ref-
erence groups was 3.3%, 7.9%, and 15.7%, respectively 
( P    =   0.21 for Defer vs Perform group;  P    =   0.003 for the 
Reference vs both other groups). The risk that a hemody-

BOX 26.2  Coronary artery pressure and fl ow: use of 
fractional fl ow reserve and coronary vasodilatory reserve  
 (modifi ed from 2005 ACC/AHA/SCAI guideline update 
for percutaneous coronary intervention)   

  Class  II  a   i ndications 
 Reasonable to use intracoronary physiologic measurements 
(IVUS, pressure wire) in the assessment of the effects of 
intermediate coronary stenoses (30 – 70% luminal narrow-
ing) in patients with anginal symptoms. Coronary pressure 
or Doppler velocimetry may also be useful as an alternative 
to performing noninvasive functional testing (e.g. when the 
functional study is absent or ambiguous) to determine 
whether an intervention is warranted. (Level B)  

  Class  II  b   i ndications 
     •      Intracoronary physiologic measurements may be 

considered for the evaluation of the success of PCI in 
restoring fl ow reserve and to predict the risk of 
restenosis. (Level C)  

   •      Preinterventional assessment of lesional characteristics 
and vessel dimensions as a means to select an optimal 
revascularization device. (Level C)  

   •      Intracoronary physiologic measurements may be 
considered for the evaluation of patients with anginal 
symptoms without an apparent angiographic culprit 
lesion. (Level C)     

  Class  III   i ndications 
     •      Routine assessment with intracoronary physiologic 

measurements such as Doppler ultrasound or fractional 
fl ow reserve to assess the severity of angiographic 
disease in patients with a positive, unequivocal non -
 invasive functional study is not recommended. (Level C)     
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namically non - signifi cant stenosis (FFR  ≥ 0.75) would cause 
death or myocardial infarction in patients with stable CAD 
was  < 1% per year and was not decreased by stenting. 

 The effi cacy of the pressure wire in multivessel disease 
was recently assessed in the large multicenter FAME 
study.  45   Before randomization, lesions requiring PCI were 
identifi ed on the basis of their angiographic appearance. In 
1005 randomized patients, those assigned to angiography -
 guided PCI had drug - eluting stents placed in all indicated 
lesions. Those assigned to FFR - guided PCI underwent 
stenting of indicated lesions only if the FFR was 0.80 or less. 
The 1 - year rate of death, nonfatal myocardial infarction, 
and repeat revascularization was 18.3% (91 patients) in the 
angiography group and 13.2% (67 patients) in the FFR 
group ( P    =   0.02). Seventy - eight percent of the patients in the 
angiography group were free from angina at 1 year versus 
81% of the patients in the FFR group ( P    =   0.20). Like IVUS, 
routine or selected use of the pressure wire has not yet been 
demonstrated to improve long - term clinical outcomes.  

  Adjunctive  p harmacology  t rials 

 PCI results in de - endothelialization and deep arterial injury 
that exposes luminal blood to tissue factor and other highly 
thrombotic molecules. Moreover, the artifi cial surfaces on 
catheters, guidewires and implanted metallic stents are 
themselves thrombogenic. Because thrombosis at the site 
of PCI can lead to catastrophic ischemic complications, 
periprocedural administration of antiplatelet and antico-
agulant drugs is integral to PCI success and safety. Through 
intensive and rigorous study, antithrombotic agents and 
strategies have evolved rapidly over the past three decades. 

  Aspirin 
 Aspirin has been universally used in all forms of coronary 
heart disease for decades, based upon clinical trials per-
formed in a wide variety of clinical settings and presenta-
tions.  46   Its specifi c role in PCI for preventing peri -  and 
postprocedural ischemic events was demonstrated in a ran-
domized controlled trial performed in the balloon angio-
plasty era. The active treatment comprised an oral aspirin/
dipyridamole combination (330/75   mg) given three times 
daily, beginning 24 hours prior to PCI. Among the 376 ran-
domized patients, there were 16 periprocedural Q - wave 
myocardial infarctions  –  13 in the placebo group and three 
in the active drug group (6.9% vs 1.6%,  P    =   0.0113).  47   Aspirin 
has since been standard therapy before and after coronary 
intervention of all types, and has provided background anti-
platelet therapy for all interventional clinical trials testing 
new antithrombotic regimens, devices and strategies. 

 The optimal daily dosage of aspirin with a reliable effect 
in PCI is uncertain. In the USA, 325   mg is common, while 
in Europe 100   mg or 75   mg is accepted. Higher doses (over 
100   mg) are associated with more, predominantly gastroin-
testinal, side effects but have not been convincingly dem-

onstrated to provide greater long - term protection from 
thrombotic or ischemic events.  Post hoc  analysis of the PCI -
 CURE trial examining patients undergoing BMS placement 
reported an increased risk of bleeding on long - term higher -
 dose aspirin (162 – 325   mg) compared to lower dose (75 –
 100   mg).  48   On the other hand, clinically relevant inhibition 
of platelet aggregation requires 95% blockade of TXA 2  syn-
thesis,  49   a level often not reached for 48 hours after initiat-
ing daily oral dosages of 75   mg. The OASIS - 7/CURRENT 
trial is presently enrolling patients in a randomized com-
parison of ASA 81   mg versus 325   mg administered in com-
bination with clopidogrel.  

  Thienopyridines 
 Ticlopidine was the fi rst agent in this class to be widely 
used as an oral adjunct to ASA and heparin during and 
after PCI. The STARS trial randomized 1653 patients under-
going native coronary artery stenting, including elective 
procedures for stable CAD, and demonstrated that a com-
bination of aspirin and ticlopidine was superior to an 
anticoagulation regimen in preventing subacute stent 
thrombosis at 30 days.  50   The benefi t was obtained at the 
expense of increased bleeding complications (mostly access 
site related), but this trial formed the basis for modern 
ASA/thienopyridine combination therapy after PCI. Later 
trials, such as CLASSICS  51   and TOPPS,  52   demonstrated 
non - inferiority of clopidogrel vs ticlopidine, in combina-
tion with aspirin, for patients undergoing elective stenting. 
A meta - analysis of randomized and registry comparisons 
of ticlopidine and clopidogrel post stenting showed clopi-
dogrel to be associated with a lower adverse cardiac event 
rate (2.1% versus 4.0%,  P    =   0.001) and mortality (0.48% 
versus 1.09%, P   =   0.001) at 30 days.  53   These data, together 
with poor GI tolerance and infrequent but serious blood 
dyscrasias (neutropenia in  ∼ 2% of patients and rare cases 
of agranulocytosis), have resulted in abandonment of 
ticlopidine except for those intolerant of clopidogrel.  54   

 The omnipresence of clopidogrel in contemporary PCI 
trials and guidelines (Box  26.3 ) has led to its routine use for 
patients in North America and Europe.  55   The duration of 
clopidogrel therapy was evaluated in the CREDO trial and 
demonstrated that optimal benefi t was achieved by continu-
ing 75   mg daily for 12 months post PCI in stable patients.  56   
Clopidogrel in combination with aspirin conferred a 3% 
absolute risk reduction in the combined risk of death, MI or 
stroke ( P    =   0.02) when compared to aspirin alone. The 
timing and dosage of clopidogrel loading prior to PCI for 
patients not chronically treated appear to infl uence PCI 
outcome.  Post - hoc  analysis of the CREDO trial suggested 
that loading with oral clopidogrel 300   mg at least 15 hours 
pre - procedure was associated with the lowest adjusted risk 
of thrombotic and ischemic events. The ISAR - REACT trial 
showed that for patients at low - to - intermediate risk for 
early ischemic complications after elective PCI, pretreat-
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and MI in patients who were given a 600   mg clopidogrel 
loading dose rather than 300   mg.  58   The large CURRENT/
OASIS 7 trial is testing a low dose (300   mg loading dose, 
followed by 75   mg/day maintenance therapy) versus high 
dose (600   mg loading dose, followed by 150   mg/day for a 
week and then 75   mg/day thereafter) clopidogrel regimen 
and a low (81   mg) versus high - dose (325   mg) ASA regimen 
and is powered to examine clinical events at 30 days.   

 The optimal loading and maintenance dose of clopido-
grel to achieve rapid, predictable and sustained platelet 
inhibition is further confounded by interindividual vari-
ability. Platelet aggregation and expression of activation -
 dependent receptor expression in patients undergoing 
elective PCI treated with clopidogrel 300   mg orally fol-
lowed by 75   mg daily has been found to vary widely.  59   
Using a cut - off of  < 10% absolute change in aggregation to 
defi ne clopidogrel resistance, the prevalence was 50 – 60% 
at 2 h,  ∼ 30% at 1 and 5 days and  ∼ 15% at 30 days post PCI. 
However, point - of - care platelet function assays are neither 
readily available nor well correlated to clinical outcomes; 
thus most centers have adopted a standard regimen of 
600   mg loading dose followed by 75   mg maintenance dose. 

 The optimum duration of clopidogrel therapy following 
PCI, especially after DES implantation, is uncertain. Pivotal 
trials leading to approval of contemporary DES devices 
required ASA plus clopidogrel for at least three months after 
PCI. Late stent thrombosis was infrequent, but most patients 
were anatomically simple and the majority were treated 
with clopidogrel for at least six months. Subsequent recogni-
tion of late and very late DES thrombosis as infrequent but 
life - threatening events linked to anatomic or procedural 
complexity and associated with clopidogrel withdrawal has 
led to guideline revisions calling for one year ’ s therapy after 
DES insertion. Recently published recommendations aimed 
at reducing the incidence of late DES thrombosis emphasize 
patient education regarding the hazards of premature clopi-
dogrel discontinuation.  60   However, there is no randomized 
trial to directly inform optimum duration of therapy. 

 Prasugrel is a new, potent platelet P2Y 12  receptor inhibi-
tor, and in combination with aspirin performed favorably 
against clopidogrel in a large trial of ACS patients undergo-
ing PCI.  61   Overall, major adverse cardiac events were 
reduced (9.9% versus12.1%,  P     <    0.001) but at the expense 
of increased serious bleeding. At the time of writing, pra-
sugrel is not commercially available.  

  Glycoprotein  II  b / III  a   r eceptor  b lockers 
 Three glycoprotein IIb/IIIa receptor inhibitors (GPI) have 
been evaluated in PCI clinical trials that included patients 
with stable CAD. These are abciximab, derived from a 
chimeric murine monoclonal antibody, and the synthetic 
peptides eptifi batide and tirofi ban. Only abciximab and 
eptifi batide remain in frequent use. Both were evaluated 
with background aspirin and heparin. 

BOX 26.3  Oral antiplatelet therapy   (modifi ed from 2007 
focused update of the ACC/AHA/SCAI 2005 guideline 
update for percutaneous coronary intervention)   

  Class  I   i ndications 
     •      Patients already taking daily long - term aspirin therapy 

should take 75   mg to 325   mg of aspirin before PCI is 
performed. (Level A)  

   •      Patients not already taking daily long - term aspirin 
therapy should be given 300   mg to 325   mg of aspirin at 
least 2 hours and preferably 24 hours before PCI is 
performed. (Level C)  

   •      After PCI, in patients without allergy or increased risk of 
bleeding, aspirin 162   mg to 325   mg daily should be given 
for at least 1 month after BMS implantation, 3 months 
after sirolimus - eluting stent implantation, and 6 months 
after paclitaxel - eluting stent implantation, after which 
daily long - term aspirin use should be continued 
indefi nitely at a dose of 75   mg to 162   mg. (Level B)  

   •      A loading dose of clopidogrel,   generally 600   mg, should 
be administered before or when PCI is performed. (Level 
C) In patients undergoing PCI within 12 – 24 hours of 
receiving fi brinolytic therapy, a clopidogrel oral loading 
dose of 300   mg may be considered. (Level C)  

   •      For all post - PCI stented patients receiving a DES, 
clopidogrel 75   mg daily should be given for  at least 12 
months  if patients are not at high risk of bleeding. For 
post - PCI patients receiving a BMS, clopidogrel should be 
given for a minimum of 1 month and  ideally up to 12 
months  (unless the patient is at increased risk of 
bleeding; then it should be given for a minimum of 2 
weeks). (Level B)     

  Class  II  a   i ndications 
     •      If clopidogrel is given at the time of procedure, 

supplementation with GP IIb/IIIa receptor antagonists 
can be benefi cial. (Level B)  

   •      For patients with an absolute contraindication to aspirin, 
it is reasonable to give a 300 – 600   mg loading dose of 
clopidogrel, administered at least 6 hours before PCI, 
and/or GP IIb/IIIa antagonists, administered at the time 
of PCI. (Level C)  

   •      In patients for whom the physician is concerned about 
risk of bleeding, a lower dose of 75   mg to 162   mg of 
aspirin is reasonable during the initial period after stent 
implantation. (Level C)     

  Class  II  b   i ndications 
     •      Continuation of clopidogrel therapy beyond 1 year may 

be considered in patients undergoing DES placement. 
(Level C)     

ment with a 600   mg loading dose of clopidogrel was not 
associated with a measurable clinical benefi t, irrespective of 
increasing the pretreatment interval beyond 2 – 3 hours or 
adjunctive treatment with abciximab.  57   The ARMYDA - 2 
trial showed reduced periprocedural marker elevation 
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     Figure 26.6     Improved 30 - day mortality in GP 
IIb/IIIa inhibition arm of trials.  (Adapted from 
Karvouni  et al .  65  )   

 The utility of abciximab in non - emergent PCI was evalu-
ated in the EPIC, EPILOG, and EPISTENT trials.  62 – 64   EPIC 
enrolled 2099 patients deemed to be at high risk for isch-
emic complications of PCI and demonstrated that abcix-
imab administered as a bolus plus infusion reduced the 
primary 30 - day endpoint of death, MI or urgent interven-
tion by 35%, compared to placebo or to abciximab bolus 
alone. EPILOG extended this experience into lower risk 
elective PCI procedures, and tested abciximab in combina-
tion with reduced - dose heparin. The trial was terminated 
early for effi cacy after enrollment of 2792 patients (4800 
planned). Greater than 50% relative reduction in death or 
MI, and in death, MI or urgent intervention was observed 
at 30 days in both abciximab arms (standard dose or 
reduced dose heparin) when compared to placebo. Major 
bleeding was numerically least frequent with the combina-
tion of abciximab and reduced dose heparin (2.0% versus 
3.1% placebo versus 3.5% abciximab plus standard dose 
heparin,  P    =   NS). EPISTENT compared three PCI strategies: 
balloon angioplasty plus abciximab, stenting plus placebo, 
or stenting plus abciximab, and employed the reduced dose 
heparin regimen from EPILOG. The primary endpoint of 
death, MI or urgent revascularization was observed in 
10.8% of those assigned stent plus placebo, 6.9% of those 
assigned balloon angioplasty plus abciximab and in 5.5% 
of those assigned stent plus abciximab ( P     <    0.001). Many of 
the endpoints in these trials were small periprocedural 
myocardial infarctions. However, a subsequent meta - anal-
ysis of abciximab PCI trials demonstrated that abciximab 
signifi cantly reduced death; this quelled much of the criti-
cism that had focused on endpoint defi nition  65   (Fig.  26.6 ).   

 In summary, abciximab has been demonstrated to reduce 
early ischemia, abrupt vessel closure, subacute thrombosis, 
and MI, but late target vessel revascularization events (due 
to restenosis) are not affected.  66   As with any therapeutic 
intervention, the greatest benefi t is likely observed in the 
highest risk patients. 

 IMPACT - II, the initial Phase III evaluation of eptifi batide, 
randomly assigned 4010 patients undergoing non - emergent 
balloon angioplasty to eptifi batide 135    μ g/kg bolus followed 
by 24 - hour infusions of 0.5 or 0.75    μ g/kg/min, or placebo.  67   
No statistically signifi cant reduction in the primary end-
point of death, MI, emergency revascularization or bailout 
stenting was observed. Pharmacodynamic studies, however, 
suggested that eptifi batide dosing may have been inade-
quate in IMPACT II. This led to the development of the 
ESPRIT trial that compared a double bolus regimen fol-
lowed by a larger 2.0    μ g/kg/min infusion for 18 – 24 hours 
to placebo in 2064 patients undergoing elective stenting.  68   
Thienopyridine - pretreated patients were excluded. The 
primary endpoint was the composite of death, MI, urgent 
target vessel revascularization and bailout GPI   use within 
48 hours. The trial was terminated early due to effi cacy, with 
signifi cant endpoint reduction in the eptifi batide arm (6.6% 
versus 10.5%,  P    =   0.0015) and durable benefi t to six months. 
As with the abciximab trials, many events in ESPRIT were 
small periprocedural myocardial infarctions. 

 Proven regimens with abciximab and eptifi batide 
depended upon administration of a prolonged intravenous 
infusion that required nursing time, may have contributed 
to bleeding, and delayed hospital discharge. Because length 
of hospitalization substantially impacts cost, shorter 
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and supplemented as necessary with boluses of 2000 –
 5000   IU. The UFH bolus should be reduced to 50 – 70   IU/kg 
in the presence of GPI to achieve an ACT of 200 seconds. 
Postprocedural UFH infusions are not recommended. 

 Compared to UFH, low - molecular weight heparins 
(LMWH) display more consistent protein and cellular 
binding, resulting in greater biovailability and less interpa-
tient variability with respect to potency and clearance. Other 
potential advantages of LMWH relevant to PCI include 
a low incidence of heparin - induced thrombocytopenia, 
freedom from activated partial thromboplastin time (APTT) 
monitoring, and avoidance of need to switch antithrombotic 
agents in acute coronary syndrome (ACS)   patients medically 
stabilized with subcutaneous LMWH.  74   The safety and effi -
cacy of intravenous LMWH (enoxaparin; 1   mg/kg) in elec-
tive PCI were validated in the NICE - 1 trial.  75   STEEPLE was 
the largest trial directly comparing a LMWH (enoxaparin) 
to UFH in elective PCI.  76   Patients were randomly assigned 
to one of two bolus doses of intravenous enoxaparin (0.5   mg/
kg or 0.75   mg/kg) or to UFH (70 – 100   IU/kg or 50 – 70   IU/kg 
bolus) with or without a GPI. Concerns arose that the lower 
enoxaparin dose was associated with higher mortality due 
to thrombotic complications. The overall mortality rate of 
1.0% in the 0.5   mg/kg enoxaparin group was twice that 
expected for patients undergoing elective PCI, especially 
patients at low risk for complications. This observation was 
argued to be directly treatment related rather than a chance 
effect. Another confounding factor with this trial is that 
interpretation of the primary endpoint, the incidence of 
major or minor bleeding not related to coronary artery 
bypass grafting, varied depending on the bleeding index 
used. The authors employed unique defi nitions of major and 
minor bleeds that had not been shown to have prognostic 
import. Reanalysis of the results using TIMI bleeding criteria 
showed no signifi cant differences in bleeding rates between 
the enoxaparin and UFH groups, whereas the GUSTO index 
demonstrated superiority of the lower dose enoxaparin 
regimen. A meta - analysis incorporating 11 trials among 
patients undergoing elective PCI demonstrated similar effi -
cacy between LMWH and UFH with respect to all - cause 
mortality and major adverse cardiac events ( P    =   0.93).  77   A 
signifi cant reduction in major bleeding risk with LMWH 
compared with UFH ( P    =   0.002) and a trend towards a 
reduction in minor bleeds ( P    =   0.24) were also apparent. 

 There are currently two strategies guiding the use of 
LMWH (with or without concomitant GPI) for PCI:  78   UFH 
may substituted for LMWH prior to angiography and coro-
nary intervention if the last LMWH dose was given more 
than 8 – 12 hours before the procedure, or alternatively, 
LMWH may be safely continued as the sole anticoagulant 
throughout the PCI without switching to UFH.  

  Hirudin/ b ivalirudin     In REPLACE - 2, the direct thrombin 
inhibitor bivalirudin  79   was compared to UFH plus planned 

duration abciximab and eptifi batide regimens have recently 
been studied. Following uncomplicated PCI, the BRIEF trial 
demonstrated that eptifi batide infusion can be safely abbre-
viated to  ≤ 2   h, without compromising effi cacy compared to 
the standard 18 - h regimen, with less major bleeding.  69   

 Pivotal trials testing GPI use in non - emergent PCI were 
performed in the 1990s before clopidogrel pretreatment 
was routine practice. The incremental benefi t of GPI use in 
patients pretreated with both aspirin and clopidogrel was 
addressed in the ISAR - REACT series of randomized, pla-
cebo - controlled trials. For patients undergoing elective PCI 
and at low to intermediate risk for thrombotic complica-
tions, abciximab did not provide incremental benefi t after 
600   mg clopidogrel pretreatment. This contrasted with 
results in a higher risk patient group defi ned by presenta-
tion with non - ST elevation myocardial infarction (STEMI) 
(ISAR - REACT 2) where abciximab, in addition to peripro-
cedural unfractionated heparin (UFH), conferred a 25% 
relative risk reduction in 30 - day major adverse cardiac 
event rate compared to placebo (8.9% versus 11.9%, 
P   =   0.03), without compromise in safety, and with benefi t 
maintained at one year.  70,71   The CLEAR PLATELETS 1b trial 
evaluated the effect of combining eptifi batide with clopi-
dogrel loading (300 or 600   mg) versus clopidogrel loading 
alone on myonecrotic and infl ammatory marker release in 
120 patients after elective stenting.  72   The combination 
regimen reduced the release of CK - MB, myoglobin, tropo-
nin - I and CRP ( P     <    0.01 for each parameter). The clinical 
translation of the attenuated release of these markers sug-
gests that more potent platelet inhibition is benefi cial.  

  Periprocedural  a nticoagulant 
  Unfractionated and  l ow  m olecular  w eight  h eparin     Use of a 
potent anticoagulant during PCI has been standard therapy 
since coronary balloon angioplasty was fi rst described. Until 
recently, unfractionated heparin (UFH) has been unchal-
lenged as the most commonly employed agent for this indi-
cation. Large placebo - controlled trials demon strating the 
need for UFH during PCI were never performed. Anecdotal 
experience from PCI performed without heparin or other 
anticoagulant, sometimes by medical error, suggest a high 
incidence of acute coronary thrombosis in its absence. 

 Attention has been paid to heparin dosing during PCI. 
In the balloon angioplasty era, heparin was commonly 
administered as a non - weight adjusted high dose bolus of 
10   000 – 12   000 units. When combined with concurrent prac-
tices that included larger bore arterial sheaths (8   F) and 
delayed sheath removal, arterial access site bleeds were 
common.  62   Contemporary heparin dosing is dependent on 
whether there is concurrent GPI administration.  68,73   In those 
patients without GPI, suffi cient UFH should be given 
during PCI to maintain an activated clotting time (ACT)   of 
300 seconds. A weight - adjusted heparin bolus (70 – 100   IU/
kg) is usually used to achieve the target anticoagulation 
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tive or urgent PCI for ACS.  84   Concerns regarding inadequate 
protection against lesion - related or catheter - related throm-
bus fi rst surfaced with fondaparinux - treated patients in 
ASPIRE. The subsequent and much larger OASIS - 5 trial 
randomized ACS patients to either fondaparinux or enoxa-
parin treatment.  85   After additional reports of catheter throm-
bus with fondaparinux, the protocol was amended to 
encourage open - label administration of supplemental UFH 
for fondaparinux - treated patients undergoing PCI. With this 
hybrid strategy, subcutaneous fondaparinux (2.5   mg/day 
for  ≤ 8 days) was non - inferior to subcutaneous enoxaparin 
(1   mg/kg twice daily, once daily in those with renal dysfunc-
tion) in reducing death or ischemic events at nine days, with 
effi cacy being maintained for up to six months. Major bleed-
ing occurred in fewer fondaparinux recipients, resulting in 
a benefi t/risk balance favoring fondaparinux. Importantly, 
catheter thrombus was more common with fondaparinux 
than with enoxaparin (0.9% versus 0.4%), but this complica-
tion was largely prevented by the addition of UFH at the 
time of PCI, with no increase in the bleeding rate.    

  Strategic  t rials of  p ercutaneous  c oronary 
 i ntervention  v ersus  m edical  t herapy in 
 s table  c oronary  a rtery  d isease 

 Insofar as ischemia due to coronary stenosis is a defi ning 
feature of coronary artery disease ( “ ischemic heart 
disease ” ), the prevention of ischemia through the relief of 
coronary stenoses with PCI would at fi rst appear to offer 
self - evident potential for improving long - term outcomes. 
At least in the case of patients with chronic ischemia, dem-
onstrating such a benefi t has been conspicuously diffi cult. 
The degree to which this refl ects the biology of chronic 
ischemic heart disease versus limitations in trial design and 
power, populations enrolled, advances in medical therapy, 
and the PCI technologies and techniques employed remains 
a matter of some debate. 

  Historic  t rials 

 A Comparison of Angioplasty with Medical Therapy in 
the Treatment of Single - Vessel Coronary Artery Disease 
(ACME)  86   randomly assigned 212 patients with stable, 
single - vessel CAD and exercise - induced myocardial isch-
emia to coronary balloon angioplasty or medical therapy 
alone. Angioplasty resulted in a greater proportion of 
patients free from angina at six months (64% versus 46%, 
 P     <    0.01) and greater objective improvement in treadmill 
exercise duration (2.1 versus 0.5 minutes;  P     <    0.0001) com-
pared to medical therapy alone. These results were obtained 
despite a high rate of PCI failure (20%) and in an era that 
predated modern interventional or medical therapies. 
A subsequent trial from the ACME group enrolled 328 
patients with double - vessel disease and was reported in 

BOX 26.4  Anticoagulation therapy   (modifi ed from 2007 
focused update of the ACC/AHA/SCAI 2005 guideline 
update for percutaneous coronary intervention)   

  Class  I   i ndications 
     •      For patients undergoing PCI after having received an 

anticoagulant regimen, the following dosing 
recommendations should be followed: 
    �      For prior treatment with UFH, administer additional 

boluses of UFH as needed to support the procedure, 
taking into account whether GP IIb/IIIa receptor 
antagonists have been administered. (Level C) 
Bivalirudin may also be used in patients treated 
previously with UFH. (Level C)  

   �      For prior treatment with enoxaparin, if the last 
subcutaneous dose was administered at least 8 to 12 
hours earlier, an IV dose of 0.3   mg/kg of enoxaparin 
should be given; if the last subcutaneous dose was 
administered within the prior 8 hours, no additional 
enoxaparin should be given. (Level B)  

   �      For prior treatment with fondaparinux, administer 
additional intravenous treatment with an anticoagulant 
possessing anti - IIa activity, taking into account 
whether GP IIb/IIIa receptor antagonists have been 
administered. (Level C)       

  Class  III   i ndications 
     •      Because of the risk of catheter thrombosis, fondaparinux 

should not be used as the sole anticoagulant to support 
PCI. An additional anticoagulant with anti - IIa activity 
should be administered. (Level C)     

GPI, using a non - inferiority design in a diverse population 
undergoing PCI.  80   Elective cases comprised 56% of enroll-
ment. The primary endpoint was a composite of death, MI, 
urgent revascularization or in - hospital major bleeding at 30 
days and occurred in 9.2% of the bivalirudin cohort com-
pared with 10% patients in the UFH plus GPI group 
( P    =   0.32). In hospital major bleeding was signifi cantly 
reduced by bivalirudin (2.4% versus 4.1%,  P     <    0.001), with 
the results driven by access site - related complications and 
gastrointestinal bleeds. 

 High - risk patients undergoing PCI have also been evalu-
ated in several important trials including HELVITCA,  81   
HAS  82   and ACUITY.  83   Together, these trials suggest that 
direct antithrombin inhibitors reduce acute thrombotic 
complications and bleeding when compared to heparin. 
This evidence has led to the incorporation of bivalirudin 
into the latest AHA/ACC guidelines for routine interven-
tional practice (Box  26.4 ).     

  Fonadaparinux 
 Fondaparinux is an indirect factor Xa inhibitor with proven 
superiority to standard therapies for the prevention of 
venous thrombosis, the safety and effi cacy of which were 
piloted in the ASPIRE trial in patients who underwent elec-
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 The ACIP (Asymptomatic Cardiac Ischemia Pilot) study 
examined 558 patients with silent ischemia who were 
judged angiographically suitable for revascularization.  91   
Three treatment strategies were tested: angina - guided drug 
therapy (n   =   183), ischemia - guided drug therapy (n   =   183) 
or revascularization by angioplasty or bypass surgery 
(n   =   192). Two - year total mortality was 6.6% in the angina -
 guided strategy, 4.4% in the ischemia - guided strategy, and 
1.1% in the revascularization strategy ( P     <    0.02). Of the 92 
undergoing PTCA, two - year event rates were mortality 
1.1% (one patient); death or MI 5.5% (fi ve patients); and 
death, MI or recurrent hospitalization 31.7% (29 patients). 
The corresponding rates for the 78 patients undergoing 
CABG were respectively 0%, 2.7% (two patients) and 12.9% 
(10 patients). Death or myocardial infarction was 12.1% in 
the angina - guided strategy, 8.8% in the ischemia - guided 
strategy, and 4.7% in the revascularization strategy 
( P     <    0.04). Recurrent hospitalization was also reduced by 
the strategy of revascularization. ACIP was a pilot study 
which was not planned to have suffi cient statistical power 
to detect differences in clinical outcomes. The difference in 
two - year mortality between the angina - guided and revas-
cularization strategies is based on only 14 deaths (12 in the 
angina - guided strategy and 2 in the revascularization strat-
egy). The results for death or non - fatal MI are based on 
only 31 events (22 in the angina - guided strategy and nine 
in the revascularization strategy). Although the dramatic 
differences seen produced a statistically signifi cant result, 
there are too few events to allow for reliable assessment of 
effect size. 

 Bucher  et al  performed a systematic review of six ran-
domized clinical trials that enrolled 1904 patients (from 
1979 to 1998) with stable, predominantly single - vessel 
CAD and generally normal left ventricular function, 
assigned to balloon angioplasty plus medication versus 
medication alone.  92   The AVERT trial, with the limitations 
discussed above, contributed the second largest pool of 
patients. Routine PTCA resulted in signifi cant improve-
ment in angina (risk ratio (RR) 0.70, 95% CI 0.50 – 0.98); 
however, patients assigned to PTCA required CABG more 
frequently (RR 1.59, 95% CI 1.09 – 2.32). No differences in 
death (RR 1.32, 95% CI 0.65 – 2.70) or myocardial infarction 
(RR 1.42, 95% CI 0.90 – 2.25) were observed. The review did 
not include enough patients for informative estimates of 
the effect of angioplasty on myocardial infarction, death, or 
subsequent revascularization. 

 A more recent meta - analysis by Katritsis  et al  that 
considered 11 trials (1987 – 2001) including 2950 patients 
concluded that a strategy of routine PTCA performed 
in patients with stable symptoms, predominantly single -
 vessel CAD and normal left ventricular function does not 
prevent death, myocardial infarction or the need for subse-
quent revascularization when compared with routine 
medical treatment (Fig.  26.7 ).  93   By random effects, the risk 

1997.  87   Patients with double - vessel disease, treated with 
balloon angioplasty versus medical therapy, experienced 
comparable improvement in exercise duration (+1.2 versus 
+1.3 min, respectively,  P    =   0.89), freedom from angina (53% 
and 36%, respectively,  P    =   0.09) and improvement of overall 
quality of life score (+1.3 versus +4.4, respectively,  P    =   0.32) 
at six months compared with baseline. This contrasts with 
greater advantages favoring PTCA by these criteria in 
patients with single - vessel disease ( P    =   0.0001 to 0.02). 
Trends present at six months persisted at late follow - up. 
Patients undergoing double - vessel dilation had less com-
plete initial revascularization (45% versus 83%) and greater 
average stenosis of worst lesions at 6 months (74% versus 
56%). Likewise, patients with double - vessel disease showed 
less improved myocardial perfusion imaging (59% versus 
75%). Neither trial was powered to show differences in 
myocardial infarction or death. 

 The largest prospective trial of balloon angioplasty versus 
medical therapy was the multicenter Randomized Inter-
vention Treatment of Angina (RITA) 2 trial.  88   Most of the 
patients had mild symptoms (80% Canadian Cardio-
vascular Society (CCS) class 0 to II), 60% had single - vessel 
CAD, and one - third had two - vessel disease. The primary 
endpoint of death or myocardial infarction occurred in 6.3% 
(32 patients) of the balloon angioplasty group and 3.3% (17 
patients) of the medical therapy group (absolute difference 
3.0%, 95% CI 0.4 – 5.7;  P    =   0.02). The combined rates of death, 
myocardial infarction, and non - protocol revascularization 
were similar at three years. Angina pectoris, treadmill exer-
cise time and quality of life measures improved signifi -
cantly in both groups. The subgroup of patients with 
baseline angina CCS class II or worse, however, appeared 
to derive incremental benefi t from PCI that included a 
lower incidence of angina, longer treadmill exercise times, 
greater improvements in physical functioning, vitality, and 
general health at three months and one year. By three years, 
however, this advantage was lost, likely due in part to 
cross - over PCI rescue of the most symptomatic medically 
assigned patients (cross - over rate 27%).  89   

 The Atorvastatin Versus Revascularization Treatment 
(AVERT) trial  90   enrolled 341 patients with low - risk CAD 
(99% of patients had stable CCS class 0 to II angina) in a 
randomized trial of controversial design comparing percu-
taneous revascularization plus usual medical care to medical 
care that included high - dose atorvastatin. Overall, 166 
patients in the angioplasty group underwent the assigned 
procedure (with a total of 213 treated lesions). Concomitant 
stenting was used in 64 of the lesions. Though a greater 
proportion of the PCI group had improved angina (54% 
versus 41%,  P    =   0.009), fewer cardiac events (cardiac death 
or arrest, revascularization, stroke or worsening angina) 
developed in the atorvastatin group (21% PCI versus 13% 
atorvastatin,  P    =   0.048). The potentially complementary com-
bination of PCI and high - dose statin therapy was not tested. 
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(a)  Death

(b)  Cardiac death or myocardial infarction (c)  Non-fatal myocardial infarction

(e)  Percutaneous coronary intervention(d)  Coronary artery bypass grafting

ACME 1
ACME 2

ALKK
AVERT

Bech
Dakik

Hambrecht
MASS

MASS II
RITA2

0.1 0.2 0.5 1 2 5 10

Risk ratio (95% CI)

Favors PCI Favors conservative

Sievers
Summary (RE)

ACME 1
ACME 2

ALKK
AVERT

Bech
Dakik

Hambrecht
MASS

MASS II
RITA2

0.1 0.2 0.5 1 2 5 10

Sievers
Summary (RE)

ACME 1
ACME 2

ALKK
AVERT

Bech
Dakik

Hambrecht
MASS

MASS II
RITA2

0.1 0.2 0.5 1 2 5 10

Sievers
Summary (RE)

ACME 1
ACME 2

ALKK
AVERT

Bech
Dakik

Hambrecht
MASS

MASS II
RITA2

0.1 0.2 0.5 1 2 5 10

Sievers
Summary (RE)

ACME 1
ACME 2

ALKK
AVERT

Bech
Dakik

Hambrecht
MASS

MASS II
RITA2

0.1 0.2 0.5 1 2 5 10

Sievers
Summary (RE)

Risk ratio (95% CI)

Favors PCI Favors conservative

Risk ratio (95% CI)

Favors PCI Favors conservative

Risk ratio (95% CI)

Favors PCI Favors conservative

Risk ratio (95% CI)

Favors PCI Favors conservative

     Figure 26.7     Comparison of PCI vs conservative medical treatment for (a) death, (b) cardiac death or any MI, (c) non - fatal MI, (d) CABG, and (e) PCI 
during follow - up. Each study is shown by name along with point estimate of risk ratio and respective 95% CIs. In each panel, size of box denoting point 
estimate in each study is proportional to weight of study. Also shown are summary risk ratio and 95% CIs according to Der Simonian and Laird random 
effects (RE) model. Meta - analysis of studies on the effect of PCI versus medical therapy.  (From Katritsis  et al .  93  )   



PART IIIA  Stable coronary artery disease

372

versus 19.5%; HR 1.05; 95% CI 0.87 – 1.27;  P    =   0.62); hospi-
talization for ACS (12.4% versus 11.8%; HR 1.07; 95% CI 
0.84 – 1.37;  P    =   0.56) or MI (13.2% versus 12.3%; HR 1.13; 95% 
CI 0.89 – 1.43;  P    =   0.33). These results were not unexpected 
given the low - risk baseline characteristics of the enrolled 
population, low overall mortality, and the results of prior 
CABG versus medicine trials demonstrating the futility of 
CABG for prolonging survival in similar cohorts.  96   

 COURAGE documented symptomatic benefi ts attribut-
able to routine PCI, but these were modest. A signifi cantly 
larger proportion of PCI - assigned patients were angina free 
during most of the follow - up period, though the two arms 
converged in this regard. At fi ve years, 74% of patients in 
the PCI group and 72% of those in the medical therapy 
group were free of angina ( P    =   0.35). Routine PCI also 
resulted in a lower rate of non - protocol revascularization 
during follow - up (21.1% versus 32.6%; HR 0.60; 95% CI 
0.51 – 0.71;  P     <    0.001). Critics of the study note that larger 
differences in metrics of symptom burden may have been 
buffered by several factors, including the enrolment of 
many patients with mild or no angina at entry, enrollment 
bias toward medical responders, unusually intensive 
medical follow - up and treatment, relatively high PCI 
failure rates, infrequent use of DES, and cross - over to PCI 
in one - third of those assigned OMT. A recent meta - analysis 
of trials of BMS vs optimal medical therapy, including the 
COURAGE trial, found similar results. 

 A substudy of COURAGE enrolled 314 patients evalu-
ated with centrally analyzed quantitative SPECT myocar-
dial perfusion imaging before treatment and again 6 – 18 
months after enrollment.  97   The observed reduction in 
ischemic myocardium was signifi cantly greater with PCI 
( − 2.7%; 95% CI  − 1.7% to  − 3.8%) than with OMT ( − 0.5%; 
95% CI  − 1.6 – 0.6%;  P     <    0.0001). The difference favoring 
routine PCI was most marked amongst patients with mod-
erate to severe pretreatment ischemia in whom 78% expe-
rienced signifi cant ischemia reduction with PCI versus 
52% with OMT ( P    =   0.007). Patients with ischemia reduc-
tion had lower unadjusted risk for death or myocardial 
infarction ( P    =   0.037 [risk - adjusted  P    =   0.26]), particularly 
if baseline ischemia was moderate to severe ( P    =   0.001 
[risk - adjusted  P    =   0.08]).  

 Overall, the strategy of PCI as a routine or frequent com-
ponent of therapy to reduce major cardiac events in patients 
with stable symptomatic or silent ischemia has not been 
adequately tested. Trials performed to date have signifi cant 
limitations with respect to populations studied, procedural 
success, pharmacology and technology, and statistical 
power to detect differences in long - term mortality. The 
degree to which the results of these trials can be general-
ized to contemporary cardiology practice is therefore 
limited. Moreover, widespread application of PCI for 
symptom relief may, at this stage, make performing a defi n-
itive trial diffi cult or impossible. Trials comparing PCI to 

ratios (95% CI) for the PCI versus conservative treatment 
arms were for mortality 0.94 (0.72 – 1.24), cardiac death or 
myocardial infarction 1.17 (0.88 – 1.57), non - fatal myocardial 
infarction 1.28 (0.94 – 1.75), CABG 1.03 (0.80 – 1.33), and PCI 
1.23 (0.80 – 1.90). A possible survival benefi t was seen for 
PCI only in trials of patients who had a relatively recent 
myocardial infarction (RR 0.40, 95% CI 0.17 – 0.95). Except 
for PCI during follow - up, there was no signifi cant between -
 study heterogeneity for any outcome. A large proportion 
of patients again came from the RITA - 2 and AVERT trials.    

  Current  e ra  t rials 

 Two recent trials of PCI versus medical therapy have 
focused attention on the appropriate use of PCI in stable 
CAD: MASS (Medicine, Angioplasty, or Surgery Study) - 2 
trial  94   and the COURAGE (Clinical Outcomes Utilizing 
Revascularization and Aggressive DruG Evaluation) trial.  95   

 The MASS - 2 study assigned 611patients (enrolled 
between 1995 and 2000) with limited multivessel CAD, 
stable angina, and preserved ventricular function to CABG 
(n   =   203), PCI (n   =   205) or medical therapy (n   =   203). The 
one - year survival rates were 96.0% for CABG, 95.6% for 
PCI, and 98.5% for medical therapy ( P    =   NS). The rates for 
one - year survival free of Q - wave MI were 98% for CABG, 
92% for PCI, and 97% for medical therapy. After one - year 
follow - up, 8.3% of medical therapy patients and 13.3% of 
PCI patients underwent additional revascularization pro-
cedures, compared with only 0.5% of CABG patients. At 
one - year follow - up, 88% of the patients in the CABG group, 
79% in the PCI group, and 46% in the medical therapy 
group were free of angina ( P     <    0.0001). 

 The COURAGE study compared an initial management 
strategy of percutaneous coronary intervention and optimal 
medical management (PCI) to optimal medical therapy 
(OMT) alone in patients with stable CAD.  95   Between 1999 
and 2004, 1149 patients were assigned to PCI and 1138 to 
OMT. Baseline characteristics included: 43% of patients had 
either no angina or only class 1 angina, 30% of patients had 
single - vessel disease, the ejection fraction was approxi-
mately 61% in both groups, and DES were not routinely 
available. Balloon angioplasty (no stent) was used in 6% of 
those assigned PCI, and DES were employed in fewer than 
3%. Neither glycoprotein inhibitors nor thienopyridine 
pretreatment was provided routinely. PCI was judged angi-
ographically unsuccessful in 7%. 

 There were 211 primary events (death from any cause 
and non - fatal MI) in the PCI group and 202 events in the 
medical therapy group. The 4.6 - year cumulative primary -
 event rates were 19.0% in the PCI group and 18.5% in the 
medical therapy group (hazard ratio (HR) for the PCI group 
1.05; 95% CI 0.87 – 1.27;  P    =   0.62). There were no signifi cant 
differences between the PCI group and the medical therapy 
group in the composite of death, MI, and stroke (20.0% 
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medical therapy in high - risk patient groups may still be 
feasible and could provide important insights. For example, 
the recent BARI 2D trial performed in patients with type 
2 diabetes and stable coronary artery disease, found no 
difference in major outcomes between PCI and optimal 
medical therapy.  97a   Existing and ongoing trials comparing 
PCI to CABG in cohorts already known to benefi t from 
CABG are discussed in Chapter  30   .   

  Conclusions:  e lective  p ercutaneous 
 c oronary  i ntervention  v ersus  m edical 
 t herapy (Boxes  26.5  and  26.6 ) 

     •      Among patients with medically refractory angina pecto-
ris, PCI is indicated for symptom improvement ( Class I ).  
   •      In the absence of symptoms or myocardial ischemia, 
PTCA is not indicated merely for the presence of an ana-
tomic stenosis ( Class I ).  
   •      Electively placed stents are superior to balloon angio-
plasty for reducing the need for repeat procedures ( Class I ).  
   •      DES are superior to BMS for reducing the need for repeat 
procedures ( Class I ).  
   •      PCI is reasonable for patients with recurrent stenosis 
after PTCA, a large area of viable myocardium at risk or 
high - risk criteria on non - invasive testing ( Class II ).       

  Future  d irections and  c hallenges 

 A variety of anatomic circumstances present unique chal-
lenges during PCI. These include aorto - ostial lesions, 
chronic total occlusions (CTOs), bifurcation lesions, and 
saphenous vein grafts (SVGs). Numerous prospective, 
randomized trials published over the past 10 years have 
compared elective stenting to balloon angioplasty under 
various conditions. These studies have enrolled patients 
with various lesion types, including elective procedures for 
single discrete lesions in vessels of 3   mm or larger,  10,11,98 – 106   
restenosis lesions after previous balloon angioplasty,  107   
lesions of saphenous vein grafts.  108   small - caliber vessels  109 – 112   
and chronic total occlusions.  12,113 – 118   BMS implantation 
decreases the need for target vessel revascularization in 
these challenging anatomic substrates. 

 Aorto - ostial lesions extend proximal to the coronary 
ostia into the aortic wall where abundant elastic fi bers con-
tribute to elastic recoil and poor outcome after balloon 
angioplasty.  119   By resisting recoil, stents maintain signifi -
cantly larger lumens and lower the risk of restenosis in 
aorto - ostial lesions. Preliminary data suggest DES may 
further improve outcomes.  120   SVGs remain a challenging 
problem. Following bypass graft surgery, approximately 
5 – 10% of patients per year develop recurrent angina and 
by 10 years almost 50% of SVGs are occluded.  16   Although 

BOX 26.5  Patients with asymptomatic ischemia or  CCS  
class  I  or  II  angina 

  Class  II  a   i ndications 
     •      PCI is reasonable in patients with asymptomatic 

ischemia or CCS class I or II angina and with 1 or more 
signifi cant lesions in 1 or 2 coronary arteries suitable for 
PCI with a high likelihood of success and a low risk of 
morbidity and mortality. The vessels to be dilated must 
subtend a moderate to large area of viable myocardium 
or be associated with a moderate to severe degree of 
ischemia on noninvasive testing. (Level B)  

   •      PCI is reasonable for patients with asymptomatic 
ischemia or CCS class I or II angina, and recurrent 
stenosis after PCI with a large area of viable myocardium 
or high - risk criteria on non - invasive testing. 
(Level C)  

   •      Use of PCI is reasonable in patients with asymptomatic 
ischemia or CCS class I or II angina with signifi cant left 
main CAD (greater than 50% diameter stenosis) who are 
candidates for revascularization but are not eligible for 
CABG. (Level B)     

  Class  II  b   i ndications 
     •      The effectiveness of PCI for patients with asymptomatic 

ischemia or CCS class I or II angina who have 2 -  or 
3 - vessel disease with signifi cant proximal LAD CAD 
who are otherwise eligible for CABG with 1 arterial 
conduit and who have treated diabetes or abnormal LV 
function is not well established. (Level B)  

   •      PCI might be considered for patients with asymptomatic 
ischemia or CCS class I or II angina with non - proximal 
LAD CAD that subtends a moderate area of viable 
myocardium and demonstrates ischemia on non - invasive 
testing. (Level C)     

  Class  III   i ndications 
     •      PCI is not recommended in patients with asymptomatic 

ischemia or CCS class I or II angina who do not meet the 
criteria as listed under the class II recommendations or 
who have 1 or more of the following: 
    �      Only a small area of viable myocardium at risk 

(Level C)  
   �      No objective evidence of ischemia. (Level C)  
   �      Lesions that have a low likelihood of successful 

dilation. (Level C)  
   �      Mild symptoms that are unlikely to be due to myocar-

dial ischemia. (Level C)  
   �      Factors associated with increased risk of morbidity or 

mortality. (Level C)  
   �      Left main disease and eligibility for CABG. (Level C)  
   �      Insignifi cant disease (less than 50% coronary stenosis). 

(Level C)      

  From ACC/AHA/SCAI 2005 Guideline Update for 
Percutaneous Coronary Intervention.  6     
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improved angiographic restenosis rates with DES; defi ni-
tive results are expected with publication of TOSCA - 4 
(personal communication, D. Kandzari and C. Buller). A 
reliable technology for navigating and crossing total coro-
nary occlusions in the fi rst place, however, is urgently 
needed. CTOs resistant to crossing with current guidewires 
remain a frequent source of medically refractory angina 
and a common reason for CABG. 

 Atherosclerosis frequently develops at branch points and 
thus more than 20% of lesions treated with PCI involve 
bifurcations.  121   For lesions that have atherosclerotic involve-
ment of both the main and side branch, a decision as to 
whether to undertake a provisional approach (in which the 
side branch is stented only if treatment of the main branch 
results in compromised fl ow) or dual stent strategy (in 
which both main and side branches are treated with DES 
devices  de novo ) is required. Although a complete discus-
sion of bifurcation stenting is beyond the scope of this 
chapter, observational studies show the dual stent strategy 
is associated with higher risk of stent thrombosis  122   and a 
provisional strategy was shown to be safe and effective in 
the randomized NORDIC trial.  123   Dedicated - design bifur-
cation stents are currently under development and clinical 
investigation but have yet to be demonstrated superior. 
Technology that provides predictable and durable treat-
ment of the left main coronary artery and its bifurcation or 
trifurcation point is required before PCI can be legitimately 
compared to CABG in this important subset.  

  References 

1.     Dotter   CT  ,   Judkins   MP.    Transluminal treatment of arterioscle-
rotic obstruction: description of a new technique and a prelimi-
nary report of its application .  Circulation   1964 ; 30 : 654 .  

2.     Gruntzig   A.    Transluminal dilatation of coronary - artery steno-
sis .  Lancet   1978 ; 1 : 263 .  

3.     Gruntzig   AR  ,   Senning   A  ,   Siegenthaler   WE.    Nonoperative dila-
tation of coronary - artery stenosis: percutaneous transluminal 
coronary angioplasty .  N Engl J Med   1979 ; 301 : 61  –  8 .  

4.     Sandborn   TA  ,   Faxon   DP  ,   Haudenschild   C    et al.   The mechanism 
of transluminal angioplasty: evidence for formation of aneu-
rysms in experimental atherosclerosis .  Circulation   1983 ; 68 : 1136 .  

5.     Detre   K  ,   Holubkov   R  ,   Kelsey   S    et al ,  for the Coinvestigators of 
the NHLBI PTCA Registry. Percutaneous transluminal coro-
nary angioplasty in 1985 – 1986 and 1977 – 1981 .  N Engl J Med  
 1988 ; 318 : 265  –  270 .  

6.    ACC/AHA/SCAI .  2005 Guideline update for percutaneous 
coronary intervention. A report of the American College of 
Cardiology/American Heart Association Task Force on Prac-
tice Guidelines (ACC/AHA/SCAI Writing Committee to 
Update the 2001 Guidelines for Percutaneous Coronary Inter-
vention) .  J Am Coll Cardiol   2006 ; 47 : 1  –  121 .  

7.     Cooper   C  ,   El - Shiekh   R  ,   Cohen   D    et al.   Effect of transradial 
access on quality of life and cost of catheretrization: a random-
ized comparison .  Am Heart J   1999 ; 138 : 430  –  6 .  

BOX 26.6  Patients with  CCS  Class  III  angina 

  Class  II  a   i ndications 
     •      It is reasonable that PCI be performed in patients with 
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   Introduction and  h istoric  p erspective 

 Throughout its development, coronary artery bypass graft-
ing (CABG) has been studied extensively through random-
ized trials, prospective registries, and retrospective studies. 
It is arguably one of the most studied procedures in medi-
cine. Despite improvements in medical therapies and per-
cutaneous interventions, CABG remains an important 
therapy for millions of patients every year. Pioneering 
methods to restore blood supply to ischemic myocardium 
included placement of a pectoralis muscle fl ap on abraded 
pericardium by Beck in 1935,  1   direct implantation of the 
internal thoracic artery (ITA) onto the myocardium in 1950 
by Vineberg,  2,3   and  “ myocardial acupuncture ”  in 1965 by 
Sen.  4   Direct revascularization was possible after the devel-
opment of the cardiopulmonary bypass (CPB) machine by 
Gibbon  5   which, along with cardioplegia, allowed the heart 
to be stopped and the coronary arteries opened safely. In 
1958, Longmire reported an ITA to coronary anastomosis 
after an unsuccessful coronary atherectomy.  6   Goetz per-
formed the fi rst successfully planned CABG using a metal 
connector in 1960, with angiographic patency confi rmed 
two weeks after operation.  7   The fi rst saphenous vein was 
used as a graft in 1962 by Sabiston.  8   Kolessov, a Russian 
surgeon, was credited with the fi rst successful planned 
sutured ITA to coronary artery anastomosis in 1964.  9   

 After the development of coronary angiography at the 
Cleveland Clinic in 1957, the elective treatment of coronary 
atherosclerosis began to grow.  10   The fi rst large - scale series 
of CABG procedures were published between 1968 and 
1970 demonstrating the success of CABG and ensuring its 
place in the treatment of coronary artery disease (CAD).  11 – 15   
Over the ensuing three and a half decades, the procedure 
has been refi ned with a decline in mortality rate below 

2.5% currently.  16   Curiously, one of the most recent 
developments is a return to  “ off - pump ”  techniques 
obviating the need for CPB, the very technologic innova-
tion arguably most responsible for the widespread adop-
tion of CABG.  

  Incidence,  n atural  h istory, and  p rognosis 

 Given the clinical importance of the condition, the inci-
dence, natural history, and prognosis of CAD in general 
are covered in detail elsewhere in this volume. Still, it is 
worth emphasizing that in contrast to percutaneous tech-
niques, surgical revascularization has been defi nitively 
shown to improve fi ve - year survival among patients with 
multivessel disease.  17 – 19   This may be due to the ability of 
CABG to protect against future culprit lesions (Fig.  27.1 ).  20      

  Management 

  Coronary  a rtery  b ypass  g rafting  v ersus  m edical 
 m anagement 

 The American Heart Association and American College of 
Cardiology have developed comprehensive guidelines (Box 
 27.1 ) describing the indications for CABG based on patient 
symptom status and angiographic features of CAD.  21   These 
guidelines are based on the best available evidence; 
however, many of the classic studies have limitations. Most 
patients in the CABG versus medical management trials 
were younger than 65 years of age, 80% had a left ventricu-
lar (LV) ejection fraction of  ≥ 50%, and the majority of 
patients were men. Thus, patients enrolled in these trials 
were generally low risk from the standpoint of both the risk 
of performing the procedure and the risk of the natural 
history of the disease itself. Furthermore, the surgical 
patients did not routinely receive arterial bypass conduits 
nor did they receive routine aspirin postoperatively, both 
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     Figure 27.1     PCI is targeted at a specifi c culprit lesion. CABG 
protects against future culprit lesions by bypassing much of a coronary 
artery including both culprit and  “ future culprit ”  lesions. The dark 
shading indicates the residual lumen.  (Reproduced with permission 
from Elsevier Ltd. Opie LH, Commerford PJ, Gersh BJ.  Lancet  
2006; 367 :69 – 78.)   
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of which may be expected to positively impact graft 
patency. Of course, they also underwent surgical proce-
dures without current myocardial protection strategies 
which may be expected to reduce perioperative risk. 
Equally, it must be said that among the patients who 
received medical therapy alone, there was no routine 
aspirin, beta - blockade or lipid - lowering therapy, nor were 
angiotensin - converting enzyme (ACE) inhibitors routinely 
prescribed. Despite these major limitations, these studies 
are remarkably consistent in their primary fi ndings and 
their conclusions continue to be supported by recent 
studies, suggesting that they remain generalizable to 
current practice.   

 The Coronary Artery Surgery Study (CASS),  22   the Veter-
ans Administration (VA) Co - operative Study Group,  23,24   
the European Coronary Surgery Study (ECSS),  25,26   and 
several other smaller randomized trials  27 – 30   conducted 
between 1972 and 1984 provide outcome data comparing 
medical and surgical therapy. The relative benefi ts of 
CABG over medical therapy on survival are greatest in 
patients at highest risk of complications of their disease as 
defi ned by the severity of angina and/or ischemia, the 
number of diseased vessels, and the presence of LV dys-
function  31   (Fig.  27.2 ). The survival advantage of surgery 
over medicine has not been demonstrable among patients 
with single - vessel disease.  32 – 34   It should be emphasized, 
however, that these trials involved primarily patients with 
moderate chronic stable angina. These conclusions may, 
therefore, not necessarily apply to patients with unstable 
angina or to patients with more severe degrees of chronic 

stable angina in whom the area of myocardium at risk may 
be higher.   

 A meta - analysis  31   of the seven randomized trials cited 
above demonstrated a survival benefi t at fi ve, seven and 
10 years for surgically treated patients at highest risk of 
death due to their disease and among those at moderate 
risk, but no evidence of a survival benefi t for those patients 
at lowest risk, as defi ned by a modifi ed version of the 
Veterans Administration Risk Score  23   and a stepwise risk 
scoring system.  31   These scoring systems used a combina-
tion of both clinical and angiographic variables including 
angina class, history of hypertension, history of myocardial 
infarction, depressed ejection fraction ( < 50%), and a proxi-
mal left anterior descending (LAD) lesion  > 50%. Non - 
randomized studies have also demonstrated a benefi cial 
effect of surgery on survival of patients with multivessel 
disease and severe ischemia regardless of LV function.  35 – 38   

 The more recent randomized trials of CABG versus 
medical therapy also support a strategy of revascularization 
among patients with symptomatic angina. The Trial of 
Invasive versus Medical therapy in Elderly (TIME) enrolled 
elderly ( > 70 y) patients with chronic symptomatic CAD. 
The incidence of major adverse events (death, non - fatal 
myocardial infarction (MI) or hospitalization) was lower 
(19% vs 49%,  P     <    0.0001) and angina relief was greater 
(anginal class decreased by 2 vs 1.3,  P     <    0.0001), and all 
measures of quality of life ( P     <    0.05 for SF36 score, Duke 
activity score, and Rose score) were superior for those 
undergoing coronary angiography and surgical revascular-
ization than in those randomized to an initial trial of medical 
therapy without angiography.  39   In the Asymptomatic 
Cardiac Ischemia Pilot (ACIP) trial, patients with anatomy 
amenable to CABG were randomized to anti - ischemic 
therapy directed at relief of angina, to drug therapy guided 
by non - invasive measures of ischemia, or to revasculariza-
tion by CABG or percutaneous coronary interventions 
(PCI).  40   At two years, mortality was 6.6% in the angina -
 guided group, 4.4% in the ischemia - guided group, and 1.1% 
in the revascularization group ( P     <    0.02). At two years of 
follow - up, the rates of death or MI were 12.1%, 8.8%, and 
4.7% respectively ( P     <    0.04). In the recent BARI 2D trial 
performed in patients with type 2 diabetes and stable coro-
nary artery disease, by 5 years of follow - up there were 
fewer major cardiovascular events among CABG patients 
than among those receiving only optimal medical therapy.  40a   

 Early concern over high operative mortality in patients 
with decreased LV systolic function has been replaced by 
the realization that the survival benefi t to these patients 
is particularly great with surgical revascularization com-
pared with medical therapy. Thus, LV dysfunction in 
patients with documented ischemia is now considered an 
important indication for CABG  21,22,35,41,42   with operative 
mortality rates as low as 4.6%.  43   Evidence that hibernating 
or stunned myocardium regains contractile function 
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BOX 27.1   American College of Cardiology/American Heart Association Guidelines published in 2004 outline the indications 
for coronary artery bypass grafting.   21    This box summarizes guidelines for asymptomatic or mild angina and stable angina. 

  Asymptomatic or  m ild  a ngina 

  Class  I  
     •      Signifi cant left main coronary artery stenosis. (Level A)  
   •      Left main equivalent:  ≥ 70% stenosis of the proximal LAD 

and proximal left circumfl ex artery. (Level A)  
   •      Three - vessel disease. (Survival benefi t is greater in patients 

with abnormal LV function, e.g. LVEF  < 50% and/or large 
areas of demonstrable myocardial ischemia.) (Level C)     

  Class  II  a  
     •      Proximal LAD stenosis with one -  or two - vessel disease. 

(Becomes a Class I if extensive ischemia is documented by 
non - invasive study and/or LVEF  < 50%.) (Level A)     

  Class  II  b  
     •      One -  or two - vessel disease not involving the proximal 

LAD. (If a large area of viable myocardium and high - risk 
criteria are met on non - invasive testing, this 
recommendation becomes Class I.) (Level B)      

  Stable  a ngina 

  Class  I  
     •      Signifi cant left main coronary artery stenosis. (Level A)  
   •      Left main equivalent:  ≥ 70% stenosis of the proximal LAD 

and proximal left circumfl ex artery. (Level A)  
   •      Three - vessel disease. (Survival benefi t is greater when 

LVEF  < 50%.) (Level A)  
   •      Two - vessel disease with signifi cant proximal LAD stenosis 

and either LVEF  < 50% or demonstrable ischemia on 
no - ninvasive testing. (Level A)  

   •      One -  or two - vessel CAD without signifi cant proximal 
LAD stenosis but with a large area of viable myocardium 
and high - risk criteria on non - invasive testing. (Level B)  

   •      Disabling angina despite maximal non - invasive therapy, 
when surgery can be performed with acceptable risk. If 
angina is not typical, objective evidence of ischemia 
should be obtained. (Level B)     

  Class  II  a  
     •      Proximal LAD stenosis with one - vessel disease. (This 

recommendation becomes Class I if extensive ischemia is 
documented by non - invasive study and/or LVEF  < 50%). 
(Level A)  

   •      One -  or two - vessel CAD without signifi cant proximal LAD 
stenosis but with a moderate area of viable myocardium and 
demonstrable ischemia on non - invasive testing. (Level B)     

  Class  III  
     •      One -  or two - vessel disease not involving signifi cant 

proximal LAD stenosis, patients who have mild symptoms 
that are unlikely to be due to myocardial ischemia, or who 
have not received an adequate trial of medical therapy and 
have only a small area of viable myocardium or have no 
demonstrable ischemia on non - invasive testing. (Level B)  

   •      Patients with angina who have borderline coronary 
stenoses (50 – 60% diameter in locations other than the left 
main coronary artery) and no demonstrable ischemia on 
non - invasive testing. (Level B)  

   •      CABG is not recommended for patients with stable angina 
who have insignifi cant coronary stenosis ( < 50% diameter 
reduction). (Level B)       

     Figure 27.2     After 10 years of follow - up, 
CABG extends survival in most moderate -  and 
high - risk subgroups when compared to 
medical management. Patients were classifi ed 
into low, moderate, and high risk using the 
formula: (0.015    ×    age)   +   (0.56    ×    presence of 
class III/IV angina)   +   (0.35    ×    history of 
myocardial infarction)   +   (0.62    ×    abnormal 
ejection fraction)   +   (0.53    ×    proximal lesion of 
 > 50% in LAD).  (Reproduced with permission 
from Elsevier Ltd. Yusuf S, Zucker D, 
Passamani E  et al. Lancet  1994; 344 :563 – 70.)   



PART IIIA  Stable coronary artery disease

382

following effective revascularization  44,45   has prompted 
expansion of the indications for surgical revascularization 
among patients with severe LV dysfunction to encompass 
most patients, including those who would otherwise be 
considered candidates for cardiac transplantation. 

 Apart from affording a survival benefi t, CABG is indi-
cated for the relief of angina pectoris and improvement in 
quality of life. Between 80% and 90% of patients who are 
symptomatic on medical therapy become symptom free 
following CABG. This benefi t extends to low - risk patients 
for whom survival benefi t from surgery is not likely.  31   
Relief of symptoms appears to relate to both the complete-
ness of revascularization and maintenance of graft patency, 
with the benefi t of CABG diminishing with time. Recur-
rence of angina following CABG surgery occurs at rates of 
3 – 20% per year.  46 – 49   Although enhanced survival is reported 
when an ITA graft is used to the LAD, there is no signifi -
cant difference in postoperative freedom from angina 
when compared to venous grafts.  50   This may be due to 
occurrence of ischemia due to diseases in the vein grafts 
used to targets other than the LAD or ischemia due to 
progression of native disease. 

 Unfortunately, few patients experience an advantage in 
work rehabilitation with surgery as compared with medical 
management. Generally, employment declines in both 
groups and is determined nearly as much by socioeco-
nomic factors such as age, preoperative unemployment, 
and type of job, as by type of therapy or clinical factors 
such as postoperative angina.  51 – 53   Notably, surgical revas-
cularization has not been shown to reduce the incidence of 
non - fatal events such as MI, although this may be due to 
perioperative infarctions which offset the lower incidence 
of infarction in follow - up.  36,54    

  Coronary  a rtery  b ypass  g rafting  v ersus 
 p ercutaneous  i nterventions 

 This topic is discussed in Chapter  28   .   

  Techniques 

  On -  p ump and  o ff -  p ump  c oronary  a rtery  b ypass 
 g rafting 

 The current results of conventional on - pump CABG 
(ONCAB) are excellent. Perioperative mortality rates as 
reported to the Society of Thoracic Surgeons (STS) database 
have demonstrated a consistent decline despite an increasing 
patient risk profi le (Fig.  27.3 ).  55   In 2005, the unadjusted mor-
tality rate for isolated primary CABG in the STS database 
was 2.2% and the median hospital length of stay was only 
fi ve days.  16   In return, the operation provides durable relief 
from angina pectoris and improves long - term survival.   

 ONCAB comes at a physiologic price, however, as CPB 
causes trauma to red cells and platelets while inducing a 
generalized infl ammatory response and activation of the 
cytokine, coagulation, and fi brinolytic cascades.  56   Non -
 pulsatile fl ow may have adverse effects on end - organ func-
tion  57   and cannulation for arterial infl ow may cause 
embolization of either air or calcium. Despite these risks, 
ONCAB became the predominant method of surgical 
revascularization through the 1980s.  58   

 While the techniques and technologies to perform 
ONCAB were being refi ned, including the introduction of 
biocompatible surfaces and centrifugal pumps,  59   interest in 
off - pump (OPCAB) techniques persisted among a small 
number of surgeons. In the early 1990s, observational 
studies were published  60 – 63   demonstrating good outcomes 
using OPCAB techniques. These data, along with a drive 
to make procedures less invasive by avoiding the known 
adverse effects of CPB, stimulated the development of 
cardiac stabilizing and positioning devices which have 
simplifi ed OPCAB procedures. 

 Unfortunately, despite initial enthusiasm, it has been dif-
fi cult to prove unequivocal superiority of OPCAB to 
ONCAB. As a general statement, retrospective studies 
have tended rather consistently to demonstrate benefi t of 
OPCAB, while prospective randomized studies have not. 
This may be in part due to the tendency of randomized 
trials to enroll low - risk patients and observational studies 
to include higher - risk patients. When mainly low - risk 
patients are enrolled, demonstration of differences between 
any two therapies  –  OPCAB vs ONCAB or PCI vs CABG 
 –  becomes very diffi cult, as adverse events are infrequent 
and large numbers of patients are required for differences 
between treatments to reach statistical signifi cance. Statisti-
cally signifi cant differences are more likely to be demon-
strable in observational trials thanks to the inclusion of 
high - risk patients. 

 Differences in mortality have been demonstrated by 
some investigators but not others. Randomized trials such 
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    Figure 27.3     The Society of Thoracic Surgeons database demonstrates a 
decreasing unadjusted operative mortality for patients undergoing 
isolated CABG procedures. This is despite increasing numbers of high - risk 
patients undergoing CABG.  http://www.sts.org/sections/
stsnationaldatabase/publications/executive/article.html .  
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as Octopus,  64,65   SMART,  66,67   PRAGUE - 4,  68,69   and others  70 – 73   
found no difference in survival. In an observational study 
of more than 68   000 patients, Racz and colleagues found no 
difference in risk - adjusted mortality between OPCAB and 
ONCAB.  74   In a large propensity - matched cohort, however, 
Mack  et al  demonstrated a difference in adjusted mortality 
(2.2% vs 3.7%,  P     <    0.001) favoring OPCAB.  75   Apparent dif-
ferences in mortality have also been demonstrated among 
specifi c high - risk subgroups. In a retrospective study of 
patients with a low ejection fraction ( ≤ 30%), OPCAB had a 
lower risk - adjusted mortality rate (1.47% vs 4.13%; 
 P     <    0.001).  76   Puskas  et al  demonstrated that OPCAB was 
associated with a signifi cant reduction in death (odds ratio 
(OR) 0.39,  P    =   0.001) when compared to ONCAB in a cohort 
of 7740 women.  66,67   An important subgroup of patients with 
CAD are those with renal failure. In an analysis of patients 
with end - stage renal disease (ESRD), OPCAB was associ-
ated with an operative mortality of 1.7%, whereas the mor-
tality rate of ONCAB was 10 - fold higher (17.2%,  P    =   0.003).  77   
At late follow up, however, the OPCAB group of patients 
with ESRD had an increased late mortality when compared 
to the ONCAB group (38.1% vs 19% annual mortality, 
 P    =   0.03). This somewhat surprising result may be due to 
the lower number of mean grafts per patient in the OPCAB 
group (2.4    ±    1.0 vs 3.3    ±    0.9,  P     <    0.001).  77   

 Apart from mortality, a number of retrospective 
studies have shown a benefi t to OPCAB with regard to 
morbidity, including lower need for blood products, less 
reoperation for bleeding, and less renal failure,  74,75   
although the results of randomized trials have varied. 
Puskas reported results of the SMART study in 2003, in 
which patients randomized to OPCAB received fewer 
units of blood and cardiopulmonary bypass was an inde-
pendent predictor of blood transfusion (OR 2.42, 
 P    =   0.007).  66   The reduction in blood transfusion rates was 
also reported in both the BHACAS trial and by Khan  et 
al   72   but was not found to be different between OPCAB 
and ONCAB in other studies.  69,70   In the SMART trial, 
postoperative length of stay was shorter in the OPCAB 
group by one day ( P    =   0.005)  66   but in both the PRAGUE - 4 
study  68,69   and others,  70,72,73   no differences in hospital stay 
were observed between OPCAB and ONCAB. 

 There has been heightened awareness of neurocognitive 
changes occurring after CABG surgery. While this is a 
 “ soft ”  endpoint and defi ned by complex neurocognitive 
testing, the degree of public concern is justifi ably great. It 
is arguable that a reduction in either neurologic decline or 
stroke would be the greatest benefi t of OPCAB surgery. 
Unfortunately, this has been diffi cult to prove. A small 
randomized study demonstrated a dramatic superiority in 
cognitive outcomes at one week after OPCAB surgery.  78   
Conversely, a randomized study of 60 patients demon-
strated no difference in cognitive function after three 
months in OPCAB and ONCAB patients.  79   The largest pro-

spective randomized study performed to address this 
question was the Octopus Study which enrolled 281 low -
 risk patients randomized to OPCAB or ONCAB. There was 
no difference in cognitive outcomes at fi ve years after 
surgery ( P     >    0.99).  64,65   Interpretation of these data is made 
more diffi cult by the variability in neurocognitive testing, 
the impact of other factors on testing outcomes such as 
depression, and the anticipated decline in neurocognitive 
function with aging, particularly among patients with 
advanced atherosclerotic disease. Indeed, similar changes 
in neurocognitive function have been identifi ed after PCI.  80   
Furthermore, the majority of individuals demonstrating 
neurocognitive changes early after cardiac surgery experi-
ence a return to baseline by three months.  81   

 While subject to underrecognition on clinical grounds, 
the endpoint of stroke is at least in some regards more 
clearly objective than that of neurocognitive decline. 
Hopes that OPCAB would reduce the incidence of this 
endpoint have also been largely unmet. Multiple small 
studies have been reported with results on both sides of 
the argument. In two different meta - analyses, however, 
the incidence of stroke following OPCAB surgery was not 
statistically signifi cantly reduced in comparison with 
ONCAB.  82,83   Similarly, there has been no difference in 
stroke in most randomized trials.  66 – 69,72,74   Arguments have 
been made that, as is the case for the issue of operative 
mortality, differences in stroke rate have not been demon-
strable in these relatively small studies due to the low - risk 
nature of the populations studied. This notion is sup-
ported by the results of a recent analysis of 49   830 patients 
in the New York State Registry in which a lower incidence 
of stroke was demonstrable in OPCAB patients (adjusted 
OR 0.70, 95% confi dence interval (CI) 0.57 – 0.86) (84). 
Unfortunately, most surgeons still place a clamp on the 
ascending aorta to perform proximal anastomoses for vein 
grafts when performing OPCAB. The operation is, there-
fore, not truly  “ no touch ”  with respect to the likely culprit 
source of cerebral embolic material, and it has been argued 
that the incidence of stroke after CABG may be deter-
mined more by the amount of aortic manipulation and 
less by the use of CPB.  85   

 Technically, OPCAB is more diffi cult to perform than 
ONCAB. This was particularly true in the early experience, 
and is still true today despite the introduction of a variety 
of stabilizing and positioning devices that facilitate anasto-
moses on the beating heart. Accordingly, in almost every 
study, the number of grafts performed off - pump is less 
than the number performed in the ONCAB control group. 
The quality of the anastomoses performed on the beating 
heart is also questioned by some. A meta - analysis of seven 
trials of patients undergoing OPCAB demonstrated a lower 
rate of complete revascularization (relative risk (RR) 0.959) 
and lower graft patency than patients undergoing tradi-
tional on - pump grafting (standardized mean difference 
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 − 0.164).  86   Others argue that this is a manifestation of inad-
equate institutional and surgeon experience, as centers 
with extensive experience in OPCAB have reported similar 
numbers of grafts to those performed in ONCAB.  66   

 Thus, while there is some controversy over the benefi ts 
of OPCAB over ONCAB, there is general agreement among 
surgeons that, in experienced hands, OPCAB can be per-
formed with mortality rates at least similar to, if not lower 
than, those for ONCAB procedures. There is likely a lower 
rate of transfusion and may well be a lower risk of renal 
failure with OPCAB. A reduction in stroke likely depends 
upon complete avoidance of aortic manipulation. There 
may be particular benefi t with regard to morbidity among 
high - risk patients such as women and the elderly (Class 
IIa, Level B). Utilization of the technique has stabilized in 
the United States at approximately 20%.  16    

  Left  a nterior  s mall  t horacotomy  p rocedure 

 There was some interest in the use of limited anterior small 
thoracotomy (LAST) procedures during the early years of 
OPCAB. This procedure was also called minimally invasive 
direct coronary artery bypass grafting (MIDCAB), and was 
applicable for revascularization of the LAD with the left 
ITA (LITA). It was argued that the small thoracotomy 
allowed for preservation of chest wall integrity while 
improving cosmesis due to the smaller incision. The proce-
dure proved technically demanding, however, with an 
increased risk of injury to the LITA during harvesting and 
lower anastomotic patencies when compared to a full ster-
notomy approach  87   (Class IIb, Level C). The chest wall 
incisions proved painful for the patients as well, indeed 
more so than a full sternotomy, and lung herniation was 
also a problem, dampening enthusiasm for the procedure. 
Furthermore, with advances in stent technology, the enthu-
siasm of cardiologists to refer patients for single - vessel 
bypass grafting waned. Currently, the principal application 
of the LAST procedure is in hybrid procedures involving 
surgical revascularization of the LAD artery and coronary 
stenting of the circumfl ex and right coronary arteries.  88,89    

  Robotics 

 Efforts to apply robotic and endoscopic techniques to 
perform CABG are ongoing. Robotics have been applied to 
every aspect of the procedure, ranging from mechanical 
stabilization of the endoscopic cameras to actual closed -
 chest, port - assisted ITA harvesting. Perhaps the most chal-
lenging aspect has been the robotic coronary artery 
anastomosis, a necessary step to accomplish the ultimate 
goal of totally endoscopic coronary artery bypass or 
TEACAB.  90 – 93   The main limiting factors include the diffi -
culty with coronary artery anastomoses without using 
mechanical connectors and diffi culty accessing the poste-
rior aspects of the heart. Thus far clinical experience is 

small and there are no data concerning long - term graft 
patency rates. As technology improves, this may fi nd a role 
in the future (Class IIb, Level C).  

  Conduits 

 The choice of conduit is dictated by three features: the 
anatomy of the CAD, the projected patency of various con-
duits, and conduit availability. Conduits are not all created 
equal, and their choice can have an important impact on 
long - term results. This must be kept in mind when evalu-
ations of the ultimate role of surgical CABG are made. 

  Arterial  c onduits 
 Although the fi rst conduits used were venous, due to their 
ready availability and favorable handling characteristics, a 
number of visionary individuals explored the use of arte-
rial conduits almost from the inception of CABG. Theoreti-
cally, arterial conduits should have a number of advantages 
over venous conduits, including inherent structural char-
acteristics adapted to higher, pulsatile pressures and an 
ability to autoregulate to meet increasing oxygen demand. 
Fortuitously, the most convenient of these, the internal tho-
racic artery (ITA), is particularly resistant to atherosclero-
sis. However, both arterial and venous grafts are limited 
by the target native coronary artery anatomy, as competi-
tive fl ow and poor run - off may limit patency. 

  Internal  t horacic  a rteries     The left ITA (LITA) should be used 
preferentially to graft the LAD artery (Class I, Level C). The 
durability of the LITA to the LAD has been demonstrated 
repeatedly to be superb, with angiographic patency rates as 
high as 96 – 98% at one year, 88 – 95% at 10 years, and 88% at 
15 years.  44,94 – 96   This compares with saphenous veins anasto-
mosed to the LAD which demonstrate patencies of 79% at 
two years.  97   The use of the LITA has been shown to increase 
late survival when compared to saphenous vein grafts.  44,98,99   
Use of the LITA has also been shown to be associated with 
lower operative mortality, even in the elderly, perhaps as a 
refl ection of superior patency even in the immediate post-
operative period.  100 – 102   Some reports have also shown a 
decrease in subsequent MI and reoperation.  44,103   

 The right internal thoracic artery (RITA) has similarly 
good patency rates when compared to the LITA when 
grafted to the LAD. The patency of both arteries, however, 
is dependent on the territory to which it is anastomosed. 
Tatoulis  et al  have reported on over 2000 arterial conduits, 
with overall RITA patency of 96% patency at fi ve years, 
81% at 10 years, and 65% at 15 years.  96   Patency was best 
when the RITA was anastomosed to the LAD and worst 
when anastomosed to the right coronary artery territory. 
An adverse effect of competitive fl ow was also apparent, 
with optimal patencies obtained when the native coronary 
artery had obstructive disease greater than 70 – 90%.  96,104   



CHAPTER 27  Surgical coronary artery revascularization

385

Accordingly, the RITA should be utilized as an alternative 
conduit to the LAD in patients who have appropriate 
anatomy (Class IIa, Level C). 

 These fi ndings have lead to the use of both right and left 
(bilateral) internal thoracic arteries (BITA). Large observa-
tional studies have shown slightly lower reoperative and 
reintervention rates in patients who receive two internal 
thoracic arteries (ITA).  105 – 107   It has been more diffi cult to 
demonstrate a clear survival benefi t for BITA grafting. A 
large retrospective study from the Cleveland Clinic, 
however, has demonstrated seven - , 10 - , 15 - , and 20 - year 
survival to be 87%, 78%, 58%, and 37% in patients who 
received one internal mammary compared to 89%, 81%, 
67%, and 50% in patients who received BITA ( P     <    0.001).  108,109   
However, retrospective comparisons such as this are 
subject to selection bias (despite propensity matching), as 
it was likely younger healthier patients were more likely 
to receive BITA grafting. A slightly increased risk of medi-
astinitis has been noted in diabetics  110   but this has been 
refuted in other studies,  111,112   particularly when the arteries 
are taken in a skeletonized fashion (the artery is isolated 
from its surrounding veins and other tissues).  113,114   BITA 
are used mainly in younger patients in whom long - term 
patency is especially important (Class IIa, Level C).  

  Radial  a rtery     The radial artery was fi rst employed by Car-
pentier early in the experience with CABG; however, early 
experience suggested high graft occlusion and graft spasm 
in this artery.  115   Subsequently, a number of grafts thought 
to be occluded at early study were found to be patent at 
late angiography,  116   stimulating renewed interest. The ran-
domized Radial Artery Patency Study (RAPS) demon-
strated increased patency of radial arteries at one year 
when compared to venous grafts (91.8% vs 86.4 %, 
 P    =   0.009).  117   Occlusion or stenosis of the radial artery was 
more likely in native vessels with  < 90% stenoses. However, 
in patients with peripheral vascular disease, radial arteries 
had a poorer patency when compared to venous grafts.  118   
Radial arteries may also be used as part of a composite 
graft with the LITA to achieve a total arterial grafting strat-
egy (Fig.  27.4 ). In composite grafts, radial arteries can 
achieve statistically similar patencies to the LITA when 
anastomosed to critically stenosed targets in the left coro-
nary artery system.  119,120   The radial artery is generally har-
vested from the forearm of the non - dominant hand in 
patients with an intact palmar arch and various vasodila-
tors are used to decrease spasm intraoperatively and post-
operatively. Radial arteries can be used as an alternative to 
venous grafting (Class IIa, Level B).    

  Other  a rterial  c onduits     Other arterial conduits have been 
proposed including the inferior gastroepiploic artery (IEA) 
and right gastroepiploic artery (GEA). The GEA is most 
frequently anastomosed to the posterior descending artery 

and GEA grafts have a reported one - , fi ve -  and 10 - year 
patency rate of 91 – 93%, 80%, and 62%.  121 – 124   Patency of the 
GEA improves as the severity of coronary artery lesions 
increases in native coronary arteries, much like the radial 
artery. Previous gastric resection, GEA instrumentation or 
documented mesenteric vascular insuffi ciency are contra-
indications to its use. GEA use has generally been super-
seded by the radial artery, as the GEA has limited long - term 

     Figure 27.4     Both arterial and venous conduits may be used to form 
composite grafts which allow for a reduction in the number of proximal 
anastomoses. Composite grafts may increase late conduit patency due to 
increased distal run - off. The black arrow demonstrates a composite ( “ Y ” ) 
graft made up of a LIMA (large, dark arrow) and a venous graft (smaller, 
light arrow).  (Reproduced with permission of Mayo Foundation for 
Medical Education and Research. All rights reserved.)   
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data, frequent spasm, potential for intra - abdominal com-
plications, and size mismatch with the native coronary 
arteries (Class IIb, Level C). 

 Other arterial conduits have been proposed in patients 
who have limited conduit availability. Use of the ulnar, left 
gastric, splenic, thoracodorsal, and lateral femoral circum-
fl ex arteries has been reported.  125 – 127   As these conduits do 
not have proven long - term patencies, they should not be 
considered preferable to venous grafts and should be gen-
erally used only when other conduits are unavailable 
(Class IIb, Level C).   

  Venous  c onduits 
  Greater  s aphenous  v eins     The saphenous vein continues to be 
commonly used due to its accessibility, versatility, and 
availability of both early and late results (Class IIa, Level 
B). The greater saphenous vein has two recognized modes 
of failure. Early failure is generally a technical problem, 
due to anastomotic problems, kinking of the graft, poor 
run - off or progression of native CAD. At one year, approxi-
mately 75 – 80% of veins will remain angiographically 
patent.  128   Late failure of vein grafts is usually due to pro-
gression of atherosclerotic disease of the graft itself. 
Freedom from graft failure at fi ve and 10 years is approxi-
mately 60% and 40%, respectively.  129   

 These vein graft patency estimates were produced before 
many routine medical therapies such as early aspirin 
administration and lipid - lowering therapy,  130 – 133   which 
may increase late vein patency (Class IIa, Level B). A trial 
is under way to determine if aspirin and clopidogrel may 
further decrease intimal hyperplasia of vein grafts when 
compared to aspirin alone.  134   Newer therapies are also in 
development, and the recent PREVENT IV trial tested the 
impact of edifoligide, an inhibitor of E2F transcription 
factors, on short - term vein patency. Unfortunately, no 
benefi t was found as the graft failure rate was 45.2% in the 
edifoligide group and 46.3% in the placebo group at one 
year ( P    =   0.66), although longer follow - up may be required 
to demonstrate benefi t of this novel therapy.  135   

 With increasing frequency, saphenous veins are har-
vested using a minimally invasive endoscopic technique 
(Class IIa, Level B). Despite concerns regarding the poten-
tial of increased trauma during harvesting, there appears 
to be little evidence of damage.  136 – 139   The advantages of 
endoscopic harvest include decreased wound complica-
tions and improved cosmetic results. The three -  and six -
 month patency rates were similar to open harvest in two 
small randomized studies.  140,141   However, there are no data 
on long - term patency, which may be when intimal damage 
is most apparent with accelerated atherosclerosis of the 
vein grafts.  

  Alternative  v enous  c onduits     The lesser saphenous and 
cephalic veins, as well as cryopreserved homologous vein 

grafts and glutaraldehyde - treated homologous vein grafts, 
have poor patencies in comparison to the greater saphe-
nous vein.  142,143   These alternative conduits should only be 
used in the absence of any other conduit material (Class 
III, Level C).    

  Endarterectomy 

 Coronary endarterectomy may be performed in combina-
tion with bypass grafting in patients with diffuse CAD for 
whom no acceptable site for distal anastomosis can be 
found. The operative mortality rate is in most series 
approximately twofold greater than that of patients who 
undergo CABG, but this may be a refl ection of greater co -
 morbidities in these patients.  144   It is generally accepted that 
the graft patency rate is less when the target has been end-
arterectomized when compared to direct grafting; however, 
it is not prohibitive.  145   Therefore, endarterectomy remains 
a valuable tool in selected patients who have some of the 
most severe CAD (Class IIb, Level C).   

  Conclusion 

 Surgical coronary artery bypass grafting continues to 
evolve. There have been novel developments in both CABG 
and medical management which have enabled good 
survival and quality of life for patients with CAD. With 
greater understanding of which patients derive the greatest 
benefi t from surgical revascularization, CABG will con-
tinue to be an important modality in the treatment of CAD. 
In stable angina, surgical revascularization remains indi-
cated according to AHA/ACC guidelines for left main 
CAD, left main equivalent CAD, and triple - vessel disease 
(Class I). Also, proximal LAD disease with either a 
depressed ejection fraction ( < 35%) or documented isch-
emia, proximal LAD disease with two - vessel disease and a 
large territory of myocardium at risk, and disabling angina 
despite maximal non - invasive therapy are also Class I indi-
cations. Furthermore, Class II indications in stable angina 
include proximal LAD stenosis with one - vessel disease 
and one -  or two - vessel disease with a documented moder-
ate amount of myocardium at risk and demonstrable 
ischemia.  
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   Introduction 

 Coronary artery bypass grafting (CABG) and percutaneous 
coronary intervention (PCI) are the most commonly per-
formed major procedures in the world today. Since their 
introduction, these procedures have been increasingly 
used for the treatment of coronary artery disease 
(CAD). In the United States, according to National 
Center for Health Statistics estimates, nearly 427   000 CABG 
and 1.2 million PCI procedures were performed in 2004.  1   
It is estimated that these interventions account for a 
signifi cant proportion of healthcare expenditures, with 
the estimated direct and indirect costs of CAD for 2007 
being $151.6 billion.  1   The immediate risks inherent in 
these procedures need to be balanced against the 
expected benefi ts. Sound clinical judgment and decision 
making with respect to revascularization options in 
patients who have CAD require detailed knowledge of 
both the evidence in support of these procedures and the 
specifi c patient subsets that are likely to derive the most 
benefi t. 

 In general, the broad indications for myocardial revascu-
larization are to: 
   •      improve prognosis (probability of survival)  
   •      improve symptoms  
   •      potentially prevent non - fatal events, such as myocardial 
infarction (MI), arrhythmias or heart failure.    

 Over the past four decades, a considerable volume of 
literature from prospective randomized clinical trials and 
large national databases has been published on the applica-
tion and comparisons of various revascularization strate-
gies. These data have helped in formulating well - defi ned 
indications for and the selection of appropriate revascular-
ization methods. However, because of rapid growth and 

refi nements in revascularization techniques and technolo-
gies, the optimal method of revascularization for numer-
ous patients continues to be a subject of intense debate. In 
this chapter, we summarize the data from clinical trials and 
databases, with a view to developing a conceptual frame-
work that allows the application of this information to 
clinical practice.  

  The  e ffectiveness of  c oronary  a rtery 
 b ypass  g raft  s urgery  v ersus  m edical 
 t herapy  (see also Chapter  27 )    

 The early randomized trials of the 1970s fi rst established 
CABG as an effective treatment for angina pectoris. These 
small, prospective, randomized controlled trials included 
the European Coronary Surgery Study (ECSS),  2,3   the Veter-
ans Administration Coronary Artery Bypass Surgery 
Cooperative Study (VA)  4   and the Coronary Artery Surgery 
Study (CASS).  5,6   The trials compared CABG with medical 
therapy in patients who had stable angina. In a collabora-
tive meta - analysis,  3   the primary patient information on 
2649 patients enrolled in the evaluated trials was combined 
to assess outcomes at fi ve and 10 years. Overall, CABG 
improved survival across all patients by 4.3 months at 10 -
 year follow - up ( P    =   0.003). Because of the perioperative 
mortality rate associated with CABG, the mortality rate at 
one year was not signifi cantly different between the groups, 
and a net benefi t in favor of CABG was not observed for 
2 – 3 years. At 5 – 7 years, the advantage with CABG increased 
before it narrowed again at 10 – 12 years (Fig.  28.1 ). A sig-
nifi cant heterogeneity of treatment effect was observed 
among various angiographic and clinical subsets. The 
patients who seemed to derive the most benefi t were those 
with left main CAD (n   =   174) (relative risk (RR) 0.32; 
 P    =   0.004), multivessel disease (RR 0.58;  P     <    0.001), and 
one -  or two - vessel disease with proximal left anterior 
descending coronary artery (LAD) involvement (RR 0.58; 
 P    =   0.05). Although the relative benefi ts were similar 

28  Comparisons of  p ercutaneous  c oronary 
 i ntervention and  c oronary  a rtery 
 b ypass  g rafting  

    Arashk   Motiei  ,   Thoralf M   Sundt   III     Charanjit S   Rihal  
  Mayo Clinic, Rochester, MN, USA       

Evidence-Based Cardiology, 3rd edition. Edited by S. Yusuf, J.A. Cairns, 
A.J. Camm, E.L. Fallen, and B.J. Gersh. © 2010 Blackwell Publishing, 
ISBN: 978-1-4051-5925-8.

and



CHAPTER 28  Comparisons of percutaneous coronary intervention and coronary artery bypass grafting

393

regardless of left ventricular (LV) function, the absolute 
benefi t was greater in patients with abnormal LV ejection 
fraction (EF) because of the higher risk of death in this 
group. Absolute mortality benefi ts were also greater 
among patients with evidence of myocardial ischemia as 
manifested by severe anginal symptoms or an abnormal 
exercise test (Table  28.1 ).     

 It has been established that, in regard to symptomatic 
improvement, surgically treated patients have a higher 
likelihood of staying symptom free than medically treated 
patients, and use less antianginal medication than medi-
cally treated patients at fi ve years.  7   However, at 10 years, 
these differences are not statistically signifi cant. It should 
be noted, however, that a high degree of cross - over from 
medical treatment to surgical treatment by 10 years may 
account for these fi ndings. 

 In the application of these results to patient care in the 
current era, several limitations of the trials must be recog-
nized. These early trials tended to include low - risk patients 
of whom only 20% had an EF of less than 50%. Further-
more, almost all patients were male and between 40 and 60 
years of age. Only one trial (CASS) included women and, 
in this trial, medical therapy was limited to nitrates and 
beta - blockers. At the time of these trials, aspirin and lipid -
 lowering agents were not routinely prescribed for patients 
with CAD. In CASS, only 14% of patients received an inter-
nal mammary artery (IMA) graft.  8   The profound impact of 
these grafts on survival is now well documented.  9,10   The 
limited use of IMA grafts is a critical limitation of earlier 
trials of CABG. Also, patients with severe LV dysfunction 
were excluded from most of the randomized controlled 
trials. Data on this patient group are largely based on 
observational studies. In their meta - analysis of random-
ized trials, Yusuf  et al   3   found that 40% of the patients 
assigned to medical therapy in the trials had had surgery 
by 10 years. These cross - overs in treatment tended to occur 
in the subgroups at highest risk. Therefore, the true benefi ts 

of surgery, particularly in the high - risk groups, are likely 
underestimated. In the recent BARI 2D trial performed in 
patients with type 2 diabetes and stable coronary artery 
disease, by 5 years of follow - up there were fewer major 
cardiovascular events among CABG patients than among 
those receiving only optimal medical therapy.  40a   

 Patients older than 75 years are increasingly undergoing 
CABG, and population - based rates estimates are higher 
than for patients younger than 75 years.  2,11   Despite this 
profi le of increasing risk, operative mortality rates have 
continued to decline.  12   Since the early trials, advances have 
been substantial in the medical, percutaneous, and surgical 
management of CAD. Beta - blocker use is now more wide-
spread, and the introduction of newer antiplatelet agents, 
statins, and angiotensin - converting enzyme inhibitors has 
revolutionized the medical management of these patients. 
Percutaneous revascularization techniques are common 
and continue to evolve with improved technology, experi-
ence, and the use of drug - eluting stents (DES) and adjuvant 
antiplatelet therapies. The operative and perioperative 
management of patients who undergo bypass surgery has 
also improved with increased use of arterial grafting, less 
invasive procedures, and improved attention to secondary 
prevention. Although the main messages obtained from 
the early trials are still relevant today, estimates of the 
degree of risks and benefi ts are likely to be different today 
from those suggested by these studies.  

  The  e ffectiveness of  p ercutaneous 
 c oronary  i ntervention 

 Since the introduction of percutaneous transluminal coro-
nary angioplasty (PTCA) in the 1970s as a treatment for 
single - vessel CAD, it has become one of the most com-
monly performed procedures. During the past three 
decades, PTCA procedures have been applied to multives-
sel CAD and even to left main CAD. Initial trials of PTCA 
compared balloon angioplasty with medical therapy. 
However, with the advent of coronary artery stents, subse-
quent studies saw an increasing use of these devices. 

  Balloon  a ngioplasty  v ersus  m edical  t herapy  
(see also Chapter  26 )    

 A meta - analysis of six prospective, randomized clinical 
trials comparing balloon angioplasty with medical therapy 
included 1904 patients with nonacute CAD.  13,14   Among the 
low - risk patients with symptomatic CAD (Canadian Car-
diovascular Society (CCS) angina class II or greater; average 
mortality rate  < 1% per year), balloon angioplasty clearly 
provided superior control of angina pectoris, although it 
was associated with an increased need for subsequent 
CABG. There was no signifi cant impact on subsequent 

     Figure 28.1     Comparison of mortality rates of all studies in meta -
 analysis of trials of coronary artery bypass grafting (CABG) versus medical 
treatment.  (Reproduced with permission from Yusuf  et al   3  )   



P
A

R
T

 IIIA
 Stable coronary artery d

isease

3
9
4

 Table 28.1     Results of  s ubgroups with  m edical  t herapy and with  c oronary  a rtery  b ypass  g rafting ( CABG ) at  fi  ve  y ears 

   Subgroup     Overall numbers     Medical treatment 
mortality rate, %  

   Odds ratio 
(95% CI)  

    P  for CABG surgery vs 
medical treatment  

    P  for interaction  

   Deaths     Patients  

  Vessel disease  

     One vessel    21    271    9.9    0.54 (0.22 – 1.33)    0.18    0.19  

     Two vessels    92    859    11.7    0.84 (0.54 – 1.32)    0.45      

     Three vessels    189    1341    17.6    0.58 (0.42 – 0.80)     < 0.001      

     Left main artery    39    150    36.5    0.32 (0.15 – 0.70)    0.004      

  No LAD disease  

     One or two vessels    50    606    8.3    1.05 (0.58 – 1.90)    0.88    0.06  

     Three vessels    46    410    14.5    0.47 (0.25 – 0.89)    0.02      

     Left main artery    16    51    45.8    0.27 (0.08 – 0.90)    0.03      

     Overall    112    1067    12.3    0.66 (0.44 – 1.00)    0.05      

  LAD disease present  

     One or two vessels    63    524    14.6    0.58 (0.34 – 1.01)    0.05    0.44  

     Three vessels    143    929    19.1    0.61 (0.42 – 0.88)    0.009      

     Left main artery    22    96    32.7    0.30 (0.11 – 0.84)    0.02      

     Overall    228    1549    18.3    0.58 (0.43 – 0.77)    0.001      

  LV function  

     Normal    228    2095    13.3    0.61 (0.46 – 0.81)     < 0.001    0.90  

     Abnormal    115    549    25.2    0.59 (0.39 – 0.91)    0.02      

  Exercise test status  

     Missing    102    664    17.4    0.69 (0.45 – 1.07)    0.10    0.37  

     Normal    60    585    11.6    0.78 (0.45 – 1.35)    0.38      

     Abnormal    183    1400    16.8    0.52 (0.37 – 0.72)     < 0.001      

  Severity of angina  

     Class 0, I, II    178    1716    12.5    0.63 (0.46 – 0.87)    0.005    0.69  

     Class III, IV    167    924    22.4    0.57 (0.40 – 0.81)    0.001      

   CI, confi dence interval; LAD, left anterior descending artery; LV, left ventricular.     Modifi ed from Yusuf  et al ,  3   with permission. 
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death, MI or subsequent balloon angioplasty. These data 
suggested that balloon angioplasty was indicated when the 
desired level of anginal relief and physical activity could 
not be achieved with medical therapy alone and that 
prophylactic balloon angioplasty could not be recom-
mended for the treatment of CAD in the absence of angina 
or ischemia.  14   However, most of these studies were under-
taken before 1997. Balloon angioplasty was plagued by 
restenosis, with a need for repeat procedures in up to 34% 
of patients at one year.  15    

  Bare  m etal  s tents 

 The high incidence of restenosis after balloon angioplasty 
was initially addressed with the introduction of bare metal 
stents (BMS). Introduced for the treatment of coronary dis-
sections after balloon angioplasty, BMS were rapidly 
adopted by clinicians for routine use during balloon angio-
plasty, thus leading to immediate improvements in proce-
dural safety and success. In particular, the rate of emergency 
CABG decreased from about 5% to less than 1%, and angio-
graphic success became routine and independent of lesion 
morphologic factors  16   (Fig.  28.2 ). The short - term therapeu-
tic effects of these stents have been evaluated in several 
trials,  17,18   and although restenosis was signifi cantly 
decreased, it continued to be a substantial clinical problem.  17   
In a meta - analysis based on 29 trials involving 9918 patients, 
there was no evidence of a difference between routine coro-
nary stenting and standard PTCA in terms of deaths or MI 
(odds ratio (OR) 0.90, 95% confi dence interval (CI) 0.72 –
 1.11) or the need for CABG (OR 1.01, CI 0.79 – 1.31). Coro-
nary stenting decreased both the rate of restenosis (OR 
0.52, CI 0.37 – 0.69) and the need for repeated PTCA (OR 
0.59, CI 0.50 – 0.68).  19   It is important to note that these trials 
did not include higher - risk lesions treatable with stenting 
but not with PTCA alone.   

 Several studies have compared PCI performed with or 
without stents with medical therapy in patients who have 
stable CAD. A meta - analysis of 11 randomized controlled 
trials of PCI versus medical therapy included a total of 2950 
patients with non - acute CAD.  20   The use of stents in the 
trials of this meta - analysis was variable (range, 30 – 100%). 
There was no substantial difference between initial PCI and 
initial medical strategies with regard to mortality rate, 
cardiac death, fatal MI or non - fatal MI  20   (Fig.  28.3 ).   

 The most recent comparison of PCI and medical therapy 
was the Clinical Outcomes Utilizing Revascularization and 
Aggressive Drug Evaluation (COURAGE) trial.  21   The 
investigators randomly assigned 2287 patients with stable 
CAD to receive either optimal medical therapy alone or 
PCI with optimal medical therapy on the basis of carefully 
selected clinical and angiographic criteria. At a median 
follow - up of 4.6 years, the cumulative frequency of the 
primary endpoint of death or non - fatal MI was 19.0% in 
the PCI group and 18.5% in the medical therapy group 
( P    =   0.62). 

 In conclusion, PCI and medical therapy appear to lead 
to similar outcomes in rates of death and MI in patients 
with stable CAD. PCI with BMS is consistently associated 
with lower rates of angina and subsequent revasculariza-
tion compared with medical therapy. In patients who have 
characteristics similar to those of patients enrolled in the 
randomized controlled trials, either strategy, medical 
therapy or PCI, is appropriate.  

  Drug -  e luting  s tents 

 Despite the introduction of BMS, the chief limiting factor 
of percutaneous revascularization continued to be resteno-
sis. Consequently, numerous agents have been used as 
stent coatings in the hope of preventing thrombosis, neo-
intimal proliferation, and subsequent restenosis. Currently, 
all FDA - approved DES are a device - polymer - drug combi-
nation. Several randomized clinical trials have found that 
these stents are effi cacious in decreasing the rates of reste-
nosis and revascularization.  22 – 37   

 In a meta - analysis of 19 randomized controlled trials that 
included 8987 patients and compared DES with BMS, the 
overall mortality rate was not signifi cantly different 
between the treatment groups (0.9% with DES vs 1.2% with 
BMS;  P    =   0.92).  38   The overall adjusted rate for angiographic 
restenosis was 10.6% in the DES group versus 31.8% in 
the BMS (control) group ( P     <    0.001) (Fig.  28.4 ). The 
overall adjusted rate for angiographic target - lesion revas-
cularization was 6.2% in the DES group versus 16.6% in 
the control group ( P     <    0.001). The Q - wave MI - adjusted 
percentage was 1.1% with DES versus 0.8% with BMS 
( P    =   0.33).   

 There has been a tendency to regard restenosis as a 
benign process. However, emerging data seem to challenge 

     Figure 28.2     Incidence of emergency coronary artery bypass grafting 
(CABG) over time after percutaneous coronary intervention procedures, 
1979 – 2004.  * Armitage test for trend.  (Reproduced with permission from 
Yang  et al   16  )   
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this notion, largely because a substantial fraction of patients 
who have restenosis present with acute coronary syn-
dromes. In a study of 4503 consecutive patients treated 
with at least one BMS, 667 patients had 836 occurrences of 
clinical restenosis.  39   The cumulative incidence of at least 
one restenosis was 9.6% at one year, 13.9% at fi ve years, 
and 18.1% at 10 years. Among all patients, the 10 - year 
incidence of restenosis according to mode of presentation 
was stable angina in 9.0%, unstable angina in 7.4%, MI in 
2.1%, and other unstable presentations, such as decompen-
sated heart failure or ventricular arrhythmia, in 0.4%. 
Among 87 patients with an MI presentation of restenosis, 
non - ST segment elevation MI (NSTEMI) was seen in 87% 
and ST segment elevation MI (STEMI) was seen in 13%. 
Presentation of MI with restenosis was associated with a 
signifi cantly greater mortality risk than either a presenta-
tion of MI with no restenosis (hazard ratio (HR) 2.37, 95% 
CI 1.72 – 3.27;  P     <    0.001) or a non - MI presentation of reste-
nosis (HR 2.42, 95% CI 1.68 – 3.47;  P     <    0.001). Interestingly, 
there was no signifi cant difference in long - term survival 
among patients with no restenosis compared to patients 
with a non - MI presentation of restenosis (HR 0.99, 95% CI 
0.85 – 1.14;  P    =   0.85).  

  Safety 

 There have been recent concerns about the long - term safety 
of DES. However, recent pooled analyses of the trials of 

sirolimus - eluting stents and paclitaxel - eluting stents show 
no difference in the long - term rates of death, MI or stent 
thrombosis.  40 – 42   In one analysis, the risk of stent thrombosis 
increased after one year with the use of a DES.  43   This did 
not translate into an increased frequency of death or of MI. 
Data from the Swedish Coronary Angiography and Angio-
plasty Registry (SCARR)  44   seemed to suggest an increased 
incidence of both death and MI on long - term follow - up of 
patients with DES. More recent data from SCARR showed 
no differences in death or MI.  45   In the clinical trials, the 
enrolled subjects were patients with PCI who were at rela-
tively low risk. 

 A 2006 review of patient data in the American College 
of Cardiology (ACC) National Cardiovascular Data Reg-
istry found that 24% of procedures involving DES were 
for off - label indications (i.e. STEMI, in - stent restenosis, 
saphenous vein graft stenosis, and chronic total occlu-
sion).  46   Of the 3323 patients in the Evaluation of Drug -
 eluting Stents and Ischemic Events (EVENT) registry, 
1817 (54.7%) patients had at least one off - label character-
istic on the basis of FDA - approved indications for siroli-
mus -  and paclitaxel - eluting stents. During the index 
hospitalization, the composite clinical outcome occurred 
in 198 (10.9%) patients in the off - label group and 76 
(5.0%) patients in the on - label group (adjusted OR 2.32, 
95% CI 1.75 – 3.07;  P     <    0.001). At one year, the composite 
clinical outcome occurred more often in the off - label 
group (309 (17.5%) patients) than in the on - label group 

     Figure 28.3     Results of meta - analysis comparing percutaneous coronary intervention (PCI) with conservative management. (a) Death. (b) Cardiac death 
or myocardial infarction. ACME, Angioplasty Compared to Medicine Evaluation; ALKK, Working Group of Leading Hospital Cardiologists; AVERT, 
Atorvastatin Versus Revascularization Treatment; CI, confi dence interval; MASS, Medicine, Angioplasty or Surgery Study; RE, random effects; RITA, 
Randomized Intervention Treatment of Angina.  (Reproduced with permission from Katritsis and Ioannidis.  32  )   

(a) (b)
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     Figure 28.4     Angiographic restenosis found in meta - analysis of trials 
comparing the drug - eluting stent (DES) with the bare metal stent 
(BMS). ASPECT, Asian Paclitaxel - eluting Stent Clinical Trial; C - SIRIUS, 
Canadian Sirolimus - coated Balloon - expandable Stent in the Treatment 
of Patients With De Novo Native Coronary Artery Lesions; DELIVER, 
Non - polymer - based Paclitaxel - coated Coronary Stents for the 
Treatment of Patients With De Novo Coronary Lesions; DIABETES, 
Diabetes and Sirolimus - eluting Stent Trial; ELUTES, European Evaluation 
of Paclitaxel - eluting Stent; ENDEAVOR, Randomized, Controlled Trial 
of the Medtronic Endeavor Drug (ABT - 578) - eluting Coronary Stent 
System Versus the Taxus Paclitaxel - eluting Coronary Stent System in 
De Novo Native Coronary Artery Lesions; E - SIRIUS, European 
Sirolimus - coated Balloon - expandable Stent in the Treatment of 
Patients with De Novo Native Coronary Artery Lesions; FUTURE, First 
Use to Underscore Reduction in Restenosis With Everolimus; 

PATENCY, Paclitaxel - coated Logic Stent for the Cytostatic Prevention 
of Restenosis; RAVEL, Randomized Study With Sirolimus - coated BX 
Velocity Balloon - expandable Stent in the Treatment of Patients with 
De Novo Native Coronary Lesions; SCANDSTENT, Randomized 
Multicentre Comparison of Sirolimus Versus Bare Metal Stent 
Implantation in Complex Coronary Lesions; SCORE, Study to 
Compare Restenosis Rate Quest and Quads QP2; SES - SMART, 
Randomized Comparison of a Sirolimus - eluting Stent and a Standard 
Stent in the Prevention of Restenosis in Small Coronary Arteries; SIRIUS, 
Sirolimus - eluting Balloon - expandable Stent in the Treatment of Patients 
With De Novo Native Coronary Artery Lesions; TAXUS, Treatment of De 
Novo Coronary Disease Using a Single Paclitaxel - eluting Stent.  * OR 0.25 
(95% CI 0.22 – 0.29);  P     <    0.001.  (Modifi ed with permission from Roiron 
 et al   38  )   

(131 (8.9%) patients) (adjusted HR 2.16, 95% CI 1.74 – 2.67; 
 P     <    0.001). In - stent thrombosis also occurred more fre-
quently among patients in the off - label group than 
among patients in the on - label group during the initial 
hospitalization (8 (0.4%) patients vs 0 patients) and at one 
year (29 (1.6%) patients vs 13 (0.9%) patients) (adjusted 
HR 2.29, 95% CI 1.02 – 5.16;  P    =   0.05).  47   

 A higher prevalence of complex interventions that use 
DES in subsets of patients at relatively higher risk will in all 

likelihood translate into increased event rates in DES sub-
groups in registry studies. For all these high - risk groups, 
compared to low - risk groups, event rates are increased 
after any treatment. The available data on the use of 
DES in specifi c complex subsets of patients and lesions 
seem to suggest that these stents may be superior to BMS in 
these circumstances.  48,49   Randomized clinical trials are 
needed to fully defi ne the role of DES in such patient 
groups.  50     
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  Comparisons of  p ercutaneous  c oronary 
 i ntervention  v ersus  c oronary  a rtery 
 b ypass  g raft 

 Considerable controversy has existed, and continues to 
exist, about the relative benefi ts of PTCA compared with 
CABG as initial treatment strategies. Up to 15 randomized 
trials comparing PCI, with or without stents, with CABG 
have been published and were reviewed extensively by 
both Eagle  et al   51   and Hoffman  et al .  52   Recently, the 10 - year 
results of the Bypass Angioplasty Revascularization Inves-
tigation (BARI), the largest of the randomized trials of 
PTCA versus CABG, were published.  52   In this trial, 1829 
symptomatic patients with multivessel CAD were ran-
domly assigned to initial treatment with PTCA or CABG 
and were observed for an average of 10.4 years. The 10 - year 
survival was 71.0% for the PTCA group and 73.5% for the 
CABG group ( P    =   0.18). At 10 years, the PTCA group had 
substantially higher subsequent revascularization rates 
than the CABG group (76.8% vs 20.3%;  P     <    0.001), but 
angina rates for the two groups were similar. In the sub-
group of patients with no treated diabetes mellitus, sur-
vival rates were nearly identical for the PTCA group 
compared with the CABG group (77.0% vs 77.3%;  P    =   0.59). 
In the subgroup with treated diabetes, the group assigned 
CABG had higher survival rates than the group assigned 
PTCA (57.8% vs 45.5%;  P     <    0.03). 

 Another recent publication comparing CABG, PCI, and 
medical therapy was based on the fi ve - year outcomes of 
the Medicine, Angioplasty or Surgery Study - II (MASS -
 II)  53,54   which randomly assigned 611 patients with stable 
angina to medical therapy, PCI or CABG. Medical therapy 
included aspirin, angiotensin - converting enzyme inhibi-
tors, beta - blockers, and statins. At fi ve - year follow - up, the 
primary endpoints had occurred in 21.2% of patients who 
underwent CABG compared with 32.7% of patients treated 
with PCI and 36% of patients who received medical therapy 
alone ( P     <    0.003). 

 The paired treatment comparisons of the primary end-
points showed no difference between PCI and medical 
therapy (RR 0.93, 95% CI 0.67 – 1.30) and a signifi cant pro-
tective effect of CABG compared with medical therapy (RR 
0.53, 95% CI 0.36 – 0.77). The cumulative survival rate was 
88.4% for PCI, 92.1% for CABG and 87.7% for medical 
therapy; the survival rates were not signifi cantly different. 
Additional interventions were performed for 32.2% of the 
PCI patients, 24.2% of the medically treated patients, and 
3.5% of the surgically treated patients ( P     <    0.03). Non - fatal 
MI occurred in 11.2% of the PCI group, 15.3% of the medi-
cally treated group, and 8.3% of the CABG group ( P     <    0.79). 
It is important to note, however, that the degree of revas-
cularization achieved in the PCI group and the CABG 
group differed. Although 74% of all intended vessels were 

grafted in the surgical cases, only 41% of cases in the PCI 
group were completely revascularized. Adjunctive phar-
macotherapy with clopidogrel and glycoprotein IIb/IIIa 
inhibitors was not utilized. Although stenting was per-
formed in at least one vessel in 72% of cases, BMS were 
used. Because of these considerations, and even though 
this trial suggests a relative inferiority of PCI as a treatment 
strategy, the argument could be made that the results are 
not applicable to the current setting. 

 Since the advent of coronary stenting, several trials have 
compared stents with CABG in patients with multivessel 
disease. The Arterial Revascularization Therapy Study 
(ARTS)  56   randomly assigned 1205 patients with multivessel 
disease to PCI with stents or to CABG. At fi ve years, the 
mortality rate was 8.0% in the stent group and 7.6% in the 
CABG group ( P    =   0.83). Among 208 diabetic patients, 
the mortality rate was 13.4% in the stent group and 8.3% 
in the CABG group ( P    =   0.27) (see section on diabetic 
patients, below). Overall, freedom from death, stroke or MI 
was not signifi cantly different between the stent group 
(18.2%) and the surgical group (14.9%) ( P    =   0.14). The inci-
dence of repeat revascularization was signifi cantly higher 
in the stent group than in the CABG group (30.3% vs 8.8%; 
 P     <    0.001). The rate of composite event - free survival 
(freedom from cardiovascular and cerebrovascular events) 
was 58.3% in the stent group and 78.2% in the CABG group 
( P     <    0.0001). 

 Two additional trials showed the superiority of CABG 
in terms of fewer repeat revascularization procedures. In 
the multicenter Stent or Surgery (SoS) trial,  57   based on 
988 patients, the primary endpoint of repeat revasculariza-
tion occurred in 21% of the patients in the stent group 
versus 6% of those in the surgical group ( P     <    0.001). In the 
Argentine Randomized Trial: Coronary Angioplasty 
Versus Coronary Bypass Surgery in Multivessel Disease - II 
(ERACI - II),  58   450 patients with multivessel disease were 
randomly assigned to undergo either PCI or CABG. At fi ve 
years, there were no signifi cant differences in the rate of 
death from all causes between the CABG and PCI arms 
(11.5% vs 7.1%;  P     <    0.19). There also were no signifi cant 
differences in the incidence rates of new non - fatal MI 
between the PCI and CABG groups (2.8% vs 6.2%;  P     <    0.13). 
However, the incidence of repeat revascularization was 
28.4% in the PCI group and 7.2% in the CABG group 
( P     <    0.001). Of note, none of these trials included patients 
treated with DES, which have been shown to decrease the 
rate of repeat revascularization. 

 In a recent meta - analysis based on 23 randomized con-
trolled trials, in which 5019 patients were randomly 
assigned to PCI and 4944 to CABG, the difference in sub-
sequent survival rates with PCI versus CABG was less than 
1% over 10 years of follow - up.  59   Survival did not differ 
between the PCI group and the CABG group for patients 
with diabetes mellitus in the six trials that reported on this 
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subgroup. Procedure - related strokes were more common 
after CABG than after PCI (1.2% vs 0.6%;  P    =   0.002). Angina 
relief was greater after CABG than after PCI, with absolute 
risk differences ranging from 5% to 8% at 1 – 5 years 
( P     <    0.001). Angina was relieved at fi ve years in 79% of PCI 
patients and 84% of CABG patients. Repeat revasculariza-
tion was more common after PCI than after CABG (abso-
lute risk difference 24% at one year and 33% at fi ve years; 
 P     <    0.001); the absolute rates at fi ve years were 46.1% after 
balloon angioplasty, 40.1% after PCI with stents, and 9.8% 
after CABG. In the observational studies, the HR for death 
favored PCI among patients with the least severe disease 
and CABG among those with the most severe disease. 

 It should be noted that these trials did not include 
patients who were considered to be at high risk for an 
adverse outcome with surgical treatment. Data comparing 
surgical intervention with PCI in this subgroup of patients 
are limited. The Angina With Extremely Serious Operative 
Mortality Evaluation (AWESOME) study enrolled 454 
patients of high surgical risk at 16 Veterans Affairs hospi-
tals.  60   This fi ve - year, multicenter, randomized clinical trial 
was designed to compare long - term survival among 
patients with medically refractory myocardial ischemia 
and a high risk of adverse outcomes who were assigned to 
either a CABG or a PCI strategy, which could include 
stents. At 36 months, the survival rates in both groups were 
similar (79% with CABG vs 80% with PCI). 

 For treatment of patients with single - vessel CAD, the 
trial most relevant to clinical practice was the Stenting 
Versus Internal Mammary Artery (SIMA) trial,  61   in which 
121 patients with isolated LAD disease were randomly 
assigned to BMS or CABG with the left IMA. At 2.4 years, 
patients assigned to stenting had experienced more revas-
cularization procedures than patients who were surgically 
treated (31% vs 7%). Mortality rates did not differ between 
the two groups. 

 In summary, these trials have shown that CABG tends 
to give better relief of angina with less need for repeat 
procedures than does PCI. However, with PCI, initial costs 
are lower, complications occur less frequently, and patients 
are able to return to work earlier. Because of the greater 
need for reinterventions, patients who have PCI generate 
direct costs over the long term that are similar to those of 
patients who have CABG. Long - term survival rates also 
tend to be similar with the two forms of treatment. This 
similarity appears to hold true for diabetic patients, as well 
as the patients described earlier in this chapter. 

 It must be recognized that the patients enrolled in such 
trials are not always representative of the global popula-
tion of patients with CAD; therefore, the results of such 
trials are not necessarily applicable to the general popula-
tion of patients. Indeed, only 5% of screened patients with 
multivessel disease were enrolled in these trials, and 
patients with left main disease were excluded. Registry 

studies have provided valuable information about the rela-
tive benefi ts of medical therapy, PCI, and CABG, particu-
larly for the global population of patients with CAD. In 
general, these studies have yielded results that are congru-
ent with the fi ndings of the randomized trials. 

 Jones  et al   62   reviewed the Duke University Medical 
Center database of 9263 patients with CAD who under-
went PCI (n   =   2924), CABG (n   =   3890) or medical therapy 
(n   =   2449) only. Patients were observed for a mean of 5.3 
years. The anatomic severity of the coronary artery steno-
ses best defi ned the survival benefi t from CABG and PCI 
versus medical treatment. All patients with single - vessel 
disease, except those with proximal LAD stenosis of 95% 
or greater, benefi ted from PCI compared with CABG. All 
patients with three - vessel disease and those with two - 
vessel disease and proximal LAD stenosis of 95% or 
greater were best treated by CABG. 

 A recently published study based on the New York State 
PCI and CABG registries examined the outcomes of 37   212 
patients who had undergone CABG and 22   102 patients 
who had undergone PCI with stenting.  63   The adjusted HR 
for the long - term risk of death after CABG relative to stent 
implantation was 0.64 (95% CI 0.56 – 0.74) for patients with 
three - vessel disease with involvement of the proximal LAD 
and 0.76 (95% CI 0.60 – 0.96) for patients with two - vessel 
disease with involvement of the non - proximal LAD. Addi-
tionally, the three - year rates of revascularization were con-
siderably higher in the stenting group compared to the 
CABG group (7.8% vs 0.3% for subsequent CABG; 27.3% 
vs 4.6% for subsequent PCI). However, 85% of patients 
with multivessel disease underwent CABG. Therefore, 
only those patients who had specifi c reasons not to undergo 
bypass surgery underwent PCI. Such reasons may have 
included high surgical risk, poor target vessels, and patient 
refusal. This clearly leads to a substantial selection bias. 
The superior results observed with CABG in such studies 
seem to derive from more frequent complete revasculariza-
tion. In a subsequent publication assessing patients with 
PCI who received stents, the authors compared long - term 
mortality rates and subsequent revascularization among 
patients with complete versus incomplete revasculariza-
tion. After adjustment for these baseline differences, the 
data show that patients who received incomplete revascu-
larization were signifi cantly more likely to die at any time 
(adjusted HR 1.15, 95% CI 1.01 – 1.30) than patients who 
received complete revascularization. Patients with total 
occlusions and a total of two vessels with incomplete revas-
cularization were at higher risk compared with patients 
who received complete revascularization (HR 1.36, 95% CI 
1.12 – 1.66). 

 Given that the advantage of CABG seems to be driven 
largely by a decreased frequency of revascularization 
procedures, there is great interest in comparisons of 
CABG with PCI using DES. The ARTS - II registry is a non -
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 randomized comparison of contemporary PCI with historic 
controls from the ARTS - I in patients with multivessel CAD 
(n   =   607 patients).  64   The primary endpoint of the study was 
major adverse cardiovascular and cerebrovascular events 
(MACCEs), including death, cerebrovascular event, MI, 
and revascularization at one year. The event - free survival 
was 89.5% in ARTS - II compared with 88.5% in the ARTS - I 
CABG registry. Survival free from reintervention was 
91.5% in ARTS - II compared with 95.9% in the ARTS - I 
CABG registry. There were no differences in terms of 
death, cerebrovascular event, MI, and repeat CABG 
between the ARTS - I patients who received BMS, the ARTS -
 II patients who received DES, and the ARTS - I patients who 
had CABG. However, a signifi cantly higher revasculariza-
tion rate was seen in the ARTS - I stent group. These obser-
vations suggest that DES may signifi cantly improve 
outcomes in patients with multivessel disease. 

 The current relevance of the trials mentioned above is 
limited because of the use of non - contemporary PCI tech-
niques. In recent years, progress has been made in surgical 
revascularization. The impact on mortality rate of an IMA 
graft to the LAD is clear.  65   On the basis of studies demon-
strating superior outcomes with bilateral IMA grafts  10   and 
complete arterial revascularization, surgeons are increas-
ingly using additional arterial conduits. Even among those 
surgeons using venous conduits, long - term outcomes are 
improving with the routine use of pharmacologic agents for 
secondary prevention.  66   Furthermore, off - pump techniques 
likely reduce operative risks in some subsets of patients.  67   

 Currently, at least four randomized clinical trials are 
comparing DES with CABG in multivessel or left main 
disease.  68   The Synergy Between PCI With Taxus Drug -
 eluting Stent and Cardiac Surgery (SYNTAX) trial  68a   was 
based in multiple centers in Europe and the United States 
and enrolled 1800 patients. The primary outcome of 12 -
 month MACCEs was signifi cantly higher in the PCI group 
(17.8%, vs. 12.4% for CABG;  P    =   0.002), mainly because of 
an increased rate of repeat revascularization (13.5% vs. 
5.9%,  P     <    0.001). The rates of death and myocardial infarc-
tion were similar between the two groups, whereas stroke 
was more frequent with CABG (2.2% vs. 0.6% with PCI; 
 P    =   0.003). At least three trials of PCI with DES versus 
CABG are being conducted in diabetic patients and are 
discussed below. 

 In the decision about revascularization for a patient, 
many factors must be taken into consideration, including 
the patient ’ s age, coronary anatomy, extent of stenoses, 
co - morbidities, LV function and, to some degree, prefer-
ence. In addition, the technical suitability for either PCI or 
CABG and the urgency of the procedure must be consid-
ered. The importance of such an approach was highlighted 
by data from the BARI registry, where physician - selected 
procedures resulted in excellent outcomes. The mortality 
rates at seven years were similar for PTCA (13.9%) and 

CABG (14.2%) ( P    =   0.66) before and after adjustment for 
baseline differences between patients selected for PTCA 
versus those selected for CABG (adjusted RR 1.02; 
 P    =   0.86).  69   Both PCI and CABG provide good relief of 
symptoms in most patients who are appropriately selected. 
These procedures need to be considered as complemen-
tary, and many patients will undergo both of these tech-
niques of revascularization during their lifetime.  

  Coronary  a rtery  b ypass  g raft  v ersus 
 p ercutaneous  c oronary  i ntervention in 
 d iabetic  p atients 

 The prevalence of diabetes mellitus in the United States is 
increasing rapidly, mirroring the rapid rise in obesity. In 
1999, 4.9% of the US population were estimated to have 
diabetes; by 2002, this percentage had increased to 6.3%.  70 – 72   
Of individuals older than 60 years, 18.3% are estimated to 
be diabetic. These demographic changes are almost cer-
tainly related to the aging of the US population, a sedentary 
lifestyle, poor diet, and obesity. This alarming increase in 
prevalence of diabetes has important consequences related 
to CAD and its management, and for society as a whole. 

 For persons with type 1 diabetes, the mortality rate from 
cardiovascular disease is four times that of the general popu-
lation  73   and, by age 55 years, one - third of these patients will 
have died of CAD.  74   For persons with type 2 diabetes, the 
incidence of atherosclerosis is estimated to be 2 – 3 times that 
of the general population.  75   The risk of an acute MI for 
persons with diabetes is 20% over seven years, with a hos-
pital mortality rate that is 1.5 – 2.0 times higher than that for 
people without diabetes.  76   Moreover, persons with diabetes 
who have an MI are more likely to experience congestive 
heart failure, cardiogenic shock, recurrent ischemia, and 
reinfarction and eventually have a poorer survival rate.  77   

 The observed poorer clinical outcomes among diabetic 
patients with CAD are likely due to multiple factors, includ-
ing co - existent renal disease, hypertension, peripheral vas-
cular disease and the aggressive nature of the CAD itself. 
Compared with persons who do not have diabetes, diabetic 
people are more likely to have left main disease,  78 – 82   multi-
vessel disease, diffuse disease with smaller luminal diam-
eters, and a larger number of lipid - rich plaques, which are 
more prone to rupture.  83   Persons with diabetes who have 
CAD represent a special high - risk subset of patients in 
whom very aggressive treatment strategies are warranted. 

 Indications for coronary revascularization in patients 
with diabetes are generally the same as for non - diabetic 
patients and include symptom improvement, left main 
disease, three - vessel disease (particularly with decreased 
LV function), and severe angina. However, diabetic patients 
are more likely to be asymptomatic than non - diabetic 
patients, with signifi cant myocardial ischemia. In the 
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absence of angina, progression of ischemia with decreased 
LV function may occur, and this ischemia may explain, in 
part, the ultimate poorer prognosis in diabetic patients. The 
Asymptomatic Cardiac Ischemia Pilot (ACIP) study, 
including patients with and without diabetes, showed that, 
in the absence of angina, coronary revascularization was 
benefi cial in selected patients.  84   Overall, when therapy was 
directed by the onset of subsequent angina, the mortality 
rate at two years was 6.6% in patients with known CAD. 
Patients who received revascularization in the absence of 
angina but as guided by the presence of ischemia had a 
mortality rate at two years of 1.1%. Because of the asymp-
tomatic nature of CAD in many persons with diabetes, an 
aggressive approach should be adopted in these patients 
to detect myocardial ischemia and to advise subsequent 
revascularization. 

 According to the 10 - year outcomes of the BARI trial and 
in the subgroup with treated diabetes, the group assigned 
CABG had a higher survival rate than the group assigned 
PTCA (57.8% vs 45.5%;  P     <    0.03).  53   Similar fi ndings showing 
a trend toward improved results with CABG compared 
with PCI for diabetic patients were also observed in the 
Emory Angioplasty Versus Surgery Trial (EAST)  85   (the 
eight - year mortality rate with CABG was 24.5%; with PCI, 
39.9%). As mentioned previously, the patients in ARTS 
who had diabetes and underwent stenting had a mortality 
rate of 13.4% at fi ve years compared with 8.3% in those 
who underwent CABG.  69   Within the stent group, diabetic 
patients had a signifi cantly higher mortality rate than non -
 diabetic patients. In the meta - analysis reported by Hoffman 
 et al , patients with multivessel disease and diabetes had a 
survival advantage at four years with CABG compared 
with PCI.  52   

 These observations were further put into perspective in 
the BARI registry, where the mode of revascularization 
was determined by physician preference. In this registry, 
patients who were sicker and at higher risk were preferen-
tially referred for CABG, whereas those with lesser degrees 
of CAD often underwent PCI. During follow - up, diabetic 
patients in the BARI registry had equal survival rates 
(74%) whether treated with PCI or with CABG.  69   Interest-
ingly, in a recent meta - analysis comparing PCI with CABG, 
survival did not differ between PCI and CABG for patients 
with diabetes in the six trials that reported on this 
subgroup.  59   

 The better survival results observed with CABG than 
with PCI seem to result from both the use of arterial graft-
ing and the extent of revascularization. The improved sur-
vival rate seen in diabetic patients who underwent CABG 
was contingent on the presence of an IMA graft to the LAD 
(seven - year survival rate, 83.2%; for IMA graft, n   =   140), 
whereas long - term survival of patients treated with saphe-
nous vein grafts was similar to that of patients treated with 
balloon angioplasty.  86   Patients with an IMA graft had a 

dramatic reduction in the mortality rate after subsequent 
MI compared with patients who did not receive an IMA 
graft. Further data from the BARI trial indicated that dia-
betic patients appeared to have more complete revascular-
ization and less jeopardized myocardium at risk after 
CABG compared with diabetic patients who received 
revascularization with PCI. Diabetic patients also had 
increased rates of restenosis after PCI compared with non -
 diabetic patients, whereas graft patency in those who 
underwent CABG (venous and arterial) was not infl uenced 
by diabetes status.  87   These data suggest that the survival 
advantage of CABG in diabetic patients may result from a 
more complete and more durable revascularization than 
that achieved by PCI. 

 A meta - analysis of eight randomized controlled trials of 
DES versus BMS in diabetic patients showed that target 
lesion revascularization occurred in 22.9% of patients 
treated with BMS and 7.5% of patients treated with DES. 
These data indicate a 66% decrease in the need for target 
lesion revascularization with DES compared with BMS 
( P     <    0.001).  88   Therefore, interest has grown in comparisons 
of DES with CABG in diabetic patients. 

 The Future Revascularization Evaluation in Patients 
With Diabetes Mellitus: Optimal Management of Multives-
sel Disease (FREEDOM) study is enrolling diabetic patients 
with multivessel disease, in a randomized controlled trial 
of PCI with DES versus CABG. The target enrollment is 
2400 patients; the primary endpoint is the composite of 
non - fatal infarction, stroke, and death due to all causes. The 
minimum planned follow - up is three years. 

 The Department of Veterans Affairs has approved 
funding for a similar trial that will randomly assign CABG 
or PCI to patients with diabetes mellitus who have both a 
hemoglobin A1c level of greater than 7 and angiographi-
cally signifi cant disease with involvement of the anterior 
wall and one or more other territories. The minimum 
planned follow - up for this trial is two years. Another trial 
in diabetic patients is the Coronary Artery Revitalization 
in Diabetes (CARDia) trial, based in the United Kingdom 
and Ireland. This trial is making a comparison between PCI 
with both DES and abciximab and CABG in patients with 
multivessel disease or complex single - vessel disease. The 
primary endpoint is the composite of death, non - fatal MI, 
and a cerebrovascular accident at one year. 

 The BARI 2D trial  10a   focused on earlier revascularization 
and the use of insulin sensitizing therapies. In the PCI 
stratum, there was no difference in major vascular events 
between those randomized to PCI vs those to optimal 
medical therapy. However, in the CABG stratum, there 
were signifi cantly fewer major vascular events among 
those randomized to CABG vs. those to optimal medial 
therapy. 

 On the basis of the data presented herein, CABG is the 
best revascularization procedure for most diabetic patients 
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with multivessel disease. In the near future, ongoing trials 
comparing DES with CABG will help defi ne the role of PCI 
in the management of these patients.    

  Conclusions and recommendations 

 The following recommendations summarize the points of 
care for revascularization of patients with chronic stable 
angina. 
   •      Revascularization by means of CABG or PCI is indicated 
in patients with chronic stable angina refractory to medical 
therapy (Class I, Level A).  
   •      Patients at moderate to high risk for adverse outcomes 
with medical therapy should be treated with CABG. Such 
patients include those with left main or multivessel disease; 
two - vessel disease with involvement of the proximal LAD; 
LV dysfunction; and diabetes mellitus (Class I, Level A).  
   •      For single - vessel disease, both PCI and CABG are effec-
tive, but repeat revascularization is required more fre-
quently after PCI than after CABG. However, given the 
increased initial morbidity and hospitalization with CABG, 
most patients with single - vessel disease should be treated 
with PCI (Class I, Level B).  
   •      For patients with left main CAD, CABG is indicated 
(Class I, Level A).  
   •      In patients with two - vessel disease and signifi cant 
proximal LAD involvement and either LV dysfunction or 
demonstrable ischemia on stress testing, CABG is indicated 
(Class I, Level A).  
   •      For multivessel CAD that is potentially amenable to 
therapy with either PCI or CABG, a distinction should be 
made between diabetic patients and non - diabetic patients, 
and an assessment of LV function should be completed. For 
diabetic patients and patients with LV dysfunction, CABG 
is the superior therapy and is the preferred mode of revas-
cularization (Class I, Level A). For non - diabetic patients 
with preserved LV function, the choice of a revasculariza-
tion strategy has to weigh the initial morbidity associated 
with CABG against the higher risk of subsequent repeat 
revascularization and attendant repeat hospitalizations 
associated with PCI. In this circumstance, a decision is best 
made by taking the patient ’ s preferences into account after 
an extensive discussion of the risks, benefi ts, advantages, 
and disadvantages of both procedures (Class I, Level C).     
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29  Non -  ST   s egment  e levation  a cute 
 c oronary  s yndromes:  u nstable  a ngina 
and  n on -  ST   s egment  e levation 
 m yocardial  i nfarction    

    Pierre   Theroux 1    and   John A   Cairns 2   
   1    Montreal Heart Institute, Montreal, Quebec, Canada  
   2    University of British Columbia, Vancouver, British Columbia, Canada       

   Introduction and  h istoric  p erspective 

 The rapid evolution of the understanding, defi nition and 
management of acute myocardial ischemic syndromes 
constitutes a major milestone of modern cardiology. The 
widely used terminology of  “ acute coronary syndromes ”  
(ACS) highlights the specifi c pathophysiologic mecha-
nisms that distinguish unstable angina (UA), non - ST 
segment elevation myocardial infarction (NSTEMI), and ST 
segment elevation myocardial infarction (STEMI) from 
stable coronary artery disease.  1   Pathologic studies have 
documented the presence of intracoronary thrombus on a 
ruptured or fi ssured complex atherosclerotic plaque in 95% 
of patients with unstable angina who have developed 
sudden cardiac death.  2 – 4   These plaques are rich in lipids 
and infl ammatory cells and possess a thin cap that makes 
them prone to rupture.  5   At autopsy, the thrombi may be of 
various ages and at multiple sites; they typically overlie 
stenotic lesions of only moderate severity; platelet aggre-
gates in the distal small intramyocardial arteries and 
microscopic foci of necrosis are often found as well. 

 DeWood documented by angiography that the very 
early stage of STEMI was consistently associated with a 
completely occlusive thrombus.  6   Subsequent studies 
focused on the characteristics of culprit lesions associated 
with ACS, visualized using a variety of methods including 
angiography, intravascular angioscopy, ultrasound, and 
thermography. It became recognized that the active plaque 
was often not unique, suggesting a more diffuse infl amma-
tory state. These concepts led to a new era of research in 
cell biology and clinical investigation supported by emerg-
ing technologies and methodologically sophisticated clini-

cal research, providing a foundation for our current 
evidence - based approaches to therapy.  

  New  d imensions and  d efi nitions 

 The defi nitions of ACS encompass various aspects of the 
disease including epidemiology, prognosis, clinical mani-
festations, pathophysiology, and therapeutic options. 
Their delineation has led to improved understanding of 
the mechanisms and manifestation of plaque activation, 
and has opened new therapeutic perspectives. Professional 
practice guidelines for the management of UA and NSTEMI 
were fi rst published in 1979, jointly by the American 
College of Cardiology and the American Heart Association 
and independently by the European Society of Cardiology. 
They were subsequently updated in 2002 and 2007 to incor-
porate algorithms for rapid diagnosis, risk stratifi cation, 
patient triage, and therapy.  1,7   Large registries  8 – 10   monitor 
national and international adherence to guidelines and 
their performance in various hospital settings as well as 
their impact on quality of care and prognosis. CRUSADE 
has been succeeded by the American College of Cardiolo-
gy ’ s NCDR - ACTION Registry ™  (Acute Coronary Treat-
ment and Intervention Outcomes Network), which collects 
data from hundreds of hospitals across the US into one 
unifi ed platform with standardized clinical data elements 
to facilitate benchmarking outcomes, and to analyze treat-
ment regimens.  11   Such initiatives are leading the way in the 
monitoring and evaluation of quality of care and are facili-
tating the systematic application of guidelines. 

 From a clinical perspective, a fundamental aspect of an 
acute coronary syndrome is the recognition of a change in 
the pattern of ischemic symptoms to one of increased 
severity. In the absence of evidence of causative extracoro-
nary factors, such symptoms may signal a rapid progres-
sion in the severity of the coronary artery disease. As this 
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situation may demand immediate attention, any healthcare 
professional should be able to make a diagnosis of possible 
ACS on fi rst seeing the patient. The term  “ acute coronary 
syndrome ”  has thus become a working diagnosis which 
facilitates rapid access to diagnostic and therapeutic proce-
dures. It provides a logical framework within which to 
categorize and risk stratify patients who present with a 
constellation of clinical symptoms compatible with acute 
myocardial ischemia. It also encourages consistent diag-
nostic terminology and patient selection for clinical trials 
and epidemiologic studies. The working diagnosis of ACS 
is based upon clinical and ECG characteristics which guide 
immediate management. The subsequent clinical course 
and appropriate laboratory tests will lead to a fi nal diag-
nosis which could be ST segment elevation myocardial 
infarction (STEMI), non - ST segment elevation myocardial 
infarction (NSTEMI), unstable angina, stable angina or 
another cardiac or non - cardiac condition (Fig.  29.1 ).    

  Clinical  d iagnosis 

 Table  29.1  summarizes the clinical manifestations and 
Figure  29.1  provides current nomendature for ACS. An 
immediate 12 - lead ECG must be obtained, and repeated 
when the pattern of pain changes, to detect ST elevation 
or new left bundle branch block (LBBB) indicative of 
evolving STEMI and the need for immediate reperfusion 

therapy.  13   In the absence of ST segment elevation, the 
working diagnosis becomes a non - ST segment elevation 
acute coronary syndrome, the likelihood of which is 
increased by the presence of ST segment depression and/
or T - wave inversion on the ECG.  1   An elevated cardiac 
troponin T or I level then indicates an evolving NSTEMI, 
while normal values point to unstable angina. If troponin 
assays are not available, the best alternative is CK - MB mea-
sured by mass assay.   

 The availability of troponins T and I has increased the 
sensitivity of the diagnosis of myocardial infarction and 
has sharpened the distinction between unstable angina and 
myocardial infarction.  1   Troponin measurements allow the 
detection of cell necrosis and myocardial infarction in up 
to 30% of patients who would otherwise be diagnosed as 
having unstable angina based on normal CK - MB blood 
values, ultimately improving patient care and outcomes.  13   
On the other hand, although highly sensitive and specifi c 
for myocardial cell necrosis, cardiac troponins are not spe-
cifi c for cell death related to ischemia resulting from coro-
nary artery disease. The latest expert consensus document 
for a universal defi nition of myocardial infarction  14   lists the 
potential causes of troponin elevation outside the context 
of ischemia; some of them are commonly found in the age 
range of patients with an ACS, e.g. congestive heart failure, 
aortic valve disease, tachy or brady arrhythmias, renal 

 Figure 29.1     Nomenclature of acute coronary syndromes (ACS). The 
spectrum of clinical conditions that range from unstable angina to non - Q 
wave MI and Q - wave MI is referred to as acute coronary syndrome. 
Patients with ischemic discomfort may present with or without ST 
segment elevation on the ECG. Most patients who present with non - ST 
segment elevation ACS will eventually be classifi ed as having unstable 
angina or non - Q wave MI. The distinction between these two diagnoses 
is ultimately made based on the presence or absence of a cardiac marker 
detected in the blood. Only a minority of patients with non - ST elevation 
ACS will develop a Q - wave MI. Most patients with ST segment elevation 
ACS will evolve to develop a Q - wave MI, although some may evolve to a 
non - Q wave MI or may occasionally resolve without myocardial necrosis. 
 (Adapted with permission from Anderson JL, Adams CD, Antman EM 
 et al .  1  )  

 Table 29.1     Clinical presentation of non -  ST  segment elevation acute 
coronary syndrome 

  New - onset 

angina  

  New - onset angina of at least CCS class III in 

severity  12  

   I.     Angina at strenuous, rapid or prolonged 

exertion.  

  II.     Slight limitation of ordinary activity, e.g. angina 

occurs on walking or climbing stairs rapidly.  

  III.     Marked limitation of of ordinary activity; angina 

occurs on walking 1 – 2 blocks on level or 

climbing 1 fl ight of stairs in normal conditions 

at normal pace.  

  IV.     Inability to perform any physical activity without 

discomfort; anginal syndrome may be present at 

rest.     

  Increasing 

(crescendo) 

angina  

  Angina that has become distinctly more severe, 

more frequent, longer in duration, or lower in 

threshold (that is, increased by greater than or 

equal to 1 CCS class to at least CCS class III 

severity)  

  Rest angina    Angina occurring at rest and prolonged, usually  > 20 

minutes  

  Early post - MI 

ischemia  

  Ischemic chest pain recurrent within 30 days after 

MI  
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failure, and pulmonary embolism. Myocardial infarction is 
defi ned as myocardial cell death due to prolonged myocar-
dial ischemia. Myocardial infarction may be diagnosed 
when a rise and/or fall of cardiac biomarkers (preferably 
troponin) is detected, with at least one value above the 99th 
percentile of the upper reference limit, together with evi-
dence of myocardial ischaemia with at least one of: i) symp-
toms of ischaemia; ii) ECG changes indicative of new 
ischemia (new ST - T changes or new LBBB); iii) develop-
ment of pathologic Q - waves in the ECG; or iv) imaging 
evidence of new loss of viable myocardium or new regional 
wall motion abnormality. Detection of a rising and/or 
falling pattern of troponin is needed to distinguish MI from 
elevated background levels; but this pattern is not abso-
lutely required for the diagnosis of MI in a patient present-
ing  > 24 hours after the onset of symptoms because troponin 
values may remain elevated for 7 – 14 days following the 
onset of symptoms. Thus, troponin elevation is an indicator 
of MI, usually STEMI when there is ST segment elevation 
or a left bundle branch block and NSTEMI when there is 
not. True posterior or high lateral MIs can be electrocardio-
graphically silent. Furthermore, the absence of ST segment 
shifts on the admission ECG does not rule out an acute 
coronary syndrome. Serial ECGs are required and cardiac 
markers must be measured 6 – 9 hours after the onset of 
pain when the fi rst determination is negative. A negative 
work - up may not totally exclude ACS or even coronary 
artery disease and the need for treatment, but generally 
does confer a favorable prognosis. 

 A quick appraisal of the patient ’ s demographics, risk 
factors, cardiac and non - cardiac antecedents, and medica-
tions is mandatory for decision making. The characteristics 
of chest pain and associated symptoms complement the 
evaluation of disease severity. Thus new - onset angina, cre-
scendo or progressive angina, pain at rest, nocturnal pain, 
prolonged pain, and recurrent ischemia after myocardial 
infarction carry increasingly worse prognoses. Although 
the Canadian Cardiovascular Classifi cation  12   was designed 
to describe the severity of stable exertional angina, in prac-
tice it is often applied to describe angina of suffi cient pro-
gression and severity to warrant the designation of ACS.  

  Incidence,  n atural  h istory and  p rognosis 

 There were 4   497   000 visits to US emergency departments 
(EDs) with a primary diagnosis of cardiovascular disease 
(CVD) in 2003.  15   The National Center for Health Statistics 
reported 1   565   000 hospitalizations for primary or second-
ary diagnosis of an ACS in 2004, 669   000 with UA and 
896   000 with MI.  15   Statistics on NSTE - ACS are less reliable 
than those of STEMI because the diagnostic criteria have 
been evolving over time, with the introduction of more 
sensitive and specifi c criteria allowing the identifi cation of 

more patients with the diagnosis but limiting the hospital-
ization to higher - risk patients. On the other hand, the abso-
lute incidence of STEMI has been decreasing for various 
reasons that are likely related to better control of risk 
factors and use of drugs effective in primary prevention.  16   
Reperfusion therapy and antithrombotic therapy have also 
dramatically reduced the short -  and long - term mortality 
and morbidity associated with STEMI. Such is not the case 
in NSTEMI, which is often associated with more risk 
factors, including older age, and with a more advanced and 
diffuse atherosclerotic process. Accordingly, NSTEMI is 
now associated with a worse prognosis than STEMI past 
the acute phase. The average age of a person having a fi rst 
heart attack is now 65.8 years for men and 70.4 years for 
women; 43% of ACS patients of all ages are women.  15   

 Epidemiologic data using the WHO MONICA criteria 
for the diagnosis of Q - wave MI showed a more than 30% 
decrease in the mortality rates from Q - wave MI between 
1975 and 1995, two - thirds of this decline being attributable 
to reduced incidence and one - third to decreased hospital 
mortality.  17 – 20   The ENACT registry, which included 3092 
patients from 29 European countries in the mid - 1990s, 
showed that the distribution of admission diagnosis was 
unstable angina/NSTEMI in 46%, myocardial infarction in 
39%, and suspected ACS in 14%, with no regional differ-
ences across Europe.  21   In the more recent Global Registry 
of Acute Coronary Events (GRACE) that collected data 
from 10   693 patients across North and South America, Aus-
tralia, New Zealand, and Europe between 1999 and 2001, 
two - thirds of admitted patients had unstable angina/
non - ST segment elevation ACS and one - third STEMI.  22   
This ratio is reversed in India, with its low socio - economic 
status.  23   

 In an epidemiologic study of 5832 residents from metro-
politan Worcester, Massachusetts, the annual incidence of 
Q - wave MI between 1975 and 1997 decreased from 171 per 
100   000 population to 101 per 100   000 compared with an 
increase from 62 to 131 per 100   000 for non - Q wave MI.  24   
The hospital mortality for Q - wave MI in the registry 
declined from 24% to 14%, but that of non - Q wave MI 
remained constant at 12%. Similarly in the GRACE regis-
try, the risk - adjusted hospital deaths declined between 
1999 and 2006 by 18% in STEMI and 0.7% in NSTEMI.  25   It 
appears that despite impressive declines in the incidence 
and in - hospital and long - term mortality rates of Q - wave 
MI, the incidence of non - Q wave MI has been stable or 
increasing with mortality rates that have changed little 
over the last decade. Part of these data in NSTEMI might 
be explained by the wide use of troponin resulting in 
higher sensitivity and specifi city for the diagnosis, and 
selective hospitalization of higher risk patients. 

 The natural history of UA/NSTEMI is diffi cult to assess 
given the increasingly effective therapeutic interventions 
introduced over the last 2 – 3 decades in parallel with better 
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diagnostic and risk stratifi cation tools. Treatment now 
targets multiple facets of the disease, combining drugs and 
interventions. Early studies have shown a 10 - fold increase 
in the short - term risk of an event in patients with unstable 
angina compared with patients with stable angina, and 
several - fold more compared with individuals with risk 
factors but no known coronary disease. Recent randomized 
trials have shown an impressive decrease in MI and death. 
Prior to the routine prescription of bed rest, nitrates and 
beta - blockers for unstable angina, the one - month rate of MI 
was in the range of 40%, and of death, 25%.  26   By the 1970s 
these rates had fallen to about 10% and 2%. In 1979 – 80, a 
study of all patients hospitalized with unstable angina in 
Hamilton, Canada, over a period of one year noted showed 
in - hospital and one - year mortalities rates of 1.5% and 9.2% 
respectively.  27   By the time of the studies with heparin in 
the late 1980s, study inclusion criteria had shifted toward 
patients at somewhat higher risk with some trials limiting 
enrollment to patients with NSTEMI. The rates of the com-
posite outcome of death or non - fatal myocardial infarction 
by fi ve days were then about 10%.  28,29   They fell to about 4% 
with the addition of heparin to aspirin, and further with 
enoxaparin and the glycoprotein IIb/IIIa antagonists. The 
event rates at 30 days in recent trials with new antithrom-
botic therapies and an invasive management strategy are 
shown in Figure  29.2 .  30 – 41   The risk of the disease is highest 
in the fi rst few days, decreases over the following weeks 
and months, and eventually becomes similar to the prog-
nosis of patients with stable angina. The long - term prog-
nosis is infl uenced by the severity of the underlying disease. 
In the OASIS registry, the incidence of events was 10% at 

one month and increased steadily in the following two 
years to reach more than 20% after 24 months (Fig.  29.3 ), 
and was still higher in diabetic patients and in patients 
with previously known coronary artery disease.  42   In the 
GUSTO - II study, the in - hospital mortality rate was highest, 
as expected, in patients with STEMI; however, increasing 
mortality during follow - up in patients with ST segment 
depression exceeded that of patients with ST elevation after 
six months, reaching 8.7% vs 6.8% (Fig.  29.4 ).  43     
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 Figure 29.2     Rates of death and of death or myocardial infarction in 
contemporary trials that evaluated new antithrombotic drugs and routine 
invasive treatment strategy in patients with non - ST segment elevation 
ACS. Data are the average of events in the intervention and control 
groups. The interventions resulted in a reduction in rates of death 
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 Figure 29.3     Kaplan – Meier event curves for diabetic and non - diabetic 
patients for total cardiovascular death, MI, stroke, and new onset of 
congestive heart failure during a 24 - month follow - up period after an 
episode of non - ST segment elevation ACS.  (Data from the OASIS Registry 
study reproduced with permission from Malmberg  et al.   42  )  
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 The empiric concept that NSTEMI represents an unre-
solved ACS at risk of completion, likely due to an underly-
ing disease process that remains active, appears to be 
correct for a signifi cant number of patients. This is sup-
ported by data showing that markers of infl ammation and 
of activation of coagulation may remain elevated months 
past the acute phase of an episode of ACS.  44,45    

  Risk  s tratifi cation 

 A gradient in risk exists in ACS from relatively benign to 
severe; accordingly, patient management should be guided 
by clinical risk stratifi cation. The high - risk features for 
death and ischemic events present at admission, or devel-
oping rapidly, have been identifi ed in many registries and 
clinical trials. Registry studies look at a broad spectrum of 
patients with acute chest pain and are likely to provide 
more  “ real - world ”  data  22,24,42   while clinical trials enroll 
more selected and homogeneous populations predefi ned 
by entry criteria, collect data prospectively, and often 
include innovative substudies to test new hypotheses. The 
two approaches are complementary. 

 Cardiac risk factors are strong predictors of the presence 
and prognostic of coronary artery disease, but are generally 
not useful for the diagnosis of an ACS and its associated 
risk.  46   Angiographic predictors of a future episode of ACS 
are a known high extent score of the disease defi ned by the 
number of coronary artery segments showing a stenosis 
whatever its severity.  47   On the other hand, the occurrence 
of an ACS is a strong indicator that the severity of an 
obstructive lesion has progressed signifi cantly.  48   Many 
parameters infl uence prognosis, some related to the acute 
thrombotic events, others to the extent and severity of the 
underlying disease, and still others to co - morbidities. 

 The clinical evaluation, the 12 - lead ECG, and the tropo-
nin T or I blood levels are powerful and now standard 
fi rst - line instruments for risk evaluation. These are included 
in risk scores, are part of recommended treatment algo-
rithms, and are used as entry criteria in clinical trials to 
identify the high - risk patients. There are, however, other 
strong demographic and clinical predictors of prognosis 
that impact on the prognosis of UA and that should now 
also be considered in risk stratifi cation. These are mainly 
older age, left ventricular function, and co - morbid condi-
tions, particularly renal failure and diabetes. Bleeding has 
recently emerged as a strong prognostic factor; it is largely 
iatrogenic as a result of aggressive treatment.  

  Clinical  f eatures 

 In the evaluation of prognosis, the physician is fi rst ori-
ented by symptoms, recognizing an increasingly severe 

prognosis from new angina, to progressive angina, rest 
angina, and prolonged chest pain, further worsened if isch-
emic episodes are accompanied by hemodynamic or elec-
trical instability and if they are recurrent despite optimal 
medical therapy.  1   It is important to recognize that women, 
the elderly, and the diabetic patient are more likely to have 
atypical presentations, because the prognosis with atypical 
symptoms at the time of an infarction can be worse than 
that of patients with more typical symptoms.  49   Women 
enrolled in clinical trials are in general older than men and 
have more risk factors such as diabetes and hypertension. 
The proportion of women with ST segment elevation is less 
than in men but their prognosis is then worse. Women who 
present with NSTE - ACS less often have an elevation of the 
cardiac markers and have a better prognosis. The odds 
ratio (OR) for infarction and death in the GUSTO - IIb study 
in women compared to men was 0.65 (95% confi dence 
interval (CI) 0.49 – 0.87;  P     =    0.003),  50   and in the non - invasive 
strategy arm of the FRISC - II study was 0.64 (95% CI 0.43 –
 0.97;  P     =    0.03).  51   Coronary angiography in general revealed 
less severe coronary artery disease among women than 
men.  51   

  Diabetes 

 Diabetes has become a major determinant of risk as its 
prevalence has reached epidemic proportions. It is present 
in 20 – 25% of patients enrolled in trials in ACS. Diabetes 
increases morbidity and mortality in the setting of ACS and 
after percutaneous interventions and coronary artery 
bypass grafting. In the OASIS registry, diabetes was an 
important and independent predictor of two - year mortal-
ity (relative risk (RR) 1.57; 95% CI 1.38 – 1.81;  P     <    0.001), as 
well as of cardiovascular death, new myocardial infarction, 
stroke, and new congestive heart failure.  42   The relative risk 
of death in diabetic women was signifi cantly higher than 
in diabetic men (RR 1.98 and 1.28 respectively). Diabetic 
patients without known prior cardiovascular disease had 
the same event rates for all outcomes as non - diabetic 
patients with previous vascular disease (see Fig.  29.3 ). In a 
subgroup analysis of patients enrolled in 11 independent 
TIMI Group clinical trials from 1997 to 2006 that included 
62   036 patients (46   577 with STEMI and 15   459 UA/
NSTEMI), 17.1% had diabetes.  52   The unadjusted 30 - day 
mortality rates were signifi cantly higher among patients 
with diabetes than those without for both UA/NSTEMI 
(2.1% vs 1.1%,  P     <    0.001) and STEMI (8.5% vs 5.4%, 
 P     <    0.001), as were the odds ratios adjusted for baseline 
characteristics and management (1.78; 95% CI 1.24 – 2.56 
and 1.40, 95% CI 1.24 – 1.57 respectively). The hazard ratio 
(HR) for one - year mortality after UA/NSTEMI was 1.65; 
95% CI 1.30 – 2.10) and after STEMI (HR 1.22; 95% CI 1.08 –
 1.38). By one year following ACS, patients with diabetes 
presenting with UA/NSTEMI had a risk of death that 
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approached that of patients without diabetes presenting 
with STEMI (7.2% vs 8.1%). 

 Depression may also have a negative impact on progno-
sis. In a study of 430 patients with NSTE - ACS, depression 
predicted the endpoint of cardiac death or non - fatal 
MI, with an adjusted odds ratio of 6.73 (95% CI 2.43 – 18.64; 
 P      <     0.001) after controlling for other signifi cant prognostic 
factors that included baseline ECG, left ventricular ejection 
fraction, and number of diseased coronary vessels.  53    

  Chronic  k idney  d isease 

 Chronic kidney disease (CKD)   is associated with a higher 
risk of cardiovascular and all - cause mortality.  54 – 56   It is also 
a marker of impaired prognosis in patients with coronary 
artery disease or with a myocardial infarction, and in 
patients with an ACS (Fig.  29.5 ) or undergoing coronary 
angiography. These cross - interactions are likely linked to 
a high incidence of traditional risk factors in CKD, mainly 
diabetes and high blood pressure, and also of non - tradi-
tional risk factors such a proinfl ammatory state, a pro-
thrombotic state, and hyperhomocysteinemia. Complicating 
these issues, CKD is associated with a higher bleeding risk 
(see Fig.  29.5 ); the more severe the dysfunction, the higher 
is the bleeding risk.  57   Routine calculation of the estimated 
creatinine clearance rate by the Cockcroft – Gault method or 
of the estimated glomerular fi ltration rate (GRF) by the 
Modifi cation of Diet in Renal Disease (MDRD) formula is 
strongly recommended over the simple measure of plasma 
creatinine levels.  58   Cystatin C is also emerging as a valid 
marker of GFR.  59      

  The 12 -  l ead  ECG  

 Current information on the prevalence of ECG abnormali-
ties is diffi cult to obtain, in part because the ECG and other 

diagnostic criteria used to select patients for clinical regis-
tries are often less homogeneous and rigorous than those 
used for clinical studies. In the TIMI - III Registry of 1416 
patients enrolled because of unstable angina or non - Q 
wave MI,  60   ST segment deviation  ≥ 1   mm was present in 
14.3% of patients, isolated T - wave inversion in 21.9%, and 
LBBB in 9.0%. By one - year follow - up, death or MI had 
occurred in 11% of patients with ST segment depression, 
6.8% of patients with isolated T - wave inversion, and in 
8.2% of those with no ECG changes. ST segment depression 
0.5   mm or more and LBBB were signifi cant predictors of 
death and MI, with rates of 16.3% and 22.9%, respectively. 
The ECG is not infrequently confounded by LBBB, left 
ventricular hypertrophy, paced rhythm or other derange-
ments. In the PARAGON - A study, these confounders were 
associated with near doubling in the one - year mortality 
rates (12.6% versus 6.5%). Among the 12   142 patients 
enrolled in the GUSTO - II trial with symptoms at rest within 
12 hours of admission and ischemic ECG changes, 22% had 
T - wave inversion, 28% ST segment elevation, 35% ST 
segment depression, and 15% ST segment elevation and 
depression.  43   The 30 - day rates of death or myocardial rein-
farction were 5.5%, 9.4%, 10.5%, and 12.4% respectively 
( P      <     0.001). The cumulative rates of death in this study are 
shown in Figure  29.4 . 

 There is a gradient of increasing risk of death or myocar-
dial infarction in hospital and up to one year, from non -
 specifi c ECGs to T - wave inversion to ST segment depression 
including confounding ST - T changes. Such a gradient 
exists from ST segment depression  > 0.05   mm, to  > 1   mm, to 
 > 2   mm, to  ≥ 2   mm, and to depression in more than two 
contiguous leads.  61   The prognostic value of ST segment 
depression extends to four years following hospital dis-
charge.  62   Special attention is required for patients showing 
deep T - wave inversions in leads V1 through V6 and in 
leads I and AVL on the admission or on subsequent ECGs 
even in the absence of symptoms; the changes are quite 
specifi c for the presence of signifi cant disease in the proxi-
mal left anterior coronary artery and are predictive of a 
high risk of progression to an infarction that can be massive; 
when the T - wave inversions spare leads I and AVL, the 
mid - LAD is more often the site of the culprit lesion.  63   Simi-
larly, ST segment elevation in lead AVR associated with 
ST - T changes in other leads can be a marker of left main 
disease and severe three - vessel disease. The two last crite-
ria deserve special attention. 

 The importance of recording the 12 - lead ECG during 
chest pain must be emphasized. The detection of ST 
segment depression during pain has diagnostic and prog-
nostic value.  64   Occasionally, transient ST segment elevation 
will be detected in association with a critical dynamic coro-
nary artery stenosis due to spasm or thrombus formation, 
or with small vessel disease. ST segment shifts during pain 
occurring on medical management indicate refractory 
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 Figure 29.5     Hospital outcomes according to degree of renal 
impairment for the subgroup of patients with non - ST - elevation 
myocardial infarction/unstable angina from the GRACE Registry. 
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ischemia, an endpoint commonly used in clinical trials. 
Such refractory ischemia predicts near tripling of adjusted 
one - year mortality.  65    

  Biomarkers 

  Markers of  n ecrosis 
 Elevation of serum troponin follows the ischemic insult by 
six hours, as does CK - MB; with newer assays, troponin 
elevation may be detected earlier. Myoglobin can be useful 
as an early and sensitive marker of necrosis as it rises 
within two hours after the onset of pain to peak within 4 – 6 
hours; however, it is non - specifi c and mandates confi rma-
tion of the cardiac origin by elevation of CK - MB or tropo-
nin. CK - MB is a valid second choice to troponin when 
determined by a mass assay. The measurement of ancillary 
markers such as total CK, AST, ALT   is unnecessary and can 
be misleading. 

 In contrast to CK - MB and myoglobin, cardiac troponins 
T and I are not normally detectable in the peripheral blood 
and therefore provide an exquisitely sensitive and specifi c 
marker of cardiomyocyte necrosis. The necrosis is usually 
of ischemic origin, but there are multiple causes of myo-
cardial necrosis other than MI. Only one elevated value is 
required for the diagnosis of myocardial infarction as long 
as the patient presents within 24   h after the onset of com-
patible symptoms. Otherwise, such as in patients with 
renal failure, the diagnosis of acute MI requires the dem-
onstration of a rising and/or falling pattern against the 
background value. 

 Multiple studies have validated the prognostic value of 
an elevation in the serum troponin levels.  66   Figure  29.6  
depicts the results of a clinical trial of a study of patients 

consulting in the emergency department for acute chest 
pain;  18   the 30 - day rate of death or myocardial infarction 
was highest in patients with elevated troponin T or tropo-
nin I levels, intermediate in patients with ST segment 
depression, and lowest in patients with normal troponin 
levels. The higher the elevation in troponin levels,  67   the 
worse the prognosis, but even small elevations are associ-
ated with a signifi cantly impaired prognosis.  68   In the FRISC 
study, among patients with a non - ST segment elevation 
ACS, the risk of myocardial infarction or cardiac death at 
six months was respectively 4.3%, 10.5%, and 16.1% in 
patients within the fi rst, second, and third tertile of maximal 
elevation of troponin during the fi rst 24 hours.  69,70     

 A meta - analysis among patients with unstable angina, 
including 12 reports with troponin T and nine with tropo-
nin I, demonstrated a risk ratio for the occurrence of myo-
cardial infarction at 30 days of 4.2 (95% CI 2.7 – 6.4;  P      <     0.001) 
for troponin I and of 2.7 (95% CI 2.1 – 3.4;  P      <     0.001) for 
troponin T.  71   A second meta - analysis included 18   982 
patients with unstable angina from 21 studies and showed 
odds of death or myocardial infarction at 30 days of 3.44 
(95% CI 2.94 – 4.03;  P      <     0.00001) for the total population 
of troponin - positive patients, 2.86 (95% CI 2.35 – 3.47; 
 P      <     0.0001) for patients with ST segment elevation, 4.93 
(95% CI 3.77 – 6.45;  P      <     0.0001) for patients with non -  ST 
segment elevation, and 9.39 (95% CI 6.46 – 13.67;  P      <     0.0001) 
for patients with unstable angina.  72   A third meta - analysis 
included seven clinical trials and 19 cohort studies. The 
odds of mortality among 11   963 patients with positive tro-
ponin T or I was 3.1 (5.2% versus 1.6%). The discriminative 
value of elevated troponin levels was greater in cohort 
studies than in clinical trials: 8.4% versus 0.7% (OR 8.5) for 
troponin I, and 11.6% versus 1.7% (OR 5.1) for troponin T.  73   

 Determination of troponin levels has many utilities. Ele-
vated levels in the setting of NSTE - ACS strongly suggest 
the presence of an active intracoronary thrombotic process 
that is associated with small foci of myocardial necrosis, 
likely because of distal embolization of thrombotic material 
originating from the culprit lesion. Beyond providing a 
highly sensitive and specifi c test for the diagnosis of myo-
cardial infarction, any elevation provides important prog-
nostic information in acute coronary syndromes. Patients 
with troponin elevation are also more likely to profi t from 
therapy with a Gp IIb/IIIa antagonist,  74   from a low molecu-
lar weight heparin,  75   and from interventional procedures.  76   
Some have recently questioned the prognostic signifi cance 
of the very small elevation of troponin that can be detected 
with the new generations of ultrasensitive tests.  

  Markers of  i nfl ammation 
 Consistent with excessive plaque infl ammation as the main 
trigger to plaque rupture and thrombus formation, a wide 
range of markers of infl ammation are found to be elevated 
in ACS. These include acute phase proteins (C - reactive 
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 Figure 29.6     Risk of death or non - fatal myocardial infarction during 30 
days of follow - up by troponin T (TnT) and I (TnI) levels, elevation (positive) 
or no elevation (negative), and ST segment depression on the ECG. The 
risk for myocardial infarction and death increases with increasing serum 
troponin concentrations and may be 20% in 30 days and 25% within six 
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protein, serum amyloid A protein, fi brinogen), soluble 
adhesion molecules (sVCAM - 1, sICAM - 1, E - selectin, 
P - selectin), proinfl ammatory cytokines (interleukin - 6, 
TNF - alpha, interleukin - 18), degradation enzymes (myelo-
peroxidase, matrix metalloproteinases, placenta - associated 
plasma protein - A), and markers of thrombosis (D - dimers, 
F1.2), oxidative stress (myeloperoxidase), infl ammation 
(CD40 ligand), and of immune system activation 
(neopterin). 

 C - reactive protein (CRP) is a non - specifi c but highly sen-
sitive marker of an infl ammatory state. It is produced by 
the liver upon stimulation by interleukin - 6, which is 
induced by TNF - alpha, IL - 1, IL - 18, platelet - derived growth 
factor, antigens, and endotoxins. As CRP half - life is 19 
hours, blood levels are determined mainly by rates of pro-
duction, These can be very high in infl ammatory and infec-
tious disease, and in the acute phase of a large infarction 
where they rise within six hours and peak at 48 hours. In 
NSTEMI, the elevation precedes that of markers of myo-
cardial necrosis in patients who had previous progressive 
angina, but not in patients without.  77   The early levels may 
thus be less useful for risk evaluation; on the other hand, 
levels obtained after 24 – 48 hours can represent a transient 
non - specifi c acute phase reaction caused by the ongoing 
cell necrosis. and inconsistently predict future events. Ele-
vated levels at a later time and before hospital discharge 
are found in up to 40 – 50% of patients and are associated 
with high rates of late cardiac events, including death/MI/
recurrent ischemia at 12 months,  78   death/MI at six 
months  79,80   and up to two years,  81   and death at 36 months.  82   
In the CAPTURE trial of 447 patients, CRP levels  > 10   mg/L 
did not predict mortality or myocardial infarction at 72 
hours in contrast to elevated troponin T levels, but did 
predict death or MI at six months (18.9% compared to 
9.5%), independently of the troponin status.  80   Of interest, 
high levels of neopterin levels have been linked with the 
presence of multiple active infl ammatory plaques.  83   

 The assessment of CRP levels is not currently part of the 
recommendations of various guidelines. The cut - off points 
that best predict early and late prognosis as well as the 
ideal timing for blood sampling remain to be better defi ned 
and no study has yet documented that a treatment specifi c 
for CRP has improved prognosis. In one study, PCI or 
CABG had little effect on the one - year excess of recurrent 
ischemic events in patients with NSTE - ACS and high CRP 
levels. Elevated CRP levels are associated with increased 
risk of restenosis and acute complications after PCI,  84,85   and 
with an increased risk of new ischemic events up to eight 
years after CABG.  86   The JUPITER trial was designed to 
determine whether long - term treatment with rosuvastatin 
(20   mg orally od) would reduce the rate of fi rst major car-
diovascular events, defi ned as the combined endpoint of 
cardiovascular death, stroke, myocardial infarction, hospi-
talization for unstable angina, or arterial revascularization 

among individuals with LDL - C levels  < 130   mg/dL 
(3.36   mmol/L) at high vascular risk because of an enhanced 
infl ammatory response as indicated by hsCRP levels 
 ≥ 2   mg/L.  87   The trial was terminated prematurely upon the 
recommendation of the DSMB because early effi cacy.  

  Beta -  t ype  n atriuretic  p eptides 
 Beta - type natriuretic peptides are cardiac neurohormones 
released in response to ventricular myocyte stretch; proBNP 
is enzymatically cleaved to the N - terminal proBNP 
(NTproBNP) and subsequently to BNP. The value of assess-
ing BNP was fi rst shown for the diagnosis and evaluation 
of heart failure. Since then, large data sets have docu-
mented a high predictive value independent of conven-
tional risk factors and other biomarkers in patients with 
STEMI and with UA/NSTEMI.  88,89   This predictive value 
extends to early and late blood sampling. Increasing levels 
are associated with proportionally higher short -  and long -
 term mortality rates. In the GUSTO - IV trial of 6809 patients, 
the one - year mortality rates by increasing quartiles were 
1.8%, 3.9%, 7.7%, and 19.2%, respectively ( P     <    0.001). (Fig. 
 29.7 ) This prognostic value was independent of a previous 
history of HF and of clinical or laboratory signs of LV dys-
function on admission or during hospital stay. A previous 
study had shown that this prognostic value was applicable 
to patients with unstable angina, STEMI, and particularly 
NSTEMI. The exact reasons for this selective predictive 
value in ACS are not clear but likely relate to larger zones 
of ischemic myocardium associated with necrosis and 
stunning   and is in line with the impaired prognosis shown 
with modest depression of LVEF.  90   Current guidelines do 
not recommend routine determination of natriuretic factors 
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because elevations would be unlikely to prompt the use of 
specifi c evidence - based therapies, and the prognostic value 
lies more in long - term than in short - term outcomes. It is 
stated as a class II recommendation, however, that natri-
uretic factors may be measured to supplement the assess-
ment of global risk in patients with suspected ACS.  1   They 
should also be used if another indication exists.    

  Multiple  m arkers and  p anels of  m arkers 
 The mechanisms of ACS are highly complex and involve 
many pathophysiologic cascades with numerous interac-
tions between them. Many studies have shown that a mul-
timarker approach will improve the prognostic value. In 
the TIMI - 11A study of 630 patients with a non - ST segment 
elevation ACS, the risk of death at 14 days was highest with 
elevated troponin T and CRP, intermediate when either 
marker was elevated, and lowest when both were normal 
(CRP  <  1.55   mg/L).  91   In the GUSTO study, levels of NT -
 proBNP, troponin (Tn) T, CRP, heart rate, and creatinine 
clearance, in addition to ST segment depression, correlated 
independently with one - year mortality, but NT - proBNP 
was the marker with the strongest relation.  89   In contrast, 
only troponin T, creatinine clearance, and ST segment 
depression were independently related to future MI. The 
combination of NT - proBNP and creatinine clearance pro-
vided the best prediction, with a one - year mortality of 
25.7% with both markers in the top quartile vs 0.3% with 
both markers in the bottom quartile. The cumulative benefi t 
of using TnI, CRP and BNP was demonstrated in substud-
ies of two large clinical trials  92   (Fig.  29.8 ). Multimarker mea-
surement is not recommended at the present time since the 
cost/benefi t ratio would be low in the absence of a pro-
spectively validated scenario. Troponin assessment is a 
must  –  another marker and the only one recommended for 
routine use. BNP or NT - proBNP could be useful in some 
patients for a more global evaluation and CRP as well.   

 The near future will see the introduction of growing 
numbers of markers to help delineate the complex and 
dynamic pathophysiology of cardiovascular diseases and 
tailor treatment selection to specifi c patient needs. These 
will include clusters of blood markers tracking various 
pathophysiologic pathways, cell membrane markers, the 
genome and proteome, and molecular probes for tissue 
imaging.    

  Risk  s cores 

 Prognosis can be predicted by various clinical, ECG, and 
laboratory parameters. Accordingly, predictive models 
have been derived from various databases by applying 
multiple regression analyses to identify independent pre-
dictors of prognosis. However, the results of such analyses 
are infl uenced by the characteristics of the test populations 

and by the baseline data collected. The GUSTO, TIMI and 
PURSUIT scores  93   were developed from the databases of 
large clinical trials of NSTE - ACS, whereas the GRACE 
score was built on registry data acquired across the entire 
spectrum of ACS. The TIMI score excluded patients with 
planned revascularization within 24   h and those at high 
bleeding risk from enoxaparin treatment (including signifi -
cant renal dysfunction); it looked at the rates of death/MI 
and recurrent ischemia requiring an intervention by 14 
days. Renal failure was an exclusion criterion in the 
PURSUIT trial, and the outcome of death or MI was 
assessed at 30 days. The GRACE score was shown to be 
useful to predict death or MI at one year and death at six 
months and four years.  94,95   It can be measured at admission, 
to assess the risk of death or death or MI from admission 
to discharge or to six months, or at hospital discharge to 
evaluate the risk to six months or to one year. These scores 
all add to the prognostic value of biomarkers and the ECG 
and are useful to identify patients who will most benefi t 
from more aggressive medical and invasive treatment.  96   

 Age is a strong predictor in all scores. The TIMI score 
can be readily and simply assessed at admission or shortly 
thereafter by calculating the sum of seven independent 
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predictors, allowing discrimination of a 10 - fold difference 
in risk through 14 days (Fig.  29.9 ). The PURSUIT and 
GRACE scores added an important dimension of LV func-
tion and the GRACE score a component of chronic renal 
disease.    

  Pathophysiology 

 This section will focus on the mechanisms of acute coro-
nary syndromes that are the most relevant with respect to 
management. Interested readers are referred to more 
exhaustive reviews.  5,97   The culprit lesion becomes clinically 
manifest only with the development of an obstruction 
severe enough to impede coronary blood fl ow at rest, or 
when it is the site of a thrombotic occlusion shedding 
thromboembolic material into the distal coronary circula-
tion. Therefore, the active plaque is clinically detected only 
at an advanced stage of the underlying disease. Further, 
the concept of a single active plaque has been challenged. 
Pathologic studies have shown multiple rupture sites and 
thrombi at multiple sites often associated with platelet 
aggregates in small intramyocardial arteries and micro-
scopic foci of necrosis.  4,98,99   An angiographic study in 253 
patients with an acute myocardial infarction documented 
that complex and ruptured plaques could be found in 40% 
of patients and that these were associated with a 10 - fold 
increase in the risk of a recurrent ACS.  100   

 Atherosclerosis is the substrate for ACS. The severity of 
atherosclerosis underlying an episode of an acute coronary 
syndrome is highly variable, ranging from absence of sig-
nifi cant stenoses to the presence of left main disease in 
5 – 10% of patients, and single - , double -  or three - vessel 
disease in respectively 20%, 30%, and 40%.  101   A severely 
obstructive lesion containing a variable amount of dynamic 
thrombus over a plaque is most often identifi ed, providing 

a rationale for coronary revascularization. On inspection 
and histologic analyses, the culprit lesion is clearly distinct 
from the stable plaque which is most often of only moder-
ate severity, with an inner core rich in cholesterol and 
cholesterol esters and a thin fi brous cap, poor in connective 
tissue and smooth muscle cells.  5   At microscopy, the culprit 
lesion is rich in monocyte - macrophages, mast cells, lym-
phocytes, and neutrophils. Biologically, it is extremely 
active, with an intense infl ammatory reaction marked by 
heterotypic cell - to - cell interactions and activity of proin-
fl ammatory cytokines, matrix - degrading metalloprotein-
ases, and growth factors.  97   This culprit lesion is the site of 
a rupture or fi ssure, occurring most often at the shoulder 
region of the plaque. The endothelial disruption is overlain 
by a thrombus extending variably within the lumen of the 
artery and the vessel wall.  5   A number of intravascular 
imaging technologies have allowed description of the 
culprit lesion in the living man, including intravascular 
angioscopy, ultrasound (IVUS), thermography (recording 
plaque temperature), optical coherence tomography (OCT) 
(generating images from backscattered refl ections of infra-
red light), intravascular spectroscopy, and magnetic reso-
nance imaging - based approaches.  102   

 Thrombus formation is triggered by tissue factor (TF), 
which is expressed by lipid - laden macrophages in the core 
of the atherosclerotic plaque and diseased endothelium. 
When exposed to the circulating blood, TF binds circulat-
ing factor VIIa (FVIIa). The complex triggers the proximal 
coagulation cascade by activating factor IX and X within 
the tenase complex. Factor X forms a quaternary complex 
with TF - FVIIa and tissue factor pathway inhibitor (TFPI) 
to limit the generation of TF - FVIIa and the thrombogenic 
stimulus. The thrombus will progress, however, when 
large enough amounts of FXa are produced. FXa is pivotal 
in the coagulation cascade. It converts prothrombin to 
thrombin within the prothrombinase complex. Thrombin 
has multiple pathophysiologic effects, converting fi brino-
gen to fi brin, activating factor XIII, which cross - links fi brin, 
and amplifying its own generation by activation of factors 
V, VIII, and XI on the platelet surface. It is the most potent 
platelet agonist  in vivo , acting mainly through the thrombin 
protease - activated receptor type 1 (PAR - 1). Additional 
thrombin receptors in human platelets are PAR - 4 and GP 
Ib - IX - V. Platelet activation is promptly associated with an 
outside translocation of the inner anionic phospholipid 
layer of platelets, providing a membrane surface well 
suited to the assembly of coagulation factors and thrombus 
formation and growth. Circulating platelets also promptly 
adhere to the damaged endothelium through receptor –
 ligand interactions. Gp Ib/IX recognizes von Willebrand 
factor present in large quantities in the subendothelium, 
and Gp Ia/IIa recognizes collagen. Platelet adhesion and 
other local agonists produce intracellular signaling that 
increases cytosolic Ca 2+  content and induces shape change, 
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release of potent vasoactive, proaggregant and procoagu-
lant substances, and activation of Gp IIb/IIIa receptors.  5   
Activated Gp IIb/IIIa receptors recognize and bind the 
RGD sequence of various moieties, particularly fi brinogen, 
resulting in platelet cross - bridging and aggregation. 
P - selectin, CD40L, and other compounds secreted by acti-
vated platelets attract leukocytes, linking mechanisms of 
thrombosis and infl ammation. 

 The mainstay of immediate therapy in ACS is the control 
of the thrombotic activity to prevent its rapid progression 
to occlusion or distal microembolization of thrombotic 
material. The best results have been achieved with combi-
nations of antiplatelet and anticoagulant therapy consistent 
because of the contributions to arterial thrombosis of 
both platelet activation/aggregation and intravascular 
coagulation.  

  Management 

 The goals of treatment in ACS are to control ischemia, 
decrease the substantial early risk of myocardial infarction 
and death, and prevent recurrences of the syndrome. These 
objectives can be collectively regrouped under the terms 
stabilization or passivation of culprit lesions during the 
acute phase, and secondary prevention of the underlying 
atherosclerosis thereafter. They are best achieved acutely 
by judicious use of anti - ischemic therapy, antithrombotic 
agents, and reperfusion procedures, then by a program of 
risk factor control. There are no clear boundaries between 
these two phases. Treatment is generally guided by risk 
evaluation based on patient demographics, clinical presen-
tation, the 12 - lead ECG, troponin levels, and other patient 
characteristics associated with an enhanced risk (Table 
 29.2 ). Risk stratifi cation is an ongoing process that must be 
repeatedly updated during the hospital stay and follow - up 
after discharge.   

  Initial  m easures ( g enerally  C lass  I ,  L evel  C ) 

  Patient ’ s  r esponse to  s ymptoms 
 The patient may fi rst consult with family or colleagues, 
may visit a medical clinic, doctor ’ s offi ce or emergency 
department, or may call a healthcare provider, optimally 
911. Rapid access to the emergency cardiac care system 
increases the likelihood of prehospital care and prompt 
prehospital recording of a 12 - lead ECG, and rapid 
transport to an appropriate center for prompt optimal 
therapy.  

  Medical  t riage 
 Patients are further evaluated in an emergency department 
where blood levels of biomarkers of infarction are obtained. 
Patients with milder symptoms such as new onset of 

angina and/or mild exacerbation of previously stable 
angina, stable hemodynamics, no angina at rest, no ECG 
changes and normal serial troponin levels can be further 
triaged by provocative testing before discharge or as an 
outpatient soon after discharge. If coronary artery disease 
(CAD) is suspected, educational material is provided and 
initial treatment is instituted and re - evaluated at subse-
quent follow - up. Patients at intermediate risk might go to 
a coronary care unit (CCU), an intermediate care unit or to 
a regular ward depending on the availability of facilities 
and the specifi c level of risk. High - risk patients should go 
to the CCU for prompt treatment and are considered for 
urgent coronary angiography.   

  General  m easures 

 Ischemia at rest or low threshold activity mandates mea-
sures to minimize myocardial oxgen demand, including 
rest in bed or a recliner chair and stool softeners. Emotional 
distress is minimized by judicious control of the environ-
ment, supportive medical and nursing care, limitation and 
education of visitors, provision for restful sleep, and the 
control of ischemic pain whenever present with nitrates, 
intravenous narcotics and other specifi c anti - ischemic 
agents as appropriate. Morphine (1 – 5   mg IV to be repeated 
if needed) is a useful adjunct, although a note of caution 
has been raised, by a fi nding in a large observational reg-
istry, of a higher adjusted likelihood of death in patients 

 Table 29.2     Determinants of prognosis of non -  ST  segment 
elevation  ACS  

  Confi rming high - risk ACS    Clinical pattern of pain  

  ST - T ischemic changes  

  Troponin T or I elevation  

  Hemodynamic or electrical instability  

  Recurrent ischemia  

  Previous aspirin use  

  Other cardiovascular    Left ventricular dysfunction  
  Congestive heart failure  
  Previous myocardial infarction  
  Previous CABG  
  Extensive coronary or vascular disease  
  Provocative testing  

  Other non - cardiac    Older age  
  Bleeding  
  Diabetes  
  Chronic renal failure  
  Depression  

  Biomarkers    BNP, NTpro - BNP  
  CRP  
  Other markers (e.g. MCP - 1, IL - 6, MPO)  
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administered morphine (OR 1.41, 95% CI 1.26 – 1.57).  103   A 
randomized trial may be warranted. Oxygen is adminis-
tered to patients with cyanosis or respiratory distress or if 
fi nger pulse oximetry reveals an SaO 2  under 90%. Attention 
is indicated to detect depressive symptoms which 
may adversely affect prognosis independently of other 
predictors.  53    

  Anti -  i schemic  t herapy 

  Nitroglycerin 
 Nitroglycerin remains a mainstay of angina therapy. It is 
converted to nitric oxide to cause endothelium - indepen-
dent vasodilation of capacitance veins (resulting in 
decreased venous return and preload) and of arterioles 
(resulting in a reduction in blood pressure and afterload). 
Together these effects strikingly reduce wall stress and 
myocardial oxygen demand. Myocardial oxygen delivery 
may be enhanced if small coronary arteries are concomi-
tantly dilated and no coronary steal occurs. The decrease 
in myocardial oxygen demand is partly offset by refl ex 
increases in heart rate and contractility, which can be coun-
teracted by adequate beta - blockade. 

 Nitroglycerin (NTG) is given as a sublingual tablet, by 
oral or sublingual spray or as an intravenous bolus for the 
immediate relief of chest pain; long - acting oral or transder-
mal nitrates or nitroglycerin intravenous infusion are 
useful to prevent recurrent angina, and to rapidly control 
blood pressure during the acute phase. Intravenous NTG 
may be initiated at a rate of 10    μ g per min through continu-
ous infusion via non - absorbing tubing and increased by 
10    μ g increments every 3 – 5   min until there is some relief of 
symptoms or blood pressure response, or headache occurs 
which is not promptly controlled by acetominophen. In 
general, systolic blood pressure should not be titrated to 
less than 110   mmHg in previously normotensive patients 
or to more than 25% below the starting mean arterial blood 
pressure if hypertension was present. 

 To minimize the rapid tolerance which occurs with nitro-
glycerin, a drug - free interval of 6 – 12 hours a day is gener-
ally recommended. This may be undesirable in unstable 
patients in whom tolerance can be attenuated by reducing 
the infusion rate once chest pain and blood pressure are 
under control and increasing the rate subsequently if 
needed. A ceiling dose of 200    μ g per min is empirically 
advised although prolonged (2 – 4 weeks) infusion at rates 
of 300 – 400    μ g per min has not resulted in increased methe-
moglobin levels.  104   

 Nitroglycerin should be avoided in patients with initial 
systolic blood pressure less than 90   mmHg and in patients 
with marked bradycardia or tachycardia. Pre - existing 
hypovolemia is common in the elderly and may predispose 
to nitroglcerin - induced hypotension. Side effects include 
headache and hypotension. Hypotension associated with 

inappropriate bradycardia, refl ecting vagal stimulation, 
may be corrected by Trendelenburg positioning and 
volume administration or the administration of atropine or 
glycopyrrolate. Even though the half - life of NTG is short, 
exacerbation of ischemic changes following abrupt cessa-
tion of intravenous NTG has been described  105   and a graded 
reduction in the intravenous dose is advisable. 

 The phosphodiesterase - 5 inhibitors used for the treat-
ment of erectile dysfunction decrease the biodegradation 
of cyclic guanosine monophosphate (cGMP) whereas 
organic nitrates also increase levels of cGMP by activating 
guanylate cyclase. Synergistic decreases of both systolic 
and diastolic pressure can result in an excessive fall in 
blood pressure which has been associated with profound 
hypotension, MI, and even death. The duration of the inter-
action is variable depending on the half - life of the various 
drugs. It is advised not to administer nitrates for 4 – 6 half -
 lives after the use of a phophodiesterase - 5 inhibitor (24 
hours for sildenafi l and vardenafi l and 48 hours for tadala-
fi l). A recent study of healthy individuals suggested that 
the sildenafi l – nitroglycerin interaction could be gone after 
four hours.  106   The presence of even trace amounts of nitrates 
could have deleterious effects in combination with a PDE - 5 
inhibitor, and the administration of sildenafi l or another 
PDE - 5 inhibitor to a patient who has taken a nitrate in the 
preceding 24 hours is contraindicated, as is the administra-
tion of any nitrate within 24 – 48 hours of the administration 
of a PDE - 5 inhibitor. In general, PDE - 5 inhibitors should 
be avoided altogether in patients who require nitroglycerin 
for treatment of their angina.  107   Most studies of nitrates in 
unstable angina were small, employed case series or case –
 control designs, and dose regimens varied considerably.  108   
Many issues such as nitrate tolerance were not addressed. 
Partial relief of anginal episodes was usually achieved, 
occasionally relief was complete, and absence of benefi t 
was infrequent. Thus, the widespread use of oral, topical, 
and IV nitrates in unstable angina is based upon reasonable 
extrapolation from pathophysiologic observations, case 
series, evidence of modest reduction of mortality in 
acute MI,  109 – 111   and extensive clinical experience using 
regimens developed in careful clinical studies  111   (Class I, 
Level C).  

  Beta -  b lockers and  c alcium  a ntagonists 
 Based on their effectiveness in the treatment of stable 
angina, beta - blockers were widely used for the manage-
ment of unstable angina in the absence of objective evi-
dence for their effi cacy. As the calcium channel blockers 
became available and their effectiveness for the control 
of stable angina was demonstrated, they also began 
to be used for the management of unstable angina, and 
therapeutic trials generally focused on comparisons of 
beta - blockers and various calcium antagonists. A small 
randomized and placebo - controlled trial of 126 patients 
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hospitalized with unstable angina showed similar protec-
tive effects with nifedipine and the combination of pro-
pranolol/isosorbide dinitrate to prevent recurrent chest 
pain during an evaluation period of 14 days.  112   It was noted 
that the propranolol/isosorbide combination was more 
effective than nifedipine in patients not taking beta - 
blockers prior to admission, whereas nifedipine was more 
effective among patients already on beta - blockade. In the 
subsequent HINT study,  113   338 patients not receiving beta -
 blocker on admission were randomly allocated, double 
blind, to nifedipine, metoprolol, both or neither. Meto-
prolol was signifi cantly more effective than nifedipine 
( P      <     0.05) in preventing acute MI or recurrent angina with 
ST change. The 177 patients already on a beta - blocker at 
admission were randomly allocated, double blind, to nife-
dipine or placebo, and nifedipine was superior ( P     >    0.05). 
In a trial of patients receiving  “ optimal ”  doses of nitrates 
and nifedipine who were then randomized to the addition 
of either propranolol or placebo,  114   propranolol was effec-
tive. In another study in patients who had failed maximum 
treatment with propranolol and long - acting nitrates and 
were then randomized to the addition of nifedipine or 
placebo, nifedipine was effective ( P     >    0.03).  115   

 Diltiazem was compared to propranolol in a randomized 
single - blind study of patients hospitalized for angina 
accompanied by ECG abnormalities and occurring in a 
crescendo pttern, at rest or following MI.  116   Chest pain 
frequency was signifi cantly reduced by both regimens, and 
there was no difference in effi cacy. In another study, 
patients with rest angina were randomized to diltiazem or 
propranolol in maximum tolerated doses.  117   The agents 
were equally effective in reducing the frequency of daily 
anginal episodes, but in the subgroup with angina only 
at rest, diltiazem was effi cacious whereas propranolol 
was not. The Multicenter Diltiazem Postinfarction Trial 
Research Group randomly assigned 2466 patients with a 
non - W wave MI to diltiazem (240   mg daily) or placebo for 
12 – 52 months (mean 25). Mortality rates were nearly iden-
tical among the two treatment groups. First recurrent 
cardiac events (death from cardiac causes or non - fatal rein-
farction) were 11% fewer in the diltiazem group (202 vs 
226; HR 0.90; 95% CI 0.74 – 1.08). A signifi cant ( P    =   0.0042) 
bidirectional interaction between diltiazem and pulmonary 
congestion was observed on X - ray examination. In patients 
without pulmonary congestion, diltiazem was associated 
with a reduced number of cardiac events (HR 0.77; 95% CI 
0.61 – 0.98); in patients with pulmonary congestion, diltia-
zem was associated with an increased number of cardiac 
events (HR 1.41; 95% CI 1.01 – 1.96). A similar pattern was 
observed with respect to the ejection fraction, dichoto-
mized at 0.40.  118   A retrospective analysis of the DAVIT trial 
with verapamil suggested the same detrimental effect on 
mortality rates in patients with LV dysfunction.  119   Small 
placebo - controlled trials of verapamil demonstrated statis-

tically signifi cant reductions in the frequency of ischemic 
pain, but longer - term follow - up showed a relatively high 
incidence of AMI and death.  120   Yusuf  et al   121   examined fi ve 
trials involving about 4700 patients with threatened MI 
who were placed on intravenous beta - blocker followed by 
oral therapy for about a week. There was a modest 13% 
reduction in the risk of development of MI in this group. 
Although a meta - analysis of verapamil  122   therapy indicated 
a favorable effect on outcomes, the Yusuf meta - analysis 
found no overall reduction of death and non - fatal MI with 
calcium antagonists among patients with unstable angina.  121   

 Altogether these trials suggest that patients not receiving 
a beta - blocker or a calcium antagonist prehospitalization 
may benefi t from a beta - blocker, diltiazem or verapamil. 
However, the the meta - analytic data for benefi t of beta -
 blockers but not calcium antagonists and the evidence for 
improved long - term outcomes with beta - blocker therapy 
among survivors of myocardial infarction  121   and those with 
chronic ischemia, support beta - blockers over rate - limiting 
calcium antagonists as the fi rst - choice therapy in patients 
with unstable angina (Class I, Level A). Patients at high 
risk may benefi t from initial intravenous beta - blocker, fol-
lowed by an oral regimen (Class I, Level C). Diltiazem or 
verapamil are suitable alternatives for patients with a con-
traindication to beta - blocker therapy (Class I, Level C). 
A short - acting dihydropyridine without a beta - blocker 
is contraindicated as it can increase the incidence of MI  123   
(Class III, Level A). A long - acting dose preparation or an 
agent with an intrinsically long half - life such as amlodipine 
appears to be preferable, but there has been no rigorous 
assessment (Class I, Level C). Patients already receiving a 
beta - blocker can benefi t from the addition of a calcium 
antagonist to prevent recurrent angina (Class I, Level A). 
Beta - blockers, diltiazem and verapamil should be avoided 
in patients with severe LV dysfunction (Class III). 

 Among patients with variant angina, characterized by 
recurrent ischemic episodes occurring mainly at rest and 
in the early morning hours and accompanied by transient 
ST segment elevation, randomized, placebo - controlled, 
double - blind trials of verapamil,  124 – 126   diltiazem,  127 – 129   and 
nifedipine  130 – 132   have demonstrated the effi cacy of each of 
these agents in reduction of angina frequency. Several
 comparisons of calcium antagonists to beta - blockers have 
demonstrated greater effi cacy with the calcium antago-
nists.  125,126,130   These agents, along with nitrates, are regarded 
as the therapy of choice for variant angina (Class I, Level 
A), although there are few direct comparative data with 
long - acting nitrates.  

  Ranolazine 
 This is a piperazine derivative approved for the control 
of angina in patients with chronic stable angina who have 
failed to respond to prior angina therapy with beta - 
blockers, calcium channel blockers or nitrates.  133   It is 
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contraindicated in patients with pre - existing QT interval 
prolongation. Patients with moderate to severe hepatic 
impairment and those taking CYP3A4 inhibitors should be 
closely monitored for adverse effects, including QT prolon-
gation. Ranolazine has no effects on heart rate and blood 
pressure. Although the exact mechanism of action is 
unknown, it acts as a partial fatty acid oxidase inhibitor to 
shift adenosine triphosphate (ATP) production away from 
fatty acid oxidation to more oxygen - effi cient glucose oxida-
tion during periods of myocardial ischemia. It also inhibits 
the inward late sodium current during cardiac repolariza-
tion, leading to a reduction in intracellular sodium and 
calcium overload, and a decrease in the inotropic state and 
myocardial oxygen demand. 

 In the recent MERLIN TIMI 36 trial,  134   6560 patients with 
unstable angina/NSTEMI were randomized within 48 
hours of ischemic symptoms and subsequently followed 
up for a median of 348 days. The drug was fi rst adminis-
tered intravenously, then orally. The primary effi cacy end-
point of cardiovascular death, MI, or recurrent ischemia 
did not differ between ranolazine and placebo. However, 
recurrent ischemia was less frequent with ranolazine 
(13.9% versus 16.1% with placebo,  P    =   0.03). Side effects 
were unfrequent, including QTc prolongation which 
required a reduction in the dose of intravenous drug in 
0.9% receiving ranolazine and 0.3% receiving placebo. 
There was no difference in the rates of documented symp-
tomatic arrhythmias or of mortality in the two groups. The 
risk of clinically signifi cant arrhythmias on Holter monitor-
ing was reduced by 11% ( P     <    0.001) in the patients assigned 
to ranolazine.   

  Antithrombotic  t herapy 

 Antithrombotic therapy is a cornerstone in the manage-
ment of ACS. It reduces the incidence of death and myo-
cardial infarction whether patients are managed by medical 
therapy only or by the addition of invasive therapy. Anti-
thrombotic effects are enhanced with combined inhibition 
of platelets and of the coagulation process, but the risk of 
hemorrhage is increased. Thrombolytic therapy is benefi -
cial in ST segment elevation ACS but contraindicated in 
non - ST segment elevation ACS.  135   

  Antiplatelet  t herapy 
 Whereas aspirin remains the gold standard of antiplatelet 
therapy, an armamentarium of new agents acting on dif-
ferent aspects of platelet function has been developed.  136   
Antiplatelet agents evaluated in ACS include aspirin, 
dipyridamole, prostacyclin, sulfi npyrazone, inhibitors of 
thromboxane synthase and/or its receptor, ticlopidine, 
clopidogrel, prasugrel and the intravenous and oral Gp 
IIb/IIIa antagonists. The various drugs can be classifi ed 
fi rst by their site of action on the main steps of platelet 

function from adhesion to activation and aggregation, and 
secondarily by their specifi c effects at each step. Adhesion 
can be inhibited by agents under development which act 
mainly on von Willebrand factor and its ligand, Gp 1b/IX. 
Activation can be inhibited by agents acting on intracel-
lular calcium mobilization such as dypiridamole, and by 
agents inhibiting more specifi c activation pathways. 
Aspirin blocks the thromboxane pathway and the thieno-
pyridines block the P2Y 12  ADP - receptor pathways. Gp IIb/
IIIa antagonists occupy the receptor to prevent fi brinogen 
binding and platelet aggregation. 

  Aspirin     Four clinical trials with differing designs and 
aspirin dosages have shown statistically signifi cant 
improvements in major clinical outcomes among patients 
with non - ST segment elevation ACS. The Veterans Admin-
istration Study included 1338 men with unstable angina 
randomly allocated within 72 hours of admission to ASA 
324   mg or placebo.  137   The rate of death or myocardial infarc-
tion was reduced from 10.1% to 5.0% (RR 49%,  P     =    0.0005) 
over a 12 - week treatment period. In the Canadian Multi-
center Trial, 555 patients (73% men) with unstable angina 
were randomized before hospital discharge to aspirin 
(325   mg four times daily), sulfi npyrazone (200   mg four 
times daily), placebo, or both drugs.  138   Aspirin reduced the 
outcome of death or myocardial infarction at two years 
from 17% to 8.6% (RR 49.2%;  P     =    0.008) by effi cacy analysis 
and by 30% ( P     =    0.072) by intention - to - treat analysis, and 
the outcome of death was reduced by 71% ( P     =    0.004) and 
43.4% ( P     =    0.035) respectively. Sulfi npyrazone had no sig-
nifi cant effect or interaction with aspirin. In the Montreal 
study, 479 patients were randomized during the acute 
phase of disease to aspirin (325   mg bid), heparin, both or 
neither in a 2    ×    2 factorial design.  29   Aspirin reduced the risk 
of death or myocardial infarction at six days from 6.3% to 
2.6%, a 63% risk reduction ( P     =    0.04). The RISC study ran-
domized 945 patients to aspirin (80   mg daily), intravenous 
heparin, both or placebos.  28   Endpoints were assessed in 796 
patients meeting the entry criteria. Aspirin, compared to 
no aspirin, reduced the rate of death or MI at fi ve days from 
5.8% to 2.6% ( P     =    0.033), at seven days from 13.4% to 4.3% 
( P     =    0.0001), and at 30 days from 17.1% to 6.5% ( P     =    0.0001). 
Overviews of these trials  1,7   have shown a reduction of 
death or MI from 12.5% to 6.4% ( P    =   0.0005) and a NNT 
of 17. 

 The most recent meta - analysis by the Antiplatelet Trial-
ists ’  Collaboration reviewed 287 studies involving 135   000 
patients in comparisons of antiplatelet therapy versus 
control and 77   000 patients in comparisons of different 
antiplatelet regimens.  139   Antiplatelet therapy reduced the 
outcome of any serious vascular event by 22%, non - fatal 
MI by 34%, non - fatal stroke by 25%, and vascular mortality 
by 15%. Aspirin was the most widely studied antiplatelet 
drug. The absolute benefi t of aspirin increases with the 
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inherent risk of the condition for which it is prescribed, and 
is substantial in patients with a non - ST segment elevation 
ACS.  139   

 The mechanism accounting for the benefi t of aspirin in 
ACS is its acetylation of platelet cyclo - oxygenase - 1 (COX -
 1), which is irreversible and saturable at low doses and 
blocks the formation of thromboxane A2. The APT meta -
 analysis found the risk reductions did not vary signifi -
cantly among aspirin doses ranging from 75 to 1500   mg per 
day, although the benefi ts appeared to be less for doses 
under 75   mg per day.  139   The risk of bleeding appears to rise 
when daily dose exceeds 200   mg.  140   A loading dose of 150 –
 365   mg (non - enteric coated and chewed) is recommended 
followed by doses of 75 – 162   mg daily (Class I, Level A). 
Atherosclerotic vascular events have a variety of patho-
physiologic origins, only some of which are responsive to 
aspirin, and yet the term  “ aspirin resistance ”  is often used 
to describe failure of aspirin to prevent vascular events in 
some patients. A more appropriate descriptive term might 
be  “ aspirin treatment failure ”  with aspirin resistance being 
considered as a subcategory in which there is a failure of 
aspirin to inhibit TXA2 production.  141   Aspirin resistance 
might result from non - compliance, inadequate dose, poor 
absorption or rapid metabolism (particularly at low doses), 
steric interference with aspirin ’ s access to the active site of 
COX - 1 by ibuprofen or naproxyn and possibly genetic 
polymorphisms of the COX - 1 gene. Other possibilities 
include aspirin - insensitive TXA 2  production catalyzed by 
COX - 2 in infl ammatory cells and immature platelets or by 
COX - 1 in immature platelets. To defi ne aspirin resistance 
as a failure to inhibit TXA 2  production, specifi c and reliable 
assays such as serum TXB 2  or possibly urinary 11 - dehydro -
 TxB 2  must be employed. Currently the recommendations 
from expert panels and societies are to avoid testing 
platelet function in an attempt to assess the clinical anti-
platelet effect of aspirin in individual patients  1,7,142   (Class I, 
Level C).  

  Other  a gents  a cting on the  c yclo -  o xygenase  p athway     The inhi-
bition of prostacyclin (PGI 2 ) generation by low - dose aspirin 
does not appear to limit its protective effects signifi cantly, 
and a study of the infusion of prostacyclin in unstable 
angina patients resulted in no benefi t.  143   The thromboxane 
synthase inhibitors and/or receptor antagonists investi-
gated so far were not shown to be superior or inferior to 
aspirin.  

   ADP   r eceptor  a ntagonists     There are three subtypes of puri-
nergic receptors on platelets: P2Y1 receptors are involved 
in platelet aggregation, P2Y12 receptors in stabilization of 
platelet aggregates, and the precise roles of ion - gated P2X1 
receptors are still being evaluated. Currently available 
ADP receptor blockers, classifi ed as thienopyridines and 
non - thienopyridines, target P2Y12. The thienopyridines 

(ticlopidine, clopidogrel, and prasugrel) are all prodrugs 
whose metabolites inhibit P2Y12 irreversibly. Because of its 
greater safety and ease of administration, clopidogrel has 
largely replaced ticlopidine, although the latter is still used 
in some countries and may be useful in some patients aller-
gic to clopidogrel, although cross - reactions are possible. 
The prasugrel metabolite is produced more rapidly than 
that of clopidogrel, resulting in a more rapid and complete 
receptor inhibition and fewer non - responders.  144   

 Newer non - thienopyridines which are direct and revers-
ible inhibitors of the P2Y12 receptor have improved dose –
 response profi les. Cangrelor is administered intravenously 
and can fully inhibit P2Y12; its effect is immediate with a 
half - life of 3 – 5 minutes, allowing full receptor recovery 
within 30 minutes after discontinuation of the infusion. The 
drug is currently being investigated in the CHAMPION 
PLATFORM and CHAMPION - PCI trials.  145   Ticangrelor 
(AZD6140) is administered orally. Its onset of action is 
within two hours with peak effect at approximately two 
hours; its offset is approximately after 12 hours but signifi -
cant inhibition is still present after 24 hours. Using a twice -
 daily dosing regimen, the DISPERSE and DISPERSE - 2 
clinical studies demonstrated more potent and consistent 
platelet aggregation inhibition as compared with clopido-
grel, with an increase in minor but not in major bleed-
ing.  146,147   The PLATO trial compared the drug to clopidogrel 
in patients with ACS with continuing admisistration for up 
to one year; results are expected for early 2009. PRT060128, 
a non - thienopyridine inhibitor of P2Y12 that can be admin-
istered both intravenously and orally, allowing seamless 
transition from IV to oral administration, is at an early 
stage of investigation. 

 Many placebo - controlled trials of ticlopidine in unstable 
angina and in the secondary prevention of stroke found 
risk reductions in the same range of those observed in 
aspirin trials,  148   while a direct comparison among patients 
with prior stroke found that ticlopidine was superior to 
aspirin.  149   Clopidogrel 75   mg/day was compared to aspirin 
325   mg/day in the CAPRIE trial,  150   which randomized 
19   185 patients with atherosclerotic vascular disease mani-
fested as recent ischemic stroke, recent myocardial infarc-
tion, or symptomatic peripheral vascular disease. The 
annual risk of ischemic stroke, myocardial infarction, or 
vascular death during a follow - up of 1 – 3 years was reduced 
by 8.7% from 5.83% to 5.32% by clopidogrel ( P     =    0.043). The 
risk reductions (RR) were 23.8% ( P    =   0.00028) in patients 
enrolled because of peripheral vascular disease and 7.3% 
in patients enrolled because of stroke, but there was a risk 
increase of 5.03% ( P     =    0.66) in patients enrolled because of 
a myocardial infarction. In two randomized trials of ticlopi-
dine versus clopidogrel added to aspirin among patients 
receiving stents, there were no signifi cant differences in 
major vascular outcomes.  151,152   However, clopidogrel has 
supplanted ticlopidine, because of its lower incidence of GI 
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side effects and freedom of serious hematologic and hepatic 
toxicity, and once - daily dose regimen.  150   

 In the CURE trial,  153   12   562 patients were randomized 
within 24 hours after the onset of NSTE - ACS to receive 
clopidogrel (300   mg bolus, 75   mg daily) or placebo in addi-
tion to aspirin 160 – 360   mg daily for 3 – 12 months. The 
primary composite outcome of cardiovascular death, non -
 fatal MI, or stroke occurred in 9.3% of patients in the clopi-
dogrel group and 11.4% in the placebo group (RR 0.80; 95% 
CI 0.72 – 0.90;  P    <   0.001) (Fig.  29.10 ). Clopidogrel also reduced 
the rates of in - hospital severe ischemia and of revascular-
ization, the need for fi brinolytic therapy or intravenous Gp 
IIb/IIIa - receptor antagonists, and the occurrence of heart 
failure. The benefi ts became apparent within a few hours of 
beginning treatment and increased throughout the follow -
 up period to one year. These benefi ts were homogeneous 
among all secondary endpoints, subgroup analyses, and 
patients at low, medium, and high risk, enhancing the clini-
cal relevance of the trial. There were benefi ts even among 
patients without ST segment depression and those without 
elevation of cardiac markers, in contrast to trials of enoxa-
parin and the GP IIb/IIIa antagonists in which benefi ts 
were apparent only among high - risk patients. There were 
signifi cantly more patients with major bleeding in the clopi-
dogrel group than in the placebo group (3.7% versus 2.7%; 
RR 1.38;  P     =    0.001), but there was no excess in life - threaten-
ing bleeding (2.2% versus 1.8%;  P     =    0.13) or hemorrhagic 
stroke (0.1% versus 0.1%). The risk of major bleeding was 
increased in patients undergoing CABG surgery within the 

fi rst fi ve days of stopping clopidogrel (9.6% versus 6.3%, RR 
1.53;  P     =    0.06) but not when CABG was performed after fi ve 
days (4.4% versus 5.3%).   

 The CURE trial focused mainly on medical management, 
but revascularization was performed during the initial 
admission in 23% of the patients, among whom 4.5% of 
clopidogrel patients had cardiovascular death, myocardial 
infarction, or urgent target vessel revascularization within 
30 days of PCI, compared with 6.4% in placebo patients 
(RR 0.70, 95% CI 0.50 – 0.97,  P    =   0.03). Long - term adminis-
tration of clopidogrel after PCI was associated with a lower 
rate of cardiovascular death, myocardial infarction, or any 
revascularization ( P    =   0.03), and of cardiovascular death or 
myocardial infarction ( P    =   0.047).  154   Clopidogrel is gener-
ally recommended at a daily dose of 75   mg, preceded by a 
loading dose of 300   mg in ACS, as in the CURE regimen, 
but if the angiogram is required urgently, the loading dose 
is generally increased to 600   mg to achieve faster platelet 
inhibition; these doses are generally well tolerated.  155   

 The CURRENT trial has tested higher doses of clopido-
grel and of aspirin in a 2    ×    2 factorial design in NSTE - ACS 
undergoing PCI; the high dose of clopidogrel is a 600   mg 
loading dose and 150   mg daily dose for one month; the 
high dose of aspirin is a 300   mg loading dose and 300 –
 325   mg daily for one month. There are currently no provi-
sions in the various treatment guidelines for the so - called 
clopidogrel poor or non - responders. 

 Prasugrel was recently directly compared with clopido-
grel in the TRITON TIMI - 38 trial.  156   The trial enrolled 13   608 
patients, 10   074 with unstable angina or NSTEMI with isch-
emic symptoms within the previous 72 hours, a thromboly-
sis in myocardial infarction (TIMI) risk score  ≥ 3 and ST 
segment deviation  ≥ 1   mm or elevated cardiac biomarker, 
and 3534 with STEMI within 12 hours after onset of symp-
toms if primary PCI was planned or within 14 days after 
receiving medical treatment. Coronary anatomy had to be 
known and suitable for PCI before randomization with the 
exception of planned primary PCI in STEMI or coronary 
anatomy already known to be suitable for PCI (very rarely 
encountered) in which case pretreatment with the study 
drug was permitted for up to 24 hours before PCI. On a 
background of aspirin, a loading dose of prasugrel 60   mg or 
clopidogrel 300   mg was administered after randomization 
and until one hour after leaving the catheterization labora-
tory followed by maintenance doses of 10   mg and 75   mg 
daily for 6 – 15 months (median 14.5 months). Prasugrel sig-
nifi cantly reduced the primary endpoint of cardiovascular 
death, non - fatal myocardial infarction, or non - fatal stroke 
at three days from 5.6% in the clopidogrel group to 4.7% 
(HR 0.82; 95% CI 0.71 – 0.96;  P    =   0.01). From three days to 
the end of the study, the endpoint was reduced from 6.9% 
to 5.6% (HR 0.80; 95% CI 0.70 – 0.93;  P    =   0.003) largely in 
relation with a reduction in myocardial infarction. The ben-
efi ts of prasugrel extended to other prespecifi ed endpoints, 
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 Figure 29.10     Cumulative hazard rates for the outcome of 
cardiovascular death, non - fatal myocardial infarction, or stroke during the 
12 months of the CURE study with the use of clopidogrel versus placebo 
on a background of aspirin in all patients. The results demonstrate 
sustained benefi t of clopidogrel from the time of randomization through 
to the end of the study.  (Reproduced with permission from the CURE 
Investigators.  152  )  
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without signifi cant interactions with patient characteristics 
or subgroups, including the entry diagnosis of UA/NSTEMI 
or NSTEMI and the use of a GPIIb/IIIa antagonists. 

 Excess bleeding occurred with prasugrel: major non -
 CABG related bleeding in 2.4% vs 1.32% with clopidogrel 
(95% CI 1.03 – 1.68;  P    =   0.03), and life - threatening bleeding 
from randomization to day 3 (0.4% vs 0.3%; HR 1.38; 95% 
CI 0.79 – 2.41;  P    =   0.26) and from day 3 to the end of the 
study (1.0% vs 0.6%; HR 1.60; 95% CI 1.05 – 2.44;  P    =   0.03) 
for a total of 1.4%, vs 0.9% at the end of the study (HR 1.52; 
95% CI 1.08 – 2.13;  P    =   0.01). More patients treated with 
prasugrel (2.5%, vs 1.4% of patients treated with clopido-
grel;  P     <    0.001) discontinued the study drug owing to 
adverse events related to hemorrhage. The combination 
of non - CABG related TIMI    major or minor hemorrhage 
occurred also more frequently (HR 1.31; 95% CI 1.11 – 1.56; 
 P    =   0.002). Fatal TIMI major bleeding occurred in 0.4% and 
0.1% of patients respectively ( P    =   0.002) and intracranial 
hemorrhage in 19 patients (0.3%) receiving prasugrel and 
17 patients (0.3%) receiving clopidogrel ( P    =   0.74). Among 
the few patients who underwent CABG, the rate of TIMI 
major bleeding was also in excess with prasugrel (13.4% vs 
6 3.2%, HR 4.73; 95% CI 1.90 – 11.82;  P     <    0.001). 

 A series of  post hoc  exploratory analyses were conducted 
to identify the subgroups of patients with no favorable net 
clinical benefi t or with net harm, taking into account death 
from any cause, non - fatal myocardial infarction, non - fatal 
stroke and non - CABG related non - fatal TIMI major bleed-
ing. Three such subgroups emerged: 1. patients with previ-
ous stroke or transient ischemic attack (n   =   518) had net 
harm from prasugrel (HR 1.54; 95% CI 1.02 – 2.32;  P    =   0.04); 
2. patients  ≥ 75 years of age had no net benefi t (HR 0.99; 
95% CI 0.81 – 1.21;  P    =   0.92); and 3. patients weighing  < 60   kg 
had no net benefi t (HR 1.03; 95% CI 0.69 – 1.53;  P    =   0.89). 
Patients with a history of stroke showed a strong trend 
toward a greater rate of TIMI major bleeding ( P    =   0.06), 
including intracranial hemorrhage in six patients (2.3%) in 
the prasugrel group, as compared with none in the clopi-
dogrel group ( P    =   0.02). 

 Analogous to aspirin ’ s specifi city for the TXA 2  pathway, 
clopidogrel ’ s specifi city for the PGY 12  receptor limits its 
effectiveness to the the prevention of vascular events which 
arise from activation of this receptor. Accordingly, the term 
 “ clopidogrel resistance ”  should be reserved for those phe-
nomena which may impede clopidogrel ’ s capacity to 
reduce the action of the P2Y 12  pathway.  157   These include 
inadequate dosing, poor absorption, drug competition for 
the P450 enzymes, and polymorphisms of these enzymes, 
the P2Y 12  receptor or of other platelet receptors. The stan-
dard test for clopidogrel resistance has been the assessment 
of platelet aggregation in platelet - rich plasma or whole 
blood following activation with ADP, but this test is not 
specifi c for clopidogrel. The platelet vasodilator - stimulated 
phosphoprotein - phosphorylation assay using fl ow cytom-

etry is the most promising available assay  158   but as for 
aspirin, it is recommended that no test of platelet function 
should be performed in the attempt to assess the clinical 
antiplatelet effect of clopidogrel in individual patients.  1,7,139   
Prasugrel might be a preferable alternative therapy for 
those patients who are truly clopidogrel resistant.  

  Gp  II  b / IIIA  -  r eceptor  b lockers     Three Gp IIb/IIIa antagonists 
are approved for IV use: abciximab, eptifi batide, and tiro-
fi ban. Abciximab is a Fab fragment of a chimeric monoclo-
nal antibody that binds the RGD and dodecapeptide 
recognition sequences of the receptor. The plasma half - life 
of the drug is approximately 10 minutes but the biologic 
half life extends to 6 – 12 hours. Abciximab has strong affi n-
ity for the receptor and receptor occupancy persists weeks 
after drug exposure, although platelet aggregation pro-
gressively returns to normal within 12 – 24 hours. Abcix-
imab is not specifi c for the Gp IIb/IIIa integrin, also 
inhibiting the vitronectin receptor ( α v β 3) on the endothe-
lium and smooth muscle cell and the MAC - 1 ( α m β 2) inte-
grin on neutrophils and monocytes. The clinical relevance 
of occupancy of these receptors involved in cell prolifera-
tion and leukocyte activation respectively remains ill 
defi ned. Eptifi batide is a cyclic heptapeptide derived from 
the structure of barbourin in the venom of the pigmy rattle-
snake, possessing a KGD sequence recognized by the 
receptor. Tirofi ban is a non - peptide mimetic of the RGD 
sequence. The half - life of the two small molecules is 
approximately two hours. After drug discontinuation, 
there is 50% recovery of receptor occupancy and platelet 
aggregation within four hours and nearly 100% within 
eight hours. These drugs have no special affi nity for the 
receptor and receptor occupancy parallels blood levels. 

 Many trials have documented the effi cacy of abciximab 
in reducing periprocedural MI and the need for urgent 
revascularization when it is administered in the cardiac 
catheterization laboratory before a revascularization proce-
dure and continued for 12 hours thereafter.  159,160   In the c7E3 
Fab Antiplatelet Therapy in Unstable Refractory angina 
(CAPTURE)  161   trial involving 1265 patients with refractory 
unstable angina, abciximab was administered after identi-
fi cation at previous angiography of a culprit lesion suitable 
for coronary angioplasty. The procedures were performed 
20 – 24 hours later and abciximab was continued for one 
hour after the procedure. Abciximab, compared with 
placebo, reduced the rate of death and myocardial infarc-
tion by 30 days from 15.9% to 11.3% ( P    =   0.012). In a com-
parison trial, abciximab was shown to be signifi cantly 
superior to tirofi ban in preventing complications associ-
ated with urgent or elective stent placement.  162   The doses 
of tirofi ban that were used just before the procedure in this 
study are now known to have been suboptimal to achieve 
adequate receptor inhibition.  163   Contrasting with the ben-
efi ts observed in percutaneous intervention and in stent 
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implantation trials, the GUSTO - IV trial failed to show a 
benefi t of abciximab in the medical management of patients 
with a non - ST segment elevation ACS. In this trial, 7800 
patients with chest pain and either ST segment depression 
or raised troponin T or I concentrations were randomly 
assigned placebo, an abciximab bolus and 24   h infusion, or 
an abciximab bolus and 48   h infusion.  39   The primary 
outcome of death or myocardial infarction 30 days after 
randomization occurred in 8.0% of patients on placebo, 
8.2% of patients on 24   h abciximab, and 9.1% of patients on 
48   h abciximab (OR 1.0 between placebo and 24   h abcix-
imab, and 1.1 (95% CI 0.94 – 1.39) for difference between 
placebo and 48   h abciximab). The lack of benefi t with abcix-
imab was consistent in most subgroups investigated 
including, remarkably, patients with elevated troponin T 
or I, although they were at a high risk of subsequent events. 

 Tirofi ban was investigated in two ACS trials. In one, 
tirofi ban alone with placebo heparin versus heparin with 
placebo tirofi ban resulted in an early benefi t at 72 hours 
that was not sustained, however, after 30 days.  32   The 
second trial compared the combination of tirofi ban with 
heparin to heparin alone. The combination reduced the 
occurrence of the primary endpoint of death, myocardial 
infarction or refractory ischemia at seven days by 32% 
( P    =   0.004) and of death or myocardial infarction by 43% 
( P    =   0.006).  37   The gain appeared early and was sustained 
after six months. 

 Many trials were performed with eptifi batide. In the 
PURSUIT trial, 9461 patients with a non - ST segment eleva-
tion ACS were randomized to eptifi batide or placebo; the 
rate of death or myocardial infarction after 30 days was 
reduced by 10% with eptifi batide (14.2% versus 15.7%, 
 P    =   0.042).  36   In the placebo - controlled ESPRIT trial, eptifi -
batide used at higher doses with a double bolus injection 
signifi cantly reduced the event rate associated with coro-
nary stenting to an extent similar to that observed with 
abciximab.  164   Altogether, these trials show effi cacy of abcix-
imab and eptifi batide in reducing event rates in percutane-
ous coronary interventions and of tirofi ban and eptifi batide 
in non - ST segment elevation ACS. The benefi ts were addi-
tive to those of aspirin and of heparin. 

 Several meta - analyses found a benefi t of intravenous Gp 
IIb/IIIa antagonist therapy in patients with an ACS. One 
meta - analysis published in 1999, before the confounding 
results of GUSTO - IV appeared, included the data from the 
CAPTURE, PURSUIT, and PRISM - PLUS trials, and showed 
event rates of 2.5% with treatment and 3.8% with placebo 
during the period of medical management and of 4.9% and 
8.0% respectively in the 48 hours that followed PCI in the 
subgroups of patients who underwent a procedure (RR 
reduction 34%,  P      <     0.001). An early benefi t of Gp IIb/IIIa 
inhibitors during medical treatment was then documented, 
and a larger benefi t when PCI was performed on drug 
therapy.  165   A second meta - analysis with individual data on 

31   402 patients from six trials not mandating coronary angi-
ography except for the PRISM - PLUS, and that included 
GUSTO - IV,  33,166   showed reduced odds of death or MI at 30 
days of 9% (10.8% versus 11.8%; OR 0.91; 95% CI 0.84 – 0.98; 
 P    =   0.015) with the Gp IIb/IIIa antagonists. The relative 
treatment benefi t matched patients ’  risk. Benefi t was 
present in both males and females when the baseline tro-
ponin levels were elevated but only in males when normal. 
A third meta - analysis examined more specifi cally the 
subset of 6458 diabetic patients enrolled in the six trials. In 
these patients, the Gp IIb/IIIa inhibitors reduced the mor-
tality at 30 days from 6.2% to 4.6% (OR 0.74; 95% CI 0.59 –
 0.92;  P      <     0.007) with a statistically signifi cant interaction 
between treatment and diabetic status ( P     =    0.036). Mortal-
ity at 30 days among the 1279 who underwent PCI was 
reduced from 4.0% to 1.2% (OR 0.30; 95% CI 0.14 – 0.69; 
 P      <     0.002).  167   A signifi cant risk reduction in 30 - day mortal-
ity was observed in another meta - analysis that included 
20186 patients (0.9 vs 1.3%, OR 0.73, 95% CI 0.55 – 0.96, 
 P    =   0.024).  168   

 The overall management of ACS, including the use of 
antithrombotic therapy, has changed markedly since these 
early trials and meta - analyses were performed. First, the 
early invasive approach is undertaken earlier, shortening to 
a few hours the time between admission and cardiac cathe-
terization and reducing the risk of an early event; second, 
bare metal or drug - eluting stents are routinely deployed, 
improving blood fl ow and reducing shear - induced platelet 
aggregation and stent thrombosis; third, clopidogrel and 
new anticoagulants (e.g. enoxaparin, bivaluridin, and 
fondaparinux) are widely used. As clopidogrel yielded 20% 
risk reductions over the use of aspirin alone, the need for an 
agent that blocks the GPIIb/IIa receptors become less criti-
cal. Thus a recent randomized placebo - controlled trial in 
stable patients undergoing PCI and prescribed a loading 
dose of 600   mg of clopidogrel in addition to aspirin was 
associated with such a low frequency of early complications 
that the use of abciximab offered no clinically measurable 
benefi t at 30 days.  169   A second trial that used the same study 
design and included stable diabetic patients also failed to 
show a benefi t of abciximab.  170   A third trial conducted by 
the same group of investigators enrolled 2022 ACS patients 
managed invasively, and all administered aspirin and the 
same loading dose of clopidogrel at least two hours prior to 
the procedure.  171   The primary endpoint of death, MI, or 
urgent target vessel revascularization within 30 days was 
reached in 90 patients (8.9%) assigned to abciximab vs 120 
patients (11.9%) assigned to placebo (RR 0.75; 95% CI 0.58 –
 0.97;  P    =   0.03). All the benefi t occurred among patients with 
elevated troponin levels (RR 0.71; 95% CI 0.54 – 0.95;  P    =   0.02 
vs RR 0.99; 95% CI 0.56 – 1.76 with normal troponin levels). 
The benefi ts were maintained at one year as the primary 
outcome was reached in 23.3% of abciximab patients and 
28.0% of placebo patients (RR 0.80; 95% CI 0.67 – 0.95, 
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 P    =   0.012), and the incidence of death or MI in 11.6% and 
15.3% (RR 0.74, 95% CI 0.59 – 0.94,  P    =   0.015) respectively.  172   
The risk of major and minor bleeding as well as need for 
transfusion was the same in the abciximab and placebo 
groups. 

 Many studies and registry data have, however, showed 
a signifi cant increase in the risk of bleeding with Gp IIb/
IIIa antagonists that not only neutralized the benefi ts of the 
drug but could result in harm, particularly among elderly 
and female patients. In the GRACE registry,  173   mortality 
rates with LMWH were lower than with UFH, among 
patients not treated with Gp IIb/IIIa inhibitors, whether 
they had PCI (OR 0.45; 95% CI 0.21 – 0.98) or not (OR 0.77; 
95% CI 0.63 – 0.94); there was excess bleeding in LMWH -
 treated patients who had PCI. Elderly patients ( > 75 years) 
who were manged medically with Gp IIb/IIIa antagonists 
had a very high bleeding risk with both LMWH and UFH. 
The issue of excess bleeding in women was explored 
among 32   601 patients in the CRUSADE registry, 18436 of 
whom were treated with a Gp IIb/IIIa antagonist. Major 
bleeding was defi ned as a hematocrit drop  ≥ 0.12, need for 
transfusion or intracranial bleeding; it was adjusted for 
clinical factors and antithrombotic dose. Gp IIb/IIIa inhibi-
tor dose was defi ned as excessive if not reduced when 
creatinine clearance was  < 50   mL/min for eptifi batide or 
 < 30   mL/min for tirofi ban. Women in general had higher 
rates of major bleeding than men with a Gp IIb/IIa antago-
nist (15.7% vs 7.3%;  P     <    0.0001) or without (8.5% vs 
5.4%; P  < 0.0001). Women who received Gp IIb/IIIa inhibi-
tors were more likely to receive excessive doses than men 
(46.4% versus 17.2%, adjusted OR 3.81,  P     <    0.0001). Excess 
dosing was associated with increased risk of bleeding in 
women (OR 1.72, 95% CI 1.30 – 2.28) and in men (OR 1.27, 
95% CI 0.97 – 1.66), but risk attributable to dosing was much 
higher in women (25.0% versus 4.4%).  174   

 Another current issue with Gp IIb/IIIa antagonists is the 
optimal timing of administration, whether routine upfront 
at admission or deferred until after coronary angiography 
and before angioplasty. This issue was examined in the 
9207 patients enrolled in the ACUITY - Timing trial  175   and is 
now being tested in the very large EARLY - ACS trial.  176   In 
the former, upfront was a mean of 1.3 hours and deferred 
was a mean of 13.1 hours, showing that PCI was performed 
very early. Deferred use resulted in less 30 - day major 
bleeding by the ACUITY defi nition (4.9% vs 6.1%, 
 P    =   0.009); by the TIMI criteria, rates of major bleeding were 
not reduced but those of minor bleeding were, and rates of 
transfusion were less (2.3% vs. 3%,  P    =   0.05). Ischemic 
events, however, did not meet the criterion for non - inferi-
ority (7.9% vs 7.1%,  P    =   0.04) mainly due to an excess 
unplanned revascularization (2.8 vs 2.1%,  P    =   0.03). The net 
clinical outcome at 30 days assessed by the composite of 
death/MI/unplanned revascularization/major bleeding) 
was the same (11.7%) in each group.  

  Oral  G p  II  b / III  a   a ntagonists     In an attempt to extend the 
benefi t of intravenous Gp IIb/IIIa antagonists to the sub-
acute and chronic phases of the disease, orally active inhib-
itors were developed. Four different agents  –  xemilofi ban, 
orbofi ban, sibrafi ban and latrofi ban  –  were investigated in 
fi ve large trials. No single trial showed a benefi t in reduc-
ing ischemic events and two were prematurely interrupted 
because of excess mortality. A meta - analysis of four of 
these trials totaling 33   326 patients showed a statistically 
signifi cant increase in mortality with therapy (OR 1.37; 
 P    =   0.001) and trends to more MI. There was a twofold 
increase in the rate of major bleeding and a high rate of less 
severe bleeding leading to study drug discontinuation.  177   
The trials have provided a lesson on the validity of evi-
dence - based medicine, as they ended by trying to fi nd why 
they were toxic. Contrasting with the IV agents used as 
infusion, the oral agents have rapid on and off binding to 
the receptor with the potential of reactivation of the disease 
at trough levels; they further bind the inactivated recep-
tors, resulting in outside - to - inside signaling and paradoxic 
platelet activation.  

   PAR   a ntagonists     A new class of antiplatelet agents is 
emerging targeting the platelet protease - activated receptor 
(PAR - 1). Thrombin is the most potent platelet agonist  in 
vivo . Its effects on platelets (as well as on endothelial cells 
and leukocytes) are uniquely blocked by these agents, 
without affecting its conversion of fi brinogen to fi brin and 
fi brin clot formation, creating the potential for greater effi -
cacy and less bleeding. PAR antagonists are now in clinical 
investigation, some in advanced Phase III trials.   

  Anticoagulants 
 Anticoagulants evaluated during the acute phase of non - ST 
segment elevation ACS include unfractionated heparin 
(UFH), low - molecular weight heparins (LMWH), direct 
thrombin inhibitors and the pentasaccharide fondaparinux. 
New and promising agents such as r - tissue factor pathway 
inhibitor, r - protein C, and other specifi c inhibitors of factor 
Xa are under investigation (Fig.  29.11 ). Documentation of 
reactivation of the disease following the discontinuation of 
heparin  178,179   and persisting prothrombotic activity past the 
acute phase have led to the evaluation of long - term therapy 
with coumadin and the LMWHs.   

  Unfractionated and  l ow  m olecular  w eight  h eparins     Unfraction-
ated heparin, low molecular weight heparins, and the 
pentasaccharides inhibit coagulation factors by greatly 
enhancing the physiologic properties of circulating anti-
thrombin, with differential effects on factor Xa and throm-
bin related to the molecular weight of the various heparins 
(Fig.  29.12 ).  180   In the study by Theroux  et al  of 479 patients, 
the incidence of fatal and non - fatal myocardial infarction 
was reduced from 7.5% to 1.2% (RR 85%;  P    =   0.007) with 
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Sites of Action Of New Anticoagulants
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coagulation 
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 Figure 29.11     The coagulation cascade and sites of action of new 
anticoagulants. Initiation of coagulation is triggered by the tissue factor/
factor VIIa complex (TF/VIIa), which activates factor IX (IX) and factor X 
(X). Activated factor IX (IXa) propagates coagulation by activating factor X 
in a reaction that utilizes activated factor VIII (VIIIa) as a co - factor. 
Activated factor X (Xa), with activated factor V (Va) as a co - factor, 
converts prothrombin (II) to thrombin (IIa). Thrombin then converts 

fi brinogen to fi brin. Active site - blocked VIIa (VIIai) competes with VIIa for 
TF, whereas tissue factor pathway inhibitor (TFPI) and nematode 
anticoagulant peptide (NAPc2) target VIIa bound to TF. Synthetic 
pentasaccharide and DX - 9065a inactivate Xa, activated protein C (APC) 
inactivates Va and VIIIa, and hirudin, bivalirudin, argatroban, and 
ximelagatran target thrombin.  (Reproduced with permission from Weitz 
and Buller.  179  )  

unfractionated heparin compared with placebo, and of 
recurrent refractory ischemia from 19.7% to 9.6% (RR 51%; 
 P    =   0.02).  30   In the RISC study, which enrolled 945 men, the 
combination of aspirin and heparin resulted in a signifi cant 
risk reduction in death and myocardial infarction at fi ve 
days.  29   In the FRISC study, 1506 patients were randomized 
to subcutaneous dalteparin twice daily for six days fol-
lowed by once a day for 35 – 45 days or placebo.  181   During 
the fi rst six days the rate of death or MI was reduced with 
dalteparin (1.8% versus 4.8%; RR 0.37; 95% CI 0.20 – 0.68). 
Survival analysis showed a risk of reactivation and rein-
farction when the dose was decreased; the benefi t persisted 

at 40 days but not at 4 – 5 months.  151   A meta - analysis of 12 
trials that compared unfractionated heparin or a low 
molecular weight heparin to placebo in a total of 17   157 
patients showed an odds ratio for myocardial infarction or 
death during the short term (up to seven days) of 0.53 (95% 
CI 0.38 – 0.73;  P    =   0.0001) in favor of the anticoagulant.  182   
These results validate the use of unfractionated heparin or 
of a LMWH in combination with aspirin in patients with a 
non - ST segment elevation ACS.   

 Low molecular weight heparins present distinct advan-
tages over unfractionated heparin. They can be adminis-
tered subcutaneously once or twice a day. They bind 
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plasma proteins and endothelial cells less avidly than 
unfractionated heparin, resulting in more predictable anti-
coagulation, with no need for monitoring. The ratio of inhi-
bition factor Xa/thrombin is greater. Low molecular weight 
heparins also stimulate platelets less and are less often 
associated with heparin - induced thrombocytopenia. 

 Four trials have directly compared a LMWH with unfrac-
tionated heparin. No advantages were observed with 
dalteparin in a trial involving 1482 patients  183   and with 
nadroparin in a trial of 3468 patients.  184   Enoxaparin was 
shown to be superior to unfractionated heparin in the two 
trials that evaluated the drug. In the ESSENCE trial, enoxa-
parin, 1   mg/kg administered twice daily for 48 hours to 
eight days (median 2.6 days) in 3171 patients, reduced the 
composite outcome of death, MI or recurrent angina by 
16.2% at 14 days (16.6% versus 19.8%;  P    =   0.019), and by 
19% at 30 days (19.8% versus 23.3%;  P    =   0.017) compared 
to unfractionated heparin. The rate of death was unaf-
fected, but the rate of myocardial infarction was reduced 
by 29% (3.2% versus 4.5%;  P    =   0.06) at 14 days, and by 26% 
(3.9% versus 5.2%) at 30 days ( P    =   0.08).  31   The TIMI - 11B 
trial showed in 3910 patients a reduction in the composite 
outcome of death, myocardial infarction or refractory isch-
emia requiring an urgent revascularization from 16.6% to 
14.2% at 14 days ( P    =   0.04) and from 19.6% to 17.3% at 43 
days ( P    =   0.06).  38   A meta - analysis of trials that directly 
compared any LMWH to unfractionated heparin showed 
no statistically signifi cant difference in the odds of death 
or MI (OR 0.88; 95% CI 0.69 – 1.12;  P    =   0.34). On the other 
hand, a combined analysis of the data from ESSENCE and 
TIMI - 11B showed a statistically signifi cant reduction in 
the rate of death or myocardial infarction in favor of 
enoxaparin.  185    

  Fondaparinux     A synthetic pentasaccharide which selec-
tively binds antithrombin III, causing rapid and predict-
able inhibition of factor Xa. OASIS - 5  186   randomized 20   078 
patients with NSTE - ACS to fondaparinux (2.5   mg SC, once 

daily) or enoxaparin (1   mg/kg SC, twice daily) within 24   h 
of onset of symptoms. Fondaparinux was not inferior to 
enoxaparin in terms of the primary outcome (death, MI, or 
refractory ischemia at nine days) (5.8% vs 5.7%; HR 1.01; 
95% CI 0.90 – 1.13) with a markedly lower rate of major 
bleeding at nine days (2.2% versus 4.1%; HR 0.52;  P     <    0.001). 
Fondaparinux was associated with signifi cantly fewer 
deaths at 30 days (2.9% versus 3.5%; HR 0.83; 95% CI 0.71 –
 0.97;  P    =   0.02) and at 180 days (5.8% versus 6.5%; HR 0.89; 
95% CI 0.80 – 1.00;  P    =   0.05). A concern in the management 
of patients undergoing PCI is that of catheter thrombosis 
with fondaparinux, necessitating supplementary UFH 
administration during the procedure. The drug is now 
approved for the prevention of deep vein thrombosis in a 
variety of clinical settings, pulmonary embolus, and in 
Europe for patients with ACS not expected to undergo 
early PCI.  

  Direct  t hrombin  i nhibitors     These drugs are potent antico-
agulants that directly inhibit thrombin, require no co - factor 
for their effects (see Fig.  29.11 ) and have a highly predict-
able response. Hirudin, now produced by recombinant 
technology, and bivalirudin, a synthetic agent, are bivalent, 
binding to both the active site and the fi brinogen - binding 
exosite of thrombin, whereas the low - molecular weight 
thrombin inhibitors argatroban, efegatran and inogatran 
bind only to the active site.  179   

 Hirudin in a dose of 0.2   mg/kg bolus with infusion of 
0.1   mg/kg/h was used in the GUSTO - IIb, which enrolled 
12   142 patients, two - thirds of them with a non - ST segment 
elevation ACS and one - third with ST segment elevation 
MI,  30   and in the TIMI - 9B trial, which enrolled 3002 patients 
with ST segment elevation MI.  187   Among patients with no 
ST segment elevation in GUSTO - IIb, the composite end-
point of death or MI at 30 days occurred in 8.3% of the 
patients on hirudin and in 9.1% of patients on heparin (OR 
0.90; 95% CI 0.78 – 1.06;  P    =   0.22); at 24   h, the risk of death 
or MI was signifi cantly lower in the patients who received 
hirudin (2.1% versus 1.3%;  P    =   0.001). The OASIS pilot 
study suggested a greater benefi t with an intermediate 
dose of 0.4   mg/kg bolus and 0.15   mg/kg/h infusion.  188   This 
dose was used in the large OASIS - 2 trial, which random-
ized 10   141 patients with NSTE - ACS to UFH (5000   IU bolus 
plus 15   U/kg/h) or recombinant hirudin for 72   h.  37   The 
primary endpoint of cardiovascular death or new MI at 
seven days was reduced with hirudin from 4.2% to 3.6% 
( P    =   0.064); there was an excess of major bleeds requiring 
transfusions (1.2% versus 0.7%;  P    =   0.014). A meta - analysis 
of the GUSTO - IIb, TIMI - 9B, OASIS pilot and OASIS - 2 
showed that the risk of death or MI at 35 days was signifi -
cantly reduced with hirudin compared with heparin (RR 
0.90;  P    =   0.015).  41   

 A meta - analysis of 35   970 patients in 11 trials of hirudin, 
bivalirudin, and low - molecular weight antithrombins in 
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 Figure 29.12     Antithrombin (AT) - mediated inhibition of coagulation 
factors. The complex heparin/AT inhibits especially factor Xa and 
thrombin (IIa) and also factor XIIa, factor XIa, and factor IXa. The shorter 
saccharide chains contained in the low molecular weight heparins 
(LMWH) allow more selective inhibition of factor Xa than factor IIa. The 
unique pentasaccharide chain of fondaparinux allows highly specifi c 
inhibition of factor Xa.  (Adapted with permission from Hirsh  et al.   180  )  
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ACS and PCI showed an overall reduction in the risk of 
death or MI at the end of the treatment period with the 
direct antithrombins (4.3% versus 5.1%; OR 0.85; 95% CI 
0.77 – 0.94;  P    =   0.001) and after 30 days (7.4% versus 8.2%; 
OR 0.91; 95% CI 0.84 – 0.99;  P    =   0.02).  189   The benefi t was 
restricted to hirudin and bivalirudin; hirudin increased the 
risk of major bleeding compared with heparin but bivali-
rudin reduced it.  189   No further studies were performed 
with hirudin because of this excess bleeding. Bivalirudin, 
a less potent and reversible antithrombin, was further eval-
uated in the context of PCI, in the ACUITY trial. There were 
13   819 patients with moderate -  or high - risk NSTE - ACS ran-
domized to UFH or enoxaparin plus a Gp IIb/IIIa inhibitor, 
bivalirudin plus a Gp IIb/IIIa inhibitor, or bivalirudin 
alone.  190   The composite effi cacy endpoint (death, MI or 
unplanned revascularization for ischemia) occurred in 
7.8% of bivalirudin patients and 7.3% of heparin plus abcix-
imab patients (RR 1.08; 95% CI 0.93 – 1.24;  P    =   0.32) with 
rates of bleeding of 3.0% and 5.7% respectively (RR 0.53; 
95% CI 0.43 – 0.65;  P     <    0.001). This reduced rate of bleeding 
resulted in a signifi cant net clinical benefi t of bivalirudin. 
Previous trials with bivalirudin had used a similar non -
 inferiority design comparing the drug alone to the combi-
nation in stable patients undergoing PCI  191   and in ST 
segment elevation MI patients undergoing primary PCI.  192   
These also generally showed non - signifi cant trends to 
more ischemic events and a signifi cant reduction in bleed-
ing with bivaluridin alone, resulting in a signifi cant net 
clinical benefi t when combining the effi cacy and safety 
endpoints. Hirudin, bivalirudin, and argatroban are 
approved for use in patients with heparin - induced throm-
bocytopenia. Hirudin is also approved for the prevention 
of deep vein thrombosis in patients undergoing orthopedic 
surgery, and bivalirudin for use in the cath lab during PCI 
in stable patients. The FDA expressed concerns, however, 
with the results of the ACUITY trial in patients with NSTE -
 ACS and those of the HORIZON trial in STEMI, and did 
not approve bivalirudin for these indications.  

  Long -  t erm  a nticoagulation     Prolonged administration of 
LMWH and of warfarin has been evaluated to prolong the 
benefi t of anticoagulants past the acute phase and prevent 
reactivation of the disease. In the ATACS trial, 214 patients 
were randomized to ASA alone or the combination of ASA 
plus UFH followed by warfarin. At 14 days, there was a 
reduction in the composite outcome of death, MI, and 
recurrent ischemia with the combination therapy (27.0% 
versus 10.5%;  P    =   0.004). In a small randomized pilot study 
of 57 patients allocated to warfarin or placebo in addition 
to ASA, there was less progression and more regression in 
the severity of the culprit lesion after a few weeks of treat-
ment with warfarin. The OASIS pilot study  188   compared a 
fi xed dosage of 3   mg of warfarin with a moderate dose 
titrated to an international normalized ratio (INR) of 2 to 

2.5 administered for seven months. Low - intensity warfarin 
had no benefi t, whereas the moderate - intensity regimen 
reduced the risk of death, MI or refractory angina by 58% 
and the need for rehospitalization for unstable angina 
by 58%. These results were not reproduced in the larger 
OASIS - 2 trial  37   which randomized 3712 patients to the 
moderate - intensity regimen. The rate of cardiovascular 
death, MI or stroke after fi ve months was 7.65% with the 
anticoagulant and 8.4% without ( P    =   0.37). The authors 
suggested that poor compliance with treatment in some 
countries could have explained the negative results. A 
meta - analysis of 30 randomized studies published between 
1960 and July 1999 among patients with CAD showed that 
high - intensity and moderate - intensity anticoagulation 
were effective in reducing MI and stroke but increased the 
risk of bleeding. In the presence of aspirin, low - intensity 
anticoagulation was not superior to aspirin alone, while 
moderate -  to high - intensity anticoagulation and aspirin 
versus aspirin alone appeared promising with a modest 
increase in bleeding risk.  193   

 In FRISC - II, dalteparin was administrated double - blind 
for three months following fi ve days of open - label admin-
istration. A signifi cant reduction in rates of death, MI, and 
revascularization was observed after 30 days (3.1% versus 
5.9%; RR 0.53;  P    =   0.02) and three months (29.1% versus 
33.4%;  P    =   0.03), which was not sustained at six months.  183   
A meta - analysis of prolonged use of LMWH for up to tjree 
months after hospital discharge showed no consistent 
benefi t (OR 0.98; 95% CI 0.81 – 1.17;  P    =   0.80) but an excess 
risk of major bleeding (OR 2.26; 95% CI 1.63 – 3.14; 
 P      <     0.0001).  182   

 Most modern trials that have compared a novel antico-
agulant to UFH have used the former for the duration of 
hospitalization but the latter for only about 48 hours. In 
these trials, the novel anticoagulant benefi t generally 
appeared after 24 – 72   h, suggesting that the longer duration 
of therapy could account for the benefi t. A Phase II pilot 
study of ximelagatran, an orally active direct thrombin 
inhibitor, suggested a benefi t of prolonged therapy with 
the drug initiated after an acute myocardial infarction  194   
but the subsequent development was discontinued because 
of liver toxicity. A similar study is now being conducted 
with dagibatran, an orally active direct thrombin inhibitor 
with a better safety profi le.   

  Summary of  t reatment  r ecommendations for 
 a ntiplatelet and  a nticoagulant  d rugs 
 The ACC/AHA recommends that all patients should 
receive aspirin (150 – 325   mg load, 75 – 162   mg maintenance) 
(Class I, Level A) and an anticoagulant (Class I, Level A), 
as soon as the diagnosis of NSTE - ACS appears likely or 
defi nite. 

 With invasive management, acceptable anticoagulant 
options include UFH or enoxaparin (Class I, Level A) or 
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fondaparinux or bivalrudin (Class I, Level B). In addition, 
either clopidogrel (600   mg load, 75   mg maintenance) or a 
IIb/IIIa inhibitor should be started as soon as possible and 
before angiography (Class I, Level A), and both may be 
indicated if there is a delay to angiography, there are high 
risk features present or chest discomfort recurs (Class IIa, 
Level B). Generally eptifi batide or tirofi ban is the preferred 
IIb/IIIa inhibitor, although abciximab is a reasonable 
choice if there is no appreciable delay to angiography and 
PCI is likely (Class IIa, Level B). If signifi cant coronary 
artery disease is found on angiography, aspirin should be 
continued indefi nitely in all patients (Class I, Level A). 
Clopidogrel should be continued for at least one month 
(Class I, Level A), and ideally for up to one year (Class I, 
Level B); prolonged use is more important if a DES is 
implanted. UFH may be discontinued within 48   h of cessa-
tion of chest discomfort (Class I, Level A), enoxaparin and 
fondaparinux should be maintained for the duration of the 
hospital stay (up to eight days) (Class I, Level A). UFH 
and LMWH may be discontinued shortly following uncom-
plicated PCI, bivalirudin may be either stopped or contin-
ued at reduced doses for 72   h and tirofi ban and eptifi batide 
may be continued for 12 – 24   h (Class I, Level B). If the 
patient is to have CABG, antithrombotic agents should 
ideally be discontinued at the following times prior to 
surgery: clopidogrel 5 – 7 days, a IIb/IIIa inhibitor 4   h, 
enoxaparin 12 – 24   h, fondaparinux 24   h and bivalrudin 
3   h (Class I, Level B for all). 

 With conservative, management, acceptable anticoagu-
lant options include UFH, enoxaparin or fondaparinux 
(Class I, Level A), although enoxaparin or fondaparinux 
are preferred (Class I, Level B) and clopidogrel (load and 
maintenance) should be started (Class I, Level A). Eptifi -
batide or tirofi ban may be added if there are high - risk 
features or chest discomfort recurs (Class IIa, Level B). 
Aspirin should be continued indefi nitely in all patients 
(Class I, Level A). Clopidogrel should be continued for at 
least one month (Class I, Level A), and ideally for up to 
one year (Class I, Level B). Enoxaparin and fondaparinux 
should be maintained for the duration of the hospital stay 
(up to eight days) (Class I, Level A), while if UFH was 
used, it should be discontinued within 48   h of cessation of 
chest discomfort (Class I, Level A). If a IIb/IIIa inhibitor 
was used it should be discontinued within 12   h of the ces-
sation of chest discomfort (Class I, Level B). 

 The ESC recommends, in all patients without contrain-
dications, immediate aspirin (160 – 325   mg load, 75 – 100   mg 
maintenance), clopidogrel (300   mg load, 75   mg mainte-
nance) and anticoagulation. 

 With invasive management, UFH (Class I, Level C), 
enoxaparin (Class IIa, Level B) or bivalirudin (Class I, 
Level B) should be started immediately. The loading dose 
of clopidogrel should be 600   mg (Class I, level A). Which-
ever anticoagulant is chosen, it should be maintained 

during the PCI. If fondaparinux has been chosen, additional 
standard doses of UFH (50 – 100   IU/kg bolus) are required 
during PCI (Class IIa, Level C). In high - risk patients not 
pretreated with a GP IIb/IIIa inhibitor, abcixmab is recom-
mended immediately following angiography (Class I, 
Level A), whereas if tirofi ban or eptifi batide was begun 
prior to angiography, it should be maintained during and 
after PCI (Class IIa, Level B). Anticoagulation can be 
stopped within 24   h after an invasive procedure (Class IIa, 
Level C). Aspirin should be continued indefi nitely (Class I, 
Level A), and clopidogrel for 12 months unless there is an 
excessive risk of bleeding (Class I, Level A). 

 With conservative management, or prior to a decision 
about invasive manangement, fondaparinux is recom-
mended (Class I, Level A). In patients at intermediate to 
high risk, particularly those with elevated troponins, ST 
depression or diabetes, either eptifi batide or tirofi ban is 
recommended in addition to oral antiplatelet agents and 
anticoagulant (Class IIa, Level A). Fondaparinux, enoxa-
parin or other LMWH may be maintained up to hospital 
discharge. Aspirin should be continued indefi nitely (Class 
I, Level A), and clopidogrel for 12 months unless there is 
an excessive risk of bleeding (Class I, Level A).   

  Coronary  r eperfusion  p rocedures 

 There is a strong rationale for early reperfusion in patients 
with NSTE - ACS, given the thrombotic pathophysiology, 
although fi brinolytic therapy is harmful.  135,195   A number of 
randomized trials have been conducted in the context of 15 
years of increasing procedural experience, technologic 
improvements in revascularization procedures and the 
development of new antiplatelet and anticoagulant regi-
mens. Two general approaches have emerged from reviews 
of these studies. 
   •      Routine early  invasive management  whereby patients 
receive optimal medical therapy with the addition of either  
( a) urgent angiography/revascularization (as quickly as 
possible after hospital presentation) for clinically unstable 
presentations or (b) early angiography/revascularizataion 
(within a few hours) as part of a standard approach to 
managment of NSTE - ACS.  
   •      Routine early  conservative management  ( “ selective inva-
sive therapy ” ), whereby patients receive optimal medical 
therapy, with angiography/revascularization reserved for 
those who cannot be medically stabilized or in whom 
objective evidence of signifi cant ischemia is provoked in 
the subacute phase.    
 TIMI - 3B randomized 1473 patients with NSTE - ACS to 
early invasive versus early conservative therapy. The 
primary outcome of death, MI or an unsatisfactory symp-
tom - limited exercise stress test performed at six weeks 
occurred in 16.2% of patients assigned to the early invasive 
strategy versus 18.1% of patients assigned to the early 
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conservative strategy (NS). The average length of initial 
hospitalization, the incidence of rehospitalization within 
six weeks, and days of rehospitalization were all decreased 
in the early invasive group.  195   VANQWISH randomized 
920 patients with NSTEMI on the basis of CK - MB elevation 
within 72 hours of admission. More patients in the early 
invasive group experienced inhospital death (21 versus 6; 
 P    =   0.007) or a composite of death or MI (36 versus 15; 
 P    =   0.004); statistically signifi cant differences persisted at 
one year and a trend towards higher mortality was still 
observed at two years.  196   The clinical applicability of the 
results was questioned on the basis of the high mortality 
associated with CABG; no mortality was seen with PCI. 

 More recently, the FRISC - II study enrolled 2457 patients 
with chest pain within the previous 48 hours plus either (a) 
ST or T - wave changes or (b) elevated troponin T or CK -
 MB.  40   All patients received dalteparin in addition to aspirin 
in the fi rst fi ve days and were thereafter randomized to 
placebo or continued dalteparin administration for three 
months. Coronary angiography was done within the fi rst 
seven days in 96% of patients in the invasive arm and in 
10% in the non - invasive arm, and revascularization was 
performed within the fi rst 10 days in 71% and 9% of 
patients respectively. After six months there was a decrease 
in the composite endpoint of death or MI in the invasive 
group (9.4% versus 12.1%; RR 0.78; 95% CI 0.62 – 0.98; 
 P      <     0.031). At one year the mortality rate in the invasive 
strategy group was 2.2% compared with 3.9% in the non -
 invasive strategy group ( P    =   0.016).  197   The frequencies of 
symptomatic angina and readmission were halved by the 
invasive strategy. It was concluded that patients who fi rst 
received an average of six days of treatment with LMWH, 
ASA, nitrates, and beta - blockers have a better outcome at 
six months. 

 TACTICS - TIMI 18 enrolled 2220 patients with NSTE -
 ACS characterized by ST - T changes suggestive of ischemia, 
elevated levels of cardiac markers, or a history of coronary 
artery disease.  198   All patients received aspirin, heparin, and 
tirofi ban. Patients were randomized to invasive therapy 
(routine coronary angiography at a median of 22   h and 
revascularization as appropriate) or ongoing medical 
therapy. The primary outcome of death, non - fatal MI or 
rehospitalization for an acute coronary syndrome at six 
months was 15.9% with use of the early invasive strategy 
and 19.4% with use of the conservative strategy (OR 0.78; 
95% CI 0.62 – 0.97;  P    =   0.025). The rate of death or non - fatal 
MI at six months was similarly reduced (7.3% versus 9.5%; 
OR 0.74; 95% CI 0.54 – 1.00;   <   0.05). 

 RITA 3  199   enrolled 1810 patients with NSTE - ACS who 
were all managed with optimal medical therapy and ran-
domized to angiography (median two days), followed by 
PCI or CABG as appropriate, or to ongoing medical 
therapy. Of the PCI patients, 88% received a stent and 25% 
a GP IIb/IIIa inhibitor. The relative risk of death or non -

 fatal MI at one year in the invasive group was 0.91 ( P    =   0.58), 
while that of death, non - fatal MI or refractory angina was 
0.66 ( P    =   0.001). A meta - analysis of these fi ve large trials 
and two smaller trials found that the incidence of death or 
non - fatal MI in the invasive group was 12.2% versus 14.4% 
in the conservative group (OR 0.82, 95% CI 0.72 – 0.93, 
 P     <    0.001).  200   

 ISAR - COOL  201   was designed to determine whether pro-
longed antithrombotic pretreatment might improve the 
outcomes of patients undergoing routine invasive manage-
ment. There were 410 patients entrolled with symptoms of 
unstable angina plus either ST segment depression or ele-
vation of cardiac troponin T. All patients received UFH, 
aspirin, clopidogrel and tirofi ban and were randomized to 
early ( < 6   h) or delayed (3 – 5 days) angiography/revascular-
ization. The principal outcome of death or non - fatal MI by 
30 days occurred in 5.9% of the early invasive group versus 
11.6% of the delayed invasive group (RR 0.51,  P    =   0.04). 
The most recent such large study, ICTUS,  202   enrolled 1200 
patients with accelerated angina or angina at rest accom-
panied by an elevated troponin plus either ischemic ECG 
changes or a history of coronary artery disease. They all 
received aspirin, enoxaparin, clopidogrel and a statin and 
were randomized to invasive therapy (addition of abcix-
imab, routine angiography at a median of 23   h, with 88% 
of PCI patients receiving a stent) or to a selective invasive 
strategy with angiography/revascularization reserved for 
those with refractory angina, instability or signifi cant isch-
emia on predischarge exercise testing. The composite 
outcome of death, non - fatal MI or rehospitalization within 
one year occurred in 22.7% of the early invasive group 
versus 21.2% of the selective invasive group (RR 1.07, 
 P    =   0.33). Mortality was no different, whereas in the early 
invasive group MI was more frequent and rehospitaliza-
tion less frequent. 

 A meta - analysis of trials performed in the current era of 
the use of stents and GP IIb/IIIa agents found that two -
 year mortality was 4.9% in the early invasive group versus 
6.5% in the conservative therapy group (RR 0.75, 95% CI 
0.63 – 0.90,  P    =   0.001).  203   A Cochrane systematic overview  204   
confi rmed earlier fi ndings of trends toward increased hos-
pital mortality and non - fatal MI in the early invasive group, 
but statistically signifi cant reductions at all subsequent 
follow - up intervals out to 2 – 5 years. This overview also 
confi rmed earlier evidence for the independent contribu-
tions to risk and the likelihood of observing a benefi t of 
early invasive therapy among patients with ST segment 
depression or troponin elevation, or both. However, the 
authors stressed the importance of making an assessment 
of global risk (PURSUIT, TIMI, GRACE risk scores). 

 A more recent collaborative meta - analysis  205   of eight trials 
involving 7075 men and 3075 women found one - year com-
posite outcome of death, MI or rehospitalization with ACS 
was 21.1% in the invasive group versus 25.9% in the conser-
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vative group (OR 0.78; 95% CI 0.61 – 0.98) (Fig.  29.13 ). The OR 
was signifi cant in men (OR 0.73, 95% CI 0.55 – 0.98) but not in 
women (OR 0.81, 95% CI 0.65 – 1.01). Among biomarker -
 positive women, the OR was 0.67 (95% CI 0.50 – 0.88) but 
among biomarker - negative women the OR was 0.94 (95% CI 
0.61 – 1.44). Among biomarker - positive men, the OR was 0.56 
(95% CI 0.46 – 0.67) while among biomarker - negative men 
the OR was 0.72 (95% CI 0.51 – 1.01). As in previous meta -
 anlyses, the rates of death or non - fatal MI were higher in the 
invasive group during the index hospitalization, but by one 
year they were signifi cantly less in this group.   

 An early invasive strategy is recommended for patients 
with refractory angina or hemodynamic or electrical insta-
bility (Class I, Level B) and for those who have a relatively 
high risk of clinical events as predicted by a positive bio-
marker assay, ST segment changes or a high risk score 
according to the TIMI scale or equivalents (Class I, Level 
A). This recommendation is equally applicable to men and 
women. A conservative strategy is recommended for 
women who are stabilized and remain biomarker negative 
(Class IIa, Level A). Either early invasive or conservative 
therapy is a reasonable option for men who are stabilized 
and remain biomarker negative (Class IIa, Level A).  

  Cell  p rotection 

 Cell necrosis remains a signifi cant problem in patients with 
UA/NSTEMI as close to 50% of patients have some degree 
of necrosis at admission and 5 – 15% develop a new MI 
within a few weeks. Reperfusion procedures are also fre-
quently associated with MI which impacts on prognosis; 
there is a correlation between subsequent mortality and 
elevation of blood markers of necrosis, particularly CK - MB, 
even within the range of only one and three times normal.  206   
Measures that could prevent or limit the progression of 
myocardial cell ischemia to necrosis might optimize the 
benefi t to be derived from other treatment strategies. These 
protective measures have been investigated mainly in 
evolving STEMI. Although often effective in animal models, 
none of these interventions was suffi ciently convincing in 
human studies to be incorporated in routine management, 
including Na + /H +  exchanger inhibition to prevent accumu-
lation of calcium within the ischemic cell,  207   antibodies 
against leukocyte integrins and against the cytokine tissue 
necrosis factor alpha (TNF - alpha)  208   and pexelizumab, a 
monoclonal antibody against C5 blocking formation of the 
terminal complement and excessive infl ammatory reac-
tions.  209   So far, adenosine has been the only agent that 
could reduce infarct size in subgroups of patients with an 
anterior myocardial infarction successfully reperfused and 
lead to a non - statistically signifi cant reduction in the end-
point of death or new heart failure.  210   

 Although beta - blockers were shown in a meta - analysis 
to be of moderate benefi t to prevent myocardial infarction 

in patients with threatened myocardial infarction,  121   many 
large randomized clinical trials have documented their effi -
cacy in reducing death following MI and guidelines have 
advised their use, a recent randomized trial of IV followed 
by oral metoprolol among patients with acute MI showed 
no reduction of in - hospital mortality and recommended 
that beta - blockers be reserved for those patients not at risk 
of heart failure or cardiogenic shock.  211    

  Plaque  p assivation 

 Control of infl ammatory processes associated with plaque 
degradation and resulting in plaque rupture and thrombus 
formation could be an effective management strategy for 
ACS, but since there are no means to easily and reliably 
identify vulnerable plaques, administration of such a 
therapy prior to the clinical manifestations of ACS is not 
practicable. On the other hand, secondary preventive 
measures initiated during the acute phase and continued 
at hospital discharge are effective and practical. PCI, 
including stenting, is very effective acutely, possibly by 
interrupting some of the processes implicated in the 
disease. A 48 - hour course of methylprednisone in a small 
pilot study in patients with unstable angina was ineffective 
to prevent ischemic events and even accelerated their 
manifestations.  212   

 Statins and ACE inhibitors can promote plaque stabiliza-
tion by so - called pleiotropic effects that include anti -
 infl ammatory, antioxidant, anti - cell proliferative and 
anticoagulant properties.  213   Many trials and registries have 
shown that statins started early after an ACS, even at 
admission, are well tolerated, effective in reducing LDL 
cholesterol, and possibly protective against ischemic events 
associated with interventions. In pooled observational data 
of 20   809 ACS patients enrolled in clinical trials, the pres-
ence of lipid - lowering therapy at hospital discharge was 
associated with a 56% reduction in risk of mortality at one 
month ( P    =   0.001).  214   A Swedish registry of 5528 AMI sur-
vivors reported a one - year mortality of 9.3% in the 14   071 
patients who had no statin at hospital discharge and 4.0% 
in the 5528 patients with a statin.  215   The MIRACL study  216   
randomized 3086 patients with no interventions antici-
pated within 24 – 96 hours of hospitalization to high - dose 
atorvastatin or placebo. At 16 weeks, the primary outcome 
of death, non - fatal MI, resuscitated cardiac arrest or wors-
ening angina requiring urgent revascularization was 14.8% 
in treated patients and 17.4% in placebo patients (RR 0.84; 
 P    =   0.048). More recently, the PROVE - It trial  217   randomized 
4162 patients within 10 days of an ACS to pravastatin 40   mg 
daily or atorvastatin 80   mg daily to determine if the then 
standard therapy to lower LDL - C to the recommended 
goal of 100   mg/dL was as effective in preventing further 
coronary events as more aggressive therapy that lowered 
LDL - C to 70   mg/dL. The rate of the primary endpoint 



PART IIIB Acute coronary syndromes

434

Rates of Death, MI, or Rehospitalization
With ACS, No./Total No. (%)

All Patients
   TIMI IIIB10

   MATE11

   VANQWISH19

   FRISC II1

   TACTICS-TIMI 187

   RITA 32

   VINO20

   ICTUS8

   Overall

Invasive
Strategy

122/895 (13.6)
  27/111 (24.3)
 148/462 (32.0)

  196/1093 (17.9)
  177/1114 (15.9)
122/895 (13.6)

5/64 (7.8)
137/604 (22.7)

1075/5063 (21.1)

Conservative
Strategy

171/915 (18.7)
 22/90 (24.4)

 124/458 (27.7)
  322/1102 (29.2)
  215/1106 (19.4)
171/915 (18.7)
19/67 (28.4)

126/596 (21.1)

1313/5067 (25.9)

Odds Ratio
(95% Cl)

0.75 (0.61-0.93)
0.99 (0.52-1.90)
1.22 (0.92-1.61)
0.53 (0.43-0.65)
0.78 (0.63-0.97)
0.69 (0.53-0.88)
0.21 (0.07-0.62)
1.09 (0.83-1.44)

0.78 (0.61-0.96)

Favors
Invasive
Strategy

0.2 1.0

Odds Ratio (95% Cl)

5.0

Favors
Conservative
Strategy

Rates of Death, MI, or Rehospitalization
With ACS, No,/Total No. (%)

Women
   TIMI IIIB10

   MATE11

   VANQWISH19

   FRISC II1

   TACTICS-TIMI 187

   RITA 32

   VINO20

   ICTUS8

   Overall

Invasive
Strategy

85/249 (34.1)
7/34 (20.6)
2/14 (14.3)

65/315 (20.6)
67/395 (17.0)
55/350 (15.7)
2/23 (8.7)  

41/158 (25.9)

324/1538 (21.1)

Conservative
Strategy

104/248 (41.9)
  7/38 (18.4)
  4/10 (40.0)

 105/357 (29.4) 
  71/362 (19.6)
  46/332 (13.9)
  7/28 (25.0)

  41/162 (25.3)

  385/1537 (25.0)

Odds Ratio
(95% Cl)

0.72  (0.50-1.03)
1.15 (0.36-3.69)
0.25 (0.04-1.77)
0.62 (0.44-0.89)
0.84 (0.58-1.21)
1.16 (0.76-1.77)
0.29 (0.05-1.54)
1.03 (0.63-1.71)

0.81 (0.65-1.01)

Favors
Invasive
Strategy

0.2 1.0

Odds Ratio (95% Cl)

5.0

Favors
Conservative
Strategy

Rates of Death, MI, or Rehospitalization
With ACS, No./Total No. (%)

Men
   TIMI IIIB10

   MATE11

   VANQWISH18

   FRISC II1

   TACTICS-TIMI 187

   RITA 32

   VINO20

   ICTUS8

   Overall

Invasive
Strategy

178/491 (36.3)
20/77 (26.0)

146/448 (32.6)
131/778 (16.8)
110/719 (15.3)
  67/545 (12.3)

3/41 (7.3)
96/446 (21.5)

  751/3545 (21.2)

Conservative
Strategy

206/485 (42.5)
 15/52 (28.8)

 124/448 (27.7)
217/745 (29.1)
 144/744 (19.4)
125/583 (21.4)
12/39 (30.8)

  85/434 (19.6)

928/3530 (26.3)

Odds Ratio
(95% Cl)

0.77  (0.60-1.00)
0.87 (0.39-1.90)
1.26 (0.95-1.68)
0.49 (0.39-0.63)
0.75 (0.57-0.99)
0.51 (0.37-0.71)
0.18 (0.05-0.69)
1.13 (0.81-1.56)

0.73 (0.55-0.96)

Favors
Invasive
Strategy

0.2 1.0

Odds Ratio (95% Cl)

5.0

Favors
Conservative
Strategy

 Figure 29.13     Death, MI or rehospitalization with ACS in trials of invasive vs conservative strategy in NSTE - ACS. ACS, acute coronary syndromes; 
CI, confi dence interval; MI, myocardial infarction; NSTE, non - ST segment elevat|ion. Size of data markers is wieghted based on the inverse variance. 
 (Reproduced with permission from O ’ Donaghue  et al   205  .)  
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(death from any cause, MI, documented UA requiring hos-
pitalization, PTCA or coronary bypass surgery, or stroke) 
was reduced by 16% after a mean follow - up of 24 months 
from 26.3% in the pravastatin group to 22.4% in the atorv-
astatin group ( P    =   0.005). Early initiation of statin therapy 
also increases the likelihood that patients will continue to 
comply with statin therapy and results in a greater percent-
age of patients using a statin after one year.  218    

  Subacute  t herapy 

 The subacute and longer term management of patients 
who undergo urgent, early or selective angiography/
revascularization is generally similar to, although more 
aggressive than, that of patients undergoing PCI or CABG 
for stable angina (see Chapters  26  –  28 )  . Nitroglycerin can 
be discontinued rapidly in patients successfully managed 
with an invasive strategy and in those whose acute isch-
emia resolves quickly and who remain stable with no 
recurrence of ischemic pain for about 24 – 48 hours. Beta -
 blockers should be continued indefi nitely. If a rate - limiting 
calcium antagonist was chosen because of contraindica-
tions to a beta - blocker, although there is no rigorous evi-
dence for long - term benefi t in terms of major cardiovascular 
outcomes, it is reasonable to continue it. If large doses of 
beta - blocker or calcium antagonists, or combined therapy, 
were required for control of the ischemic episodes, judi-
cious decrements of intensity are likely to be appropriate 
once the patient is fully mobilized. Those patients found to 
be at relatively low risk, based upon a variety of prognostic 
factors and non - invasive testing, may be promptly dis-
charged on medical therapy with careful long - term follow -
 up (Class I, Level A). 

 Whether or not the patient undergoes revascularization, 
aspirin should be continued indefi nitely, based upon the 
evidence from the initial trials of aspirin for unstable 
angina  137,138   demonstrating ongoing benefi t for up to two 
years, consistent with evidence in survivors of MI and 
patients with stable angina  139   (Class I, Level A). Clopido-
grel should be started on admission, and continued for at 
least 9 – 12 months, in conjunction with aspirin whether the 
patient has been treated medically or invasively (Class I, 
Level A). The one - year duration of administration is par-
ticularly important in patients who have received a DES 
and likely in diabetics as well  219   (Class I, Level B). For 
those patients intolerant of aspirin, clopidogrel alone is 
indicated (Class I, Level A). Among patients receiving 
medical therapy only, fondaparinux, LMWH or UFH is 
indicated (Class I, Level A) and should be sustained for at 
least 48 hours following the resolution of acute ischemic 
episodes and preferably until hospital discaharge  149   (Class 
I, Level B). In patients being managed non - invasively, 
fondaparinux and LMWHs appear to be at least as effi ca-
cious as UFH, and may be preferable in terms of ease of 

use, less bleeding and cost – benefi t considerations (Class 
IIa, Level B). Fondaparinux causes less bleeding than 
LMWH (Level A). Intravenous Gp IIb/IIIa receptor antag-
onists should be added only in the early hospital phase in 
particularly unstable patients, with eptifi batide or tirofi ban 
being the preferred agents (Class IIb, Level B) and should 
be discontinued within 48 hours of resolution of acute isch-
emic episodes. 

 The long - term use of an ACE inhibitor is likely to be 
benefi cial in all patients who have experienced NSTE -
 ACS  220   (Class I, Level A). An angiotensin receptor blocker 
should be substituted for patients with ACE - I intolerance 
(Class I, Level A). A statin should be commenced early in 
hospital, regardless of the LDL - C, and should be continued 
indefi nitely with a target LDL - C  < 2.0 (Class I, Level A). 
Early attention to optimal management of coronary risk 
factors (Class I) blood pressure (Level A), smoking (Level 
B), diabetes (Level B), weight (Level B), and exercise (Level 
B) is mandatory for all patients with NSTE - ACS, including 
those who have undergone revascularization, with the 
expectation of limiting progression of disease in non - revas-
cularized vessels and in areas of percutaneous intervention 
and bypass conduits. The HPS study showed benefi t inde-
pendently of initial cholesterol levels.  221   Recent evidence 
indicates that tight control of glucose in patients with type 
2 diabetes may reduce the risk of death following MI and 
among patients with newly detected type 2 diabetes.  222 – 224   

 The recurrence of an unstable phase of coronary artery 
disease or poor symptomatic control in patients being 
managed on medical therapy generally mandates reconsid-
eration of the option of angiography/revascularization 
(Class I, Level B) or, if not feasible, augmented or alterna-
tive medical therapy (Class I, Level C).   

  Conclusion 

 The underlying pathophysiology of NSTE - ACS is most 
often the rupture of a vulnerable atherosclerotic plaque 
followed by the development of an overlying subtotally 
occlusive, platelet - rich thrombus. The symptoms are 
usually those of angina at rest, of new onset or with a 
pattern of increasing severity. Management should be 
focused initially on preventing death and MI (patient rec-
ognition of symptoms, activation of the 911 system, and 
expeditious management in the ambulance and emergency 
room), relieving ischemic symptoms (bed rest, nitrates, 
beta - blockers/calcium antagonists) and resolving coronary 
thrombosis (aspirin, clopidogrel, an anticoagulant (a choice 
of UFH, LMWH, bivalirudin or fondaparinux) and Gp IIb/
IIIa antagonists). Immediate and ongoing risk stratifi cation 
must govern the pace, intensity and extent of therapy. 
Angiography and revascularization (PCI or CABG) as 
appropriate should be undertaken urgently for patients in 
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whom ischemic symptoms are severe, progressive and/or 
accompanied by hemodynamic instability. Patients who 
are stabilized quickly should be managed by a strategy of 
early invasive therapy if they are at higher risk. For men at 
intermediate or low risk the management strategy may be 
either early invasive or selective invasive, whereas for 
women in the lower risk categories the management strat-
egy should be selective invasive. Aspirin should be started 
immediately and continued indefi nitely; clopidogrel 
should be started early unless there is a high likelihood of 
CABG, and continued for at least a year. A beta - blocker (or 
calcium antagonist), initially used to control ischemic 
symptoms, should generally be continued indefi nitely 
unless the patient undergoes revascularization. Most 
patients should begin an ACE inhibitor (or ARB if there 
is ACE intolerance), and all should begin a statin in hospi-
tal and continue indefi nitely. Optimal management 
of coronary risk factors and ongoing follow - up are indi-
cated for all patients whether or not they undergo 
revascularization.  
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  Introduction 

 Over the last three decades, major advances have occurred 
in the treatment of patients with ST elevation myocardial 
infarction (STEMI) that have signifi cantly enhanced our 
knowledge and understanding. A commensurate improve-
ment in outcomes has ensued. Despite this burgeoning 
knowledge and a multi - pronged investment in both the 
content and process of STEMI care, important care gaps 
exist. These include a signifi cant proportion of patients not 
treated with reperfusion therapy, inadequate patient triage, 
delayed time to reperfusion, suboptimal utilization of 
appropriate adjunctive medical therapy, subsequent unde-
rutilization of cardiac rehabilitation programs, and failure 
to undertake lifestyle modifi cations. 

 Time to initiation of reperfusion remains a critical factor 
pivotal to modulating STEMI patient outcomes. Clinical 
evidence and guidelines have defi ned key parameters nec-
essary to achieve optimal time to reperfusion once patients 
establish fi rst medical contact. 1 – 3  In Figure  30.1  the specifi c 
temporal segments are outlined and include time from 
medical presentation to acquisition of the fi rst 12 - lead ECG, 
fi rst ECG until completion of patient assessment and con-
fi rmation of diagnosis, and time from diagnosis to reperfu-
sion therapy. Contemporary STEMI guidelines indicate 
that time from fi rst medical contact to initiation of fi brino-
lysis should be 30 minutes or less and within 90 minutes 
to fi rst balloon infl ation in the case of mechanical 
reperfusion, 1,2,4    

 Rich and often unrealized opportunities exist, prior to 
arrival at hospital, to limit STEMI patient morbidity and 
mortality by enhancing early management via the prehos-
pital emergency medical system (EMS). The initial early 
activation of EMS depends upon appropriate recognition 

of symptoms or circumstances, which must be coupled 
with timely and appropriate responses from affected 
individuals, often assisted by family members, friends, co -
 workers or bystanders. Unfortunately, utilization of EMS 
remains suboptimal with many STEMI patients presenting 
to the hospital using personal transportation. Despite dedi-
cated public education strategies, little impact on this 
behavior has ensued. Advanced prehospital STEMI man-
agement which expedites patient assessment, diagnosis, 
triage, and treatment has been successful in various health 
systems worldwide, including over two decades of experi-
ence in France and Ireland. These prehospital STEMI treat-
ment protocols are most effective when operating within 
an integrated system - wide regional reperfusion program 
which includes continuous quality improvement.  

  Patient  s ymptom  r ecognition,  p ublic 
 e ducation  s trategies and  a ctivation of 
the  p rehospital  e mergency  m edical 
 s ystem 

 The American College of Cardiology (ACC) and American 
Heart Association (AHA) guidelines, with a current focused 
update, have encouraged the reduction of total ischemic 
time to less than two hours. 1,2,4  Unfortunately it has been 
consistently demonstrated that patient delay in seeking 
medical attention is the major limitation to realizing this 
goal and time to reperfusion remains suboptimal. Within 
clinical trials greater than 50% of reperfusion delay occurs 
prior to fi rst medical contact; an even longer delay is 
evident within  “ real - world ”  registry data. 5 – 8  Addressing 
patient delay requires understanding the patient ’ s percep-
tion, interpretation, and action as well as the infl uence of 
other factors modulating behaviors (Fig.  30.2 ).   

 Specifi c patient demographic factors have been identi-
fi ed which affect the duration of symptoms prior to seeking 
medical advice (Table  30.1 ). Older patients and women 
have consistently been shown to delay seeking medical 
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 Figure 30.1     Understanding time to treatment: pharmacologic and 
mechanical reperfusion. Understanding process of care and associated 
temporal delay required to deliver reperfusion therapy facilitates 
healthcare providers ’  ability to achieve goal times and develop 
appropriate systematic interventions. Upon arrival in the catheterization 
laboratory the patient is prepared for the procedure and the 
interventional cardiologist achieves arterial access and undertakes 
diagnostic coronary angiography. If the anatomy is consistent with PCI, 

appropriate equipment is prepared and anticoagulant therapy 
administered prior to crossing the specifi c lesion and achieving fi rst 
balloon infl ation; the total process typically requires 30 minutes. 
Therefore, it is essential that systematic interventions are implemented to 
expedite activation of the interventional cardiologist and catheterization 
laboratory personnel as well as patient transportation from the 
emergency department such that the time from confi rmed diagnosis to 
arrival in the laboratory is abbreviated to 40 minutes or less. 

 Table 30.1     Demographic factors associated with patient delay 

        GRACE 
(3693)  

   Worcester 
(3837)  

   NRMI 
(364   131)  

   Minnesota 
(2409)  

  Age     ↑      ↑      ↑      ↑   

  Female gender     ↑     X        ↑      ↑   

  Race    X    X     ↑     X  

  Angina     ↑      ↑      ↑     X  

  Prior heart failure     ↑     X    X     ↑   

  Diabetes     ↑      ↑        ↑     X  

  Prior myocardial 

infarction  

   ↓     X     ↓     X  

  Hypertension     ↑     X     ↑      ↑   

  Prior CABG    NS    X    X     ↓   

  Prior PCI     ↓     X     ↓      ↓   

   CABG, coronary artery bypass grafting; PCI, percutaneous coronary 

intervention;  ↑ , factor associated with increased delay from symptom 

onset to medical presentation;  ↓ , factor associated with decreased 

delay; NS, no signifi cant relationship demonstrated; X, factor not 

reported.   

ADVICE

InterpretationAction

Perception

EDUCATE
 Figure 30.2     Understanding time to reperfusion  –  patient delay. When a 
person perceives a novel or recurrent sensation (such as chest pressure) 
their interpretation is infl uenced by the severity of the symptom as well 
as a host of factors infl uenced by past experience and education. Seeking 
advice from friends, family, co - workers or bystanders regarding the 
interpretation of the symptom as well as appropriate action required 
may occur. Education infl uences the personal interpretation of symptoms 
and appropriate action as well as the advice that may be offered from 
others. 
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attention until later in the course of their symptoms. 8 – 11  
Ironically, patients with known past medical diagnoses 
with increased risk of cardiovascular events have also pro-
longed delay, including those with prior angina, hyperten-
sion, diabetes mellitus, and congestive heart failure. 8 – 11  
Patients with prior percutaneous coronary revasculariza-
tion and prior acute myocardial infarction appear to present 
after less symptomatic delay. 8,9,11    

 A host of situation - specifi c factors have also been shown 
to modulate time from symptom onset to medical presenta-
tion (Table  30.2 ). The most consistent of these are linked to 
severity of symptoms at presentation, especially those of 
cardiogenic shock or resuscitated arrhythmia presenting 
earlier. 8,9  Longer delays in presentation also occur outside 
regular working hours or on weekends and holidays. 8,10,11    

 Psychosocial factors also infl uence patient delay. These 
include misinterpretation of symptoms and denial of their 
importance. Female STEMI patients are known to deny 
or misinterpret their symptoms since they are conditioned 
to interpret acute myocardial infarction as a  “ male ”  
disease. 8,9,11 – 13  There are also signifi cant socioeconomic 
factors related to the cost of healthcare, particularly activa-
tion of the prehospital EMS which has additional associ-
ated cost implications in many countries. 14  

 Remarkably, in industrialized nations, only 50% of 
patients with symptoms suggestive of acute myocardial 
infarction activate the prehospital EMS. This fi gure is stag-
gering and tragic considering the evidence indicating that 
ambulance assistance leads to shortened time to defi nitive 
care and diminishes the potential individual patient and 
population hazards with self - transportation of patients at 
risk of hemodynamic compromise and dysrhythmia. 

 Although they are logical, dedicated educational pro-
grams that have attempted to increase appropriate utili-
zation of EMS and decrease reperfusion delay through 
enhanced patient response have typically met with limited 

success (Table  30.3 ). Within the United States, the Rapid 
Early Action for Coronary Treatment (REACT) trial ran-
domized 20 cities, matched for community size and patient 
demographics, to receive an 18 - month educational interven-
tion. 15  The premises of this program were that: (1) time to 
treatment was currently excessive; (2) patient response 
accounted for the majority of delay; and (3) dedicated com-
munity educational intervention would improve knowl-
edge and decrease patient - related delay. Central educational 
themes were promulgated, aimed at early symptom recog-
nition and rapid response by calling 911 if symptoms sug-
gestive of myocardial ischemia persisted for more than 15 
minutes. This interventional strategy focused on: (1) com-
munity organizations including health professionals and 
other leaders; (2) public education to develop general aware-
ness of acute myocardial infarction symptoms, the presence 
of heart disease in females, and appropriate action through 
MI survival plans, bystander response, and the importance 
of calling 911; (3) professional education including focused 
discussions with physicians, nurses, cardiac rehabilitation, 
emergency department and ambulance staff through aca-
demic detailing, continuing health education events and 
special seminars; and (4) education of patients with a past 
history of coronary artery disease or signifi cant cardiovascu-

 Table 30.2     Situational factors associated with patient delay 

        GRACE 
(3693)  

   Worchester 
(3837)  

   NRMI 
(364   131)  

   Minnesota 
(2409)  

  Shock     ↓     X     ↓     X  

  Chest pain     ↓     X    X     ↑   

  Diaphoresis     ↓     X    X    X  

  Dyspnea     ↑     X    X    X  

  Time of day 

(off hrs)  

   ↑      ↑     X     ↑   

  Ambulance 

transport  

   ↓     X    X    X  

    ↑ , factor associated with increased delay from symptom onset to 

medical presentation;  ↓ , factor associated with decreased delay; NS, 

no signifi cant relationship demonstrated; X, factor not reported.   

 Table 30.3     Systematic review of interventions to reduce delay in 
patients with suspect  AMI  

   Design     Author, year     Country     Duration     Outcomes  

  RCTs    Meischke 1997    USA    7 week    No effect  

  Luepker 2000    USA    18 month    No effect  

  CT    Rowley 1982    England    32 month    Increased 

call to 

MD  

  Before and 

after  

  Mitic 1984    Canada    8 week    Increased 

prehosp 

delay  

  Ho 1989    USA    2 month    No effect  

  Moses 1991    USA    24 month    No effect  

  Rustige 1992    Germany    9 month    No effect  

  Belt 1993    Australia    1 week    No effect  

  Blohm 1994    Sweden    14 month    Reduced 

prehosp 

delay  

  Gaspoz 1996    Switzerland    12 month    Reduced 

prehosp 

delay  
  Maeso -

 Madronero 

2000  

  Germany    6 month  
  Reduced 

prehosp 

delay  

   RCTs, randomized controlled trial; CT, controlled trial; Before and 

after, analysis prior to and following the intervention. 66    
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lar disease risk factors. Each community involved in these 
programs had a local offi ce with two staff to organize events 
and promote the program. Despite enhancing awareness 
and increasing utilization of EMS, this intensive educational 
program, which was associated with an annual cost between 
$156   000 and $294   000 per 100   000 person community, did 
not demonstrate a reduction from symptom onset to fi rst 
medical presentation in STEMI patients. 15,16  Paradoxically 
greater utilization of EMS occurred in patients with symp-
toms determined to be non - cardiac.   

 Although these results are discouraging and highlight 
the limitation of current educational strategies to reduce 
patient treatment delay, enhancing awareness of those with 
established disease or other risks remains a legitimate goal. 
Future campaigns to shorten patient delay are likely to be 
more effective if they address psychosocial and behavioral 
impediments to action, are sustained rather than short term, 
and focus on those patients and families at highest risk, 
including those with known coronary heart disease.  

  Prehospital  d iagnosis of  ST   e levation 
 m yocardial  i nfarction 

 During the acute phase of STEMI, patients may experience 
a diverse range of symptoms varying from classic crushing 
retrosternal chest discomfort with typical associated symp-
toms, to isolated dyspnea, syncope, malaise, and neuro-
logic impairment. In elderly patients, females, diabetics, 
and those taking non - steroidal anti - infl ammatory drugs 
(NSAIDs), symptoms may be subtle or absent and such 
patients are known to be at increased risk of suffering 
 “ silent myocardial infarctions ” . 17 – 22  This reality makes rec-
ognition of patients with STEMI challenging for frontline 
medical personnel in emergency departments as well as in 
the prehospital environment. 

 EMS programs typically have a system of triage to be 
implemented at the time of a 911 call, which are based 
upon key symptoms communicated from patients or their 
families, including chest discomfort, shortness of breath, 
syncope, and other indicators of potential myocardial isch-
emia. In some centers, this involves physician participation 
to prioritize prehospital response to appropriate patients 
with mobilization of advance care mobile intensive care 
units. In other regions where prehospital care is delivered 
by non - physician paramedical staff, preliminary triage 
may also be undertaken to facilitate the activation of 
advanced cardiac life support (ACLS) units capable of 
delivering advanced prehospital cardiac care. 

 On arrival at a scene where symptoms compatible with 
myocardial infarction are recognized or confi rmed, rapid 
completion of a prehospital 12 - lead ECG is a key factor in 
determining diagnosis and guides subsequent therapy. It 
has been shown that prehospital 12 - lead ECGs can be 

expeditiously completed with reliable lead placement and 
provide high - quality diagnostic tracings. 23,24  Furthermore, 
provision of a prehospital 12 - lead ECG adds little incre-
mental prehospital delay, i.e. a 1 – 10 minute increase in 
prehospital on - scene time. 24 – 27  

 Various approaches to 12 - lead ECG interpretation have 
been employed within the prehospital environment. When 
an experienced physician is present, onsite interpretation is 
feasible; if not, opportunities exist for either ECG remote 
transmission for physician interpretation or computer -
 assisted interpretation by paramedical staff. Evidence dem-
onstrates that well - trained paramedics can effi ciently use 
the 12 - lead ECG to guide early treatment. Although this has 
been proven effective in a research environment, more 
widespread implementation carries the potential for over - , 
under -  and inappropriate diagnosis of STEMI, and robust 
evaluations of the success of such programs are warranted. 

 Remote prehospital 12 - lead ECG interpretation requires 
appropriate technology at both ends of the transmission, 
the immediate availability of an experienced physician, 
and a system of communication between the physician and 
prehospital paramedics with the attendant liability of 
system failure at multiple levels. Transmission of all pre-
hospital 12 - lead ECGs for remote interpretation is imprac-
tical given that only about 5% of such patients, i.e. those 
identifi ed with symptoms possibly related to myocardial 
infarction, have confi rmed evidence of STEMI. 28  Prelimi-
nary paramedic ECG interpretation has been effectively 
employed in several regions for selective transmission of 
the prehospital 12 - lead ECG. In a single - center analysis, 
greater than 70% of all STEMI patients were correctly iden-
tifi ed by prehospital paramedic teams following modest 
training in STEMI patient identifi cation and 12 - lead ECG 
interpretation. 22  Even within the setting of a prehospital 
fi brinolysis trial, where stringent inclusion and exclusion 
criteria are employed, paramedic EMS staff correctly iden-
tifi ed and enrolled 46% of all STEMI patients. 

 In conjunction with completion of the prehospital 12 -
 lead ECG, prehospital paramedical staff can effectively and 
thoroughly complete prehospital reperfusion checklists to 
determine eligibility for reperfusion. Thereafter, prehospi-
tal reperfusion can be administered or patients can be 
triaged to centers capable of achieving expedited mechani-
cal or pharmacologic reperfusion.  

  Prehospital  m anagement of  ST   e levation 
 m yocardial  i nfarction 

 In patients with a likely or confi rmed diagnosis of STEMI, 
implementation of contemporary guidelines should be 
considered prior to hospital arrival to minimize patient 
distress, morbidity, and mortality, especially those with 
demonstrated time dependency (Table  30.4 ) 1,2,4  Prehospital 
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EMS teams managing patients with STEMI should be 
capable of advanced cardiac life support techniques 
to address hemodynamic and electrical instability as well 
as respiratory compromise. Synchronized cardioversion, 
defi brillation or percutaneous pacing can be employed to 
treat malignant arrhythmias. In the setting of symptomatic 
hypotension, intravenous fl uid resuscitation is standard 
and intravenous inotropes can be administered when 
appropriate medical supervision exists.   

  Oxygen and  r espiratory  s upport 

 Supplemental oxygen is administered to patients with 
oxygen saturation less than 90%. There is experimental evi-
dence that oxygen administration may limit ischemic myo-
cardial injury; therefore even in uncomplicated myocardial 
infarction this may be an effective strategy. 29  It has become 
ubiquitous to administer oxygen to virtually all patients 
with symptoms suggestive of myocardial ischemia. 

 In patients with cardiopulmonary compromise, such as 
pulmonary edema, severe congestive heart failure, cardio-

genic shock or presumed mechanical complications of 
STEMI, advanced respiratory support may be required. 
This may include bag, valve and mask with oral airway or 
endotracheal intubation to provide adequate oxygenation 
and ventilation.  

  Analgesia 

 It is the expectation that patients with STEMI will receive 
reperfusion therapy although not all will be candidates; 
continuing pain relief is required in either case. Although 
retrospective data have raised concerns about potential 
adverse events from morphine in patients with non - STEMI, 
this has not been the case with STEMI patients. 30  Therefore, 
administration of morphine sulfate (2 – 4   mg IV with incre-
ments of 2 – 8   mg IV repeated at 5 – 15 minute intervals) is 
the analgesic of choice for management of pain associated 
with STEMI. This should be undertaken judiciously in 
patients with hemodynamic or respiratory instability. 

 In the STEMI patient population treated within the 
EXTRACT TIMI 25 trial, an increased risk of death, rein-

 Table 30.4      ACC / AHA  guidelines for management of  STEMI  relevant to the prehospital environment 

   Procedure or therapy     Class     Level of evidence  

  911  –  dispatch recommend ASA (in absence of contraindications) 1     IIa    C  

  Paramedics perform prehospital 12 - lead ECG 1     IIa    B  

  Complete prehospital reperfusion check list 1     IIa    C  

  Defi brillation (hemodynamically signifi cant dysrhythmia) 1     I    A  

  ASA 162 – 325   mg (chew and swallow  –  in absence of CI) 1     I    C  

  Oxygen  –  hypoxia 1     I    B  

  Oxygen  –  1 st  six hours to all confi rmed STEMI 1     IIa    C  

  NTG SL with ongoing ischemic discomfort 1  0.4   mg    ×    3 does every 5   min    I    C  

  NTG IV for relief of ongoing ischemic discomfort or to manage signifi cant hypertension or pulmonary edema 1     I    C  

  NTG contraindicated: 1 

   BP    <    90  

  HR    <    50  

  HR    >    100  

  RV MI     

  III    C  

  Recent administration of a phosphodiesterase inhibitor 1     III    B  

  Morphine sulfate is the analgesic of choice (2 – 4   mg IV with increments of 2 – 8   mg IV repeated at 5 – 15   min. 

intervals) 4   

  I    C  

  Beta - blocker therapy  4            

  Oral initiated in fi rst 24 hours without contraindications    I    B  

  Intravenous is reasonable to administer for the management of hypertension without contraindications    IIa    B  

  Contraindications for early beta - blocker therapy: 1) signs of heart failure, 2) evidence of low output state, 3) 

increase risk of cardiogenic shock, and 4) other relative contraindications  

  III    A  

  Prehospital fi brinolysis 1     IIa    B  

  Prehospital destination protocols for primary PCI 1,4           

  Expected time from fi rst medical contact to balloon infl ation is less than 90   min (with experienced 

interventional cardiologists present)  

  I    A  

  Cardiogenic shock  < 75 years    I    A  

  Contraindication to fi brinolysis    I    B  

  Cardiogenic shock  ≥ 75 years    IIa    B  



CHAPTER 30  Early prehospital management of STEMI

449

farction, heart failure or shock was demonstrated in those 
taking NSAIDs within seven days of enrollment. 31  Although 
not as pertinent to the prehospital environment, there is a 
known increased risk of cardiovascular events among 
patients taking COX - 2 inhibitors and other NSAIDs; there-
fore, patients who are taking these agents at the time of 
STEMI should discontinue them immediately.  

  Nitroglycerin 

 In the setting of ongoing ischemic discomfort, sublingual 
nitroglycerin should be administered (0.3 – 0.4   mg) every 
fi ve minutes up to a maximum of three doses or until 
symptoms are relieved. If prehospital infusion pumps are 
available, intravenous nitroglycerin is indicated for relief 
of refractory ischemic symptoms, to control hypertension 
or manage pulmonary congestion. Nitroglycerin should 
not be administered with: hypotension (systolic blood 
pressure  < 90   mmHg), signifi cant bradycardia, suspected 
right ventricular infarction, or in patients who have 
received a phosphodiesterase inhibitor to treat erectile dys-
function within 24 hours.  

  Beta -  b lockers 

 Administration of intravenous and oral beta - blockers has 
been encouraged in the early period following diagnosis of 
STEMI, based upon evidence acquired largely in the pre -
 reperfusion era. The COMMIT - Metoprolol Trial allocated 
45   852 patients within 24 hours of diagnosis of STEMI to 
receive metoprolol administered as three doses of 5   mg IV 
in the fi rst 15 minutes followed by 200   mg/day orally or 
matching placebo. 32  This strategy did not improve the 
primary endpoint and was associated with an excess risk 
of cardiogenic shock of 11 per 1000 treated with the inci-
dence increased in patients with age  > 70 years, systolic 
blood pressure  < 120   mmHg, presenting heart rate  > 110/
min or congestive heart failure as measured by Killip class 
 > I. These results underscore the potential risk of adminis-
tering intravenous or aggressive oral beta - blockers in the 
prehospital setting.  

  Antithrombotic  a gents 

 Because of the potential benefi ts of early ASA (aspirin) use, 
its limited risk and low cost, it is reasonable for prehospital 
care providers to administer it to all patients with symptoms 
suggestive of STEMI in the absence of contraindications. In 
fact, ASA 162 – 325   mg to chew should be initiated remotely 
by 911 dispatchers to non - ASA allergic patients with symp-
toms suspicious for STEMI while awaiting arrival of EMS. 

 Although not extensively investigated, additional anti-
platelet agents could be considered for administration in 
the prehospital environment. Clinical and pharmacody-

namic evidence indicates some delay in the onset of action 
of clopidogrel following oral administration. 33  Although 
not yet supported by evidence in clinical guidelines, 
administration of this agent in the prehospital environment 
seems logical in STEMI patients in whom early percutane-
ous coronary intervention is intended. Since a proportion 
of patients may require urgent coronary artery bypass 
grafting, this strategy requires defi nitive investigation 
prior to widespread implementation. The early utilization 
of intravenous glycoprotein IIb/IIIa receptor blockers and 
the host of novel oral antiplatelet agents in current devel-
opment require assessments in the prehospital environ-
ment to clarify their risk and benefi t. 

 Clear evidence supports the importance of appropriate 
and adequate anticoagulation in conjunction with pharma-
cologic reperfusion to sustain coronary patency. In the 
setting of mechanical reperfusion, the optimal antithrom-
bin (e.g. unfractionated heparin, low molecular weight 
heparin, bivalirudin, fondaparinux) and dose remain 
unclear. Very early administration of an antithrombin in 
the setting of mechanical reperfusion currently lacks sup-
portive evidence. Despite this, prehospital administration 
with seamless transition to the cardiac catheterization labo-
ratory and in - hospital care seems reasonable.  

  Pharmacologic or  m echanical  r eperfusion 

 The optimal choice of reperfusion therapy is best deter-
mined by assessing the time from symptom onset to fi rst 
medical contact, the estimated baseline patient risk, location 
and extent of myocardial ischemia, and predicted percuta-
neous coronary intervention (PCI) - related delay (measured 
as the interval between initiation of fi brinolysis and the fi rst 
balloon infl ation). The decision is further infl uenced by 
regional staff, resources, hospital protocols, and physician 
and patient bias (Table  30.5 ). Although primary PCI is con-
sidered the reperfusion strategy of choice, it is clear that this 
advantage is time dependent and limited to specifi c patient 
populations. The DANAMI II trial has shown that the benefi t 
of primary PCI is limited to a minority of patients, i.e. the 
25% at highest risk as measured by TIMI risk score  ≥ 5 
(n   =   393, three - year mortality primary PCI 25.3% vs fi brino-
lysis 36.2%,  P    =   0.02). 34  Of the 1134 patients with a TIM I risk 
score  < 5, three - year mortality for primary PCI was 8.0% vs 
5.6% for fi brinolysis ( P    =   ns). 34  Regardless of the form of 
reperfusion, rapid diagnosis and intervention are crucial for 
effective early management. Unfortunately, the polarizing 
debate over the advantage of primary PCI versus fi brinoly-
sis has had a potentially negative impact on optimizing time 
to reperfusion for all STEMI patients.   

 The use of EMS in itself has been associated with expe-
dited evaluation in the emergency department, wider use 
of acute reperfusion therapy, and earlier pharmacologic 
or mechanical reperfusion. 35 – 40  Opportunities to improve 
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reperfusion delay utilizing prehospital EMS can be consid-
ered in four tiers of response and action. Tier one utilizes 
the prehospital 12 - lead ECG to expedite in - hospital care 
upon arrival in the emergency department. Tier two 
employs the prehospital 12 - lead ECG in conjunction with 
reperfusion screening checklists to facilitate activation of 
in - hospital response prior to arrival in the emergency 
department. Tier three utilizes these resources with com-
munication to a remote physician or through implementa-
tion of predefi ned standardized protocols to deliver 
patients to the most appropriate center to provide expe-
dited reperfusion, including bypass of community hospi-
tals for mechanical reperfusion when appropriate. Tier 
four utilizes these resources in conjunction with an inte-
grated treatment program whereby prehospital fi brinolysis 
can be administered or direct transportation to a cardiac 
catheterization laboratory occurs to reduce treatment delay 
and optimize patient outcomes. 

 The ACC/AHA guidelines for the treatment of STEMI 
suggest that  “ it is reasonable that all ACLS providers 
perform and evaluate 12 - lead ECGs routinely in chest pain 
patients suspected of STEMI ”  (Class IIa, Level C). 1  Having 
a 12 - lead ECG available to the in - hospital team upon the 
patient ’ s arrival in the emergency department is associated 
with reduction in treatment delay to fi brinolysis by approx-
imately 10 minutes and to primary PCI by approximately 
20 minutes. 41,42  In combination with a prehospital reperfu-
sion checklist addressing patient eligibility for reperfusion, 
communication of this information to the receiving emer-
gency department may further facilitate care. After con-
fi rmation of the diagnosis by in - hospital emergency 
department staff, these patients may receive expedited 
in - hospital reperfusion. 

 Creation of regional cardiac destination hospitals capable 
of rapid cardiac catheterization and primary PCI delivered 
by experienced interventional cardiologists has been 
proposed as a means of improving outcomes in STEMI 
patients. 43,44  This strategy reduces time to treatment by 
30 – 50 minutes. 45 – 47  In centers without prehospital confi rma-
tion of the diagnosis, i.e. tier two prehospital system, sig-

nifi cant fi nancial and personnel strain may result from 
misdiagnosis based upon the paramedic - interpreted ECG 
and deployment of the cardiac catheterization team. Hence 
in one study of this issue, inappropriate activation of the 
catheterization   laboratory occurred in 35% of patients with 
suspected STEMI (n   =   1335) diagnosed in the emergency 
department as assessed by the following three   criteria: no 
culprit coronary artery (14%), no signifi cant coronary   
artery disease (9.5%), and negative cardiac biomarker 
results (11.2%). 48  Although the frequency of this phenom-
enon has not been determined in the prehospital environ-
ment, it is improbable that paramedical EMS staff would 
achieve better results than emergency physicians. 

 Fibrinolytic therapy of STEMI signifi cantly improves 
mortality rates; treatment within six hours of the onset of 
symptoms leads to a reduction in mortality between 26 – 65 
per 1000 patients treated which has been extensively docu-
mented. 49  Randomized trials of prehospital versus in - 
hospital fi brinolysis demonstrate a one - hour reduction in 
treatment delay with improved patient mortality (1.7% 
absolute reduction, odds ratio (OR) 0.83, 95% confi dence 
interval (CI) 0.70 – 0.98). 50  Furthermore, prehospital STEMI 
patients tend to present sooner: in the two largest contem-
porary trials utilizing prehospital fi brinolysis, the median 
time to treatment was approximately two hours, compar-
ing favorably with contemporary trials of in - hospital fi bri-
nolysis (which includes ambulance or self - transportation 
patients). 51,52  These data provide a powerful impetus for 
healthcare systems to implement such programs. 

 Prehospital fi brinolysis has been validated in over two 
decades of clinical experience and research has demon-
strated that this can be achieved in diverse health regions 
with variable population density, past experience with pre-
hospital fi brinolysis, and the presence or absence of a phy-
sician in the prehospital environment. 53,54  Paramedics have 
been shown to be competent to complete on - scene assess-
ment, record and transmit the 12 - lead ECG for remote phy-
sician oversight, obtain informed consent and administer 
fi brinolytic therapy. 54  Prehospital fi brinolysis can be 
achieved rapidly with no evidence of adverse events in 

 Table 30.5      ACC / AHA  guidelines for choice of reperfusion strategy  1   

   Fibrinolysis generally preferred     Invasive strategy generally preferred  

  Early presentation ( ≤ 3 h from sx onset and delay to invasive strategy)    Skilled PCI lab available with surgical back - up (med contact to balloon 

 < 90   min)  

  Invasive strategy not an option (cath lab not available, no vasc access, lack 

of skilled PCI lab)  

  High risk from STEMI (cardiogenic shock, Killip class  ≥ 3)  

  Delay to invasive strategy (door - to - balloon, door - to - needle)  > 1   h; fi rst 

medical contact to balloon  > 90   min)  

  Contraindication to lysis (including increased bleeding/ICH risk)  

  Late presentation ( > 3   h)  

  Diagnosis in doubt  
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those managed by the paramedical prehospital personnel. 
Although the clinical experience and enhanced training of 
physicians in the prehospital setting may represent the 
ideal situation, trials and the wealth of clinical experience 
worldwide have demonstrated the effi cacy, safety, and fea-
sibility of paramedic - based prehospital fi brinolysis. The 
ACC/AHA STEMI guidelines recommend prehospital 
fi brinolysis as a reasonable alternative when  “ 1) physicians 
are present in the ambulance; or 2) in well - organized EMS 
systems with full - time paramedics capable of acquiring 
prehospital 12 - lead ECG and preliminary interpretation 
with initiation and ongoing training, direct medical over-
sight, and a medical director with training and experience 
in STEMI management; and an ongoing continuous quality 
improvement program ” . 1  

 Although successful in various regions, fully integrated 
advanced prehospital management of STEMI, i.e. tier four, 
has not been consistently employed across the globe. Such 
programs are based upon individualized patient triage uti-
lizing available evidence as outlined by current guidelines 
(see Table  30.5 ) which recommend pharmacologic reperfu-
sion in situations where mechanical reperfusion is not fea-
sible within the appropriate time frame of 60 minutes of 
PCI - related delay. This opportunity is critical: (1) when the 
catheterization laboratory is occupied; (2) in periods of 
high traffi c in urban regions or during adverse weather 
conditions which are common throughout many populous 
regions; and (3) during periods where hospital overcrowd-
ing has led to emergency room diversions of patients. With 
the majority of prehospital STEMI patients presenting early 
after symptom onset, expedited prehospital fi brinolysis 
can achieve excellent patient outcomes. In patients with 
contraindications to fi brinolysis or in the minority with 
high - risk clinical characteristics such as hypotension, 
cardiogenic shock or pulmonary edema, direct triage to a 
prehospital activated cardiac catheterization laboratory 
expedites mechanical reperfusion. Additionally a fully 
integrated system minimizes the need for  “ lights and 
sirens ”  transportation, which has been linked to vehicular 
accidents and excess risk to patients, ambulance personnel, 
and innocent bystanders. 55,56   

  Mechanical  c o -  i ntervention  s ubsequent to 
 p rehospital  fi  brinolysis 

 Following prehospital fi brinolysis, direct triage of selected 
patients to the catheterization laboratory should be under-
taken to expedite care and enhance outcomes. This should 
be considered in high - risk clinical scenarios including: 
   •      cardiogenic shock ( < 75 years old; Class I, Level B, and 
 ≥ 75 years old; Class IIa, Level B)  
   •      severe congestive heart failure (Class I, Level B)  
   •      hemodynamically compromising ventricular arrhyth-
mias (Class I, Level C). 4     

 Following full - dose fi brinolysis, coronary angiography 
with intent to perform PCI should be considered in patients 
failing to achieve reperfusion clinically (Class IIa, Level C) 
and in those with persistent ST elevation ( < 50% resolved 
after 90 minutes following initiation of fi brinolysis) and at 
least a moderate area of myocardium at risk (Class IIa, 
Level B). These recommendations are based upon a 50% 
reduction in the combined clinical endpoint of death, repeat 
myocardial infarction, cerebral vascular accident or severe 
heart failure within six months comparing rescue PCI 
(15.3%), conservative management (29.8%) or repeat admin-
istration of fi brinolysis (31%) in patients failing to achieve 
ECG evidence of reperfusion ( < 50% reduction in ST eleva-
tion) within 90 minutes of initial fi brinolysis. 57  In certain cir-
cumstances, optimal patient care may include observation 
for successful reperfusion in a community hospital emer-
gency department with the EMS team on standby, thereby 
expediting transfer to a catheterization laboratory for rescue 
PCI (required in approximately 30% of patients). 51,58,59  

 Facilitated PCI, where patients are routinely taken 
directly to the catheterization laboratory following admin-
istration of reduced - dose fi brinolysis, has been imple-
mented in certain regions when patients are unable to 
achieve primary PCI within acceptable time intervals. 60 – 62  
Although this strategy may appear attractive, large - scale 
clinical trials have failed to demonstrate enhanced patient 
outcomes with either full - dose or reduced - dose fi brinolysis 
followed by PCI. 63,64  A planned reperfusion strategy using 
full - dose fi brinolysis followed by immediate PCI has been 
discouraged in the recent ACC/AHA focused STEMI 
update (Class III, Level B). 4    

  Integration of  p rehospital  s trategies in a 
 s ystem -  w ide  r eperfusion  p rogram 

 Expansion and enhancement of prehospital diagnosis, 
triage, treatment, and initiation of defi nitive reperfusion 
strategies in the prehospital environment provides a 
key opportunity to improve STEMI patient outcomes. For 
such programs to be successful over the long term, it is 
essential that they be integrated and supported by a sys-
tem - wide reperfusion protocol. If prehospital teams are 
linked to such regional reperfusion programs, seamless 
integration of patient care may occur. If such programs are 
not fully supported, the sustainability of prehospital reper-
fusion strategies would be signifi cantly hampered. Com-
munication and continuous quality improvement programs 
with engagement of all partners within the healthcare 
team, including hospital and regional administration, 
physicians, nurses, and paramedical staff, are essential 
(Fig.  30.3 ).   

 Within a system - wide reperfusion program, establishing 
clear guidelines and empowering experienced decision 
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makers to implement best care for individual patients 
are required. This should include identifying high - risk 
patient populations suitable for early reperfusion, linked 
to appropriate triage to tertiary care centers for risk stratifi -
cation and interventional management as required. Dedi-
cated assessment of the success of reperfusion following 
pharmacologic therapies with aggressive rescue PCI may 
also improve patient outcomes. In the future, computer -
 based dynamic modeling may facilitate aligning patient risk 
with choice of therapy as well as subsequent destination 
hospital. Such dynamic modeling must be an ongoing 
process, with reassessment of risk in the early hours after 
initiation of therapies guiding subsequent investigation and 
management.  

  Conclusion 

 This chapter has discussed key opportunities that exist 
to limit STEMI patient morbidity and mortality by enhanc-
ing early management via the prehospital emergency 
medical system (EMS). Advanced prehospital STEMI man-
agement which expedites patient assessment, diagnosis, 
triage, and treatment has been successfully implemented. 
Empowering adequately trained paramedic teams to 
administer life - saving therapy such as fi brinolysis in the 
prehospital environment deserves a high international 
priority. 

 Although this chapter has focused on STEMI patients 
and the enhancement of their care through advanced 
prehospital management, the importance of early 
diagnosis, triage and treatment is not unique to these 
patients. The development of prehospital STEMI pro-
tocols can be seen as the initial template from which to 
advance care in other acute cardiovascular diseases 
(Fig.  30.4 ). 65  This could include high - risk NSTEMI with 
implementation of early pharmacologic therapy and 
prehospital triage to appropriate tertiary care centers for 
early angiography. Early implementation of therapy in 
stroke and survivors of cardiac arrest may also be linked 
to improved outcomes following these potentially devas-
tating events. Opportunities will continue to expand as 
technology continues to advance, with enhanced diagnos-
tic and therapeutic capability across the spectrum of car-
diovascular disease.    

Patient

Paramedic

Emergency

Physicians
Cardiologists

Acute Care

Nurses

System wide

integrationAdministration

 Figure 30.3     Refl ections on STEMI care; success through co - operation. 
Within the healthcare system all stakeholders from paramedics to 
administrative staff must adopt a patient - centered focus to deliver base 
care to each patient. 
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 Figure 30.4     Opportunities in prehospital 
cardiovascular care. Opportunities provided 
by enhanced prehospital cardiovascular care 
move beyond the scope of this chapter 
focused on ST elevation myocardial infarction 
(STEMI) and include non - ST elevation acute 
coronary syndromes (ACS), cardiac arrest 
(sudden death), and a host of other 
cardiovascular disease. 65  The capacity of 
prehospital teams to assess and manage 
patient risk with rapid initiation of evidence -
 based treatments and triage to appropriate 
medical institution portends optimal medical 
treatment. ACLS, advance cardiac life 
support; AED, automated external 
defi brillator; CPR, cardiopulmonary 
resuscitation; EBM, evidence - based medicine. 
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  Introduction 

 The primary pathophysiology of acute ST segment eleva-
tion myocardial infarction (STEMI) is the total occlusion of 
a coronary artery, usually through thrombosis of a rup-
tured or eroded atherosclerotic plaque, with a subsequent 
lack of blood fl ow to the myocardium. This then results 
in a time - dependent  “ wave - front ”  of myocardial necrosis 
beginning at the subendocardium and moving towards the 
epicardial surface. 1  Although in a dog model that has very 
minimal collateral coronary circulation, the progression to 
complete transmural necrosis usually takes less than 3 
hours, in humans the time may vary anywhere from 2 
hours to 12 hours depending on the degree of available 
collateral coronary circulation, the degree of ischemic pre-
conditioning and whether the thrombotic coronary occlu-
sion is permanent or intermittent. The minimization of 
the total amount of myocardial necrosis during STEMI has 
been associated with improved long - term clinical out-
comes. Although some evidence exists that myocardial 
salvage may be accomplished by a variety of pharmaco-
logic maneuvers designed to reduce the oxygen demands 
of the heart, by far the most effective approach has been to 
produce reperfusion of the occluded artery as fast as pos-
sible, by either fi brinolytic therapy or mechanical means. 
Multiple studies have validated the  “ need for speed ”  
approach to this effort and justifi ed the mantra that  “ time 
is myocardium. ”  

 The benefi ts of therapy depend on the rate and extent to 
which myocardial reperfusion is effectively achieved. 2 – 4  
Reperfusion is scored by the Thrombolysis In Myocardial 
Infarction (TIMI) visual 2  or frame - counts 5  methods supple-
mented, recently, by a TIMI myocardial perfusion (TMP) 
score. 6  Restoration of TIMI grade 3 (normal) epicardial fl ow 

is associated with lower mortality rates than TIMI grades 
0 – 2 (3.7% vs 7.0%). Among those with TIMI 3 fl ow, lower 
mortality is associated with TMP grade 3 (0.7%) than with 
TMP grades 2 (2.9%) or 0 – 1 (5.4%). The factors differentiat-
ing epicardial and myocardial reperfusion are incompletely 
understood. Platelet and platelet – leukocyte aggregates, 
distal thrombus embolization and secreted vasoactive and 
thrombogenic factors have received recent attention, and a 
variety of targeted therapies, adjunctive to either fi brino-
lytic or mechanical reperfusion therapy and designed to 
further improve myocardial perfusion, are being actively 
studied. 7,8  However, despite the promise shown by multi-
ple agents in the experimental situation, the results of clini-
cal trials have been extremely disappointing and no trial to 
date has achieved its primary endpoint. 9   

  Historic  p erspective 

 Although both fi brinolytic and mechanical approaches to 
coronary reperfusion therapy are presently used, depend-
ing on the clinical circumstances, from a historic perspec-
tive, fi brinolytic therapy was fi rst developed and validated. 
In 1933, Tillet and Garner published their discovery of a 
streptococcal fi brinolysin. 10,11  Clinical application of strep-
tokinase (SK) to AMI was fi rst reported in 1958. 12  From 
then until 1979, at least 17 studies were published, but AMI 
pathophysiology was not well understood and results 
were inconclusive and poorly accepted. 13,14  With the estab-
lishment of the thrombotic nature of coronary occlusion 15  
several groups demonstrated the feasibility of clinical fi bri-
nolysis to achieve early reperfusion under angiographic 
monitoring ( ∼ 75% success with intracoronary (IC) SK) in 
the period 1976 – 83. 16 – 19  

 Randomized studies in AMI followed. Anderson  et al  
reported in 1983 20  a benefi t of early ( < 4   h) IC SK on clinical, 
enzymatic, and imaging endpoints. Later therapy (at  > 6 
hours) relieved ischemic pain but did not benefi t regional 
myocardial function in another study. 21  The potential for 
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mortality benefi t of IC SK was suggested by subsequent 
Western Washington and Dutch studies in a few hundred 
patients. 22 – 24  The logistic diffi culties with intracoronary 
administration stimulated the re - evaluation of IV SK 
(Schr ö der  et al  25 ). By the mid - 1980s, favorable comparisons 
with IC SK 26 – 28  and a larger outcomes study of IV SK 
(ISAM) 29  established the intravenous route for subsequent 
clinical trials. 

 Although intravenous fi brinolytic therapy is certainly 
superior to placebo in patients who present early with 
STEMI, there remain a number of problems associated with 
this approach. First, many patients have signifi cant contra-
indications to the use of fi brinolytic agents. 30  Second, even 
with the newer fi brinolytic agents, a small but signifi cant 
risk of intracranial hemorrhage remains and results in 
death or disability, especially in the very old patients. 31  
Third, fi brinolytics establish normal TIMI grade 3 fl ow in 
only 50 – 60% of the patients. 32,33  Only a third of treated 
patients have complete resolution of ST segment elevation, 
and only about 50% have  > 70% resolution of ST segment 
elevation 24 – 36 hours after fi brinolytic administration  –  a 
marker of lower mortality. 34  Since there are no absolutely 
reliable clinical signs or symptoms that indicate success of 
fi brinolytic therapy, it is diffi cult to evaluate whether the 
infarct artery is open with the treatment in an individual 
patient. Even in those patients with successful fi brinolysis, 
many go on to have reocclusion and reinfarction due to the 
ongoing vulnerability of the underlying atherosclerotic 
plaque. 35,36  

 Mechanical reperfusion has the potential to overcome 
many of these limitations. 37  Direct (or primary) PCI, inter-
vention on the infarct artery without prior fi brinolysis, can 
be done in many patients with contraindications to fi brino-
lytic therapy. The overall risk of intracranial bleeding is sig-
nifi cantly lower with direct PCI. 38  With the strategy of direct 
PCI, there is an opportunity to evaluate the overall coronary 
anatomy, ventricular function, and intracardiac pressures 
essentially at the time of admission and possibly detect ana-
tomic features or mechanical complications that would 
require earlier treatment with surgery. Another benefi t of 
direct PCI is the availability of highly trained cardiac cathe-
terization laboratory staff if circulatory resuscitation is 
needed. Additionally, there is a potential to signifi cantly 
improve the proportion of patients who receive reperfusion 
with TIMI 3 fl ow. Early observational studies evaluating the 
potential of primary PCI were very promising. 39  This led to 
the performance of a number of randomized trials of fi brino-
lysis versus mechanical reperfusion therapy in STEMI, most 
of which demonstrated a signifi cant superiority of primary 
PCI, especially among patients in which it was logistically 
feasible to accomplish reperfusion within 90 minutes of pre-
sentation (Class I, Level A). 40  As will be discussed in more 
detail later in this chapter, when all things are equal primary 
PCI is better than fi brinolytics. 

 Over the past decade, the results of multiple studies 
have led us to the present state in which, depending on a 
variety of circumstances, either fi brinolysis or mechanical 
reperfusion may be the treatment strategy of choice. This 
chapter will address in detail the evidence behind both 
approaches and provide guidelines to assist in choosing 
which form of reperfusion therapy to use when dealing 
with an individual patient. Potential adjunctive therapies 
to be used with each approach will be addressed in other 
chapters.  

  Fibrinolytic  a gents 

  General  m echanisms of  a ction and 
 p harmacologic  p roperties 

 Fibrinolysis is mediated by plasmin, a non - specifi c serine 
protease that degrades clot - associated fi brin and fi brino-
gen, disrupting a forming thrombus and facilitating reper-
fusion. The fi brinolytic (or  “ thrombolytic ” ) agents are all 
plasminogen activators, directly or indirectly converting 
the proenzyme plasminogen to plasmin by cleaving the 
arginine 560 -  valine 561 bond (Fig.  31.1 ). Plasmin degrades 
several proteins, including fi brin, fi brinogen, prothrombin, 
and factors V and VII. The fi brinolytic agents differ in 
several properties, as summarized in the text and Table 
 31.1 .      

 Figure 31.1     Schematic representation of the action of fi brinolytic 
enzymes. Streptokinase (SK) and urokinase (UK) work predominantly on 
circulating plasminogen, whereas tissue type plasminogen activator (tPA) 
and single chain urokinase - type plasminogen activator (scuPA) are 
relatively clot selective.  (Modifi ed with permission from Topol EJ. Clinical 
use of streptokinase and urokinase to treat acute myocardial infarction. 
 Heart Lung  1987; 16 :760.)  
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  Approved  fi  brinolytic  a gents 

  Streptokinase 
 Streptokinase (SK) is a 415 - amino acid bacterial protein 
sharing homology with serine proteases. 41,42  Upon injec-
tion, SK forms a 1:l stoichiometric complex with plasmino-
gen or plasmin, activating a catalytic site that cleaves 
plasminogen to plasmin. The half - life of the SK complex is 
about 23 minutes. SK is antigenic, has little fi brin specifi c-
ity, and causes substantial systemic lytic effects in clinical 
doses. Least expensive of fi brinolytics and still widely used 
globally, SK is administered by short - term (1   h) infusions.  

  Urokinase 
 Urokinase (UK) is a native, 2 - polypeptide protein derived 
from human urine or renal cell cultures. 43  UK directly con-
verts plasminogen to plasmin. It is non - antigenic and is 
cleared from the circulation predominantly by the liver 
with a half - life of 16 minutes. Clinically used doses produce 
moderately extensive systemic fi brinolysis. Its principal 
use in North America has been for intra - arterial (including 
intracoronary) fi brinolysis. It has not been approved for 
and currently is not available for IV use in acute myocar-
dial infarction (AMI).  

  Tissue -  t ype  p lasminogen  a ctivator ( t  PA ) 
 Tissue - type plasminogen activator (tPA), a 526 - amino 
acid single polypeptide chain, is the major intrinsic (phy-
siologic) plasminogen activator. 44  The marketed form 
(alteplase) is manufactured by recombinant DNA technol-
ogy (rtPA). tPA is converted by plasmin to a double - chain 
form with equivalent fi brinolytic activity. 45  tPA has greater 
activity in the locale of the thrombus and causes less sys-

temic plasminemia, fi brinogenolysis, and proteolysis than 
SK. tPA is non - antigenic, is inhibited by a circulating plas-
minogen activator inhibitor (PAI - I), and is rapidly cleared 
(half - life about 5 minutes). This short half - life has necessi-
tated bolus/infusion regimens (over 1 – 3 hours); bolus - only 
tPA regimens have been tested but abandoned in favor of 
longer - acting mutant forms of tPA.  

  Reteplase 
 Reteplase (rPA) was the fi rst variant (mutant) of tPA to be 
developed and marketed. 46  It is a non - glycosylated, single 
chain deletion variant consisting only of the kringle 2 and 
proteinase (plasmin cleavage site) domains of human tPA. 
Fibrin specifi city is lower and half - life longer (14 – 18 
minutes) than tPA, allowing more convenient, double -
 bolus administration.  

  Tenecteplase 
 Tenecteplase (TNK - tPA) is a triple - site substitution variant 
of tPA: at amino acid 103, threonine (T) is replaced by aspar-
agine, adding a glycosylation site; at site 117, asparagine (N) 
is replaced by glutamine, removing a glycosylation site; at a 
third site, four amino acids (lysine (K), histidine, arginine 
and arginine) are replaced by four alanines. 47  The fi rst two 
changes decrease clearance rate (half - life 20 minutes), allow-
ing for single bolus dosing. The third change confers greater 
fi brin specifi city and resistance to PAI - 1.   

  Effi cacy of  i ntravenous  fi  brinolytic  t herapy 

  Effects on  c oronary  a rterial  p atency 
 Because myocardial reperfusion is the postulated mecha-
nism of benefi t of fi brinolysis for MI, many angiographic 

 Table 31.1     Comparison of fi brinolytic agents approved by the  US   FDA  for intravenous use 

        SK (streptokinase)     tPA (alteplase)     rPA (reteplase)     TNK (tenecteplase)  

  Dose    1.5 million units    100   mg in    10   U   +   10   U,    30 – 50   mg  

  (MU) in 30 – 60   min    90   min  a      30   min apart    over 5 seconds  b    

  Circulating half - life (min)     ≅ 20     ≅ 6     ≅ 18     ≅ 20  

  Antigenic    Yes    No    No    No  

  Allergic reactions    Yes    No    No    No  

  Systemic fi brinogen depletion    Severe    Mild – moderate    Moderate    Minimal  

  Intracerebral hemorrhage     ≅ 0.4%     ≅ 0.7%     ≅ 0.8%     ≅ 0.7%  

  Patency (TIMI - 2/3) rate, 90   min  c       ≅ 51%     ≅ 73 – 84%     ≅ 83%     ≅ 77 – 88%  

  Lives saved per 100 treated     ≅ 3  c       ≅ 4  d       ≅ 4     ≅ 4  

  Cost per dose (approx US dollars)    290    2750    2750    2750  

    a    Accelerated tPA given as follows: 15   mg bolus, then 0.75   mg/kg over 30   min (maximum 50   mg), then 0.50   mg/kg over 60   min (maximum 35   mg).  

   b    TNK is dosed by weight (supplied in 5   mg/mL vials): 60   kg   =   6   mL; 61 – 70   kg   =   7   mL; 71 – 80   kg   =   8   mL; 81 – 90 kg   =   9   mL; 90   kg   =   10   mL.  

   c    Based on Granger  et al  49  and Bode  et al . 89   

   d       Based on the fi nding from the GUSTO trial 42  that tPA saves 1 more additional life per 100 treated than does SK.     
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studies have been undertaken to assess patency profi les 
of the infarct - related coronary artery after fi brinolylic 
therapy. 48  Granger  et al  summarized 14   124 angiographic 
observations from 58 studies. 49  Because the extent of 
myocardial salvage is time dependent, early (0 – 90   min) 
patency has generally formed the primary endpoint in 
these studies. Without fi brinolytic therapy, spontaneous 
perfusion early after STEMI occurs in only 15% and 21% at 
60 and 90 minutes after study entry, respectively, remains 
unchanged at 1 day, then gradually increases to about 60% 
by 3 weeks. All fi brinolytic regimens improve early patency 
rates. At 60 and 90 minutes, streptokinase had the lowest 
rates (48%, 51%), standard (3 - hour) tPA infusions interme-
diate rates (about 60%, 70%), and accelerated (90 - minute) 
tPA infusions the highest rates (74%, 84%). However, 
patency rates at  > 3 hours were similar for all regimens, and 
reocclusion rates were higher after tPA than non - fi brin spe-
cifi c (systemically active) agents (13% vs 8%) (I P    =   0.002). 
The GUSTO angiographic study 50  embedded within a 
larger comparative mortality study, 42  directly demon-
strated that early but not late patency rates accurately 
predict mortality differences among AMI therapies, pro-
viding direct support for the open artery hypothesis of 
fi brinolytic benefi t.  

  Effect on  m ortality 
 By the late 1980s, accumulating clinical trials data provided 
support for a survival benefi t of IV fi brinolysis. 51 – 53  The 
most important survival trials, comparing fi brinolysis to 
placebo or standard non - fi brinolytic care, are summarized 
below. 

  Gruppo Italiano per lo Studio della Streptochinasi nell ’  Infarto 
Miocardico ( GISSI )     This study 54  was the fi rst  “ defi nitive ”  
mortality trial. Eleven thousand eight hundred and six 
AMI patients with ST elevation were randomized to receive 
1.5 million units (MU) of IV SK over 1 hour or standard 
therapy. Aspirin was not routinely given. In - hospital mor-
tality was 10.7% in the SK group and 13.0% in the control 
group, a 17.6% risk reduction ( P    =   0.0002; relative risk (RR); 
0.81). Survival differences remained at 1 – 2 years. 55  Benefi t 
was time dependent and particularly large for treatment 
within 1 hour of symptom onset (47% mortality reduction, 
RR 0.49) but was not signifi cant after 6 hours.  

  Second International Study of Infarct Survival ( ISIS  - 2)     This 
study 56  randomized 17   187 patients with suspected AMI 
within 24 hours to IV SK (1.5   MU), aspirin (1 62.5   mg), both 
or neither (placebos) in a 2    ×    2 factorial design. The 35 - day 
vascular mortality rate (13.2% for the double placebo 
group) was reduced 23% by aspirin alone, 25% by SK alone, 
and 42% by combined aspirin and SK (all  P     <    0.00001). 
When both were given early (within 4 hours of symptom 
onset), a 53% odds reduction was achieved.  

  Anglo - Scandinavian Study of Early Thrombolysis ( ASSET )     This 
study 57  evaluated tPA (alteplase) with heparin versus 
heparin alone within a randomized, double blind, placebo -
 controlled design. ASSET enrolled 5013 patients within 5 
hours of suspected AMI. Therapies were IV tPA (100mg 
over 3 hours) plus heparin (5000U N bolus, then 1000   U/h), 
or placebo plus heparin. The 30 - day mortality was lower 
in the tPA than the placebo group (7.2% vs 9.8%,  P    =   0.0011). 
Hemorrhagic risk was acceptable.  

  Fibrinolytic Therapy Trialists ’  ( FTT ) Collaborative Group     This 
group 58  pooled data from nine controlled trials that 
randomized 1000 or more patients with suspected AMI. 
The database consisted of 58   600 patients of whom 6177 
(10.7%) died, 564 (1.0%) had strokes, and 436 had major 
non - cerebral bleeds. The 45   000 patients who presented 
with ST elevation or bundle branch block (BBB) had an 
absolute mortality reduction of 30 per 1000 for treatment 
within the fi rst 6 hours, 20 per 1000 for hours 7 – 12, and a 
statistically uncertain reduction of 13 per 1000 beyond 12 
hours. These data led to the national guidelines (Class I, 
Level A) that all STEMI patients should undergo rapid 
evaluation for reperfusion therapy and have a reperfusion 
strategy implemented promptly after contact with the 
medical system. 59  

 Subgroup analyses by presenting electrocardiogram 
(ECG) (Fig.  31.2 ) showed mortality reductions for those with 
ST elevation (21%,  P     <    0.00001) and bundle branch block 
(BBB) (25%)  P     <    0.01). Benefi t was greater for those with 
anterior (37 lives saved per 1000 treated) compared with 
inferior (8 per 1000) or other (27 per 1000) AMI sites. The 
absolute benefi t was greater in those with greater risk  –  for 
example, BBB (49 lives saved per 1000 treated) and anterior 
ST elevation (37 per 1000). Those with normal ECGs or with 
ST depression alone showed no benefi t and adverse trends 
(7 and 14 more deaths per 1000, respectively).   

 Figure 31.2     The effect of fi brinolytic therapy on mortality (lives saved 
per 1000 treated) in various patient subsets classifi ed according to 
admission ECG. Patients presenting with bundle branch block and 
anterior ST segment elevations derived most benefi t from fi brinolytic 
therapy. Patients with inferior ST segment elevation derived much less 
benefi t, while those with ST depression or normal ECG did not benefi t. 
 (Based on data from FTT Collaborative Group. 57 )  
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 The FTT suggested that proportional mortality reduction 
was little infl uenced by systolic blood pressure or heart 
rate. Benefi ts also were confi rmed for other high - risk 
groups, including those with prior MI and diabetes.   

  Benefi ts of  v ery  e arly ( < 1  h our)  t herapy 
 The magnitude of mortality reductions in FTT was depen-
dent on time to therapy from symptom onset. For those 
with ST elevation or BBB, the absolute benefi t was 39 (at 
0 – 1   h), 30 ( > 1 – 3   h), 27( > 3 – 6   h), 21 ( > 6 – 12   h), and 7 ( > 12 – 24   h) 
lives saved per 1000 treated (Fig.  31.3 ).   

 Others also studied the benefi ts of therapy within 1 
hour. 60  Boersma  et al  61  reappraised very early therapy based 
on a larger database (50   246 patients, derived from all ran-
domized trials of  > 100 patients). The absolute mortality 
reduction for treatment within 1 hour of symptom onset 
was 65 per 1000. The delay/benefi t relation (Fig.  31.4 ) was 
non - linear. Other studies have demonstrated that if fi bri-
nolytic therapy is given within 70 minutes of symptom 
onset, the mortality rate of STEMI can be as low as 1.4% 62  
and in certain circumstances, very early therapy can even 

result in aborted myocardial infarction. 63  This information 
has led to a push to provide fi brinolytic therapy in the 
prehospital setting. The ACC/AHA guidelines have given 
an indication (Class IIa, Level A) for the establishment of 
a prehospital fi brinolysis protocol in (1) settings in which 
physicians are present in the ambulance or (2) well - 
organized EMS systems with full - time paramedics who 
have 12 - lead ECGs in the fi eld with transmission capabil-
ity, paramedic initial and ongoing training in ECG inter-
pretation and STEMI treatment, on - line medical command, 
a medical director with training/experience in STEMI 
management, and an ongoing continuous quality improve-
ment program.    

  Benefi t of  d elayed ( > 6  h our)  t herapy 
 In contrast to earlier therapy, the benefi t of fi brinolysis after 
6 hours is less certain. The Late Assessment of Thrombo-
lytic Effi cacy (LATE) study 64  enrolled 5711 patients with 
evidence of AMI between 6 and 24 hours from symptom 
onset and randomized them to tPA (100   mg over 3   h) or 
placebo. A 26% relative mortality reduction (8.9% vs 11.9%, 
 P    =   0.02) was observed for those treated within 12 hours. 
The 12 – 24 hour subgroup showed a non - signifi cant trend 
to benefi t (8.7% vs 9.2% mortality rate). The South American 
EMERAS collaborative group 65  treated 4534 patients with 
IV SK or placebo within 24 hours after onset of suspected 
AMI and found a non - signifi cant trend towards a mortality 
benefi t between hours 7 and 12 (SK 1 l.7%, placebo 13.2%). 
Along with other late treatment trials, 58  these have pro-
vided the rationale for recommending fi brinolysis for 
hours 7 – 12 after the onset of AMI in patients with persis-
tent symptoms and ECG changes. 66    

 Figure 31.4     Absolute 35 - day mortality reduction versus treatment 
delay: small closed dots, information from trials included in FTT analysis; 
open dots, information from additional trials; small squares, data beyond 
scale of X/Y cross. The linear (34.7 – 1.6X) and non - linear (19.4 –
 0.6X   +   29.3X  − 1 ) closed regression lines are fi tted within these data, 
weighted by the inverse of the variance of the absolute benefi t at each 
data point. The black squares denote the average effects in six time - to -
 treatment groups (areas of squares inversely proportional to the variance 
of absolute benefi ts described).  (Reproduced with permission from 
Antman  et al  59 .)  

 Figure 31.3     The effect of fi brinolytic therapy on mortality in various 
patient subsets classifi ed according to duration of symptoms before 
treatment: (above) mortality in each subgroup of fi brinolytic treated 
(black bars) versus placebo - treated (white bars) patients; (below) absolute 
benefi t (lives saved per 1000 treated, standard deviation in parentheses) 
with confi dence intervals.  (Based on data from FTT Collaborative 
Group. 57 )  



CHAPTER 31  Reperfusion therapies for STEMI

461

  Risks of  fi  brinolytic  t herapy 

  Bleeding 
 Bleeding is the primary risk of fi brinolytic therapy. 
Intracranial (or intracerebral) hemorrhage (ICH) is the 
most important bleeding risk, occurring in about 0.5 – 1.0%, 
with substantial risk of fatality (44 – 75%) or disability. 67 – 71  
Non - cerebral but not cerebral bleeding risk has benefi ted 
by increased fi brin selectivity. The absolute and relative 
contraindications to fi brinolytic therapy are summarized in 
Table  31.2 . 59    

 The risk of ICH varies with patient characteristics, the 
fi brinolytic agent, and adjunctive antithrombotic therapy. 
Simoons  et al  70  identifi ed four independent predictors of 
increased ICH risk: age  > 65 years (odds ratio (OR) 2.2; 95% 
confi dence interval (CI) 1.4 – 3.51), weight  < 70   kg (OR 2.1; 
95% CI 1.3 – 3.2), hypertension on admission (OR 2.0; 95% 
CI 1.2 – 3.2), and use of tPA (alteplase) (OR 1.6; 95% CI 
1.0 – 2.5) versus SK. The GUSTO - 1 group 71  identifi ed seven 

predictors of ICH: advanced age, lower weight, history of 
cerebrovascular disease, history of hypertension, higher 
systolic or diastolic pressure on presentation, and random-
ization to tPA (vs SK). In contrast, the incidence of non -
 cerebral bleeding is higher with SK. 72  

 The safety of bolus compared with infusion administra-
tion of fi brinolysis for ICH was questioned by a meta -
 analysis of several different agents. 73  However, problems 
with the meta - analysis have been raised 74,75  and large, well -
 controlled trials of the two bolus agents in general use, 
RPA 76  and TNK - PA, 77  have not shown excess ICH rates 
compared with front - loaded rt - PA. 

 The critical importance of dose and adjunctive therapies 
to ICH risk is now realized. Excessive ICH was observed 
with tPA doses  > 100   mg. 48  Excessive adjunctive therapy 
(for example, heparin, hirudin, glycoprotein IIb/IIIa recep-
tor inhibition) with fi brinolytics also has resulted in unac-
ceptable rates of bleeding including ICH. 78 – 80  In the 
GUSTO - I trial, the risk of ICH increased with aPTT levels 
beyond 70 seconds. 81  Three concurrent trials 77,78,79  were 
stopped prematurely and reconfi gured because of exces-
sive hemorrhage. With lower doses of antithrombins, hem-
orrhage rates subsequently decreased. Recommendations 
for adjuvant heparin therapy have been adjusted down-
ward to 60   U/kg bolus (maximum 4000 units) and 12 
units/kg/h (maximum 1000 units), adjusted after 3 hours 
to maintain aPTT at 50 – 70 seconds for 48 hours. 66  

 Previously, prolonged cardiopulmonary resuscitation 
(CPR) has been considered a contraindication to fi brino-
lytic therapy. However, Bottiger  et al  observed 90 patients 
with AMI who had out - of - hospital cardiac arrest. 82  Patients 
treated with heparin and tPA more frequently had return 
of spontaneous circulation (68% vs 44%,  P     <    0.03), admis-
sion to the ICU ( P     <    0.01), and survival to discharge (15% 
 ∼  8%). Bleeding complications were not problematic.  

  Allergy,  h ypotension, and  f ever 
 Streptokinase is antigenic and may be allergenic although 
serious anaphylaxis or bronchoconstriction is rare ( < 0.2 –
 0.5%). 56  In ISIS - 3 69  any allergic - type reaction was reported 
after SK in 3.6% and tPA in 0.8%; only 0.3% and 0.1%, 
respectively, required treatment. Angioneurotic and peri-
orbital edema, hypersensitivity vasculitis, serum sickness 
or renal failure due to interstitial nephritis, and purpuric 
rashes have been rarely reported, especially after repeat 
administration. 41,56,69  SK may acutely release bradykinin, a 
vasodilator. The incidence of clinical hypotension after SK 
(11.8%) was greater than after tPA (7.1 %); 69  only half of 
episodes required treatment. 

 Fever occurs in 5 – 30% of SK - treated patients. Delayed -
 type hypersensitivity may provoke fever and may respond 
to acetaminophen. The role of fi brinolytics in reports of 
splenic rupture, aortic dissection, and cholesterol emboli-
zation is uncertain.  

 Table 31.2     Contraindications and cautions for fi brinolysis in  STEMI    *    

   Absolute contraindications   

     Any prior ICH  

     Known structural cerebral vascular lesion (e.g. arteriovenous 

malformation)  

     Known malignant intracranial neoplasm (primary or metastatic)  

     Ischemic stroke within 3 months EXCEPT acute ischemic stroke 

within 3 hours  

     Suspected aortic dissection  

     Active bleeding or bleeding diathesis (excluding menses)  

     Signifi cant closed - head or facial trauma within 3 months  

   Relative contraindications   

     History of chronic, severe, poorly controlled hypertension  

     Severe uncontrolled hypertension on presentation (SBP greater than 

180   mmHg or DBP greater than 110   mmHg)  

     History of prior ischemic stroke greater than 3 months, dementia, 

or known intracranial pathology not covered in contraindications  

     Traumatic or prolonged (greater than 10 minutes) CPR or major 

surgery (less than 3 weeks)  

     Recent (within 2 – 4 weeks) internal bleeding  

     Non - compressible vascular punctures  

     For streptokinase: prior exposure (more than 5 days ago) or prior 

allergic reaction  

     Pregnancy  

     Active peptic ulcer  

     Current use of anticoagulants: the higher the INR, the higher the 

risk of bleeding  

   ICH, intracranial hemorrhage; SBP, systolic blood pressure; 

DBP, diastolic blood pressure; CPR, cardiopulmonary resuscitation; 

INR, international normalized ratio; MI, myocardial infarction.  

   *    Viewed as advisory for clinical decision making and may not be 

all - inclusive or defi nitive.   
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  Reinfarction 
 Although reperfusion may be effected by fi brinolytic 
therapy, repeat thrombosis and its associated reinfarction 
is a known, potentially devastating risk after fi brinolytic 
therapy. In a combined analysis of several fi brinolytic 
trials including more than 20   000 subjects, Gibson  et al  83  
reported that the frequency of symptomatic recurrent MI 
during the index hospitalization was 4.2%, and was associ-
ated with an increased 30 - day mortality (16.4% vs 6.2%, 
 P    =   0.001).   

  Comparative  fi  brinolytic  t rials 

 After establishing the general utility of fi brinolysis in STE -
 AMI, clinical trials focused on comparisons with new drug 
regimens. The GISSI - 2/International Study Group tria1 84,85  
randomized 20   891 patients with STEM1  < 6   h to tPA 
(alteplase, 100   mg/3   h) or SK (1.5   MU/L h) and to subcuta-
neous (SC) heparin (12   500   U twice daily) beginning 12 
hours later, or no heparin. Aspirin and atenolol were given 
as standard therapies. In - hospital mortality was SK 8.5% 
and tPA 8.9% ( P    =   NS). ICH rates were 0.5% and 0.8% 
respectively; other major bleeds were most frequent 
with SK plus heparin. At 35 days, death or severe left ven-
tricular dysfunction did not differ by fi brinolytic. Delayed, 
SC heparin added little benefi t (RR 0.95; 95% CI 
0.86 – 1.04). 

 The third ISIS study (ISIS - 3) 69  randomized 41   299 patients 
with suspected AMI  < 24   h old to receive SK (1.5   MU/L h), 
tPA (duteplase 0.6   MU/kg/4   h) or the streptokinase analog 
anisoylated plasminogen streptokinase activator complex 
(APSAC) (30   U/3   min) and to SC heparin (12   500   U, 4 hours 
after beginning thrombolytics and bid) or no heparin. 
Aspirin (162   mg/day) was given to all patients. The median 
time to treatment was 4 hours; 88% presented within 6 
hours and had ST elevation. Mortality rates at 35 days 
were: SK 10.6%, APSAC 10.5%, and tPA 10.3% overall, and 
10.0%, 9.9%, and 9.6%, respectively, in those with clear 
indications ( P    =   NS). Similar outcomes also were observed 

after 6 months. SC heparin tended to improve 1 - week mor-
tality (7.4% vs 7.9%,  P    =   0.06) at the expense of increased 
bleeding, but mortality rates at 35 days were similar (10.3% 
vs 10.6%,  P    =   NS). 

 In comparing fi brinolytic regimens, GISSI - 2 and ISIS - 3 
were limited by the suboptimal use of heparin for short -
 acting fi brin - selective tPA (SC dosing after a delay of 4 – 12 
hours); treatment was relatively late (mean times  > 4 hours) 
and did not require ST elevation (ISIS - 3), and tPA was not 
front - loaded. 86 – 88  

 These concerns led to the proposal that tPA might be 
most effective if given in an accelerated dosing regimen 
and in combination with IV heparin. Table  31.3  summa-
rizes the results of studies comparing various treatment 
strategies with accelerated dose tPA. The Global Use of 
Streptokinase and tPA for Occluded Coronary Arteries 
(GUSTO) study 42  randomized 41   021 patients with STEMI 
 < 6   h to: 
   •      SK 1.5   MU/L h with SC heparin 12   500   U every 12   h start-
ing 4   h after SK  
   •      SK 1.5   MU/L h with IV heparin, 5000   U bolus then 
l000   U/h, titrating aPTT to 60 – 85 seconds  
   •      front - loaded tPA (15   mg bolus, 0.75   mg/kg (maximum 
50   mg) over 30 minutes, then 0.50   mg/kg (maximum 35   mg) 
over 60 minutes, for a maximum of 100   mg over 90 minutes) 
and IV heparin as per the SK regimen  
   •      a combination of tPA 1.0   mg/kg and SK 1.0   MU, admin-
istered concurrently over 60 minutes, plus IV heparin.      
 The primary endpoint, 30 - day mortality, was lowest with 
accelerated tPA with IV heparin (6.3%), representing a 14% 
risk reduction ( P    =   0.001) compared to the two 
SK strategies (7.3%), which did not differ. Combined tPA 
and SK gave an intermediate outcome. The risk of hemor-
rhagic stroke was higher with tPA (0.7%) than SK (0.5%), 
but the combined endpoint of death or disabling stroke 
favored tPA (6.9% vs 7.8%,  P    =   0.006). Implications of 
GUSTO for selection of fi brinolytic regimens have been 
debated.  

 Table 31.3     Clinical endpoints in comparative trials of various agents with accelerated  t  PA  

   Endpoints     GUSTO - I     ASSENT - II     GUSTO - III     In - TIME - II  

   SK     tPA     SK   +   tPA     tPA     TNK     tPA     rPA     tPA     nPA  

  30 - day death (%)    7.3    6.3  *      7.0    6.2    6.2    7.2    7.5    6.6    6.8  

  Reinfarction (%)    3.7    4.0    4.0    3.8    4.1    4.2    4.2    5.5    5.0  

  Any stroke (%)    1.3    1.6    1.7    1.7    1.8    1.8    1.6    1.5    1.9  

  Hemorrhagic (%)    0.5    0.7  *      0.9    0.9    0.9    0.9    0.9    0.6  *      1.1  *    

  Major bleed (%)    6.0    5.4  *      6.1    5.9  *      4.7  *      1.2    1.0    0.6    0.5  

    *     P     <    0.001 for comparisons.   
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  Comparative  t rials with  b olus  fi  brinolytics 

  Reteplase 
 INJECT (International Joint Effi cacy Comparison of 
Thrombolytics) 46  compared reteplase (rPA) and SK in a 
6010 - patient double - blind, randomized trial. Mortality 
rates at 35 days were rPA 9.0% and SK 9.5% (0.5% absolute 
reduction; 95% CI 1.9 – 0.96). On this basis  “ equivalence ”  
(non - inferiority) of rPA to standard, SK therapy, was estab-
lished and rPA approved. Reteplase was next favorably 
compared to tPA in an angiographic study, leading to 
a large mortality study. In RAPID 2 (Reteplase vs 
Alteplase Patency Investigation During acute myocardial 
infarction), 89  90 - minute TIM1 grade 2 or 3 patency 
rates among 324 patients were 83% vs 73% (rPA vs tPA, 
 P    =   0.03), with TIMI - 3 fl ow rates of 60% vs 45%,  P    =   0.01. 
On this basis, a comparative mortality trial, GUSTO - 3, 75  
was undertaken and randomized 15   059 patients 2:1 to 
rPA (two 10   mg IV injections 30 minutes apart) or acceler-
ated tPA (alteplase). A postulated advantage for rPA 
was not demonstrated (30 - day mortality: rPA 7.5%, tPA 
7.2%).  

  Tenecteplase 
 Tenecteplase (TNK - tPA), a fi brin - selective, single - bolus 
fi brinolytic, was evaluated in the TIMI - 10 dose - fi nding 
trials. 90 – 91  In Phase II studies, a clear dose – response was 
observed both for coronary patency and hemorrhage 
(including ICH for the 50   mg dose). With limitation and 
weight adjustment of TNK - tPA dose and reduction and 
earlier down - titration of heparin dosing, satisfactory bleed-
ing rates and comparable TIMI - 3 patency rates were dem-
onstrated at 90 minutes compared to accelerated rt - PA. 92  
The double - blind Phase III Assessment of the Safety and 
Effi cacy of a New Thrombolytic - 2 (ASSENT - 2) mortality 
equivalence trial 77  compared weight - adjusted TNK (as a 
30 – 50   mg bolus over 5 – 10 seconds) and accelerated rt - PA. 
All patients received aspirin and heparin. Thirty - day mor-
tality rates were virtually identical for TNK - tPA (6.18%) 
and rt - PA (6.15%) and met statistical criteria for equiva-
lence. ICH rates also were identical (at 0.93% and 0.94%, 
respectively). However, major non - cerebral bleeding was 
lower with the more fi brin - selective TNK (4.66% vs 5.94%, 
 P     <    0.0002) as was need for blood transfusion (4.25% vs 
5.49%,  P     <    0.0002). A lower mortality rate with TNK - tPA 
was observed among patients presenting 4 hours after 
symptom onset (7.0% vs 9.2%), which may be due to either 
greater activity of the more fi brin - specifi c TNK - tPA against 
older, fi brin - rich clots or chance. 

 Thus, none of the newer fi brinolytic regimens has sur-
passed accelerated tPA. However, the ease of administra-
tion of TNK - tPA, together with its reduced transfusion 
requirements, has led to its general acceptance and favored 
status in national guidelines. 59  Lower rates of dosing errors 

with bolus fi brinolytics such as TNK - tPA also may contrib-
ute to superior clinical outcomes. 93    

  Fibrinolysis in the  e lderly 

 The appropriate use of fi brinolytics in the elderly continues 
to be debated. In an analysis of over 37   000 Medicare 
patients with AMI age 65 or older who were eligible for 
fi brinolytic therapy, 94  38% received fi brinolytic therapy 
and 4.2% received primary angioplasty. After multivariate 
adjustments, fi brinolytic therapy was not associated with 
improved 30 - day survival (OR 1.01; 95% CI 0.94 – 1.09), 
whereas primary angioplasty was (OR 0.79; 95% CI 0.66 –
 0.94). However, at 1 year, both fi brinolytic therapy (OR 
0.84; 95% CI 0.79 – 0.89) and primary angioplasty (OR 0.71; 
95% CI 0.61 – 0.83) were associated with lower mortality 
rates. Another Medicare analysis 95  suggested that fi brino-
lytic therapy might even be harmful in those over 75 years. 
In contrast, a large Swedish registry found a 12% risk 
reduction in the composite endpoint of cerebral bleeding 
and 1 - year mortality. 96  Similarly, the Fibrinolytic Therapy 
Trialists ’  overview of randomized trials data in patients 
over 75 years reported 35 - day mortality to be reduced 
(trend) from 29.4% to 26.0% with fi brinolytic therapy. 97  
Analyses restricted to elderly patients with clear indica-
tions for fi brinolytic therapy suggested similar or greater 
absolute benefi t from fi brinolytic therapy than in younger 
patients. Fibrinolytic regimens should be chosen to mini-
mize the risk of ICH, which increases in the elderly. Weight -
 adjusting treatment regimens and avoidance of excessive 
heparin and other adjunctive antithrombotics (for example, 
Gp IIb/IIIa inhibitors) are important. When safety con-
cerns predominate, SK, which carries a lower risk of ICH, 
or primary angioplasty should be considered as preferred 
reperfusion strategies in the elderly.  

  Fibrinolysis  a fter  e arly  p resentation 

 Time from onset of symptoms to fi brinolytic therapy is 
an important predictor of MI size and patient outcome. 98  
The effi cacy of fi brinolytic agents in lysing thrombus 
diminishes with the passage of time. 99  Fibrinolytic therapy 
administered within the fi rst 2 hours (especially the 
fi rst hour) can occasionally abort MI and dramatically 
reduces mortality. 100,101  This has lead the recent ACC/AHA 
guidelines to recommend that if there might be any delay in 
getting a patient to the catheterization laboratory who has 
presented with STEMI within 2 hours of symptom onset, 
then fi brinolysis might be the preferred therapy. 66  Addi-
tionally, the National Heart Attack Alert Working Group 102  
recommends that emergency departments strive to achieve 
a 30 - minute door - to - needle time to minimize treatment 
delays. Finally, prehospital fi brinolysis reduces treatment 
delays by up to 1 hour and reduces mortality by 17%. 103    
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  Primary  a ngioplasty 

 Primary percutaneous coronary intervention (PCI) has 
been very successful in accomplishing mechanical reper-
fusion of the coronary artery in patients presenting with 
STEMI. 104  In the 1980s, the results of primary coronary 
angioplasty were reported from several single - center expe-
riences. 105 – 108  These observational studies showed a patency 
rate of 87% to 95%, an in - hospital mortality rate of between 
1.5% and 9%, and an increase in left ventricular ejection 
fraction from admission to discharge. Although these were 
not randomized, controlled studies, the results were better 
than those of fi brinolytic therapy. O ’ Keefe and co - workers 
reported 1000 consecutive patients undergoing primary 
coronary angioplasty at the Mid America Heart Institute. 109  
The recanalization rate in infarct - related arteries was 94% 
and the mortality rate 7.8%. The independent risk factors 
for in - hospital mortality were cardiogenic shock, failure of 
reperfusion, age over 70 years, a left ventricular ejection 
fraction of 40% or less, and anterior myocardial infarction. 
The results encouraged further studies to test the superior-
ity of primary coronary angioplasty. 

  Studies  c omparing  p rimary  PCI  to 
 fi  brinolytic  t herapy 

 After the preliminary feasibility trials, a number of small 
randomized controlled trials compared various regimens 
of fi brinolytic therapy with balloon angioplasty. These 
studies were small in size compared to the studies of 
fi brinolytics versus placebo, and the results may not be 
generalizable. Also, the studies were limited in that third -
 generation fi brinolytics such as tenecteplase and reteplase 
along with modern regimens of heparin were not used; nor 
did they include the use of stents and glycoprotein IIb/IIIa 
receptor inhibitors in those patients treated by direct PCI. 
However, overall, the early randomized trials tended to 
favor direct balloon angioplasty over fi brinolysis in certain 
settings. 

 The PAMI (Primary Angioplasty in Myocardial Infarc-
tion) trial, 110,111  one of the fi rst randomized studies, enrolled 
395 patients with AMI seen within 12 hours of onset of 
chest pain. Patients were assigned randomly to undergo 
primary PTCA or receive intravenous t - PA infusion (100   mg 
over 3 hours). The trial demonstrated that primary PTCA 
reduced the composite outcome of in - hospital death, non -
 fatal reinfarction, recurrent ischemia or intracranial hemor-
rhage (OR 0.40; 95% CI 0.16 – 0.89) and also that of hospital 
days. At 2 years after reperfusion, patients treated with 
primary PTCA had a lower incidence of the composite 
of death, repeat myocardial infarction, repeat PTCA, 
recurrent ischemia, and hospital readmissions than patients 
who had t - PA. 112  Zijlstra  et a1  113  also reported signifi cant 

mortality benefi t for direct angioplasty (OR 0.25; 95% CI 
0.04 – 0.99). 

 Since these preliminary studies, a large number of 
other randomized clinical trials comparing primary PCI 
with fi brinolytic therapy have been performed. In a meta -
 analysis of 23 randomized STEMI trials comparing primary 
PCI with fi brinolytic therapy 114  (Fig.  31.5 ), there were sig-
nifi cant reductions in short - term (4 – 6 weeks) and long -
 term (6 – 8 months) mortality, non - fatal MI, and stroke. 
Furthermore, when stratifi ed according to the type of fi bri-
nolytic agent, benefi ts of primary PCI were similar regard-
less of whether or not medical reperfusion was fi brin 
specifi c. Additionally, the analysis of the fi ve trials involv-
ing patient transfer for primary PCI found similar treat-
ment benefi ts, despite a mean treatment delay of 39 minutes 
with PCI.   

 The greatest absolute benefi t of primary PCI occurs 
among patients at highest risk, as reported in several 
randomized trials. The Should We Emergently Revascular-
ize Occluded Coronaries for Cardiogenic Shock (SHOCK) 
Trial 115  randomized 302 patients with cardiogenic shock 
to emergency revascularization versus medical stabiliza-
tion, and demonstrated a signifi cant improvement in 
mortality at at 6 months (50% versus 63% respectively, 
 P    =   0.03).  

  The  i mportance of  d oor - to -  b alloon  t ime 

 Shorter door - to - balloon times have been shown in multiple 
analyses to be associated with lower mortality, 116  but this 
principle must be tied to the other critical time variable of 
symptom onset to presentation for medical care. Indeed 
 “ symptom onset - to - balloon ”  time may be a more critical 
time factor. For example, the Zwolle study group 117  ana-
lyzed data on 1791 patients who underwent primary PCI 
from 1994 to 2001. In their analysis, no relationship was 
found between door - to - balloon time and mortality. Instead, 
symptom onset - to - balloon time was signifi cantly associ-
ated with angiographically favorable outcomes and 1 - year 
mortality. Using multivariate analysis, a symptom onset -
 to - balloon time of more than 4 hours was identifi ed as an 
independent predictor of 1 - year mortality. But regardless 
of the time of symptom onset to patient presentation, the 
longer the door - to - balloon time, the longer the symptom 
onset - to - balloon time will also be. Because door - to - balloon 
time is something physicians have direct control over, it 
still remains a very important factor. To emphasize that 
point, a large cohort study of 29   222 STEMI patients treated 
with PCI within 6 hours of presentation at 395 hospitals 
that participated in the National Registry of Myocardial 
Infarction (NRMI) - 3 and  - 4 from 1999 to 2002 118  showed 
that longer door - to - balloon time was associated with 
increased in - hospital mortality (mortality rate of 3.0%, 
4.2%, 5.7%, and 7.4% for door - to - balloon times of 90 
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minutes or less, 91 – 120 minutes, 121 – 150 minutes, and 
more than 150 minutes, respectively;  P  for trend  < 0.01). 

 As the time delay for performing PCI increases, the mor-
tality benefi t for primary PCI over fi brinolysis decreases. 
When a STEMI patient presents to a center without inter-
ventional cardiology facilities, fi brinolytic therapy can gen-
erally be provided sooner than primary PCI. 119  Compared 
with a fi brin - specifi c lytic agent, a PCI strategy may not 
reduce mortality when a delay greater than 60 minutes is 

anticipated versus immediate administration of a lytic (Fig. 
 31.6 ). 120  This information has led to the National Guideline 
(Class I, Level A) stating that STEMI patients presenting 
to a facility without the capability for expert, prompt inter-
vention with primary PCI within 90 minutes of fi rst medical 
contact should undergo fi brinolysis unless contraindi-
cated. 66  The balance of risk/benefi t between the transfer of 
patients for PCI and more immediate treatment with fi bri-
nolytic therapy remains uncertain. The DANAMI - 2 trial 
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 Figure 31.5     Short - term and long - term 
clinical outcomes in individuals treated with 
primary PTCA or thrombolytic therapy. 
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(DANish trial in Acute Myocardial Infarction), found that 
patients treated at facilities without interventional cardiol-
ogy capabilities had better composite outcomes with trans-
fer for PCI within 2 hours of presentation than with 
pharmacologic reperfusion treatment at the local hospi-
tal. 121  Whether these results could be replicated elsewhere 
is not known. ACC/AHA practice guidelines for manage-
ment of STEMI have made specifi c recommendations 
regarding the choice of primary PCI versus fi brinolytic 
therapy (Fig.  31.7 ) (Class I, Level A). 59     

  Important  t echnical  a spects  r elated  s pecifi cally 
to  m echanical  r eperfusion in the  s etting of 
 STEMI  

  Balloon  a ngioplasty  v ersus  c oronary  s tents 
 Balloon angioplasty was the primary mode of mechanical 
reperfusion in most of the early primary PCI studies. 
However, soon after coronary stents became available for 
routine PCI, potential advantages of coronary stent deploy-
ment over  “ plain old balloon angioplasty (POBA) ”  during 
primary PCI were postulated. Through the placement of a 
coronary stent, a larger lumen diameter could be obtained 
and maintained, spontaneous or procedure - related coro-

nary arterial dissections could be sealed and the long - term 
risk of restenosis could be reduced. 122  However, the concern 
remained whether the acute plaque rupture and resulting 
thrombosis associated with STEMI would increase the risk 
of stent thrombosis. 

 To test this question, stent implantation in the setting of 
STEMI has been studied in comparison to fi brinolytic 
therapy and balloon angioplasty alone with and without 
concomitant Gp IIb/IIIa inhibitor therapy. Schomig  et al  123  
randomized 140 AMI patients to receive either accelerated 
intravenous tPA or direct coronary stenting plus abcix-
imab. The median size of the infarct as measured by Tc 99m  
sestamibi scan was smaller in the stent plus abciximab 
group compared to the tPA group (14.3% vs 19.4%, 
 P    =   0.002). The combined endpoint of death, reinfarction or 
stroke was also lower in the stent plus abciximab group 
(8.5% vs 23.3%,  P    =   0.02). Le May  et al , 124  in a smaller study 
of 123   AMI patients, reported that compared to accelerated 
tPA, stenting reduced the combined endpoint of death, 
reinfarction, stroke or repeat target vessel revascularization 
in a 6 - month follow - up (24.2% vs 55.7%,  P     <    0.001). The 
median length of hospital stay was signifi cantly reduced in 
the stented patients (4 days vs 7 days,  P    =   0.001). Kastrati 
 et al  125  compared the administration of alteplase plus abcix-

Fibrinolysis is generally preferred if

Early Presentation (less than or equal to 3 hours from symptom
onset and delay to invasive strategy) (see below)

Invasive Strategy is not an option
     Catheterization lab occupied/not available
     Vascular access difficulties
     Lack of access to a skilled PCI lab †‡

Delay to Invasive Strategy
     Prolonged transport
     (Door-to-Balloon) – (Door-to-Needle) is greater than 1 hour *§
     Medical Contact-to-Balloon or Door-to-Balloon is greater than
          90 minutes

An Invasive Strategy is generally preferred if

STEP 2: Determine if Fibrinolysis or an Invasive Strategy is Preferred
            If presentation is less than 3 hours and there is no delay to an invasive strategy, there is no preference for either strategy

STEP 1: Assess Time and Risk
            Time since onset of symptoms
            Risk of STEMI
            Risk of fibrinolysis
            Time required for transport to a skilled PCI lab

Skilled PCI lab available with surgical backup †‡
     Medical Contact-to-Balloon or Door-to-Balloon is less
           than 90 minutes
     (Door-to-Balloon) – (Door-to-Needle) is less than 1 hour *

High Risk from STEMI
     Cardiogenic shock
     Killip class is greater than or equal to 3

Contraindications to fibrinolysis including increased risk
of bleeding and ICH

Late Presentation
     The symptom onset was greater than 3 hours ago

Diagnosis of STEMI is in doubt

 Figure 31.7     ACC/AHA 2004 guidelines for the assessement of 
reperfusion options for patients presenting with STEMI. STEMI   =   ST -
 elevation myocardial infarction; PCI   =   percutaneous coronary intervention; 
ICH   =   intracranial hemorrhage.  * Applies to fi brin - specifi c agents. 
 † Operator experience greater than a total of 75 Primary PCI cases/year. 

 ‡ Team experience greater than a total of 36 Primary PCI cases/year.  § This 
calculation implies that the estimated delay to the implementation of the 
invasive strategy is greater than one hour versus initiation of fi brinolytic 
therapy immediately with a fi brin - specifi c agent. 
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imab with stenting plus abciximab in 162   AMI patients. 
Stenting was associated with greater myocardial salvage 
than alteplase (median 13.6% vs 8.0%,  P    =   0.007). Stenting 
therefore results in superior outcomes to fi brinolytic 
therapy if done in appropriate settings. 

 Primary stenting has been compared with primary 
angioplasty in several studies. 126,127  In meta - analysis there 
were no differences in mortality (3.0% vs 2.8%) or reinfarc-
tion (1.8% vs 2.1%) rates. However, major adverse cardiac 
events were reduced (OR 0.52, P    <    0.001), driven by the 
reduction in subsequent target vessel revascularization 
with stenting (OR 0.43,  P     <    0.001). 

 Preliminary reports suggest that compared with conven-
tional bare metal stents (BMS), drug - eluting stents (DES) 
are not associated with increased risk when used for 
primary PCI in patients with STEMI. In a study by Lemos  et 
al , 128  postprocedure vessel patency, biomarker release, and 
the incidence of short - term adverse events were similar in 
patients receiving sirolimus (n   =   186) or bare metal (n   =   183) 
stents. Thirty - day event rates of death, reinfarction or revas-
cularization were 7.5% versus 10.4%, respectively ( P    =   0.4). 
There are also a handful of noteworthy randomized clinical 
trials directly evaluating the effi cacy of DES in AMI. These 
studies include the Paclitaxel Eluting Stent versus Conven-
tional Stent in Myocardial Infarction with ST - segment 
Elevation (PASSION), 129  the Trial to Assess the Use of the 
Cypher Stent in Acute Myocardial Infarction Treated with 
Balloon Angioplasty (TYPHOON), 130  the Sirolimus Eluting 
Stent Versus Bare Metal Stent in Acute Myocardial Infarc-
tion (SESAMI), 131  and the Comparison of Angioplasty with 
Infusion of Tirofi ban or Abciximab and with Implantation 
of Sirolimus Eluting or Uncoated Stents for Acute Myocar-
dial Infarction (MULTISTRATEGY trial). 132  These trials are 
summarized in Table  31.4 . Despite the many differences in 
trial design and primary study endpoints, these trial data 
generally support the safety of using DES in patients 
with AMI. It has been consistently observed that DES 

signifi cantly reduce restenosis without increasing the 
short - term risk of thrombosis, as compared with BMS 
implantation. 133,134  No national guidelines regarding the use 
of coronary stents during primary PCI have been given. 
However, based on results of the above studies, we offer the 
following guidelines: when performing primary PCI for 
patients presenting with STEMI, coronary stents, either 
BMS (Class I, Level A) or DES (Class I, Level B), should be 
used whenever technically feasible.    

  Intracoronary  a spiration/ t hrombectomy  d evices 
 Signifi cant clot burden may complicate acute STEMI 
management. Prospective clinical studies have shown that 
intracoronary thrombectomy and thrombus aspiration 
may improve TIMI - 3 fl ow, hasten ST segment elevation 
resolution, and enhance myocardial tissue perfusion and 
reduce MI. The Thrombus Aspiration during Percutaneous 
Coronary Intervention in Acute Myocardial Infarction 
(TAPAS) trial 135,136  showed that patients with STEMI benefi t 
from aspiration thrombectomy. In TAPAS, patients pre-
senting with STEMI were randomized to initial aspiration 
thrombectomy versus standard PCI regardless of the pres-
ence or absence of angiographically visible thrombus. At 
1 - year follow - up, cardiac death was 3.6% (19 of 535 patients) 
in the thrombus aspiration group and 6.7% (36 of 536) in 
the conventional PCI group (hazard ratio (HR) 1.93; 95% 
CI 1.11 – 3.37;  P    =   0.020). One - year cardiac death or non - fatal 
reinfarction occurred in 5.6% (30 of 535) of patients in the 
thrombus aspiration group and 9.9% (53 of 536) of patients 
in the conventional PCI group (HR 1.81; 95% CI 1.16 – 2.84; 
 P    =   0.009). Rheolytic thrombectomy, which employs a more 
sophisticated mechanism, has a greater potential to suc-
cessfully remove a larger thrombus burden compared to 
manual aspiration. However, in a clinical trial of 480 STEMI 
patients (including those without visible clot) randomly 
assigned to PCI alone or PCI with AngioJet TM  (Possis, Min-
neapolis, MN) catheter thrombectomy, there was a greater 

 Table 31.4     Combined analysis of randomized control trials of drug - eluting stents in myocardial infarction 

         Death      TLR/TVR      Stent thrombosis      Restenosis  

  TYPHOON  *   

(n   =   712)  

  DES    BMS     p     DES    BMS     p     DES    BMS     p     DES    BMS     p   

  1.9%    1.4%    0.55    5.6%    13.4%    0.0004    3.3%    3.6%    0.80    7%    20%    na  

  PASSION  *   

(n   =   605)  

  4%    6.3%    0.20    5.3%    7.6%    0.23    1%    1%    0.99     –      –       

  SESAMI  *   

(n   =   307)  

  1.8%    4.3%    0.36    5.0%    13.1%    0.015    3.1%    3.7%    0.43    9%    21%    na  

  MULTISTRATEGY# 

(n   =   745)  

  3%    4%    0.42    3.2%    10.2%     < 0.001    0.8%    1.1%    0.71     –      –       

    *    1 - year follow - up, #8 months follow - up.  

  DES, drug - eluting stent; BMS, bare metal stent; TLR, target lesion revascularization; TVR, target vessel revascularization.   
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infarct size measured by sestamibi imaging at 14 – 28 days 
with thrombectomy compared to PCI alone (12.5% vs 
9.8%). 137  We therefore propose the following guideline: 
when performing primary PCI for STEMI, aspiration 
thrombectomy prior to balloon infl ation should be per-
formed whenever possible (Class I, Level B).  

  Embolization  p rotection  d evices 
 Embolization protection devices, including the Guard-
Wire TM  (Medtronic Inc, Minneapolis, MN) balloon occlud-
ing device and FilterWire TM  (Boston Scientifi c, Natick, MA) 
fi lter basket device, were designed to enhance myocardial 
tissue perfusion by reducing distal embolization of athero-
thrombotic debris. Although both devices have demon-
strated the ability to improve outcomes in elective PCI of 
degenerated saphenous vein grafts, 138,139  no benefi t has 
been found when applied to native vessels in the setting of 
STEMI. In the Drug Elution and Distal Protection in ST -
 Elevation Myocardial Infarction (DEDICATION) Trial, 140  
626 patients with STEMI and undergoing primary PCI 
were randomized to distal protection using the Filter-
Wire TM  or standard therapy. There was no signifi cant dif-
ference in the occurrence of the primary endpoint of 
complete ( ≥ 70%) ST segment resolution (76% vs 72%, 
 P    =   0.29), no difference in maximum troponin - T (4.8    μ g/L 
and 5.0    μ g/L,  P    =   0.87) or maximum creatine kinase - MB 
(185    μ g/L and 184    μ g/L,  P    =   0.99), and no difference in 
median left ventricular wall motion index (1.70 vs 1.70, 
 P    =   0.35). The rate of major adverse cardiac and cerebral 
events 1 month after PCI was 5.4% with distal protection 
and 3.2% with conventional treatment ( P    =   0.17). 

 Likewise, in the Enhanced Myocardial Effi cacy and 
Recovery by Aspiration of Liberated Debris (EMERALD) 
trial, 141  501 patients presenting with STEMI and undergo-
ing primary PCI or rescue intervention after failed throm-
bolysis were randomized to receive PCI with a balloon 
occlusion and aspiration distal microcirculatory protection 
system versus angioplasty without distal protection. The 
co - primary endpoints were ST segment resolution (STR) 
measured 30 minutes after PCI and infarct size measured 
by technetium Tc 99m sestamibi imaging between days 5 
and 14 and secondary endpoints included major adverse 
cardiac events. Complete STR was achieved in a similar 
proportion reperfused with or without distal protection 
(63.3% (152/240) vs 61.9% (148/239),  P    =   0.78), and left 
ventricular infarct size was similar in both groups (median 
12.0% (n   =   229) vs 9.5% (n   =   208), respectively;  P    =   0.15). 
Major adverse cardiac events at 6 months also occurred 
with similar frequency in the distal protection and control 
groups (10.0% vs 11.0%, respectively;  P    =   0.66). Based on 
these randomized trials we offer the following guideline: 
when performing primary PCI for STEMI, use of distal 
protection devices during balloon infl ation is not generally 
recommended (Class III, Level A). 

 Although the explanation for the failure of these studies 
is unclear, smaller thrombus burden in native coronary 
arteries, premature embolization due to crossing the 
infarct - related stenotic lesion with the device, delayed 
reperfusion due to the occlusive nature of the device, and 
diffi culty in protecting vulnerable side branches are 
thought to be several possibilities.   

  The  u se of  b ypass  s urgery in the  s etting 
of  STEMI  

 With the advent of stents for acute vessel closures, the 
percentage of patients requiring emergency bypass surgery 
for acute myocardial infarction has fallen below 1% in con-
temporary randomized studies of direct PCI. 37,128  However, 
earlier studies of direct PC1 and observational registries 
reported this rate as 4 – 6%. 115,116,142  Bypass surgery may be 
required owing to anatomic considerations, such as left 
main disease or coronary disease not suitable for immedi-
ate PCI, or mechanical complications from the MI such as 
acute severe mitral regurgitation, ventricular septal defect 
or a failed PCI. Observational studies report that stable 
patients with acute MI can undergo bypass surgery with 
good results, but the complexity of performing cardiac 
surgery in patients with acute MI and potentially other 
manifestations like failed PCI or cardiogenic shock is defi -
nitely greater. Randomized studies comparing surgery to 
medical therapy or PC1 in this situation are lacking. 

 When bypass surgery was the only available therapy for 
acute coronary reperfusion in the 1970s, there were some 
studies that reported surprisingly good results. DeWood  et 
al  143  reported on their experience with 187 patients treated 
with early coronary bypass surgery. In this observational 
study, all patients under 65 years of age who presented 
with ST segment elevation underwent cardiac catheteriza-
tion. After exclusion of 28 patients (co - morbidity, diffuse 
or no coronary disease), 187 patients were treated with 
bypass surgery and 200 were treated medically. Although 
treatment was not randomly assigned, the groups were 
well balanced in terms of age, prior history, and presenting 
signs and symptoms. Hospital and long - term mortality 
was lower in the bypass patients (5.8% vs 11.5%,  P    =   0.08 
in hospital; 11.7% vs 20.5%,  P     <    0.03 at 56 months). In surgi-
cal patients placed on cardiopulmonary bypass within 6 
hours of symptoms, hospital mortality was 2%. Similar 
results have been reported in 261 patients treated with 
acute bypass surgery at the Iowa Heart Center (hospital 
mortality 5.7%). 144  

 These fi ndings, however, are limited by the fact that the 
comparisons between surgical and medical therapy were 
not randomized. Patients were excluded from the surgical 
cohort due to coronary anatomy, co - morbidity or shock. 
Thus, these excellent results are probably not generalizable 
to the larger population of acute infarct patients. 
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 In the PAMI - 2 study of AMI patients treated with direct 
angioplasty, 10.9% underwent cardiac surgery before hos-
pital discharge, 57% of whom underwent the surgery 
urgently. 145  The in - hospital mortality was 6.4% in those 
who underwent surgery urgently versus 2.0% in the elec-
tive surgery group. The mortality associated with bypass 
surgery after AMI increases with the instability of the 
patient. Lee  et al  146  reported on 316 patients undergoing 
bypass surgery after AMI, among whom the mortality was 
1.2% in stable patients and 26% in patients with cardio-
genic shock. Hochman  et al  147  reported the results of a 
randomized study comparing medical therapy versus 
revascularization therapy in 304 patients with acute MI and 
cardiogenic shock. In the revascularization group 64% 
were treated with angioplasty and 36% with surgery. At 30 
days the mortality was 46.7% in the revascularization 
group versus 56% in the medical therapy group ( P    =   0.11) 
but at 6 months the mortality was signifi cantly lower in the 
revascularization group (50.3% vs 63.1%,  P    =   0.027). There 
was no difference in mortality between the angioplasty 
group (45.3%) and the surgery group (42%). Although 
patients have a high mortality when they present with AMI 
and cardiogenic shock, a revascularization strategy may 
improve the outcome in selected patients. 

 As a subgroup, patients  ≥ 75 years of age had higher 
mortality with the revascularization strategy (RR 1.41; 95% 
CI 0.97 – 2.03) than medical therapy. Therefore, it is unclear 
at this time whether elderly patients in cardiogenic shock 
should undergo revascularization therapy in the setting of 
an acute MI. 

 The 2004 American College of Cardiology/American 
Heart Association practice guidelines for the treatment of 
AMI 59  recommend that acute bypass surgery should be 
undertaken in the following circumstances: 
   •      failed PCI with persistent pain or hemodynamic instabil-
ity in patients with coronary anatomy suitable for surgery  
   •      persistent or recurrent ischemia refractory to medical 
therapy in patients who have coronary anatomy suitable 
for surgery, have a signifi cant area of myocardium at risk, 
and are not candidates for PCI or fi brinolytic therapy  
   •      at the time of surgical repair of postinfarction ventricular 
septal defect or mitral valve insuffi ciency  
   •      cardiogenic shock in patients less than 75 years old with 
ST elevation or LBBB or posterior MI who develop shock 
within 36 hours of STEMI, have severe multi - vessel or left 
main disease, and are suitable for revascularization that 
can be performed within 18 hours of shock, unless further 
support is futile because of the patient ’ s wishes or contra-
indications/unsuitability for further invasive care  
   •      life - threatening ventricular arrhythmias in the presence 
of greater than or equal to 50% left main stenosis and/or 
triple - vessel disease (Class IIa, Level B).    

 They also report that emergency CABG can be useful as 
the primary reperfusion strategy in patients who have suit-

able anatomy and who are not candidates for fi brinolysis 
or PCI and who are in the early stages (6 – 12 hours) of an 
evolving STEMI, especially if severe multivessel or left 
main disease is present. Also emergency CABG can be 
effective in selected patients 75 years or older with ST 
elevation, LBBB or posterior MI who develop shock within 
36 hours of STEMI, have severe triple - vessel or left main 
disease, and are suitable for revascularization that can be 
performed within 18 hours of shock (Class IIa, Level B).   

  Conclusion 

 Acute ST segment elevation myocardial infarction remains 
one of the most dramatic cardiovascular complications 
of the modern world. STEMI is generally initiated by the 
rupture of a coronary arterial atherosclerotic plaque, 
the end result of which is a total thrombotic occlusion 
of the vessel. The most important initial management of 
STEMI is the timely and effective reperfusion of the acutely 
occluded coronary artery. This may be accomplished either 
by pharmacologic means, using fi brinolytic agents, or by 
mechanical means, using PCI or CABG. The most appro-
priate method of reperfusion depends on the baseline char-
acteristics of the patient, the specifi c details of the STEMI 
presentation and the availability of timely PCI. In general, 
when timely PCI is available within a door - to - balloon time 
of 90 minutes, it is the preferred method of reperfusion. In 
most other circumstances, fi brinolysis still remains a viable 
option for therapy.  
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  Introduction 

 Acute coronary syndromes (ACS) are caused by rupture or 
erosion of an atherosclerotic plaque leading to exposure of 
plaque contents and constituents of the vessel wall to 
fl owing blood.  1   Driven primarily by the aggregation and 
adhesion of platelets to collagen and von Willebrand factor 
(vWF), subsequent thrombin generation promotes throm-
bus formation that may ultimately result in total or partial 
vessel occlusion. The principal aim of initial management 
in patients presenting with ST segment elevation myocar-
dial infarction (STEMI) is to restore normal fl ow in the 
infarct - related artery as soon as possible.  2,3   This has been 
shown to preserve left ventricular function  4   and improve 
survival rate.  5   Reperfusion may be achieved mechanically 
using percutaneous coronary intervention (PCI) or phar-
macologically with a fi brinolytic agent. Given that throm-
bus formation and dissolution is a dynamic process, 
adjunctive antithrombotic therapy is important in both 
establishing and maintaining patency of the infarct - related 
vessel. In addition, antithrombotic agents help prevent 
complications of STEMI including deep vein thrombosis, 
pulmonary embolism and left ventricular thrombus. For 
the increasing number of patients treated with primary 
PCI, iatrogenic vessel injury and stent insertion can promote 
further local thrombosis and may result in acute vessel 
closure.  6,7   The benefi cial role of antithrombotic therapies, 
particularly antiplatelet agents, in reducing these events is 
well established.  8 – 11   For those treated with a fi brinolytic 
agent, antithrombotic therapies are also important. Whilst 
fi brin - specifi c agents promote local clot lysis in the infarct -
 related vessel, they may result in a systemic prothrombotic 
state through enhanced thrombin generation  12   and platelet 
activation.  13   

 Although the development of antithrombotic agents has 
focused primarily on reducing thrombotic and ischemic 
complications, the importance of safety as well as effi cacy 
of novel agents and regimens is increasingly recognized. 
Antithrombotic therapy is associated with an increased 
risk of bleeding and accompanying adverse outcomes, 
including death. The relationship between antithrombotic 
therapy, bleeding and ischemic events is complex. Whilst 
the adverse effects of fatal and intracranial hemorrhage 
may be clear, bleeding may also result in the premature 
cessation of antithrombotic therapy or necessitate blood 
transfusion which are themselves associated with an 
increased incidence of ischemic complications. 

 This chapter will examine evidence for antithrombotic 
use in patients with acute STEMI. Where possible, in order 
to enhance clinical relevance, discussion will be presented 
according to reperfusion strategy: those who have under-
gone primary PCI; those who have received fi brinolytic 
therapy; and those who have received no specifi c reperfu-
sion therapy.  

  Antiplatelet  a gents 

  The  r ole of  p latelets in  STEMI  

 Platelets are central to the pathophysiology of arterial 
thrombosis (Fig.  32.1 ). Following rupture or erosion of an 
atherosclerotic plaque, platelet adhesion, activation and 
aggregation occur sequentially, culminating in formation 
of a platelet - rich thrombus. Platelet adhesion is mediated 
by the interaction of platelet surface receptors with exposed 
subendothelial proteins including vWF and collagen. Sub-
sequent activation involves a conformational change in 
platelet shape from smooth discoid to spiculated, vastly 
increasing the surface area available for thrombin genera-
tion. Following conformational change, degranulation and 
secretion of prothrombotic and infl ammatory mediators 
propagate and amplify the thrombotic process. The fi nal 
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step, platelet aggregation, involves glycoprotein IIb/IIIa 
receptor - mediated cross - linking of platelets via fi brinogen 
bridges.    

  Aspirin 

 Aspirin (acetylsalicylic acid, ASA) was the fi rst antiplatelet 
therapy to be described and remains the principal agent 
used in the secondary prevention of all forms of cardiovas-
cular disease. It exerts its antiplatelet effect by irreversibly 
inhibiting platelet cyclo - oxygenase 1. This results in 
decreased production of the platelet agonist and potent 
local vasoconstrictor, thromboxane A2. 

 The benefi t of ASA in the context of acute myocardial 
infarction (MI) was established in the Second International 
Study of Infarct Survival (ISIS - 2).  14   This 2    ×    2 double - blind 
trial randomized patients (n   =   17   187) to ASA (162.5   mg 
daily for one month), streptokinase (SK, 1.5 million IU over 

one hour), both or neither. Aspirin reduced cardiovascular 
mortality at one month by 23% compared with placebo 
(9.4% versus 11.8%, relative risk reduction (RR) 23%, 
 P     <    0.00001). The benefi t was maintained over at least 10 
years of follow - up.  15   Aspirin also reduced rates of reinfarc-
tion (odds ratio (OR) 0.51) and stroke (OR 0.49) compared 
with placebo without a signifi cant increase in major bleed-
ing or stroke. 

 A 1992 meta - analysis suggested that ASA (loading dose 
162 – 325   mg, maintenance dose 75 – 162   mg/day) reduces the 
incidence of vascular events (cardiovascular death, MI and 
stroke) following STEMI by almost a third (relative RR 
30%).  16   Recent studies support earlier observations that 
compared to larger doses given long term, those in the range 
of 75 – 162   mg/day deliver effi cacious antiplatelet activity  17   
but with improved side - effect and safety profi les.  18   

 Aspirin should be administered immediately to all 
patients with STEMI at a dose of 162 – 325   mg and continued 
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 Figure 32.1     Schematic diagram showing the mechanisms responsible for thrombus formation at the site of a ruptured atherosclerotic plaque and the 
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indefi nitely at a maintenance dose of 75 – 162   mg/day. The 
only exception is true aspirin allergy (Class I, Level A).  

  Thienopyridines 

 Thienopyridines exert their antiplatelet effect by irrevers-
ibly inhibiting the binding of adenosine diphosphate (ADP) 
to the platelet P2Y12 receptor. As their mechanism of action 
is distinct from that of ASA, the effect of dual therapy is 
additive. Clopidogrel is currently the most widely used 
thienopyridine, being as effi cacious as ticlopidine but pos-
sessing a more benign safety profi le.  19   Trials in patients with 
unstable angina (UA), non - STEMI  18   and more latterly 
STEMI have established it as a key component of contempo-
rary integrated management protocols for all patients pre-
senting with ACS. Despite clear benefi ts, it has a number of 
important limitations including a delayed onset of action,  20   
a prolonged effect following cessation of therapy and inter-
individual variation in antiplatelet effect  21,22   that has been 
associated with an increased risk of ischemic events in poor 
responders.  21,23   These limitations have prompted the devel-
opment of novel agents, including prasugrel, capable of 
more rapid, consistent and effi cacious inhibition of ADP -
 induced platelet aggregation than clopidogrel. 

  Thienopyridines in  p atients  r eceiving 
 fi  brinolytic  t herapy 
 The use of clopidogrel in combination with a fi brinolytic 
agent was investigated in the CLARITY - TIMI - 28 (Clopido-
grel as Adjunctive Reperfusion Therapy (Thrombolysis In 
Myocardial Infarction)) trial.  24   This study randomized 
patients (n   =   3491) with STEMI to either clopidogrel (300   mg 
loading dose, followed by 75   mg/day) or placebo in addi-
tion to ASA and a standard thrombolytic regime. The 
initial clopidogrel dose was administered concurrently or 
within 10 minutes of fi brinolysis. All patients had coronary 
angiography performed prior to discharge. The primary 
endpoint (a composite of an occluded infarct - related artery 
at angiography or death/MI prior to angiography) occurred 
in 15.0% of those in the clopidogrel group compared with 
21.7% of those receiving placebo (relative RR 31%, 
 P     <    0.001). At 30 days, clopidogrel reduced the odds of 
cardiovascular death, reinfarction or need for urgent revas-
cularization by 20% compared with placebo (14.1% versus 
11.6%,  P    =   0.03). The overall reduction in clinical events 
was similar to that in patients with UA and NSTEMI 
treated with clopidogrel.  25   Encouragingly, there was no 
increase in TIMI major or minor bleeding. A subsequent 
analysis of patients who underwent coronary artery bypass 
grafting during the index admission found no increase in 
bleeding from randomization to the end of follow - up or 
from the time of surgery to the end of follow - up, including 
patients in whom clopidogrel was continued until within 
fi ve days of surgery.  26   

 The COMMIT/CCS - 2 (Clopidogrel and Metoprolol in 
Myocardial Infarction Trial/Second Chinese Cardiac) 
Study also investigated the role of clopidogrel in a sub-
stantial cohort of patients with STEMI managed in non - 
interventional settings (n   =   45   852).  27   Patients were 
randomized to clopidogrel 75   mg/day or placebo for up to 
four weeks (mean 15 days) in addition to ASA. In contrast to 
the CLARITY - TIMI - 28 trial, no loading dose of clopidogrel 
was administered, patients  > 75 years old were not excluded 
and the delay between symptom onset and fi brinolysis was 
longer (just under three hours in CLARITY - TIMI - 28 com-
pared with over 10 hours in COMMIT/CCS - 2). In addition, 
only 55% received fi brinolysis (all with urokinase, a non -
 fi brin specifi c agent), whereas in CLARITY - TIMI - 28 all 
patients received fi brinolysis (approximately two - thirds 
with a fi brin - specifi c agent and the remainder with SK). 
Despite the absence of a loading dose in COMMIT/CCS - 2, 
there was a lower incidence of death, reinfarction or stroke 
during the index admission (9.3% versus 10.1% in the 
placebo group, relative RR 9%,  P     <    0.002). Rates of major 
bleeding were low and similar in those treated with clopi-
dogrel and placebo (0.58% versus 0.55%,  P    =   0.59). 

 Despite differences in the design of the two studies, the 
results of CLARITY - TIMI - 28 and COMMIT - CCS - 2 demon-
strate that addition of clopidogrel to standard therapy 
including ASA and fi brinolysis is safe and reduces the 
incidence of major vascular events and mortality. 

 Clopidogrel 75   mg/day should be administered to all 
patients with STEMI undergoing fi brinolytic therapy 
(Class I, Level A) and continued for at least 14 days (Class 
I, Level B). 

 For patients less than 75 years of age, it is reasonable to 
administer a loading dose of clopidogrel 300   mg (Class IIa, 
Level B).  

  Thienopyridines in  p atients  u ndergoing 
 p rimary  PCI  
 Three trials, CREDO (Clopidogrel for the Reduction of 
Events During Observation),  20   the PCI arm of the CURE 
(Clopidogrel in Unstable Angina to Prevent Recurrent 
Events) trial (PCI - CURE)  25   and PCI - CLARITY, a substudy 
of the CLARITY - TIMI - 28 trial, have considerably strength-
ened the evidence for early administration of clopidogrel 
alongside ASA in patients undergoing PCI in a wide range 
of clinical settings. 

 The PCI - CLARITY (Clopidogrel as Adjunctive Reperfu-
sion Therapy) trial was a prospective subgroup analysis of 
patients (n   =   1863) from the CLARITY - TIMI - 28 study who 
underwent PCI following mandated angiography  28   (PCI 
was performed between two and eight days following 
admission and  not  as the primary reperfusion strategy). As 
discussed above, a 300   mg loading dose of clopidogrel 
or placebo was administered at the time of fi brinolysis, 
in addition to standard therapy (ASA, fi brinolytic and 
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unfractionated heparin (UFH) as appropriate). In contrast 
to other clopidogrel trials, patients in the control group also 
received clopidogrel (loading dose of 300 – 600   mg) after the 
diagnostic catheterization. All patients were given clopido-
grel 75   mg/day for 30 days after the procedure. Thus, the 
trial compared pretreatment with clopidogrel with delayed 
administration at the time of PCI. In the pretreatment 
group, there was a 46% reduction in the odds of death, MI 
or stroke at 30 days compared with the delayed treatment 
group (3.6% versus 6.2%,  P    =   0.008). In addition, a 38% 
reduction in MI or stoke was observed prior to PCI 
( P    =   0.028). The authors also performed a meta - analysis 
including data from CREDO (patients undergoing elective 
PCI) and PCI - CURE (patients with non - ST elevation acute 
coronary syndrome undergoing PCI) demonstrating a sig-
nifi cant and consistent benefi t of dual antiplatelet therapy 
initiated as early as possible prior to PCI. 

 Despite the size and consistency of data supporting the 
use of clopidogrel in the context of PCI, there have been no 
published studies specifi cally investigating its use in 
patients with STEMI undergoing primary PCI. 

 Limited data pertaining to the use of prasugrel in patients 
with STEMI undergoing PCI are available from the Trial to 
Assess Improvement in Therapeutic Outcomes by Opti-
mizing Platelet Inhibition with Prasugrel – Thrombolysis in 
Myocardial Infarction (TRITON – TIMI) 38.  29   Moderate -  to 
high - risk patients (n   =   13   608) with ACS (with and without 
ST segment elevation) who were scheduled for PCI were 
randomized to either clopidogrel (300   mg loading dose fol-
lowed by 75   mg daily) or prasugrel (60   mg loading dose 
followed by 10   mg daily) in addition to ASA and followed 
for a mean of 14.5 months. A quarter of the study popula-
tion had STEMI (n   =   3534) although the proportion of this 
subgroup that underwent primary compared to delayed 
PCI was not specifi ed. In the overall study population, 
prasugrel reduced cardiovascular death, MI and stroke 
(9.9% with prasugrel versus 12.1% with clopidogrel, 
 P     <    0.001) and resulted in a marked reduction in stent 
thrombosis (2.4% versus 1.1% with clopidogrel,  P     <    0.001). 
Whilst all - cause mortality, MI, stroke and TIMI major 
bleeding (taken as a marker of overall clinical benefi t) were 
reduced in the prasugrel group (12.2% versus 13.9% with 
clopidogrel,  P     <    0.004) there was an excess of TIMI major 
bleeding (2.4% versus 1.8%,  P    =   0.03) and fatal bleeding 
(0.4% versus 0.1%,  P    =   0.002). The balance of risk appeared 
to be in favor of prasugrel during the fi rst few hours and 
days when it reduced ischemic events with little adverse 
effect on bleeding. Following this initial period, however, 
its ability to reduce ischemic events was limited and associ-
ated in the longer term with an excess of major bleeding 
compared to clopidogrel. It should be noted that study 
drugs were administered following angiography, and 
therefore prasugrel was effectively being compared with 
placebo for the fi rst few hours following randomization as 

conversion of clopidogrel to its active metabolite takes a 
number of hours. 

 Whilst the results from TRITON - TIMI - 38 suggest that 
greater inhibition of platelet function can reduce ischemic 
events, there is an associated increase in major bleeding. 
Although a limited subgroup analysis has been performed 
to assess bleeding risk, further analysis of the existing data 
as well as forthcoming trials will be necessary to defi ne 
more precisely the patient subgroups in whom most benefi t 
is obtained as well as the optimal timing, duration and 
dose in patients with ACS including patients with STEMI.   

  Glycoprotein  II  b / III  a   r eceptor  a ntagonists 

 The glycoprotein (Gp) IIb/IIIa receptor antagonists inhibit 
the Gp IIb/IIIa integrin, found exclusively on platelets and 
megakaryocytes. The interaction of the receptor with its 
primary ligand, fi brinogen, is considered the fi nal common 
pathway of platelet aggregation and blockade results in 
inhibition of aggregation irrespective of the initial agonist. 
There are close to 100 agonists known to stimulate platelet 
aggregation. Given the central role of platelets in arterial 
thrombosis and the fact that ASA and clopidogrel inhibit 
only the thromboxane A2 and ADP pathways respectively, 
the Gp IIb/IIIa receptor antagonists represent an attractive 
potential therapy in patients with STEMI. 

 There are three Gp IIb/IIIa receptor antagonists cur-
rently licensed for use. Abciximab is a chimeric (murine -
 human) monoclonal antibody directed against the IIb/IIIa 
receptor whereas tirofi ban and eptifi batide are both small -
 molecule non - competitive IIb/IIIa inhibitors. 

  Gp  II  b / III  a   r eceptor  a ntagonists in  p atients 
 r eceiving  fi  brinolytic  t herapy 
 The combination of a Gp IIb/IIIa receptor antagonist with 
a fi brinolytic agent (in full and reduced dose) has been 
evaluated extensively in efforts to improve the outcome 
from pharmacologic reperfusion. 

  Gp  II  b / III  a   r eceptor  a ntagonists and  f ull -  d ose  fi  brinolytics     The 
relatively small Combined Accelerated t - PA and Platelet 
Glycoprotein Integrin Receptor Blockade with Integrillin in 
Acute Myocardial Infarction (IMPACT - AMI) study ran-
domized patients (n   =   180) to alteplase and either placebo 
or one of six doses of eptifi batide (in addition to ASA and 
UFH).  30   The highest dose of eptifi batide (180    μ g/kg bolus 
followed by an infusion at a rate of 0.75    μ g/kg/min) 
achieved higher rates of TIMI 3 fl ow at 90 minutes com-
pared with placebo (66% versus 39%,  P    =   0.007). The 
accompanying major bleeding rates were 3.9% and 5.4% 
respectively. A further pilot study (n   =   181) investigated 
the effi cacy of three doses of eptifi batide (180    μ g/kg bolus 
followed by an infusion at a rate of 0.75, 1.33 or 2    μ g/kg/
min) compared with placebo in combination with full - dose 
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SK.  31   There appeared to be an increase in the rate of TIMI 
3 fl ow at 90 minutes with eptifi batide (44% for the com-
bined eptifi batide groups versus 31% in the placebo group, 
 P    =   0.07). However, rates of bleeding were higher in those 
treated with the highest dose of eptifi batide compared with 
the two lower doses and placebo (17% versus 11% versus 
0% respectively,  P    =   0.007). 

 In summary, these small angiographic pilot studies sug-
gested that whilst the addition of Gp IIb/IIIa receptor 
antagonists to full - dose fi brinolytics was effective at 
increasing target vessel patency, there appeared to be an 
excess in bleeding.  

  Gp  II  b / III  a   r eceptor  a ntagonists and  r educed -  d ose  fi  brinolytics       

  Angiographic  s tudies     The TIMI - 14 trial investigated abcix-
imab use in combination with SK or alteplase.  32   Patients 
(n   =   888) were randomized to one of four treatment groups: 
alteplase only (100   mg); abciximab only (0.25   mg/kg bolus 
followed by a 12   h infusion of 0.125    μ g/kg/min); abciximab 
with 20 – 65   mg of alteplase; or abciximab with 0.5 – 1.5 
million IU of SK. The highest rate of TIMI - 3 fl ow was seen 
with abciximab in combination with 50   mg of alteplase 
(77% at 90 minutes versus 62% in the alteplase - only group, 
 P    =   0.02). Overall, there was no signifi cant difference in 
major bleeding between these two groups (7% versus 6% 
respectively,  P    =   ns). However, high bleeding rates led to 
discontinuation of treatment arms where abciximab was 
used in combination with SK. 

 The SPEED (Strategies for Patency Enhancement in the 
Emergency Department) trial randomized patients (n   =   323) 
to either abciximab only (0.25   mg/kg bolus followed by a 
12   h infusion of 0.125    μ g/kg/min), reteplase only (two 
10   mg boluses) or both (reteplase being given as a double 
bolus of 2.5 – 15   mg).  33   The rate of TIMI - 3 fl ow with abcix-
imab in combination with two 5   mg boluses of reteplase was 
54% at 90 minutes. This compared with a rate of 47% in 
those given full - dose reteplase only. The rate of major 
bleeding was numerically higher with combination therapy 
compared with reteplase alone (9.8% versus 3.7%,  P    =   0.11). 

 In the INTRO - AMI (Integrellin and Low - Dose Thrombo-
lytics in Acute Myocardial Infarction) study, eptifi batide 
was administered as a single (180    μ g/kg) or double bolus 
(180 then 90    μ g/kg or 180 then 180    μ g/kg separated by 90 
minutes), followed by an infusion of 1.33 or 2.00    μ g/kg/
min for 72   h in combination with 25 or 50   mg of alteplase.  34   
The rate of TIMI - 3 fl ow at 60 minutes was higher in those 
who received 50   mg of alteplase with eptifi batide 180 fol-
lowed by 90    μ g/kg bolus and a 1.33    μ g/kg/min infusion 
compared to those receiving full - dose alteplase alone (56% 
versus 40%,  P    =   0.04). Rates of major bleeding and intra-
cranial hemorrhage were again numerically higher in the 
group who received combination therapy (11% versus 6% 
and 3% versus 2% respectively;  P    =   ns for both).  

  Studies with  c linical  e ndpoints     Following the potentially 
encouraging results seen in the angiographic pilot studies, 
randomized trials with clinical endpoints have investi-
gated the potential of combining a Gp IIb/IIIa receptor 
antagonist with a fi brinolytic agent (Fig.  32.2 ).   

 The ASSENT - 3 (Assessment of the Safety and Effi cacy of 
a New Thrombolytic Regimen) trial randomized patients 
(n   =   6095) within six hours of onset of STEMI to one of three 
treatment arms: full - dose tenecteplase and enoxaparin, 
half - dose tenecteplase and UFH plus abciximab or full - dose 
tenecteplase and UFH (control group). Compared with the 
control group, patients in the abciximab group had a sig-
nifi cant reduction in the primary combined endpoint of 
death, reinfarction or refractory ischemia at 30 days (11.1% 
versus 15.4%,  P     <    0.0001), although there was no difference 
in mortality rates. Major bleeding (excluding intracranial 
hemorrhage) was increased (4.3% versus 2.2%,  P     <    0.005) 
and in those over 75 years old there was an approximately 
threefold increase (13.3% versus 4.1% respectively, 
 P    =   0.0002). 

 The GUSTO - V (Global Use of Strategies to Open 
Occluded Arteries) trial randomized patients (n   =   16   588) 
with STEMI presenting within six hours of onset to either 
full - dose (two 10   U bolus doses) or half - dose reteplase 
(two 5   U bolus doses) plus full - dose abciximab.  35   Although 
there was a reduction in the reinfarction rate at 30 days 
with combination therapy (7.4% versus 8.8% with reteplase 
alone,  P     <    0.001), overall mortality was similar (5.9% 
for reteplase alone versus 5.6% for reteplase plus abcix-
imab,  P    =   0.43) and remained so at one year (8.4% in both 
groups).  36   In addition, there were again concerns over 
increased bleeding in those treated with combination 
therapy, with an increase in moderate to severe bleeding 
(excluding intracranial hemorrhage, 4.6% versus 2.3%; 
 P     <    0.001) and a trend towards an increase in intracranial 
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hemorrhage in those over 75 years old (2.1% versus 1.1%; 
 P    =   0.07). 

 The recently presented Facilitated Intervention with 
Enhanced Reperfusion to Stop Events (FINESSE) trial has 
helped to shed some light on the role of combining abcix-
imab with a fi brinolytic agent. However, it is important 
to note that the trial was principally designed to evaluate 
whether facilitated PCI (with upstream delivery of abcix-
imab with or without reteplase) was superior to primary 
PCI (with in - lab abciximab). Patients (n   =   2452) with an 
estimated time to the catheterization laboratory of between 
one and four hours were randomized in a 1   :   1   :   1 fashion 
to upfront abciximab - facilitated primary PCI, half - 
dose reteplase/abciximab - facilitated PCI, or primary PCI 
with in - lab abciximab. Consistent with a recent meta - 
analysis,  37   the principal fi nding was that facilitated PCI 
provided no benefi t and was associated with increased 
bleeding compared with standard primary PCI. There was 
no difference in the primary endpoint in the abciximab -
 only group compared to the combination group (9.8% 
versus 10.7% respectively,  P    =   ns) but there was an increased 
incidence of TIMI major or minor bleeding (10.1% versus 
14.5%,  P    =   0.008). 

 The use of abciximab in conjunction with half - dose 
reteplase or tenecteplase should be avoided in STEMI 
patients aged greater than 75 years due to an increased risk 
of intracranial hemorrhage (Class III, Level B).  

   Gp  II  b / III  a   r eceptor  a ntagonists 
in  p atients  u ndergoing  p rimary  PCI  
 Primary PCI achieves TIMI - 3 fl ow in the infarct - related 
artery in approximately 90% of patients. However, despite 
restoration of normal epicardial fl ow, fl ow within the 
downstream microvasculature and hence to the ischemic 
myocardium often remains impaired (the so - called  “ no 
refl ow ”  phenomenon).  38 – 40   This may be a key determinant 
of long - term outcome as diminished microvascular fl ow is 
associated with increased cardiovascular complications 
and mortality.  40,41   

 The role of Gp IIb/IIIa receptor antagonists in the setting 
of primary PCI has been evaluated in conjunction with 
ASA and UFH use. All trials referred to in the discussion 
below have evaluated the complementary role of Gp 
IIb/IIIa receptor antagonists in this context, unless other-
wise stated. 

  Abciximab     Abciximab is the most widely studied Gp IIb/
IIIa receptor antagonist. It has consistently been shown to 
increase rates of TIMI - 3 fl ow in the infarct - related vessel, 
in a time - dependent manner (Fig.  32.3 ).   

 The RAPPORT (ReoPro ®  and Primary PTCA Organiza-
tion and Randomized Trial) study was the fi rst substantive 
study to investigate the effect of abciximab on a clinical 
endpoint following primary PCI (n   =   409).  42   It should be 

noted that stent use in this study was restricted to  “ bail - out ”  
use only (i.e. abrupt vessel closure or dissection). The trial 
demonstrated a reduction in the 30 - day rate of death, rein-
farction or target vessel revascularization (TVR) in the 
abciximab group compared to placebo (11.2% versus 5.8%, 
 P    =   0.03). 

 The ADMIRAL (Abciximab before Direct Angioplasty 
and Stenting in Myocardial Infarction Regarding Acute and 
Long - Term Follow - up) study evaluated the effect of abcix-
imab in patients (n   =   300) with STEMI prior to primary 
PCI.  43   A 41% reduction in the primary endpoint of death, 
reinfarction and TVR was observed at 30 days in the abcix-
imab group (6.0% versus 14.6% in placebo group,  P    =   0.01), 
with a similar reduction at six months (7.4% versus 15.9%, 
 P    =   0.02). The investigators attributed the better outcome to 
higher levels of TIMI 3 fl ow in the target vessel before 
(16.8% versus 5.4%,  P    =   0.01) and after (95.1% versus 86.7%, 
 P    =   0.04) PCI. The association between postprocedural TIMI 
3 fl ow and a lower incidence of major adverse cardiac event 
  (MACE) at 30 days has also been observed in other studies. 

 The larger CADILLAC (Controlled Abciximab and 
Device Investigation to Lower Late Angioplasty Complica-
tions) trial randomized patients (n   =   2082) with STEMI 
using a 2    ×    2 factorial design to either abciximab or placebo, 
and either angioplasty or stenting.  44   Patients were also 
given ASA, UFH and either clopidogrel or ticlopidine prior 
to going to the catheterization laboratory. The principal 
fi nding was a halving in the incidence of the composite 
endpoint (death, MI, stroke or TVR) at six months with 
stent insertion compared to angioplasty (20.0% versus 
10.2%,  P     <    0.001). There was only a small additional benefi t 
with abciximab (11.5% after stenting alone versus 10.2% 
after stenting plus abciximab,  P    =   ns) although this may 
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have been confounded by broad inclusion criteria and 
recruitment of a low - risk population coupled with rela-
tively late administration of abciximab. 

 A meta - analysis of abciximab use in patients with STEMI 
undergoing primary PCI (n   =   3266) demonstrated a reduc-
tion in the composite endpoint of death, reinfarction and 
need for TVR at 30 days (absolute RR 3.6%, relative RR 
46%) and six months (absolute RR 3.2%, relative RR 20%).  45   
A further meta - analysis of 11 trials (n   =   27   115) also dem-
onstrated a reduction in short (30 - day) and long - term (6 – 12 
months) mortality (absolute RR 1% and 1.8% respectively; 
relative RR 29% for both) with abciximab use in the context 
of primary PCI.  46   Neither demonstrated an increased inci-
dence of intracranial hemorrhage although the latter analy-
sis indicated an increase in the rate of major bleeding 
(absolute risk increase 1.2%, relative risk increase 68%, 
 P     <    0.001). 

 With regard to when best to administer a GP IIb/IIIa 
receptor antagonist in patients undergoing primary PCI, a 
meta - analysis of six small studies had suggested a greater 
prevalence of TIMI 2 or 3 fl ow in the infarct - related artery 
prior to PCI with early administration (41.7% versus 29.8%, 
 P     <    0.001).  47   However, the FINESSE study (n   =   2452) dem-
onstrated no benefi t of upstream (prior to catheter labora-
tory) administration of abciximab (or indeed upstream 
abciximb in combination with half - dose reteplase) com-
pared to in - catheter laboratory administration.  48    

  Tirofi ban and  e ptifi batide     Whilst tirofi ban and eptifi batide 
share a common mechanism of action with abciximab, 
there have been no substantive trials with clinical end-
points to assess their role in primary PCI, although small 
placebo - controlled studies suggest an increase in TIMI 2 
or 3 fl ow in the infarct - related artery following early 
administration of tirofi ban  49   and eptifi batide  50,51   respec-
tively. The EVA - AMI trial, presented at the American 
Heart Association 2007 Scientifi c Sessions, randomized 
STEMI patients (n   =   400) undergoing primary PCI to abcix-
imab or eptifi batide. There were no signifi cant differences 
in the primary endpoint (the rate of ST segment resolution 
60 minutes following PCI) or the incidence of ischemic or 
bleeding events during the index admission. Similar results 
supporting the non - inferiority of tirofi ban compared to 
abciximab were observed in the MULTISTRATEGY trial 
(n   =   745).  52   

 Patients with STEMI undergoing primary PCI should be 
treated with abciximab (Class I, Level A) as soon as pos-
sible prior to the procedure (Class I, Level B). 

 As an alternative, patients undergoing primary PCI 
may be treated with tirofi ban or eptifi batide (Class IIb, 
Level B). 

 It should be emphasized that virtually all studies to date 
investigating the role of Gp IIb/IIIa receptor antagonists in 
STEMI patients undergoing primary PCI have been con-

ducted prior to the routine administration of clopidogrel. 
Interestingly, in the CADILLAC study, which failed to 
show a signifi cant benefi t of abciximab, patients  were  pre-
treated with a thienopyridine in addition to ASA. Whilst 
the study ’ s broad entry criteria and subsequent recruit-
ment of a relatively low - risk population may explain the 
lack of benefi t with abciximab, it is possible that the routine 
administration of a thienopyridine diminished the relative 
effi cacy of abciximab. The ON - TIME 2 study, showed a 
reduction in ST segment elevation at 60 minutes post - PCI 
(the primary endpoint) with tirofi ban (initial 25    μ g/kg 
bolus) compared with placebo.  53   Patients in this study were 
also pretreated with ASA and clopidogrel (600   mg) and 
although not powered for clinical endpoints, there were 
encouraging trends in MACE at 30 days. 

 Taken in conjunction with the results from the HORI-
ZONS AMI trial, discussed below, it is clear that further 
studies are required to clarify the role of Gp IIb/IIIa recep-
tor antagonists in STEMI patients pretreated with ASA and 
clopidogrel who are undergoing primary PCI.     

  Anticoagulant  t herapy 

  The  c oagulation  c ascade  a s a  t herapeutic  t arget 

 Activation of the coagulation cascade plays an important 
role in thrombus formation during acute MI (see Fig.  32.1 ). 
Tissue factor, principally produced by monocytes within 
the plaque, binds to factor VII and initiates the extrinsic 
arm of the coagulation cascade, resulting in factor Xa 
generation. Factor Xa converts prothrombin to thrombin 
(factor IIa), the key enzyme responsible for the conversion of 
fi brinogen to its active form, fi brin. Multiple positive feed-
back mechanisms exist to enhance further production of 
factor Xa as well as promoting platelet activation and 
aggregation. 

 Under normal circumstances, the coagulation cascade is 
restrained by a number of mechanisms including the serine 
protease inhibitor antithrombin III (AT III). AT III binds to 
many of the activated coagulation factors, including throm-
bin and factor Xa, forming stable complexes that are no 
longer capable of proteolysis. The interaction between AT 
III and key coagulation factors is substantially enhanced by 
a number of endothelial cell proteoglycans. This catalytic 
function is reproduced by heparins.  

  Unfractionated  h eparin 

 Unfractionated heparin is the prototypical clinical antico-
agulant. Despite important limitations (Table  32.1 ) it 
remains the most commonly used anticoagulant in clinical 
practice. It consists of a heterogenous mix of heparin mol-
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ecules, ranging in size from 5 to 35   kDa. It acts as an indirect 
inhibitor of factors IIa (thrombin) and Xa, exerting its effect 
by potentiating the action of AT III. Thrombin is the factor 
most sensitive to the effects of UFH, but requires  “ bridg-
ing ”  to the AT III/heparin complex by a heparin chain 
containing at least 18 saccharide units.   

  Unfractionated  h eparin in  p atients 
 r eceiving  fi  brinolysis 
 Administration of fi brinolytic therapy results in a systemic 
prothrombotic state due to release of plasmin which acti-
vates platelets via the thrombin receptor  54   and triggers 
thrombin generation via activation of factor V.  55   The extent 
of thrombin activity induced by each agent appears to be 
directly related to the extent of free plasmin activity,  12   
explaining why SK induces a more marked prothrombotic 
effect than the fi brin - specifi c agents alteplase, reteplase, 
and tenecteplase.  12   Exposure of clot - bound thrombin acts 
as a nidus for further thrombus formation and provides the 
rationale for the use of adjunctive anticoagulant therapy in 
patients treated with a fi brinolytic agent. 

  Angiographic  s tudies     A number of clinical trials have inves-
tigated the effect of UFH on vessel patency following fi bri-
nolytic therapy.  5,56 – 60   Results are varied and interpretation 
is diffi cult owing to differences in use of ASA, fi brinolytic 
agent and regimen used and the timing of angiography. 
Overall, UFH does not appear to improve early (60 – 90 
minute) infarct - related artery patency.  60   Although there 
may be some benefi t at later time - points, no benefi t was 

seen when ASA was administered at a dose  > 100   mg which 
is now established clinical practice.  

  Clinical  s tudies     The Grupo Italiano per lo Studio della Sop-
pravivvenza nell ’ Infarcto Miocardico (GISSI - 2)  61   and the 
Third International Study of Infarct Survival (ISIS - 3)  62   trials 
compared subcutaneous (SC) UFH with placebo as an 
adjunct to fi brinolysis in patients receiving SK, anistreplase 
and alteplase in addition to ASA (Table  32.2 ). In GISSI - 2, 
patients (n   =   20,891) were randomized to UFH or placebo 
12 hours following administration of SK or alteplase. 
Unfractionated heparin was found to reduce mortality 
from 6.0% to 5.4% (relative RR 10%,  P     <    0.05). In ISIS - 3 
(n   =   41   299), there was a trend towards a reduction in mor-
tality with adjunctive UFH (7.4% versus 7.9% in the control 
group,  P    =   0.06). This may represent a benefi t of four/fi ve 
fewer deaths per 1000 during the treatment period, 
although due to substantial crossover of patients between 
treatment groups, it has been estimated that benefi t was 
actually closer to seven lives per 1000 saved with UFH. At 
30 days, although a similar trend remained, it was no 
longer statistically signifi cant. Analysis of combined data 
from GISSI - 2 and ISIS - 3 suggested that in patients treated 
with SC UFH compared with control, there were two fewer 
deaths and two fewer non - fatal reinfarctions per 1000 
patients, at the expense of three more transfusions and 0.6 
more strokes (see Table  32.2 ).  63     

 There is a paucity of data comparing the use of intrave-
nous (IV) UFH in patients receiving fi brinolysis. Although 
four randomized controlled trials have addressed the issue 
and found no signifi cant differences in mortality and rein-

 Table 32.1     Clinical limitations of unfractionated heparin 

   Limitation     Clinical consequence  

  Non - specifi c binding to plasma 

proteins  

  Variability in anticoagulant 

effect  

  Cannot inactivate fi brin - bound 

thrombin  

  Reduced effi cacy  

  Inhibited by platelet factor 4 and 

fi brin monomers  

  Leads to heparin resistance  

  Potential formation of antibodies 

against heparin  

  Can result in heparin -

 induced 

thrombocytopenia and 

thrombosis syndrome  

  Interaction with other drugs 

commonly used in the context of 

PCI  

  Variability in anticoagulant 

effect  

  Activates platelets    Potential for enhancing 

platelet aggregation  

   PCI, percutaneous coronary intervention.   

 Table 32.2     Benefi ts and risks associated with adjunctive delayed 
subcutaneous heparin in patients receiving streptokinase in the 
ISIS - 3   22    and  GISSI  - 2   21    studies 

        Events per 1000 patients treated  

   ISIS - 3     GISSI - 2     Combined  

   Benefi t   
  Reduction in 

mortality  

  2.8    1.0    2.2  a    

  Reduction in 

non - fatal 

MI  

  1.8    1.9    1.8  

   Risk   

  Transfusions    2.6    4.5    3.2  

  Non - fatal 

strokes  

  0.5    0.6    0.6  b    

    a    Figures do not sum up because of rounding.  

   b    Half of the patients had fully recovered by the time of discharge.   
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farction, all lacked the statistical power to appropriately 
evaluate these clinical outcomes (Table  32.3 ).  56,57,64     

 A meta - analysis of patients (n   =   68   000) treated with 
various UFH regimens (93% of whom received fi brinolytic 
therapy) demonstrated a modest reduction in mortality 
(8.6% versus 9.1% in control group, relative RR 5.5%, 
 P    =   0.03) and reinfarction (3.0% versus 3.3%, relative RR 
9%,  P    =   0.04) at 35 days. Major bleeding was higher in those 
receiving UFH (1.0% versus 0.7% in control group, 
 P    =   0.001).  65   

 In summary, the balance between risk and benefi t is 
not straightforward. Benefi ts appear modest and are at 
the expense of major bleeds including intracranial 
hemorrhage.   

  Unfractionated  h eparin in  p atients  u ndergoing 
 p rimary  PCI  
 UFH has been used since the advent of PCI, principally 
to avoid thrombus formation at the site of balloon injury, 
at vascular access points and within guide catheters. 
Various advances have led to a steady reduction in the 
amount of intraprocedural UFH used, including the wide-
spread use of stents, high - pressure stent deployment and co - 
administration of increasingly potent antiplatelet therapies. 
There are no large - scale data to guide the use of UFH in 
PCI and thus it remains relatively empiric. The data that 
do exist have been acquired in small - scale studies and 
principally in patients undergoing elective procedures. A 
meta - analysis of six randomized controlled trials sug-
gested optimal benefi t with an initial bolus of 70 – 100   U/kg 
aiming for an activated clotting time (ACT) of 350 – 375   s. In 
patients treated with a Gp IIb/IIIa receptor antagonist, this 
should be reduced to 50 – 70   U/kg, aiming for an ACT of 
200   s.  66   

 UFH is a useful anticoagulant in patients with STEMI 
undergoing primary PCI. Dose should be adjusted for 
weight and when used in conjunction with a Gp IIb/IIIa 
receptor antagonist (Class I, Level C).  

  Unfractionated  h eparin in  p atients  n ot  r eceiving 
 r eperfusion  t herapy 
 Data from 21 trials (n   =   5459) performed prior to the intro-
duction of fi brinolytic therapy or the widespread use of 
ASA, beta - blockers or angiotensin - converting enzyme 
inhibitors demonstrated a reduction in venous thrombo-
embolic events, stroke, reinfarction and death with the use 
of UFH compared to placebo.  63,64   Overall, a relative reduc-
tion in mortality of 25% (95% confi dence interval (CI) 10 –
 37%) was observed although there were 10  ±  4 additional 
episodes of major bleeding per 1000 patients treated. 
Overall, however, there are no substantive randomized 
data to guide the use of UFH in patients managed using 
current recommended regimens.   

  Low  m olecular  w eight  h eparin 

 Low molecular weight heparins (LMWHs) are derived 
from UFH by chemical and enzymatic depolymerization, 
resulting in preparations containing shorter heparin 
fragments (mean molecular weight of 4 – 5   kDa). In a similar 
way to UFH, LMWHs enhance the action of AT III but as 
the mean length of the heparin fragments is less, they have 
a reduced ability to bridge AT III to thrombin. As such 
bridging is not necessary to inhibit factor Xa, LMWHs 
exert their effect predominantly through inhibition of 
factor Xa. They possess a number of potential advantages 
over UFH (Table  32.4 ), including a more predictable level 
of anticoagulation eliminating the need for mandatory 

 Table 32.3     Effect of adjunctive intravenous heparin in patients treated with aspirin and fi brinolytic 
therapy 

        Death (%)     Re - infarction (%)     Bleeding (%)  

   Control     Heparin     Control     Heparin     Control     Heparin  

  ISIS - 2 Pilot 

( n    =   626)  25    

  6    8    5    1    1    0  

  ECSG 

( n    =   1296)  18    

  3    2    10    10    NA    NA  

  OSIRIS 

(n   =   256)  26    

  11    9    1    2    4    6  

  DUCCS 

( n    =   250)  27    

  9    12    4    9    8    15  

   DUCCS, Duke University Clinical Cardiology Study; ECSG, European Cooperative Study Group; NA, 

not available; OSIRIS, Optimization Study of Infarct Reperfusion Investigated by ST Monitoring.   
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laboratory monitoring, a reduction in the incidence of 
thrombocytopenia, less platelet activation and an easier 
route of administration.   

  Low  m olecular  w eight  h eparin in  p atients 
 r eceiving  fi  brinolysis 
 The use of LMWH with fi brinolytic therapy has been eval-
uated in a number of trials. Together, results suggest a 
modest advantage of LMWH over UFH that appears to be 
due to enhanced late patency of the infarct - related vessel 
and an associated reduction in reinfarction rate. 

  Dalteparin     The Fragmin in Acute Myocardial Infarction 
(FRAMI) study  67   randomized patients (n   =   776) to either 
dalteparin (150   IU/kg twice daily) or placebo following 
fi brinolysis with SK. The only signifi cant difference in clini-
cal endpoints was an increase in major hemorrhage in 
those treated with dalteparin (2.9% versus 0.3% in control 
group,  P    =   0.006). The Biochemical Markers in Acute Coro-
nary Syndromes (BIOMACS) - II study  68   also evaluated the 
use of adjunctive dalteparin (100   IU/kg initially followed 
by 120   IU/kg at 12 hours) in patients (n   =   101) following 
SK. There was a trend towards increased rates of TIMI 3 
fl ow at 20 – 28 hours (68% versus 51% in placebo group, 
P   =   0.10) and a reduction in the incidence of recurrent 
ischemia (recorded on continuous electrocardiography) 

 Table 32.4     Comparison of unfractionated heparin, low molecular weight heparin, bivalirudin and fondaparinux 

        UFH     LMWH     Bivalirudin     Fondaparinux  

  Mechanism of 

action  

  Potentiates AT III  –  

principal effect is 

indirect inhibition 

of thrombin  

  Potentiates AT III  –  principal 

effect is indirect inhibition 

of factor Xa  –  some 

indirect inhibition of 

thrombin  

  Direct thrombin inhibitor    Potentiates action of AT III 

 –  results in specifi c 

indirect inhibition of 

factor Xa  

  Inhibition of 

fi brin - bound 

thrombin  

  No    No    Yes    No  

  Non - specifi c 

binding  

  Yes  –  to plasma 

proteins and cells  

  Yes  –  to plasma proteins and 

cells  

  No    No  

  Activation of 

platelets  

  Yes    Minimal    No  –  inhibits thrombin -

 mediated platelet 

activation  

  No  

  Pharmacokinetics    Non - linear    Non - linear (less so than UFH)    Linear    Linear  

  Risk of HIT    Yes    Yes (less than UFH)    No    No  

  Monitoring    Mandatory using ACT 

or aPTT  

  Not usually necessary; anti - Xa 

levels can be monitored  

  Not usually necessary; ACT 

or aPTT can be 

monitored  

  Not usually necessary; 

anti - Xa levels can be 

monitored  

  Reversal with 

protamine  

  Yes    Partial    No    No  

   ACT, activated clotting time; aPTT, activated partial prothromboplastin time; AT III, antithrombin III; LMWH, low molecular weight heparins; UFH, 

unfractionated heparin.   

from 38% to 16% ( P    =   0.037). There were no differences in 
major bleeding or clinical events. 

 In the Assessment of the Safety and Effi cacy of a New 
Thrombolytic Agent (ASSENT) - PLUS trial,  69   patients 
(n   =   439) were given alteplase and randomized to either 
adjunctive dalteparin (120   IU/kg twice daily) for 4 – 7 days 
or IV UFH for 48 hours. Those treated with dalteparin had 
higher rates of infarct - related vessel patency between days 
4 and 7 (86.6% versus 75.6%,  P    =   0.003). There was also a 
trend towards higher rates of TIMI 3 fl ow (69.3% versus 
62.5%,  P    =   0.16). Although there were fewer reinfarctions 
at day seven in the dalteparin group (1.4% versus 5.4%, 
 P    =   0.01), there was no difference in the rate of reinfarction 
(6.5% versus 7.0%,  P    =   ns) or the composite of death and 
reinfarction at 30 days.  

  Reviparin     The Clinical Trial of Reviparin and Metabolic 
Modulation in Acute Myocardial Infarction Treatment 
Evaluation (CREATE),  70   performed in India and China, ran-
domized STEMI patients (n   =   15   570) to weight - adjusted 
reviparin or placebo for seven days. Use of concomitant 
therapies was high (ASA in 97%, clopidogrel in 55%, beta -
 blockers in 66%, ACE inhibitors in 72%, and lipid - lowering 
agents in 66%). Fibrinolytic therapy, principally with non -
 fi brin specifi c agents, was the method of reperfusion in 73% 
of patients. The primary endpoint of death, MI or stroke 
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was reduced in those treated with reviparin compared to 
placebo at seven days (9.6% versus 11.0%,  P    =   0.0049) and 30 
days (11.8% versus 13.6%,  P    =   0.0014). Isolated mortality 
rates at seven and 30 days were also signifi cantly reduced 
with reviparin. An excess in life - threatening bleeds not 
included in the primary endpoint was observed in those 
treated with reviparin (0.2% versus 0.1% with placebo, 
 P    =   0.07). Although its relevance to contemporary practice 
in the developed world is questionable (given that a greater 
proportion of patients are treated with primary PCI and 
fi brin - specifi c agents are more commonly used), the trial 
remains the only one to demonstrate a reduction in mortal-
ity with a LMWH.  

  Enoxaparin     In the Acute Myocardial Infarction - Streptoki-
nase (AMI - SK) trial (n   =   496),  71   higher rates of vessel 
patency (87.6% versus 71.7%,  P     <    0.001) and TIMI 3 fl ow 
(70.3% versus 57.8%,  P    =   0.01) were observed at eight days 
in those treated with enoxaparin. 

 In the Heparin and Aspirin Reperfusion Therapy 
(HART) - II trial (n   =   400),  72   rates of TIMI 2 or 3 fl ow at 90 
minutes and rates of reocclusion at 5 – 7 days were similar 
in patients randomized to either UFH or enoxaparin for a 
minimum of three days following fi brinolysis with 
alteplase. There were no signifi cant differences in rates of 
major bleeding in either study. 

 In the ASSENT - 3 trial, patients (n   =   6095) were random-
ized to full - dose tenecteplase with weight - adjusted 
UFH for at least 48 hours, full - dose tenecteplase with 
enoxaparin for seven days or reduced - dose tenecteplase 
with abciximab and UFH. The composite of death, reinfarc-
tion or refractory ischemia was signifi cantly lower in those 
treated with enoxaparin than UFH (11.4%, RR 0.74, 95% 
CI 0.63 – 0.87,  P    =   0.0002). This advantage was driven 
primarily by a reduction in the rate of reinfarction. 
However, there was an increased incidence of bleeding 
complications in those treated with enoxaparin compared 
to UFH (Table  32.5 ).   

 The Enoxaparin and Thrombolysis Reperfusion for 
Acute Myocardial Infarction Treatment (ExTRACT - TIMI) 
25 trial  73   randomized patients (n   =   20   506) with STEMI 
undergoing fi brinolysis to receive either enoxaparin (30   mg 
IV bolus followed by 1   mg/kg throughout the index hos-
pitalization) or UFH (60   U bolus followed by 12   U/kg/h for 
48 hours). Importantly, therefore, the treatment groups 
varied not only in the antithrombin agent given but also in 
the duration of treatment. In addition, the dosing regimen 
was reduced in patients  ≥ 75 years and/or with a creatinine 
clearance  ≤ 30   mL/min. The primary endpoint of death or 
reinfarction at 30 days occurred in 12.0% of patients treated 
with UFH and 9.9% of those treated with enoxaparin (17% 
relative RR,  P     <    0.001). Non - fatal reinfarction occurred in 

 Table 32.5     Bleeding and stroke rates in the  ASSENT  - 3,   46    GUSTO  -  V    47    and  HERO  - 2   48    trials 

        ASSENT - 3     GUSTO - V     HERO - 2  

   Tenecteplase   +   
UF heparin  

   Tenecteplase   +   
enoxaparin  

   Half - dose 
tenecteplase   + 
UF Heparin   +   
abciximab  

   Full - dose 
reteplase  

   Half - dose 
reteplase   +   
abciximab  

   Streptokinase   +   
UF heparin  

   Streptokinase   +   
bivalirudin  

   Bleeding   

  Severe (%)    2.16    3.04    4.31  a      0.51    1.08  b      0.47    0.68  

  Moderate (%)     –      –      –     1.79    3.47  b      1.05    1.39  c    

  Minor (%)    18.7    22.6    35.3  b      11.4    20.01  b      9.0    12.8  b    

  Transfusions (%)    2.31    3.43  d      4.16  b      3.98    5.71  b      1.11    1.39  

   Strokes   

  All strokes (%)    1.52    1.62    1.49    0.88    0.97    0.90    1.24  

  Non - fatal 

disabling 

stroke  

   –      –      –     0.3    0.2    0.3    0.2  

  Intracranial (%) 

hemorrhages  

  0.93    0.88    0.94    0.59    0.62    0.39    0.55  

    a     P    =   0.003.  
   b     P     <    0.0001.  
   c     P    =   0.05.  
   d     P    =   0.03.  
  LMW, low molecular weight; UF, unfractionated   
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4.5% of the patients receiving UFH and 3.0% of those 
receiving enoxaparin (relative RR 33%,  P     <    0.001); 7.5% of 
patients given UFH died versus 6.9% of those given enoxa-
parin (relative RR 8%, P   =   0.11). TIMI major bleeding was 
increased in the enoxaparin group compared to those 
receiving UFH (2.1% versus 1.4%, relative risk 1.53, 
 P     <    0.001) whilst rates of intracranial hemorrhage were 
similar (0.8% versus 0.7% respectively,  P    =   0.14). The 
composite of death, reinfarction or intracranial hemor-
rhage (a measure of overall clinical benefi t) occurred in 
12.2% of patients given UFH and 10.1% of those given 
enoxaparin (relative RR 17%,  P     <    0.001). In a prespecifi ed 
analysis to look at concomitant clopidogrel use, the rate 
of TIMI major bleeding with enoxaparin compared with 
UFH was numerically but not statistically signifi cantly 
higher in patients treated with clopidogrel (2.7% versus 
1.0%) versus those who were not (2.1% versus 1.2%) 
(P interaction    =   0.61).  74   Overall clinical benefi t remained in favor 
of enoxaparin over UFH, either with clopidogrel (absolute 
RR 2.4%, 95% CI 0.5 – 5.3%) or without (absolute RR 1.7%, 
95% CI 0.5 – 3.0%) (P interaction    =   0.61). A further prespecifi ed 
subgroup analysis assessed the effect of impaired renal 
function. This was possible due to relatively broad entry 
criteria resulting in the recruitment of patients with a 
wide spectrum of renal function. In line with data from 
previous trials and registry data, impaired renal function 
was a powerful independent predictor of adverse outcome 
including bleeding irrespective of treatment group.  75   Each 
successive 30   mL/min decline in creatinine clearance (CrCl) 
increased the risk of major or minor bleeding by approxi-
mately 50%. For patients with well - preserved renal func-
tion (CrCl  > 90   mL/min), the incidence of major bleeding 
was not signifi cantly different between treatment groups. 
However, excess bleeding was observed in those with 
CrCl  < 30   mL/min treated with enoxaparin despite a 
halving of the maintenance dose. This raises the possibility 
that dose adjustment of enoxaparin may be required in 
patients with even moderate renal dysfunction (for 
example, CrCl 30 – 90   mL/min) to achieve a reduction in 
ischemic events while mitigating the risk of bleeding. Until 
alternative dosing regimens are developed, it also suggests 
that enoxaparin should not be administered to patients 
with CrCl  < 30   mL/min. More broadly, the analysis empha-
sises the high - risk nature of ACS patients with impaired 
renal function and suggests that dose reduction for enoxa-
parin and UFH in this patient subgroup should be investi-
gated further. 

 The results of the ExTRACT - TIMI - 25 trial are broadly in 
keeping with the results of meta - analyses of enoxaparin use 
in STEMI patients treated with fi brinolysis that indicate a 
reduction in reinfarction and recurrent ischemia, no 
improvement in overall mortality and an increase in major 
bleeding, especially in elderly patients and those with renal 
impairment.  76,77   

 LMWHs are a useful alternative to UFH in STEMI in 
conjunction with fi brinolytic therapy and should be admin-
istered throughout the index hospitalization (up to eight 
days) (Class I, Level A).   

  Low  m olecular  w eight  h eparin in  p atients  t reated 
with  p rimary  PCI  
 The majority of data concerning safety and effi cacy of 
LMWHs in the catheterization laboratory comes from 
studies in patients undergoing elective procedures or in 
patients with ACS managed with an early invasive strategy. 
Broadly, these data suggest that enoxaparin is a useful alter-
native to UFH when used as the primary anticoagulant in 
elective procedures.  78   In ACS patients managed using a con-
temporary antithrombotic regimen incorporating enoxapa-
rin, it appears effi cacious to perform PCI without additional 
anticoagulation although there is a small but signifi cant 
increased risk of bleeding which is particularly relevant in 
the elderly and in those with renal impairment.  79,80   There are 
limited data regarding the safety and effi cacy of LMWHs 
during PCI in the context of patients with STEMI. 

  Reviparin     In the CREATE trial, 949 patients underwent 
primary PCI as their reperfusion strategy, although details 
of whether additional UFH was used periprocedurally are 
not provided and this cohort represented just 6.1% of the 
overall population. There was a trend towards a reduction 
in the primary endpoint of death, MI or stroke at seven 
days with reviparin compared to placebo (5.8% versus 
7.3%, hazard ratio (HR) 0.79, 95% CI 0.48 – 1.31).  

  Enoxaparin     In the ExTRACT - TIMI - 25 trial, patients in the 
enoxaparin treatment group who subsequently underwent 
PCI following initial treatment with fi brinolysis (not primary 
PCI) without the use of additional UFH (n    =   4676) had a 
lower incidence of the primary endpoint of death and rein-
farction at 30 days compared to those in the UFH group 
(10.7% versus 13.8%, relative RR 23%,  P     <    0.001).  81   There 
were no differences in major bleeding (1.4% vs 1.6% respec-
tively,  P    =   ns). 

 In the Which Early ST Elevation Myocardial Infarction 
Therapy (WEST) study, patients with STEMI were random-
ized to fi brinolysis, protocol - specifi ed rescue PCI and/or 
early angiography within 24   h or primary PCI. Patients 
undergoing primary PCI (n   =   33) were given ASA and 
clopidogrel at fi rst contact and most received abciximab on 
arrival at the catheterization laboratory. Enoxaparin was 
administered at fi rst contact (1   mg/kg SC). A supplemental 
dose (0.3 – 0.5   mg/kg IV) at the time of primary PCI was 
allowed in the original protocol and subsequently strongly 
encouraged following thrombotic complications in three of 
36 patients during the early phase of the study enrolment. 
Use of UFH was precluded. Factor Xa levels were mea-
sured at the time of sheath insertion (prior to additional IV 
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enoxaparin) and also at the end of the procedure. Initial 
anti - Xa levels 56   min (median, interquartile range 47 – 77) 
after SC enoxaparin were below the recommended thera-
peutic level of 0.5   U/mL in 85% of patients. Following PCI, 
at 126   min (118 – 185) after SC enoxaparin, in those without 
supplemental IV dosing (8/33) the second anti - Xa level 
was 0.44   U/mL (0.29 – 0.53); six of the eight patients 
remained  < 0.5   U/mL. With additional IV enoxaparin 
(25/33) the second anti - Xa level was 0.96   U/mL (0.82 – 1.16) 
97   min (82 – 109) after SC enoxaparin; all patients had thera-
peutic levels of anti - Xa. This open - label study provides 
limited data on the role of enoxaparin in patients undergo-
ing primary PCI but suggests that whilst a single SC enoxa-
parin dose fails to achieve adequate anticoagulation in the 
majority of STEMI patients, a regimen combining initial 
additional IV enoxaparin may provide effective early anti-
thrombotic therapy in those undergoing primary PCI. 

 LMWHs are a reasonable alternative to UFH in patients 
with STEMI undergoing primary PCI (Class IIb, Level B).    

  Direct  t hrombin  i nhibitors 

 In contrast to UFH and LMWH, direct thrombin inhibitors 
(DTIs) bind to the substrate recognition and/or catalytic site 
of thrombin, resulting in its direct inhibition without the 
involvement of AT III. Due to their relatively small size, they 
are able to bind and inactivate fi brin - bound as well as free 
thrombin. They do not interact appreciably with plasma pro-
teins or other drugs and are not inhibited by platelet factor IV 
and so display linear dose – response kinetics, resulting in 
predictable levels of anticoagulation. Additionally, in con-
trast to UFH, they do not activate platelets (see Table  32.4 ).  82   

  Direct  t hrombin  i nhibitors in  p atients  r eceiving 
 fi  brinolysis 
  Hirudin     Hirudin is the prototypical DTI. It is a naturally 
occurring polypeptide found in the saliva of the leech. 
Clinically, it is used in a recombinant form  –  lepirudin. 

 The TIMI - 5 trial randomized patients to either UFH or 
escalating doses of hirudin prior to fi brinolysis with 
alteplase. There was no signifi cant difference in TIMI 3 fl ow 
at 90 minutes (57% in UFH group versus 65% in the hirudin 
group,  P    =   ns) but there was a trend towards a reduced rate 
of reocclusion at 18 – 36 hours in those receiving hirudin 
(1.6% versus 6.7%,  P    =   0.07) and a lower combined rate of 
death or reinfarction (6.8% versus 16.7%). Based on this pilot 
study, the TIMI - 9B and GUSTO - IIb trials evaluated the 
effect of hirudin given after the start of fi brinolysis on rein-
farction and mortality. When the data from these two studies 
were combined, there was no reduction in mortality but the 
incidence of reinfarction was reduced by 14% ( P    =   0.024). 

 The Hirudin for the Improvement of Thrombolysis 
(HIT) - 4 study randomized patients to UFH or hirudin 
(0.2   mg/kg IV bolus followed by 0.5   mg/kg SC twice daily) 

in addition to SK. There was no effect on the combined 
endpoint of death/reinfarction/stroke/rescue angio-
plasty/refractory angina at 30 days (22.7% with hirudin 
versus 24.3% with UFH,  P    =   ns). Rates of intracranial hem-
orrhage and major bleeding (3.3% versus 3.5%) were 
similar in both treatment groups.  

  Bivalirudin     Bivalirudin is a synthetic, 20 amino acid peptide 
analog of the carboxy - terminal end of hirudin. It binds biva-
lently to thrombin and, once bound, is slowly cleaved by 
thrombin with resulting recovery of thrombin activity. It is 
cleared from plasma by a combination of proteolytic degra-
dation and renal excretion. Its principal advantage over 
hirudin is a reduced incidence of bleeding complications, 
probably related to a shorter plasma half - life (approxi-
mately 25 minutes compared with 2 – 3 hours for hirudin). 

 In the Hirulog and Early Reperfusion or Occlusion 
(HERO) - 1 trial, patients (n   =   412) were given UFH, low -
 dose bivalirudin (0.125   mg/kg bolus followed by a 0.25   mg/
kg/h infusion for 12   h, then 0.125   mg/kg/h) or high - dose 
bivalirudin (0.25   mg/kg bolus followed by a 0.5   mg/kg/h 
infusion for 12   h, then 0.25   mg/kg/h). TIMI 3 fl ow at 90 –
 120 minutes was higher following bivalirudin than UFH 
(48% with high - dose bivalirudin, 46% with low - dose 
bivalirudin and 35% with UFH,  P    =   0.024). 

 The larger HERO - 2 trial randomized patients (n   =   17   073) 
to receive a bolus and 48   h infusion of bivalirudin or UFH 
immediately prior to SK. At 30 days, mortality was similar 
(10.8% in bivalirudin group versus 10.9% in UFH group, 
OR 0.96, 95% CI 0.90 – 1.09). After adjustments for gender 
differences between the two groups and for factors identi-
fi ed in the GUSTO risk model, the mortality estimate was 
10.5% in the bivalirudin group and 10.9% in the UFH group 
(OR 0.96, 95% CI 0.86 – 1.07). Rates of reinfarction at 96 
hours (adjudicated by an independent blinded committee) 
were less in the bivalirudin group (1.6% versus 2.3% in 
UFH group, OR 0.70, 95% CI 0.56 – 0.88,  P    =   0.001). Simi-
larly, the combined rate of death and investigator - reported 
reinfarction was lower in the bivalirudin group (12.9% 
versus 14.2%, OR 0.90, 95% CI 0.82 – 0.99,  P    =   0.023). Whilst 
rates of intracranial bleeding and severe bleeding were low 
and similar in both treatment groups, moderate and minor 
bleeding were more common with bivalirudin than UFH 
(see Table  32.5 ). In a  post hoc  analysis, the rates of the com-
posite endpoint of death/reinfarction/non - fatal disabling 
stroke were 12.7% in the bivalirudin versus 13.8% in the 
UFH group ( P    =   0.049) (see Fig.  32.3 ).  

  Univalent  d irect  t hrombin  i nhibitors     The univalent DTIs 
include argatroban, inogatran, efegatran and D - Phe - Pro -
 Arg - CH 2 Cl. Phase I studies have demonstrated their ability 
to enhance fi brinolytic therapy. 

 The Antithrombin - Argatroban in Acute Myocardial 
Infarction (ARGAMI - 2) study randomized patients (n   =   1001) 
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to UFH or argatroban (120    μ g bolus followed by a 4    μ g/kg/
min infusion for 72   h) in addition to fi brinolysis with SK or 
alteplase. A third treatment arm consisting of half - dose arg-
atroban was terminated prematurely due to lack of effi cacy. 
Mortality at 30 days was similar (5.5% in the argatroban 
group versus 5.7% in UFH group,  P    =   ns). There was a trend 
towards less bleeding in patients who had received argatro-
ban but no other difference in clinical event rates.   

  Meta -  a nalysis of  d irect  t hrombin  i nhibitor  t rials 
 The Direct Thrombin Inhibitor Trialists ’  Collaborative 
Group performed a meta - analysis of 11 randomized con-
trolled studies (n   =   35   970) in which DTIs (hirudin, bivali-
rudin, argatroban, efegatran or inogatran) were compared 
with UFH in patients with ST segment elevation or non - ST 
segment elevation ACS.  83   There was no difference in mor-
tality in those given DTIs compared with UFH immedi-
ately at the cessation of therapy (1.9% versus 2.0%; OR 0.97; 
95% CI 0.83 – 1.13;  P    =   0.69), at seven days (2.2% versus 
2.3%; OR 1.00; 95% CI 0.87 – 1.16;  P    =   0.95), at 30 days (3.6% 
versus 3.7%; OR 1.01; 95% CI 0.9 – 1.12;  P    =   0.90) or at six 
months (OR 1.00; 95% CI 0.91 – 1.09;  P    =   0.92). However, 
there was a reduction in the incidence of reinfarction com-
pared with UFH at the cessation of therapy (2.8% versus 
3.5%; OR 0.80; 95% CI 0.71 – 0.90;  P     <    0.001), seven days 
(3.2% versus 3.9%; OR 0.91; 95% CI 0.72 – 0.91;  P     <    0.001) 
and at 30 days (4.7% versus 5.3%; OR 0.87; 95% CI 0.79 –
 0.95;  P    =   0.004). The combined incidence of death/MI was 
also reduced compared with UFH at cessation of therapy 
(4.3% versus 5.1%; OR 0.85; 95% CI 0.77 – 0.94;  P    =   0.001), at 
seven days (5.0% versus 5.8%; OR 0.88; 95% CI 0.80 – 0.96; 
 P    =   0.006) and at 30 days (7.4% versus 8.2%; OR 0.91; 95% 
CI 0.84 – 0.99;  P    =   0.02). 

 Five trials from this meta - analysis involved patients with 
STEMI. When combined with data from HERO - 2 (Fig.  32.4 ), 
the results indicate that whilst DTIs have no effect on mor-
tality alone, they do reduce the combined risk of death/
reinfarction by 5% at 30 days compared with UFH. This is 
due primarily to a 20% reduction in the rate of reinfarction.   

 Bivalirudin is a useful alternative to UFH in STEMI in 
conjunction with fi brinolytic therapy (Class I, Level B).  

  Direct  t hrombin  i nhibitors in  p atients  u ndergoing 
 p rimary  PCI  
 There are data from small studies to suggest that hirudin 
and argatroban may be safe and effi cacious during PCI. 
The role of bivalirudin in patients undergoing elective pro-
cedures has been extensively studied and the recent Acute 
Catheterization and Urgent Intervention Triage Strategy 
(ACUITY) trial,  84   despite a number of limitations, has sug-
gested that its use in ACS is safe and effi cacious, including 
patients who are invasively managed with PCI. 

 The HORIZONS AMI trial  85   is the only substantive trial 
to investigate the role of a DTI in STEMI patients undergo-

ing primary PCI. Patients (n   =   3600) were randomized to 
UFH plus a glycoprotein IIb/IIIa receptor antagonist abcix-
imab or eptifi batide) or bivalirudin monotherapy (plus 
glycoprotein IIb/IIIa receptor antagonist for large throm-
bus or refractory no fl ow only  –  used in only 7.2% of 
patients in the bivalirudin group). There was a reduction 
in overall clinical events (a composite of major bleeding 
and major adverse cardiovascular events) in the bivaliru-
din group at 30 days compared to the UFH and glycopro-
tein IIb/IIIa receptor antagonist group (12.1% versus 9.2% 
respectively,  P    =   0.006). Major bleeding alone at 30 days 
was also substantially reduced (8.3% versus 4.9%, 
 P     <    0.0001) and there was a signifi cant reduction in cardiac 
death at 30 days (2.9% versus 1.8%,  P    =   0.035). The initial 
data demonstrate an excess in adverse events with bivali-
rudin only within the fi rst 24 hours, probably related to an 
excess incidence of early stent thrombosis (1.3% versus 
0.3% with UFH and glycoprotein IIb/IIIa receptor antago-
nist). However, the subsequent reduction in events seen in 
those treated with bivalirudin results in an overall benefi t 
in favor of bivalirudin at 30 days, likely to be driven by a 
reduction in bleeding complications. 

 Bivalirudin is a reasonable alternative to the combina-
tion of UFH and a glycoprotein IIb/IIIa receptor antagonist 
in patients with STEMI undergoing primary PCI (Class IIa, 
Level B).   

  Factor Xa  i nhibitors 

 Fondaparinux is a synthetic inhibitor of factor Xa contain-
ing a key pentasaccharide moiety with structural similarity 
to the AT III binding site of UFH and LMWHs. It binds 
selectively to AT III, resulting in rapid and selective inhibi-
tion of factor Xa. It has a plasma half - life of around 15 
hours and displays linear pharmacokinetics, obviating the 
need for routine monitoring (see Table  33.4 ).  86   Its role in the 
prevention and treatment of venous thromboembolic 
disease is well established.  86 – 88   

  Factor Xa  i nhibitors in  p atients 
 r eceiving  fi  brinolysis 
 The Synthetic Pentasaccharide as an Adjunct to Fibrinoly-
sis in ST - Elevation Acute Myocardial Infarction (PEN-
TALYSE) study compared fondaparinux with UFH in 
patients (n   =   316) with STEMI.  89   All patients were given 
ASA and alteplase. Patients were randomized to receive 
UFH or one of three weight - adjusted doses of fondaparinux 
(4 – 6   mg, 6 – 10   mg or 10 – 12   mg) once daily for 5 – 7 days. The 
incidence of TIMI 3 fl ow at 90 minutes was similar in all 
groups (68% with UFH versus 64% in all fondaparinux 
groups). There was a trend towards a reduction in the rate 
of reocclusion at day 6 (0.9% versus 7.0% with UFH, 
 P    =   0.065) but rates of reinfarction at 30 days were similar 
(3.8% with fondaparinux versus 3.6% with UFH,  P    =   1.00). 
One patient who received fondaparinux (4   mg) suffered an 
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 Figure 32.4     Thirty - day event rates in patients with ST - elevation MI, randomized to receive direct thrombin inhibitors (DTI) or unfractionated heparin in 
the HERO - 1,  67   HERO - 2,  48   TIMI - 9B,  38   GUSTO - 11B,  39   HIT - 4,  65   and ARGAMI - 2  73   trials: (a) death; (b) reinfarction; (c) death/reinfarction; (d) stroke; (e) 
intracranial hemorrhage; (f) major bleeding. HIT; hirudin for improvement of thrombolysis. 

intracranial hemorrhage. Transfusion rates were 3.3% in 
those receiving fondaparinux versus 7.1% in those who 
received UFH ( P    =   0.21). 

 Data regarding the use of fondaparinux in patients with 
ACS have been gathered in the recent OASIS (Organization 

to Assess Strategies in Acute Ischemic Syndromes) trials. 
Whilst OASIS - 5 compared the use of fondaparinux with 
enoxaparin in patients with ACS with or without ST 
elevation,  90   the OASIS - 6 trial (n   =   12   092) compared the use 
of fondaparinux to usual care (placebo in those in whom 
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UFH was not indicated or UFH for up to 48 hours followed 
by placebo for up to eight days) in patients with STEMI.  91   
The fi rst dose of fondaparinux (2.5   mg) was administered 
IV, followed by daily SC injections for up to eight days. 
There were no differences in the effects of fondaparinux 
between groups treated with UFH/placebo or placebo 
alone. Over the entire study population, fondaparinux 
reduced the primary endpoint of death or reinfarction at 30 
days compared to treatment with placebo or UFH (9.7% 
versus 11.2%, relative RR 14%;  P    =   0.008). The benefi t per-
sisted at the study end (13.4% versus 14.8%, relative RR 9%; 
 P    =   0.008). In the subgroup who received thrombolytic 
therapy and were randomized to either fondaparinux or 
UFH (n   =   2666) there was a reduction in death or reinfarction 
(relative RR 23%,  P    =   0.003) in those treated with 
fondaparinux although this was a modest sized subgroup 
analysis and should be interpreted with caution. Rates of 
bleeding were similar between groups (1.0% in the 
fondaparinux group versus 1.3% in the UFH/placebo 
group,  P    =   0.13). 

 Whilst parallels exist between OASIS - 6 and the 
ExTRACT - TIMI - 25 trial (discussed earlier), differences in 
inclusion criteria, study design and length of anticoagulant 
therapy preclude direct comparison. However, taken 
together with the results from OASIS - 5, these studies 
provide strong evidence that a strategy of 48 hours of anti-
coagulation may be insuffi cient following MI. The prema-
ture cessation of anticoagulant therapy may result in 
reocclusion of the infarct - related artery and expose patients 
to an increased risk of recurrent infarction. 

 Fondaparinux is a useful alternative to UFH in STEMI 
patients who have received fi brinolytic therapy (Class I, 
Level B).  

  Factor Xa  i nhibitors in  p atients  u ndergoing 
 p rimary  PCI  
 The OASIS - 6 trial included patients with STEMI who 
underwent primary PCI (n   =   3789). Whilst data from the 
study population as a whole demonstrated a benefi t of 
fondaparinux over UFH or placebo on the primary end-
point of death and recurrent MI, this benefi t was not seen 
in patients undergoing primary PCI. In addition, there was 
a higher rate of guiding catheter thrombosis and more 
coronary complications (abrupt coronary artery closure, 
new angiographic thrombus, catheter thrombus, no refl ow, 
dissection or perforation) with fondaparinux. 

 Fondaparinux should not be used as the sole anticoagu-
lant in patients with STEMI undergoing primary PCI 
(Class III, Level B).  

  Factor Xa  i nhibitors in  p atients  n ot  r eceiving 
 r eperfusion  t herapy 
 Compared to other contemporary trials involving patients 
with ACS, the OASIS - 6 trial was unusual in that it included 

patients with STEMI who did not receive reperfusion 
therapy (n   =   2867). This subgroup formed almost a quarter 
of the overall cohort. Fondaparinux reduced the incidence 
of the primary endpoint (death or recurrent MI at 30 days) 
compared to UFH or placebo (relative RR 19%,  P    =   0.04). 

 Patients who do not receive reperfusion therapy should 
be treated throughout the index hospitalization (up to eight 
days) with fondaparinux in preference to UFH (Class I, 
Level B).    

  Conclusion 

 Antithrombotic therapy is a key component in the inte-
grated management of patients presenting with STEMI. 
Optimal antithrombotic therapy requires antiplatelet and 
anticoagulant agents as well as consideration of the balance 
between effi cacy and bleeding risk in each patient. The 
evaluation of novel agents and combination therapies con-
tinues at a phenomenal rate. All patients should be treated 
with ASA and a thienopyridine (currently clopidogrel) as 
soon as possible following diagnosis. The choice of antico-
agulant therapy, in part, is dictated by the method of reper-
fusion undertaken. Whilst UFH is effi cacious and remains 
widely used, evidence from recent large - scale trials favors 
the use of newer agents. Following fi brinolytic therapy, 
both fondaparinux and LMWHs improve clinical outcomes 
compared with UFH, although bleeding risk is increased 
with enoxaparin, especially in the elderly and those with 
renal impairment. Direct thrombin inhibitors appear to be 
a reasonable alternative to UFH, and preferred in settings 
of thrombocytopenia or prior heparin - induced thrombocy-
topenia. Whilst the use of a Gp IIb/IIIa receptor antagonist 
in conjunction with half - dose fi brinolytic may be consid-
ered in younger patients with a low risk of bleeding, it 
should be avoided in patients over 75 years of age given 
the increased risk of major bleeding, including intracranial 
hemorrhage. 

 In patients undergoing primary PCI, UFH has tradition-
ally been administered based primarily on theoretical 
grounds and the experience of experts. There is evidence 
that the addition of a Gp IIb/IIIa receptor antagonist 
improves outcomes. Concern exists that fondaparinux and 
perhaps enoxaparin may not provide adequate periproce-
dural anticoagulation for patients undergoing PCI. There 
is now evidence from a single, moderately sized trial that 
bivalirudin is more effi cacious than the combination of 
UFH plus a Gp IIb/IIIa receptor antagonist, removing the 
need for routine Gp IIb/IIIa receptor antagonist use. 
Further studies will be required to clarify whether this is 
applicable across the entire risk spectrum of STEMI 
patients. 

 For patients who have not undergone specifi c reperfu-
sion therapy UFH appears to confer a modest benefi t. 
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Compared to UFH, fondaparinux is effi cacious, easy 
to administer and associated with a low incidence of 
bleeding. In order to further clarify the role of these 
newer agents, direct head - to - head trials of enoxaparin, 
fondaparinux and bivalirudin in STEMI patients undergo-
ing primary PCI and fi brinolytic therapy are required. In 
addition, the role of novel antiplatelets  92,93   and inhibitors of 
tissue factor  94   remain to be defi ned. 

 Finally, bleeding complications in patients with ACS 
remain relatively common and may be as important to 
long - term outcome as ischemic events. Recent large studies 
have confi rmed the importance of bleeding to overall 
outcome and helped identify patient subgroups at increased 
risk of bleeding. Given the strict inclusion criteria for most 
clinical trials, the risk of bleeding in the  “ real world ”  is 
likely to be higher. Central to the clinical decision - making 
process must be balancing the added antithrombotic effects 
of potent combination therapies against the accompanying 
increased risk of bleeding, especially in specifi c high - risk 
patient subgroups.  
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 Complications after  m yocardial 
 i nfarction  

    Peter L   Thompson  
  University of Western Australia, Perth, Western Australia        

  Introduction 

 Despite major changes in treatment and prevention, myo-
cardial infarction (MI) remains a common and lethal condi-
tion. The World Health Organization estimates that 7.6 
million people died from cardiovascular disease in 2005, 
representing 30% of all global deaths,  1   and the global 
burden of coronary heart disease is projected to rise from 
around 47 million disability - adjusted life years (DALYs) in 
1990 to 82 million DALYs in 2020.  2   The new defi nition of 
acute myocardial infarction, which has been expanded to 
include patients with clinical and electrocardiographic fea-
tures of myocardial ischemia and an elevation of troponin 
outside the 99th percentile of the upper limit of the refer-
ence limit, will substantially increase the numbers of people 
who are diagnosed with acute myocardial infarction.  3   Rein-
farction after myocardial infarction is a common complica-
tion, and mechanical complications include acute and 
chronic heart failure, cardiogenic shock, ventricular aneu-
rysm, right ventricular infarction and failure, mitral regur-
gitation due to papillary muscle dysfunction or rupture, 
rupture of the interventricular septum and rupture of the 
free wall of the left ventricle. Electrical complications 
include ventricular fi brillation, ventricular tachycardia, 
atrial fi brillation, and atrioventricular block. Psychosocial 
and socioeconomic consequences are common and fre-
quently neglected complications of myocardial infarction. 
Other chapters in this book cover the topics of left ventricu-
lar dysfunction and heart failure (Chapter  47 ), ventricular 
arrhythmias (Chapter  40 ), bradyarrhythmias (Chapter  41 ) 
and atrial fi brillation (Chapters  35  –  38 ).   

 The major complications of MI, such as left ventricular 
(LV) dysfunction, heart failure or ventricular and atrial 
arrhythmias, lend themselves to study with controlled 

clinical trials. However, for many of the acute complica-
tions of MI, clinical trials have not been performed, and 
clinical decision making must rely on evidence from other 
sources including uncontrolled trials, observational studies 
and inference from pathophysiologic data. The evidence 
base for managing the complications of MI will be dis-
cussed under the headings of clinical features and progno-
sis, and management.  

  Reinfarction,  e xtension and 
 e xpansion of  i nfarction 

 The terminology of reinfarction can be confusing: the term 
 reinfarction  is used when there is new myocardial necrosis, 
 infarct extension  when an area of infarction extends to involve 
adjacent ischemic tissue  4   and  infarct expansion  when the 
infarcted tissue expands and contributes to hemodynamic 
deterioration. Infarct expansion does not require revascular-
ization, but is treated by measures to control left ventricular 
dysfunction (see below). Reinfarction in patients with either 
non - ST segment elevation myocardial infarction (NSTEMI)  5   
or ST elevation MI (STEMI)  6   may represent an extension of 
the initial necrosis or a new episode of infarction. The new 
universal defi nition of myocardial infarction recommends a 
diagnosis of reinfarction based on typical clinical features 
with a troponin elevation of  > 20% above earlier levels. 3  The 
evidence that the risk of reinfarction in NSTEMI is lessened 
by early angiography and revascularization is now strong. 
In a meta - analysis of seven trials with 8375 patients, all -
 cause mortality at one month was reduced by 25% at two 
years (relative risk (RR) 0.75, 95% confi dence interval (CI) 
0.63 – 0.90,  P    =   0.001) and the incidence of non - fatal myocar-
dial infarction was reduced by 17% (RR 0.83, 95% CI 0.72 –
 0.96,  P    =   0.012) in the early invasive group compared with 
the conservative group.  7   In STEMI treated with fi brinolysis, 
reinfarction can occur in 4 – 8% of patients. The reinfarction 
rate is signifi cantly lower when primary percutaneous coro-
nary intervention (PCI) is the initial treatment.  8   
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 Coronary reperfusion with fi brinolysis or PCI is strongly 
recommended and reduces the risk of reinfarction in 
STEMI (Class I, Level A). 

 In STEMI, PCI achieves better rates of reperfusion and is 
preferable to the use of fi brinolysis when available (Class 
I, Level A). 

 The risk of reinfarction in NSTEMI is reduced with early 
invasive investigation and revascularization where appro-
priate (Class I, Level A).  

  Left  v entricular  d ysfunction and 
 p ulmonary  c ongestion 

  Clinical  f eatures and  p rognosis 

  Pathophysiology 
 Adverse remodeling of the ventricle can occur immediately 
after coronary occlusion  9   and continues over the ensuing 
months and years, leading to an increase in end - diastolic 
and end - systolic volumes, an increase in the sphericity of the 
ventricle, and systolic bulging and thinning of the infarct 
zone, without necessarily any extension of the infarcted 
zone.  10   Results from autopsy studies suggested that MIs that 
involved greater than 40% of the left ventricle were usually 
fatal.  11   However, a more recent prospective study conducted 
in the reperfusion era showed that out of 16 patients with 
infarcts involving  > 40% of the myocardial mass and fol-
lowed for 13 months, only one had persistent heart failure 
and subsequently died.  12   Extensive damage can occur as a 
consequence of one large infarction or multiple smaller ones. 
NSTEMI may also cause left ventricular dysfunction if there 
has been prior cumulative myocardial damage.  13    

  Prognostic  m arkers  b ased on 
 l eft  v entricular  d ysfunction 
 The extent of LV dysfunction is a strong predictor of short -  
and long - term prognosis after MI. The Killip and Kimball  14   
classifi cation stratifi es MI patients from low to very high 
risk based upon clinical signs of heart failure. It remains a 
reasonably accurate predictor of short - term survival. In 
patients undergoing primary percutaneous transluminal 
coronary angioplasty (PTCA), the in - hospital mortality 
was 2.4%, 7%, and 19% for Killip class I, II, and III respec-
tively and six - month mortality was 4%, 10%, and 28% for 
class I, II, and III, respectively.  15   The Forrester classifi cation, 
comprising four categories defi ned according to the pres-
ence or absence of pulmonary congestion and peripheral 
hypoperfusion, requires measurement of the pulmonary 
artery pressure using a balloon fl otation catheter.  16   In 
postinfarction patients,  17   abnormal hemodynamic vari-
ables determined from right heart catheterization correlate 
strongly with a higher mortality even after adjusting for 
other prognostic variables. However, insertion of balloon 

fl otation catheters, while safe in experienced hands, has a 
recognized risk of adverse events, including ventricular 
tachyarrhythmias and pulmonary hemorrhage or infarc-
tion.  18   Meta - analyses of trials using pulmonary artery cath-
eterization have failed to show any benefi t on outcomes,  19   
while increasing length of hospital stay.  20   Recent guidelines 
recommend the use of balloon fl otation catheters only in 
severe or progressive congestive heart failure (CHF) or 
pulmonary edema, cardiogenic shock or progressive hypo-
tension or suspected mechanical complications of acute 
infarction, i.e. ventricular septal defect (VSD), papillary 
muscle rupture or pericardial tamponade. 6  

 Late ( > 30 days) postinfarction mortality was 3% in 
patients with an ejection fraction (EF) above 0.40, 12% 
when the EF was between 0.20 and 0.40, and 47% when it 
was below 0.20.  21   The presence of clinical signs of left ven-
tricular failure is a strong indicator of a poor long - term 
prognosis but in most patients, more detailed assessment 
is necessary and the use of echocardiography or radionu-
clide assessment may provide information that cannot be 
obtained clinically.  22   Approximately two - thirds of patients 
with an ejection fraction low enough to indicate a poor 
long - term prognosis, e.g.  < 0.40, have no radiologic evi-
dence of left ventricular failure.  23   The information obtained 
from assessing left ventricular function by echocardiogra-
phy, radionuclide imaging or cardiac catheterization has 
been found to be of equivalent value in predicting one - year 
prognosis  24   and the choice of modality for assessment of 
left ventricular function depends on local availability and 
expertise. The left ventricular chamber volume has long 
been established as an important marker of long - term 
prognosis after myocardial infarction,  25   and the prevention 
of adverse remodeling by early coronary reperfusion is an 
important therapeutic aim in current treatment of myocar-
dial infarction.  26   However, despite successful restoration of 
epicardial blood fl ow, left ventricular remodeling is still 
seen in a substantial number of patients, probably as a 
result of microvascular dysfunction in the coronary 
vessels.  27   Various methods of documenting this phenom-
enon have included measurements of the extent of recov-
ery of ST segment elevation,  28   the myocardial blush grade 
on coronary angiography,  29   an index of microcirculatory 
resistance measured at angiography,  30   cardiac magnetic 
resistance imaging (MRI)  31   and myocardial contrast echo-
cardiography.  32   The latter technique has been shown in a 
multicenter study to be superior to measurements of ST 
segment resolution and myocardial blush grade in predict-
ing adverse remodeling.  32   Simple bedside scores based on 
readily available clinical data can also accurately stratify 
the risks of death and ischemic events in STEMI patients, 
as shown in large clinical trials such as the GUSTO,  33   
GISSI  34   and TIMI trials,  35   in NSTEMI, as shown in the TIMI 
trials,  36   and in non - STE acute coronary syndromes as shown 
in the Global Registry of Acute Coronary Events (GRACE).  37   
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 Measurements of left ventricular function and diastolic 
volume predict short -  and long - term prognosis after STEMI 
(Level A). 

 Clinical markers of prognosis can be used for risk strati-
fi cation after STEMI and NSTEMI with a high degree of 
accuracy (Level A).  

  Biochemical  m arkers 
 Biochemical markers of necrosis provide an index of the 
extent of left ventricular infarction, which in turn is corre-
lated with the extent of left ventricular dysfunction. Cre-
atine kinase was shown in the pre - reperfusion era to 
predict short -  and long - term prognosis  38   but the introduc-
tion of reperfusion into routine clinical practice has reduced 
the utility of creatine kinase (CK) or CK - MB to refl ect the 
extent of left ventricular dysfunction because of early, 
direct release of the myocardial enzymes into the plasma 
during reperfusion and high, early peaking of the serum 
levels. The use of newer markers such as troponins is now 
widespread. Both troponin - I  39   and troponin - T  40   correlate 
well with prognosis, and 96 - hour troponin levels correlate 
well with infarct size.  41   B - type natriuretic peptide  42   and 
high sensitivity C - reactive protein  43   also correlate with 
cardiac failure and predict long - term prognosis after acute 
MI (AMI). A multimarker approach to using these bio-
markers has been suggested, as patients with more than 
three abnormal biomarker levels have a worse prognosis 
than those with normal levels of biomarkers (hazard ratio 
(HR) 3.8 after correction for standard prognostic factors).  44   

 Ninety - six hour troponin levels provide a quantitative 
index of the extent of infarction (Level B).   

  Management 

  Reperfusion  t herapy 
 While the role of early coronary reperfusion in improving 
outcomes has been well established, the relationship 
between improvements in left ventricular function and 
prognosis after reperfusion therapy has been surprisingly 
diffi cult to demonstrate. Although some of the early studies 
demonstrated clear benefi ts on left ventricular function 
from coronary thrombolysis,  45,46   the evidence since then 
has been confl icting, with some groups showing a worse 
left ventricular function despite an improved prognosis. In 
a meta - analysis of 10 studies enrolling 4088 patients treated 
with thrombolytic therapy versus control, only a modest 
improvement in left ventricular function was demonstrated 
after thrombolytic therapy.  47   By four days, mean LV ejec-
tion fraction was 53% versus 47% (thrombolytic versus 
control therapy,  P     <    0.01); by 10 – 28 days it was 54.1% and 
51.5%, respectively. The reason for the discrepancy in the 
marked improvement in survival and the limited benefi t 
on left ventricular function is not clear but is at least in part 
due to the fact that more patients not receiving fi brinolytic 

therapy die before LV function can be assessed post MI. 
Patients who have had coronary reperfusion after MI may 
have myocardium that is stunned  48   or even hibernating,  49   
phenomena that may affect the assessment of ventricular 
function, and the preinfarction left ventricular function 
obviously impacts on the LV function during and after 
myocardial infarction. Stunned myocardium has been suc-
cessfully reperfused but has not regained its normal con-
tractile function, but has the potential to recover without 
any further reperfusion or revascularization. A study of 
352 patients with anterior MI found that out of the 252 
patients with abnormal LV function on day 1, 22% had 
complete and 36% had partial recovery of function by 
day 90.  50   Hibernating myocardium is underperfused and 
non - contractile because of persisting ischemia, but is not 
infarcted and may gradually improve its function with 
revascularization. The degree of success in achieving coro-
nary patency with thrombolysis is an obvious confounding 
factor.  51   A detailed analysis correcting for these confound-
ing factors concluded that left ventricular function is 
improved by successful coronary reperfusion.  52   

 Overall, reperfusion therapy results in a modest improve-
ment in systolic LV function (Level B).  

  Hemodynamic  t herapy 
 Improvements in hemodynamic status after myocardial 
infarction have not translated into better outcomes. For 
example, furosemide has been shown to reduce elevated 
LV fi lling pressures without adversely affecting cardiac 
output  53   but there is no evidence of improvement in out-
comes with diuretic therapy in AMI. Nitrates have been 
shown to improve the hemodynamic status and adverse 
remodeling post AMI  54   but large clinical trials have not 
shown improved prognosis.  55,56   The calcium - sensitizing 
agent levosimendan has been evaluated in post - MI patients 
with cardiac failure and showed only a non - statistically 
signifi cant trend towards improved outcome.  57   Infusion of 
the B - type natriuretic peptide nesiritide for acutely decom-
pensated heart failure, including some patients with acute 
myocardial infarction, was initially reported to be safer 
than inotropic agents  58   but a meta - analysis of all trials 
showed an apparent adverse effect on outcomes.  59   In con-
trast, aldosterone antagonists have been shown to be ben-
efi cial in post - MI patients with left ventricular dysfunction 
and pulmonary congestion. The Randomized Aldactone 
Evaluation Study (RALES) studied patients with New York 
Heart Association class III – IV heart failure, many with 
remote myocardial infarction. Spironolactone treatment 
compared with placebo was associated with an 11% abso-
lute risk reduction and 30% relative risk reduction in 
all - cause mortality over 24 months of follow - up.  60   The 
Eplerenone Post - Acute Myocardial Infarction Heart Failure 
Effi cacy and Survival Study (EPHESUS) demonstrated that 
in post - MI patients with an ejection fraction  < 0.40 and heart 
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failure or diabetes that compared with placebo, eplerenone 
signifi cantly reduced overall mortality, cardiovascular 
mortality, and cardiac hospitalizations.  61   

 Diuretics and nitrates can be used for relief of pulmonary 
congestion in acute MI, but there is no clinical trial evi-
dence of benefi t on outcomes (Class I, Level B). 

 Aldosterone antagonists (spironolactone and eplere-
none) are indicated in post - MI patients with left ventricular 
dysfunction or pulmonary congestion (Class I, Level A). 

 Levosimendan may be considered as an alternative treat-
ment in patients with severe cardiac failure following MI 
(Class IIa, Level B). 

 Nesiritide should not be used in patients with pulmo-
nary congestion complicating myocardial infarction 
because of concerns about its safety profi le (Class III, 
Level A).  

   ACE   i nhibitors for  p ost -  MI   p atients with  l eft 
 v entricular  d ysfunction 
 The benefi cial effects of angiotensin - converting enzyme 
(ACE) inhibitors in the treatment of patients with left 
ventricular dysfunction complicating myocardial infarc-
tion have been striking. Eight large randomized, placebo -
 controlled trials have assessed the effect of an ACE inhibitor 
on mortality after MI. ACE inhibitors unequivocally reduce 
mortality overall, and the benefi t appears to be greatest 
among patients with depressed LV function, overt heart 
failure or anterior infarction.  62 – 69   

 In a meta - analysis of data from all the randomized trials 
involving more than 1000 patients in whom ACE inhibitor 
treatment was started within 36 hours of onset of myocar-
dial infarction, there were results available on 98   496 
patients from four eligible trials.  70   Among patients allo-
cated to ACE inhibitors there was a 7% (95% CI 2 – 11%; 
 2P     <    0.004) proportional reduction in early mortality, an 
absolute reduction of fi ve (SD, 2) deaths per 1000 patients. 
The absolute benefi t was greatest in those patients with 
evidence of left ventricular dysfunction (i.e. Killip class 2 – 3, 
heart rate  >    =   100   bpm at entry) and in anterior MI. ACE 
inhibitor therapy also reduced the incidence of non - fatal 
manifestations of left ventricular dysfunction. During 
longer - term follow - up of patients enrolled in randomized 
controlled trials, ACE inhibitors have also been shown to 
be effective. In three long - term follow - up trials involving 
5966 postinfarction patients, mortality was signifi cantly 
lower with ACE inhibitors than with placebo (odds ratio 
(OR) 0.74, 95% CI 0.66 – 0.83).  71   Despite concerns that aspirin 
may blunt the effect of ACE inhibitors,  72   a detailed analysis 
of six long - term trials showed no adverse interaction 
between aspirin and ACE inhibitors.  73   The optimum timing 
of initiation of ACE inhibitor therapy has been studied in 
only a small number of direct comparative trials. In a direct 
comparison of early versus delayed administration, 352 
patients with acute anterior myocardial infarction were 

randomized to early (1 – 14 days) or late (14 – 19 days) post -
 MI treatment with the ACE inhibitor ramipril and were 
followed by echocardiography. Those receiving early treat-
ment had a greater improvement in ejection fraction, sug-
gesting that such patients should be commenced on ACE 
inhibitor therapy early in their course of infarction.  74   

 In considering treatment for left ventricular dysfunction, 
the hemodynamic benefi ts need to be balanced against 
the possible adverse effect. In the only ACE inhibitor trial 
that did not show a mortality benefi t, CONSENSUS - II, 
treatment was begun early with an intravenous ACE 
inhibitor.  62   

 All patients with post - MI LV dysfunction should be 
administered ACE inhibitors (Class I, Level A).  

   ACE   i nhibitors for  p ost -  MI   p atients  w ithout  l eft 
 v entricular  d ysfunction 
 Whether low - risk postinfarction patients without LV dys-
function derive benefi t from ACE inhibitors is still contro-
versial. The clear - cut benefi ts demonstrated in the HOPE  75   
trial of ramipril in high - risk patients with coronary artery 
disease and the EUROPA trial of perindopril in post - AMI 
patients without left ventricular dysfunction  76   were not 
supported by the PEACE trial of trandolopril in lower risk 
patients.  77   A subsequent meta - analysis of the three trials 
supported the use of ACE inhibitors in the absence of LV 
dysfunction  78   and the totality of the evidence was exam-
ined in a meta - analysis of six trials including 16   772 patients 
randomized to ACE inhibitors and 16   728 patients random-
ized to placebo, which concluded that the benefi ts were 
favorable though modest,  79   consistent with the conclusion 
that the absolute benefi t is proportional to the risk, with 
those at lowest risk benefi ting least. 5  

 ACE inhibitors are indicated for post - MI patients even 
in the absence of left ventricular dysfunction, but are more 
benefi cial in patients at higher risk (Class IIa, Level A).    

  Cardiogenic  s hock 

  Clinical  f eatures and  p rognosis 

 Cardiogenic shock is a syndrome characterized by hypo-
tension and peripheral hypoperfusion, usually accompa-
nied by high LV fi lling pressures. The common clinical 
manifestations of these hemodynamic derangements 
include mental obtundation or confusion, cold and clammy 
skin, and oliguria or anuria. Cardiogenic shock is the most 
common cause of in - hospital mortality after MI.  80   When 
cardiogenic shock is not secondary to a correctable cause, 
such as arrhythmia, bradycardia, hypovolemia or a 
mechanical defect, short - term mortality is 80% or higher, 
depending upon the strictness of the defi nition. Despite the 
major improvements in treatment in the past two decades, 
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the in - hospital mortality in a recent international registry 
for patients with cardiogenic shock treated with modern 
therapy in the late 1990s was 66%.  81   Old age, diabetes, 
previous infarction and extensive infarction as assessed 
either by enzymatic or electrocardiographic criteria are 
factors commonly associated with cardiogenic shock. 
Among patients receiving fi brinolytic therapy, the risk of 
cardiogenic shock increased by 47% with each decade 
increase in age.  82   Patients who survive to 30 days after 
cardiogenic shock have an excellent late survival, almost 
as good as patients without shock.  83    

  Management 

 Inotropic drugs have been subjected to detailed study and 
widespread use in cardiogenic shock, but no benefi t on 
mortality has been demonstrated.  84   

 Newer drugs such as levosimendan may improve 
myocardial effi ciency by their calcium - sensitizing effect, 
but levosimendan also has vasodilating properties, which 
make it unsuitable for patients in cardiogenic shock with 
signifi cant hypotension.  85   Nesiritide has been shown to 
improve pulmonary capillary wedge pressure in patients 
with decompensated heart failure  86   but was subsequently 
shown to increase mortality.  87   

 Intra - aortic balloon pumping has been used to stabilize 
patients with cardiogenic shock. Clear - cut benefi ts on 
hemodynamic status and coronary blood fl ow have been 
shown, but benefi ts on survival have not; in - hospital mor-
tality remained at 83% despite the use of balloon pumping 
in a co - operative clinical trial.  88   Nevertheless, intra - aortic 
balloon pumping has a clear place in stabilizing the unsta-
ble cardiogenic shock patient for more defi nitive treatment 
such as coronary angioplasty or bypass surgery,  89   as has 
been demonstrated to improve coronary patency in a ran-
domized trial in the setting of rescue angioplasty.  90   Newer 
methods of circulatory support have shown highly encour-
aging results  91,92   but benefi ts on survival remain to be 
established. 

  Fibrinolysis 
 Although the outcome of cardiogenic shock has been 
shown to be dependent on the patency of the infarct - related 
artery, clinical trials of fi brinolytic therapy have not shown 
a benefi t in patients with established cardiogenic shock.  93   
Alternative antithrombotic strategies may improve out-
comes, but data are limited to observational studies.  94   

 Fibrinolysis could be considered for the patient with car-
diogenic shock if access to PCI is not readily available 
(Class IIb, Level B).  

  Percutaneous  c oronary  i ntervention or CABG 
 Observational studies on the use of PCI in cardiogenic 
shock suggest that an aggressive approach with early 

revascularization reduces the mortality of patients with 
cardiogenic shock after MI,  95   and a registry report has sug-
gested that an aggressive approach with reperfusion 
therapy and intra - aortic balloon pulsation treatment of 
patients in cardiogenic shock due to predominant LV 
failure is associated with lower in - hospital mortality rates 
than standard medical therapy.  96   In a controlled clinical 
trial of an aggressive approach involving early catheteriza-
tion with revascularization and intra - aortic balloon 
pumping, in cardiogenic shock patients (the SHOCK 
trial),  97   87% of patients in the invasive arm underwent 
revascularization (surgical or percutaneous). There was a 
clear trend at 30 days towards reduced mortality in the 
invasive group compared with the medical therapy group 
(46.7% vs 56.0%); however, this difference did not reach 
statistical signifi cance. There was an early hazard in the 
fi rst fi ve days after assignment to the invasive approach, 
which was likely associated with procedure - related com-
plications. However, after the fi rst fi ve days there was a 
statistically signifi cant survival benefi t in favor of the 
revascularization group, which persisted at one year, when 
survival in the early revascularization group was 46.7% 
compared with 33.6% in those treated with early medical 
stabilization (RR for death 0.7, 95% CI 0.54 – 0.95).  98   

 Evidence from clinical trials and registries supports inva-
sive intervention in patients with cardiogenic shock post 
MI. These patients should undergo urgent coronary angi-
ography with a view to coronary angioplasty or, in selected 
patients, coronary bypass surgery (Class I, Level A).    

  Right  v entricular  i nfarction and  f ailure 

  Clinical  f eatures and  p rognosis 

 Right ventricular (RV) infarction typically occurs in associa-
tion with inferior or posterior MI, as a consequence of total 
occlusion of the right coronary artery proximal to its mar-
ginal branches  99   or of the proximal circumfl ex in patients 
with a dominant left coronary system. RV infarction was 
present in 54% of patients with inferior MI in one series, 
although clinical manifestations are usually evident in only 
10 – 15%.  100   Right ventricular involvement in inferior infarc-
tion has been reported to increase the mortality by fi vefold. 
A meta - analysis of six studies including 1198 patients con-
fi rmed that RV myocardial involvement was associated with 
an increased risk of death (OR 3.2, 95% CI 2.4 – 4.1), shock (OR 
3.2, 95% CI 2.4 – 3.5), and arrhythmic complications.  101   
Patients in the SHOCK trial registry with cardiogenic shock 
due to RV infarction had the same serious prognosis (hospi-
tal mortality in excess of 50%) as patients with shock due 
to predominant LV infarction.  102   Early reperfusion may 
improve the prognosis: in patients who have primary PCI 
for treatment of their cardiogenic shock, those with right 
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ventricular infarction fared better than patients with cardio-
genic shock due to left ventricular infarction.  103,104   

 The clinical features of RV infarction complicating infe-
rior MI include hypotension, an elevated jugular venous 
pressure and clear lung fi elds. Jugular venous distension 
on inspiration (Kussmaul ’ s sign) has been reported to be a 
sensitive and specifi c sign of RV infarction.  105   The hemody-
namic features of RV infarction may disappear with volume 
depletion or may emerge only after volume loading, 
making the clinical diagnosis elusive in some cases. 

 ST segment elevation in a right precordial lead (V 4R ) has 
been reported to have a sensitivity of 70% and a specifi city 
of nearly 100% for the diagnosis of RV infarction when the 
electrocardiogram is recorded within the fi rst hours after 
the onset of symptoms. Echocardiography commonly 
reveals wall motion abnormalities of the right ventricle and 
interventricular septum. Bowing of the interatrial septum 
toward the left atrium indicates that the right atrial pres-
sure exceeds the left atrial pressure,  106   and bowing of the 
interventricular septum into the right ventricle, compound-
ing the dysfunction of the right ventricle,  107   both indicate a 
poor prognosis. Detection of a low RV EF and a segmental 
wall motion abnormality by radionuclide right ventricu-
lography had a sensitivity of 92% and a specifi city of 82% 
for identifying hemodynamically signifi cant RV infarction 
in one study.  105   Assessment of RV function can help assess 
long - term prognosis,   with patients with right ventricular 
ejection fraction having a risk of death four times that of 
patients with normal RV function.  108   

 Patients with RV infarction complicating inferior MI 
have three times the risk of death of patients without RV 
infarction (Level A). 

 Patients with cardiogenic shock due to RV infarction 
have the same poor prognosis ( > 50% hospital mortality) as 
patients with LV infarction (Level A).  

  Management 

 Volume loading can normalize blood pressure and increase 
cardiac output.  109   Earlier studies of RV infarction demon-
strated a marked response to volume loading.  110   Many of 
these patients were volume depleted secondary to aggres-
sive diuresis in response to a raised venous pressure. 

 Volume loading can achieve hemodynamic improve-
ment but has not been shown to improve outcomes 
(Class I, Level B). 

 Inotropic agents are often used in the treatment of right 
ventricular infarction when volume loading fails to improve 
cardiac output, but the effect of this on prognosis is unclear. 
The maintenance of atrioventricular synchrony is often 
critical to the maintenance of a satisfactory cardiac output; 
atrioventricular pacing has been shown to improve hemo-
dynamics.  111   Successful reperfusion with fi brinolysis  112   or 
PCI  113   appears to reduce the incidence of RV infarction and 

is associated with dramatic recovery of right ventricular 
function and reduced mortality. In contrast, unsuccessful 
right coronary artery reperfusion was associated with a 
high mortality.  114   

 Reperfusion therapy in right ventricular infarction has 
not been studied in randomized trials but appears to be 
effective (Level B).   

  Left  v entricular  a neurysm 

  Clinical  f eatures and  p rognosis 

 Left ventricular aneurysms develop most commonly after 
large transmural anterior MIs, although in 5 – 15% of cases 
the site is inferior or posterior.  115   The diagnosis of aneurysm 
is less frequent in the reperfusion era, although documented 
trends have not been published. The coronary anatomy is 
an important determinant of the development of left ven-
tricular aneurysm. Total occlusion of the left anterior 
descending artery in association with poor collateral blood 
supply is a signifi cant determinant of aneurysm formation 
in anterior MI. Multivessel disease with either good collat-
eral circulation or a patent left anterior descending artery is 
uncommonly associated with the development of left ven-
tricular aneurysm.  116   Coronary patency also determines the 
likelihood of developing aneurysm.  117   A ventricular aneu-
rysm can often be palpated as a dyskinetic region adjacent 
to the apical impulse. A third heart sound and signs of heart 
failure may also be detected. A non - specifi c marker of an 
aneurysm is ST segment elevation that persists weeks after 
the acute phase of infarction. Echocardiography can delin-
eate LV aneurysms as well as left ventriculography and has 
a higher sensitivity in the detection of thrombus.  118   A left 
ventricular aneurysm may cause no problems, but may be 
associated with heart failure because the left ventricle func-
tions at a mechanical disadvantage. Ventricular tachycardia 
late after infarction is commonly associated with an aneu-
rysm, but its incidence may be reduced in patients receiving 
thrombolysis. In a non - randomized study of patients who 
developed a ventricular aneurysm after myocardial infarc-
tion, inducible ventricular tachycardia was less likely in 
patients who had received fi brinolytic therapy than those 
who had not (8% vs 88%;  P    =   0.0008) and there was a 
reduced incidence of sudden death on subsequent follow -
 up (0% vs 50%;  P    =   0.002).  119   A ventricular aneurysm also 
provides a nidus for the development of an intracavitary 
thrombus. The risk of a clinical embolic event, based on four 
observational studies, is approximately 5%  120   and is great-
est within the fi rst few weeks post infarction.  

  Management 

 Surgical removal of a left ventricular aneurysm is indicated 
in patients with heart failure that is diffi cult to control 
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medically, in patients with recurrent ventricular tachycar-
dia not controlled by other means, and in patients with 
embolic episodes in spite of adequate anticoagulation.  121   
The earlier technique of linear excision of the aneurysm 
was associated with a high mortality, and has been sup-
planted by geometric reconstruction surgery in which 
the aneurysm is excluded from the left ventricular cavity, 
fi rst described by Vincent Dor.  122   An overview of the 
reported results of the newer approach suggested sub-
stantially better outcomes,  123   but recent RCT revealed no 
benefi t.  123a   

 Surgical treatment of post - MI left ventricular aneurysms 
can help in the control of intractable cardiac failure (Class 
IIB, Level C). 

 A pseudoaneurysm is a rare complication of MI that 
develops when a myocardial rupture is sealed off by 
surrounding adherent pericardium. The aneurysmal sac 
may progressively enlarge but maintains a narrow neck, in 
contrast to a true ventricular aneurysm. In a series of 
290 patients with LV pseudoaneurysms, congestive heart 
failure, chest pain and dyspnea were the most frequently 
reported symptoms, but  > 10% of patients were asymptom-
atic.  124   Physical examination revealed a murmur in 70% of 
patients. Almost all patients had electrocardiographic 
abnormalities, but only 20% of patients had ST segment 
elevation. Radiographic fi ndings were frequently non - 
specifi c but a mass was detected in more than one half of 
patients. Differentiation of left ventricular pseudoaneu-
rysms from true aneurysms may be diffi cult, and can be 
enhanced with echocardiography  125   or magnetic resonance 
imaging.  126   Regardless of treatment, patients with LV pseu-
doaneurysms have a high mortality rate, but especially 
those who are managed non - surgically.  127   Surgical repair 
can be achieved, albeit with a high mortality.  128   

 Surgery should be considered in all patients with LV 
pseudoaneurysms (Class IIB, Level B).   

  Free  w all  r upture 

  Clinical  f eatures and  p rognosis 

 Rupture of the free wall of the left ventricle is an almost 
uniformly fatal complication of MI that now probably 
accounts for 10 – 20% of in - hospital deaths.  129   In the GISSI 
trial, cardiac rupture was the cause of 19% of the deaths 
among patients aged 60 years or younger and 86% of 
deaths among those more than 70 years old.  130   Rupture 
occurs most frequently in elderly women.  131   Anterior 
infarctions, hypertension on admission and marked or per-
sistent ST elevation are also risk factors for rupture.  132   The 
usual presentation is sudden collapse, associated electrical -
 mechanical dissociation, and failure to respond to cardio-
pulmonary resuscitation, although in some patients 

ventricular rupture is subacute, allowing time for ante -
 mortem diagnosis.  133   This clinical entity is probably under -
 recognized and may be amenable to surgical repair. 
Premonitory symptoms of chest discomfort, a sense of 
impending doom and intermittent bradycardia signal 
impending myocardial rupture in many cases  134   and, if rec-
ognized, can lead to life - saving surgery  135   although, in one 
report  136   of 81 consecutive patients presenting with acute 
hypotension with electrical – mechanical dissociation, 19 
survived with medical management alone. Urgent echocar-
diography is invaluable in the assessment of a patient who 
develops the above clinical features.  137   

 Overall, reperfusion reduces the frequency of rupture  138   
but a meta - analysis of 58 cases of rupture involving 1638 
patients from four trials showed that the odds ratio 
(treated/control) of cardiac rupture was directly correlated 
with time to treatment ( P    =   0.01); late administration of 
fi brinolytic therapy may increase the risk of cardiac 
rupture.  139    

  Management 

 Urgent surgical repair is mandatory for acute rupture  140   
(Class I, Level B).   

  Pericarditis 

  Clinical  f eatures and  p rognosis 

 Pericarditis occurs in approximately 25% of patients with 
Q - wave infarctions and 9% of patients with non - Q wave 
infarctions;  141   it usually occurs within the fi rst week.  142   A 
pericardial friction rub may be present but is not found in 
half of patients with typical symptoms and is not required 
for diagnosis or treatment. On the other hand, the only 
evidence of pericarditis in many patients is a transient peri-
cardial rub, with no symptoms. Pericarditis following myo-
cardial infarction is associated with a higher risk of death 
in the year post infarction, possibly due to the associated 
large effusion.  141    

  Management 

 High - dose aspirin and non - steroidal anti - infl ammatory 
drugs (NSAIDs) are recommended to treat the symptoms 
of postinfarction pericarditis, although no randomized 
studies have been done to document their effi cacy. Pro-
longed administration of NSAIDs should be avoided. A 
serial echocardiographic study of patients with postinfarc-
tion pericarditis showed that patients treated with indo-
methacin or ibuprofen showed a greater tendency for 
infarct expansion, but it was not clear if the infarct expan-
sion was due to the NSAIDs or to the selection for treat-
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ment of those with larger infarctions.  143   There is evidence 
that the adverse effects of the COX - 2 inhibitors may affect 
endothelial function and enhance thrombosis by inhibiting 
the production of prostacyclin.  144   Recent reports indicate 
that the risks may be as high with all NSAIDs.  145,146   Until 
more observations become available, limited use of COX - 2 
inhibitors and NSAIDs in acute coronary syndromes is a 
sensible precaution. 

 A single dose or short - term treatment with a non - steroi-
dal agent may be very effective for postinfarction pericar-
ditis, but long - term therapy should be avoided (Class IIb, 
Level B).  

  Pericardial  e ffusion and  t amponade 

 A pericardial effusion can be detected by echocardiography 
in one - quarter of patients with acute Q - wave MI.  147   This 
fi nding correlates with the presence of heart failure and a 
poor prognosis. Cardiac tamponade is a rare complication of 
fi brinolytic therapy for acute MI, being reported in four of 
392 consecutively treated patients in one series.  148   A large 
effusion and persistent pericarditis may be a sign of subacute 
rupture and should initiate consideration of surgical repair.  

  Dressler ’ s  s yndrome 

 A form of postinfarction pericarditis, occurring 2 – 11 weeks 
after the acute event, was described in 1956 by Dressler.  149   
The full syndrome includes prolonged or recurrent pleu-
ritic chest pain, a pericardial friction rub, fever, pulmonary 
infi ltrates or a small pulmonary effusion, and an increased 
sedimentation rate. There has been a striking reduction in 
the incidence of this postinfarction complication since the 
introduction of reperfusion into clinical practice.  150   

 Non - steroidal anti - infl ammatory drugs may be required 
for control of Dressler ’ s syndrome, but there are no ran-
domized trials to confi rm their effi cacy (Class IIb, Level B).   

  Cardiac  t hromboembolism 

  Clinical  f eatures and  p rognosis 

 The overall risk of stroke after MI estimated from published 
community - based studies is 11.1 ischemic strokes during 
hospitalization per 1000 MI, 12.2 at 30 days and 21.4 at one 
year.  151   In patients with large anterior STEMIs, left ventricu-
lar thrombi develop in up to 40%.  152   If left untreated, up to 
15% of thrombi will dislodge and result in a symptomatic 
embolic event  153   This risk is higher in patients with large 
anterior infarctions  154,155   and patients with atrial fi brilla-
tion.  156   Emboli are more common within the fi rst few months 
after infarction than later, and with large, irregular shaped 
thrombi, particularly those with frond - like appendages.  157   

 When thrombus is visualized by echocardiography, the 
risk ratio for embolization is 5.45 (95% CI 3.0 – 9.8) accord-
ing to a meta - analysis.  158   In NSTEMI, stroke is relatively 
uncommon but carries a high mortality. In a pooled analy-
sis from six trials (n   =   31   402) which included patients ran-
domized to Gp IIb/IIIa inhibitors, there were 228 (0.7%) 
strokes: 155 (0.5%) non - hemorrhagic, 20 (0.06%) hemor-
rhagic, and 53 without computed tomography (CT) confi r-
mation.  159   Older age, prior stroke and elevated heart rate 
were the strongest predictors of 30 - day all - cause stroke. 
The risk of dying after a post - STEMI stroke is approxi-
mately 40%  160   and 25% after a NSTEMI stroke.  161   Fibrino-
lytic therapy is associated with an excess of stroke of four 
extra strokes on day one compared with placebo.  162   This 
risk is reduced if angioplasty is used instead of fi brinolytic 
therapy. In a meta - analysis comparing the effects of angio-
plasty with fi brinolysis, angioplasty was associated with a 
signifi cant reduction in total stroke (0.7% vs 2.0%;  P    =   0.007) 
primarily due to a reduction in hemorrhagic stroke (0.1% 
vs 1.1%;  P     <    0.001).  163   In a Cochrane meta - analysis, the use 
of PCI compared with fi brinolysis signifi cantly decreased 
the frequency of strokes of any cause by 66% (95% CI 28 –
 84%) and no signifi cant difference was observed for the 
incidence of major bleeding (RR 1.18, 95% CI 0.73 – 1.90) but 
the confi dence intervals were large.  164   

 PCI results in a lower risk of post - MI stroke compared 
with fi brinolysis (Level B).  

  Management 

 Anticoagulation with heparin followed by warfarin for six 
months has been shown to reduce the incidence of throm-
boembolism in patients with documented intracavitary 
thrombus (OR 0.14, 95% CI 0.04 – 0.52).  165   Meta - analysis of 
trials of anticoagulant therapy to prevent thrombus forma-
tion confi rmed a benefi t (OR 0.32, 95% CI 0.20 – 0.52) but no 
effect for antiplatelet drugs.  165   In a meta - analysis of all trials 
involving heparin administration in over 70   000 patients 
with acute myocardial infarction,  166   in the  absence  of aspirin, 
anticoagulant therapy reduced the risk of stroke to 1.1% 
from 2.1% (2P   =   0.01), equivalent to 10 (95% CI 4) fewer 
strokes per 1000 (2P   =   0.01). In the  presence  of aspirin, 
however, heparin was associated with a small non - signifi -
cant excess of stroke and a defi nite excess of three major 
bleeds per 1000 (2P    <    0.0001). An algorithm proposed by 
the STEMI guideline of the AHA and ACC of 2004 recom-
mends the use of aspirin and warfarin for proven cardio-
genic emboli, and aggressive investigation for other causes 
of stroke if there is no proof of a cardiac source of 
embolism. 6  

 In post - MI patients, anticoagulation with aspirin and 
warfarin is recommended for proven cardiogenic emboli 
(Class IIB, Level B).   
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  Acute  m itral  r egurgitation 

  Clinical  f eatures and  p rognosis 

 Mitral regurgitation (MR) complicating acute myocardial 
infarction is usually due to dysfunction of the papillary 
muscles.  167   The milder form of mitral regurgitation is a 
relatively common complication of myocardial infarction, 
found in 19% of postinfarction patients who undergo left 
ventriculography  168   and 39% of those who undergo Doppler 
echocardiography.  169   Mitral regurgitation is an indepen-
dent predictor of cardiovascular mortality in postinfarction 
patients; in patients studied with Doppler echocardiogra-
phy, the hazard ratio for one - year mortality after adjust-
ment for other prognostic variables was 2.31 (95% CI 
1.03 – 5.20) for mild MR and 2.85 (95% CI 0.95 – 8.51) for 
moderate or severe MR.  170   The most severe form of mitral 
regurgitation results from complete rupture of the head of 
a papillary muscle and usually leads quickly to severe 
heart failure or cardiogenic shock. In the SHOCK trial reg-
istry, cardiogenic shock was associated with severe mitral 
regurgitation in 98 of 1190 patients.  171   The mitral regurgita-
tion patients were more likely to be female and to have 
non - STEMI at the time of presentation, and to have inferior 
or posterior rather than anterior infarction. 

 Early diagnosis of mitral regurgitation complicating MI 
is important because mitral valve surgery can be life saving. 
Usually the diagnosis is evident clinically with a loud pan-
systolic murmur, maximal at the apex, and radiation to the 
axilla; however, if LV function is severely impaired or if 
left atrial pressure is very high, the murmur may be of low 
intensity or entirely absent. Echocardiographic examina-
tion is invaluable in confi rming the diagnosis.  172   However, 
in some cases transthoracic echocardiography is non - 
diagnostic and transoesophageal echocardiography is 
required to assess the extent of the regurgitation. The pres-
ence of cardiogenic shock or severe failure with preserved 
LV function usually indicates that an important mechanical 
complication is present, and further investigation should 
be urgently pursued. If the mitral regurgitation is acute in 
its onset, the left atrium may not be greatly enlarged, and 
the pulmonary capillary wedge pressure tracing should 
exhibit large v waves. Large v waves are neither highly 
sensitive nor highly specifi c for severe chronic mitral 
regurgitation  173   but the correlation between giant v waves 
and severe acute mitral regurgitation is stronger.  174    

  Management 

 Urgent mitral valve repair for severe post.infarction mitral 
regurgitation can give excellent long - term results  175   There is 
evidence from the SHOCK trial registry that transfer to a 
center skilled in mitral valve surgery for early operation 

may be helpful.  171   The perioperative mortality associated 
with mitral valve surgery for postinfarction papillary muscle 
rupture is high, 27% in one series, but two - thirds of the sur-
vivors were still alive at seven years.  176   Patients with a low 
preoperative EF had the highest short - term and long - term 
mortality. Early reperfusion  177   has been shown to reduce the 
frequency of mitral regurgitation after myocardial infarc-
tion.  178   There have been reports of striking improvement in 
mitral regurgitation after emergency coronary angioplasty 
in patients with acute myocardial infarction.  179   

 Urgent mitral valve repair is recommended for severe 
post - MI mitral regurgitation (Class IIB, Level B).   

  Ventricular  s eptal  r upture 

  Clinical  f eatures and  p rognosis 

 Rupture of the interventricular septum occurs in approxi-
mately 2% of patients with acute myocardial infarction.  180   
The pathology of septal rupture is determined by the loca-
tion of the associated myocardial infarction and has impli-
cations for surgical repair. Septal rupture complicating 
anterior infarction is usually apical and involves one direct 
perforation; septal rupture complicating inferior infarction 
often involves the posterior or basal septum with complex, 
serpiginous defects.  181   In the SHOCK trial registry of car-
diogenic shock patients,  182   ventricular septal rupture 
occurred a median of 16   h after infarction. The patients 
tended to be older ( P    =   0.053), were more often female 
( P    =   0.002) and less often had previous infarction ( P     <    0.001), 
diabetes mellitus ( P    =   0.015) or smoking history ( P    =   0.033). 
The in - hospital mortality was higher in the shock patients 
with septal rupture (87% vs 61%,  P     <    0.001). Even when 
most patients undergo surgical repair, in - hospital or 30 -
 day mortality remains high: 43 – 59%.  183,184   Early diagnosis 
may offer some hope of early repair. Most patients with 
septal rupture develop signs of acute right -  and left - sided 
heart failure and a loud pansystolic murmur at the left 
sternal border. This may be diffi cult to distinguish from the 
murmur of acute mitral regurgitation. The murmur may be 
unimpressive or even absent when cardiac contractility is 
depressed. A large proportion of patients have a systolic 
thrill at the left sternal border. Echocardiography with 
Doppler color fl ow mapping is very sensitive and specifi c 
in the diagnosis of this condition; this technique also local-
izes the defect accurately and provides important prognos-
tic information.  185    

  Management 

 Early closure is now recognized to yield better results than 
attempting to wait for days or weeks until the conditions 
for surgery improve. Although early surgical intervention 
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may increase operative mortality, overall mortality is 
reduced. In the SHOCK trial register, surgical repair was 
performed in 31 patients with rupture, of whom six (19%) 
survived. Of the 24 patients managed medically, only one 
survived.  182   Technical advances in repair have led to better 
outcomes, but mortality remains high.  186   Transcatheter 
closure has been described and in a report from a national 
register, there was success in deploying a device across the 
VSD in 16 of 18 patients. The 30 - day mortality was 28%.  187,188   

 Early surgical closure of post - MI septal rupture is recom-
mended but there are no clinical trials to guide therapy 
(Class IIB, Level C). 

 Transcatheter closure is a feasible alternative to surgical 
closure of post - MI septal rupture (Class IIB, Level C).   

  Ventricular  fi  brillation and  s ustained 
 v entricular  t achycardia 

  Clinical  f eatures and  p rognosis 

 Sustained monomorphic ventricular tachycardia is not 
common in the early postinfarction period but the GISSI - 3 
database showed it is a marker of adverse prognosis, and a 
strong independent predictor of six - week mortality (HR 
6.13, 95%CI 4.56 – 8.25).  189   Ventricular fi brillation (VF) occur-
ring in the absence of cardiogenic shock, severe heart failure 
or hypotension (primary VF) has a good short - term progno-
sis  190   although one major study of primary VF showed 
higher hospital mortality.  191   Patients surviving early in - 
hospital VF complicating myocardial infarction experience 
no adverse effect on long - term survival following hospital 
discharge.  192   The frequency of VF has declined over the past 
20 years, as noted by Antman and co - workers, who demon-
strated from the randomized trials of prevention of ventric-
ular fi brillation that the frequency in the 1970s was 5 – 10%, 
dropping through the 1980s to less than 2%.  193,194   The reasons 
for this may include admission of lower risk patients to coro-
nary care units, wider use of beta - blocking drugs and more 
effective treatment of ventricular dysfunction and electro-
lyte imbalances in the coronary care unit. The prognosis of 
ventricular fi brillation depends on the associated clinical 
state. VF occurring in the presence of hemodynamic com-
promise has a high hospital mortality of 80%.  195    

  Management 

 Meta - analyses of the clinical trials have shown that pro-
phylactic lignocaine was effective in reducing the fre-
quency of ventricular fi brillation, but paradoxically did not 
improve mortality and was associated with a possible 
adverse effect.  196,197   For this reason the use of intravenous 
lignocaine as prophylaxis against ventricular fi brillation 
has been virtually abandoned. 

 Intravenous beta - blockers have been shown to reduce 
mortality, particularly in high - risk patients, with an appar-
ent benefi t in reduction of ventricular fi brillation  198,199   
(Class IIB, Level B). 

 Low serum potassium is associated with a higher risk 
of VF  200   especially in patients on diuretic therapy prior to 
their infarction.  201   The use of intravenous magnesium may 
reduce the risk of ventricular fi brillation but no benefi t on 
outcome has been demonstrated. Clinical trials have dem-
onstrated a benefi t in selected patients.  202     

  Postinfarction  v entricular  p remature 
 b eats and  n on -  s ustained  v entricular 
 t achycardia 

  Clinical  f eatures and  p rognosis 

 While frequent ventricular premature beats (more than 10 
per hour) in the postinfarction patient are an independent 
risk factor for subsequent mortality (both total mortality 
and sudden death), the signifi cance of non - sustained ven-
tricular tachycardia in this setting is controversial.  203   The 
suppression of these ventricular arrhythmias has consis-
tently failed to improve survival.  

  Management 

  Antiarrhythmic  d rugs 
 Trials of prophylactic antiarrhythmic therapy have pro-
vided no support for this practice, which has been wide-
spread in the past. A meta - analysis of 138 randomized 
trials of prophylactic antiarrhythmic drug therapy involv-
ing 98   000 postinfarction patients, reported by Teo  et al  in 
1993,  204   showed that the mortality of patients randomized 
to receive class I agents was increased (OR 1.14, 95% CI 
1.01 – 1.28,  P    =   0.03). Clinical trials have shown some support 
for the use of the predominantly class III drug amiodarone. 
Two randomized clinical trials, each with more than 1000 
postinfarction patients with either frequent or repetitive 
ventricular extrasystoles (CAMIAT)  205   or an EF of 0.40 or 
less (EMIAT),  206   have compared amiodarone to placebo. 
EMIAT reported no difference in mortality between treat-
ment groups but CAMIAT reported a decrease in the 
primary endpoint, a composite of resuscitated ventricular 
fi brillation or arrhythmic death (3.3% vs 6.0%, RR 48%, 95% 
CI 4 – 72%), and a trend toward decreased all - cause mortal-
ity. A subsequent analysis indicated that a benefi cial inter-
action between amiodarone and beta - adrenergic blocker 
drugs may have contributed to the benefi t of amiodarone 
in these trials.  207   A limitation of amiodarone therapy is the 
high incidence of serious adverse effects seen with long -
 term therapy. The clinical trial evidence that is now avail-
able does not appear to be strong enough to recommend 
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amiodarone therapy to MI survivors with asymptomatic 
ventricular extrasystoles or a depressed EF. However, 
patients with symptomatic ventricular tachycardia as a 
long - term complication of MI often benefi t from amioda-
rone therapy.  

  Implantable  d efi brillator 
 The implanted defi brillator reduced total mortality over 27 
months in MADIT, a small randomized clinical trial in a 
specifi c high - risk subgroup of postinfarction patients.  208   Eli-
gible patients had an EF of 0.35 or less, a documented episode 
of unsustained ventricular tachycardia, and inducible, non -
 suppressible ventricular tachyarrhythmia during electro-
physiologic study. The risk ratio for total mortality was 0.46 
(95% CI 0.26 – 0.82). The MADIT II trial of 1200 post - MI 
patients with impaired left ventricular function was termi-
nated early after observing a 30% reduction in mortality in 
patients randomized to receive an implantable defi brillator 
device compared to those receiving conventional treat-
ment.  209   There is no evidence that early implantation of an 
implanted cardiac defi brillator (ICD) will improve progno-
sis.  210   The evidence supports a policy of implantation of an 
ICD in patients with LV dysfunction due to prior MI who are 
at least 40 days post MI, have an LVEF less than or equal to 
30 – 40%, are NYHA functional class II or III, are receiving 
chronic optimal medical therapy, and who have reasonable 
expectation of survival with a good functional status for 
more than one year.  211   

 The AVID (Amiodarone Versus Implantable Defi brilla-
tors) study included a group of patients with ventricular 
fi brillation or ventricular tachycardia associated with a 
low EF or hemodynamic compromise.  212   The effect of an 
implanted cardiac defi brillator was compared to therapy 
with amiodarone or sotalol, the treatment decision guided 
by Holter or electrophysiologic study. There was a statisti-
cally signifi cant benefi t of defi brillator therapy compared 
to drug therapy. Similar results have been reported in two 
smaller randomized trials: the Canadian Implantable Defi -
brillator Study  213   and the Cardiac Arrest Study Hamburg.  214   
In a subgroup analysis of the AVID database, patients with 
better - preserved left ventricular function with ejection frac-
tions in the range of 35 – 40%, cardioverter - defi brillator 
therapy had no advantage over drug therapy.  215   In a meta -
 analysis of the defi brillator secondary prevention trials 
(AVID, CASH and SIDS), there was a 28% reduction in the 
relative risk of death in favor of defi brillator therapy over 
amiodarone therapy.  216   

 Overall, the evidence indicates that class I antiarrhyth-
mic drugs should not be used to treat ventricular extrasys-
toles or unsustained ventricular tachycardia post infarction 
(Class III, Level B). 

 Amiodarone may be effective in some high - risk patients, 
but has a risk of side effects with long - term use (Class IIb, 
Level B). 

 Beta - blockers reduce total mortality and the incidence of 
reinfarction by one - quarter in postinfarction patients, and 
should be commenced early (Class I, Level A). 

 Patients with LV dysfunction due to MI and are at least 
40 days post MI, have an LVEF less than or equal to 30 –
 40%, are NYHA functional class II or III, are receiving 
chronic optimal medical therapy, and who have reasonable 
expectation of survival with a good functional status for 
more than one year should receive an ICD (Class I, 
Level A).    

  Atrial  fi  brillation 

  Clinical  f eatures and  p rognosis 

 Atrial fi brillation is a relatively common complication of 
myocardial infarction. In patients with MI treated with 
thrombolytic therapy in the GUSTO 1 trial, atrial fi brilla-
tion was present on admission in 2.5% and developed 
during hospitalization in an additional 7.9% of cases.  217   
Patients with atrial fi brillation more often had underlying 
three - vessel disease and an incompletely patent infarct -
 related artery. In - hospital stroke developed more often 
(3.1%) in patients with atrial fi brillation compared to those 
without (1.3%) ( P    =   0.0001). Atrial fi brillation was more 
likely to complicate the in - hospital course of older patients 
with larger infarctions, worse Killip class and higher heart 
rates. The unadjusted mortality was higher at 30 days 
(14.3% vs 6.2%,  P    =   0.0001) and at one year (21.5% vs 8.6%, 
 P    =   0.0001) in patients with atrial fi brillation. The adjusted 
30 - day mortality ratio was 1.3 (95% CI 1.2 – 1.4). In a study 
from the GISSI trial, the incidence of in - hospital atrial fi bril-
lation or fl utter was 7.8%, and was associated with a worse 
prognosis.  218   After adjustment for other prognostic factors, 
atrial fi brillation remained an independent predictor of 
increased in - hospital mortality (adjusted RR 1.98, 95% CI 
1.67 – 2.34). Four years after acute myocardial infarction, the 
negative infl uence of atrial fi brillation persisted (RR 1.78, 
95% CI 1.60 – 1.99). 

 The onset of atrial fi brillation is usually after the fi rst 
hospital day, and the usual underlying causes are heart 
failure, pericarditis and atrial ischemia, with heart failure 
being by far the most common.  219   In a study based on 
106   780 US Medicare benefi ciaries  ≥ 65 years of age, patients 
were categorized on the basis of the presence of AF, and 
those with AF were further subdivided by timing of AF 
(present on arrival versus developing during hospitaliza-
tion).  220   Of the AF patients, 11510 presented with AF and 
12   055 developed AF during hospitalization. Patients devel-
oping AF during hospitalization had a worse prognosis 
than patients who presented with AF. In another study, 
detailed analysis of the prognosis of AF in AMI showed 
that AF was an independent predictor of cardiac death 
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when it developed within 24 hours (OR 2.5, 95% CI 1.2 – 5.0, 
 P    =   0.0012) and later (OR 3.7, 95% CI 1.8 – 7.5,  P    =   0.0005), 
but not when AF preceded the onset of AMI.  221   

 Atrial fi brillation complicating acute myocardial infarc-
tion increases the incidence of mortality and stroke (Level 
A).  

  Management 

 Heart rate slowing is usually achieved with intravenous 
beta - blockers. 6  Amiodarone has been shown to be more 
effective than digoxin in achieving reversion to sinus 
rhythm.  222   In a prospective but not randomized study, the 
combination of amiodarone and digoxin was superior to 
amiodarone alone in restoring sinus rhythm faster, main-
taining sinus rhythm longer, and allowing the use of a 
lower cumulative amount of amiodarone.  223   Studies com-
paring the effect of different treatment regimens on postin-
farction atrial fi brillation have not addressed their effect on 
major outcomes.   

  Heart  b lock and  c onduction  d isturbances 

  Clinical  f eatures and  p rognosis 

 Complete atrioventricular block occurred in 7.7% of 
patients with inferior MI in one large series.  224   In one series 
the in - hospital mortality rate was signifi cantly higher 
(24.2% vs 6.3%,  P     <    0.001), but at hospital discharge the 
survivors had similar clinical characteristics to patients 
without complete atrioventricular block, and a similar 
mortality rate during the next year.  225   In a study of elderly 
patients who had suffered an acute MI, heart block was 
associated with increased in - hospital mortality but had no 
effect on prognosis at one year among hospital survivors.  226   
There is some evidence that the widespread adoption of 
reperfusion therapy may have reduced the incidence of this 
complication of MI.  227   However, even in the  “ reperfusion 
era ” , among patients with inferior MI treated with fi brino-
lytic therapy, the development of complete atrioventricular 
block is associated with a relative risk of 4.5 for 21 - day 
mortality.  228    

  Management 

 In patients with inferior infarction, pacing is indicated if 
there is persistent high - grade atrioventricular block and 
hemodynamic instability.  229   In anterior infarction, the prog-
nostic signifi cance of atrioventricular block is even greater 
than for inferior MI. Patients with anterior MI and com-
plete atrioventricular block had a 63% in - hospital mortality 
rate, compared with a 19% mortality rate in those without 
complete heart block.  224   

 Transvenous pacing is required urgently for complete 
atrioventricular block complicating anterior infarction 
(Class IIb, Level B). 

 When right bundle branch block and left anterior hemi-
block develop within the fi rst few hours of infarction, pro-
phylactic pacing may be considered but this practice 
remains controversial. If the patient survives, this type of 
heart block usually regresses, but there is a risk of complete 
heart block causing death after hospital discharge.  230   A 
small randomized trial showed no benefi t of prophylactic 
placement of a permanent pacemaker.  231   The development 
of left or right bundle branch block, as a complication of 
MI is a marker of a larger infarct size and a higher mortality 
after hospital discharge  232   but is not an indication for pro-
phylactic pacing. A randomized trial of pacing for bundle 
branch block complicating MI showed no advantage.  233   
Left anterior hemiblock denotes neither a larger infarct size 
nor a worse prognosis.  234   

 There is no clear indication for prophylactic pacing in 
post - MI conduction disturbance (Class III, Level A).   

  Psychosocial  c omplications 

  Clinical  f eatures and  p rognosis 

 An estimated 20 – 50% of postinfarction patients have high 
levels of psychosocial stress, including anxiety, depression, 
denial, hostility, and social isolation.  235   A major depressive 
disorder may occur in as many as 15 – 20% of patients 
hospitalized with myocardial infarction  236   and depression 
has been shown to have a signifi cantly adverse effect on 
outcome.  237   A meta - analysis of 16 cohorts involving 6367 
MI patients showed that post - MI depression was signifi -
cantly associated with an increased risk of all - cause mortal-
ity (OR 2.38, 95% CI 1.76 – 3.22,  P     <    0.00001) and cardiac 
mortality (OR 2.59, 95% CI 1.77 – 3.77,  P     <    0.00001).  238   The 
effects of depression are compounded by lifestyle factors, 
including isolation, which themselves have been shown to 
have an adverse effect.  239   Poor adherence to postinfarction 
therapies has been shown to be a possible mechanism for 
the adverse outcome of depressed postinfarction patients.  240    

  Management 

 Cardiac rehabilitation programs provide psychologic and 
social support to patients after MI, in addition to education 
about risk factors and their modifi cation. Randomized 
clinical trials of formal exercise programs post infarction 
have shown benefi ts on quality of life, but have not yielded 
defi nitive results individually on prognosis. In an over-
view that included 36 trials involving 4554 patients, after 
an average follow - up of three years, the OR was 0.80 for 
total mortality (95% CI 0.66 – 0.96), although the rate of non -
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 fatal reinfarction was not reduced.  241   An overview of ran-
domized trials of disease management programs in patients 
with known coronary disease (including myocardial infarc-
tion) showed improvements in processes of care, quality of 
life and functional status and admissions to hospital (RR 
0.84, 95% CI 0.76 – 0.94), but no reductions in all - cause mor-
tality (RR 0.91, 95% CI 0.79 – 1.04)) or recurrent myocardial 
infarction (RR 0.94, 95% CI 0.80 – 1.10).  242   

 The effect of a specifi c nursing intervention designed to 
improve the psychologic and social status of postinfarction 
patients was assessed in the Montreal Heart Attack Read-
justment Trial (M - HART). The 1376 patients were random-
ized to usual care or to a treatment plan consisting of nurse 
visits and telephone calls to patients exhibiting high levels 
of psychologic stress. The intervention had no effect on 
mortality in men, and was associated with an increased 
mortality in women that was of borderline statistical sig-
nifi cance ( P    =   0.069).  243   The use of psychosocial interven-
tion was compared to usual care in a study of 2481 post - MI 
patients who were depressed and with a low level of social 
support.  244   The intervention included cognitive behavioral 
therapy and pharmacotherapy for non - responders with 
severe depression. There was no signifi cant difference 
between the two groups with regard to the primary end-
point of death and MI over a period of 48 months. A clinical 
trial of sertraline showed benefi ts on mood without any 
adverse effects on left ventricular function, QT interval 
or major cardiovascular outcomes.  245   Overall, while trials 
of psychosocial interventions have yielded inconsistent 
results with regard to hard cardiovascular endpoints such 
as death and MI, there is some evidence that these interven-
tions improve functional status and quality of life. 

 Cardiac rehabilitation and support programs may 
improve quality of life but have not been shown to improve 
major cardiovascular outcomes (Level B). 

 If postinfarction depression is severe enough to require 
treatment, sertraline may be effective without adverse 
cardiac effects (Class II, Level B).   
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  Introduction 

 Regardless of the initial and immediate reperfusion man-
agement of patients with ST segment elevation acute myo-
cardial infarction (STEMI), the main objective of the 
management of STEMI patients after the early phase should 
be to avoid early ischemic complications and long - term 
cardiac death. Thus, the therapeutic approach to preven-
tion of these events depends upon the identifi cation of 
those patients who are at the greatest risk of coronary insta-
bility and non - arrhythmic or arrhythmic death and the 
effectiveness of the available preventive measures and 
therapy. In addition, we also provide an overview of sec-
ondary prevention applicable not only to STEMI but also 
to the complete spectrum of the acute coronary syndrome. 
Mechanical or acute electrical complications are covered in 
Chapter  33 . The evidence base for managing patients with 
STEMI and no clinical instability is discussed under the 
heading of risk stratifi cation and management.  

  Invasive  e valuation  a fter the  e arly  p hase 
of  STEMI  

 Invasive evaluation is considered both after fi brinolytic 
therapy and in patients who did not undergo primary 
percutaneous coronary intervention (PCI) to minimize 
short - term ischemic complications. Furthermore, complete 
revascularization should also be considered in STEMI 
patients who undergo primary PCI of the culprit artery but 
with other severe stenosis. Cardiac catheterization and 
revascularization should always be considered in patients 
with recurrent ischemic chest discomfort or with poor left 
ventricular function.  1 – 3   

  Ischemia -  d riven  PCI   a fter  fi  brinolysis 

 The DANAMI - 1 trial  4   was the fi rst and only prospective 
randomized study comparing an invasive strategy (PCI or 
coronary bypass surgery) with a conservative strategy in 
1008 patients with a fi rst STEMI and predischarge induc-
ible myocardial ischemia after fi brinolysis. The primary 
combined endpoint (mortality, reinfarction, and admission 
with unstable angina) was signifi cantly reduced even after 
long - term follow - up. Thus, patients who have received 
treatment with fi brinolysis and have inducible ischemia 
before discharge should undergo coronary angiography 
and be revascularized as appropriate.  

  Routine  i nvasive  e valuation and  PCI   e arly 
 a fter  fi  brinolysis 

 Theoretically, in STEMI patients successfully reperfused 
with thrombolytics, routine mechanical repair of the 
infarct - related artery could eliminate residual stenosis, 
thus reducing reocclusion and related events. In the late 
1980s studies of systematic cardiac catheterization and per-
cutaneous procedures in STEMI patients with prior fi bri-
nolytic therapy yielded disappointing results.  5 – 7   However, 
current interventional practice, including the use of stents, 
thienopyridines, and IIb/IIIa inhibitors, has led to studies 
that support the role of early routine angioplasty in the 
management of STEMI patients treated with fi brinolysis. 

 Six randomized studies (a total of 1835 patients) support 
routine coronary angiography and, if applicable, PCI 
shortly after fi brinolysis (SIAM III,  8   GRACIA - 1,  9   CAPITAL -
 AMI,  10   the Leipzig Prehospital Fibrinolysis Study,  11   WEST  12   
and CARESS - in - AMI.  12a   In the present era of stents and 
glycoprotein IIb/IIIa inhibitors, early elective stenting fol-
lowing fi brinolysis is feasible and safe. Moreover, it permits 
rapid patient risk stratifi cation, substantially reduces hos-
pitalization, improves left ventricular outcome, prevents 
reocclusion and, consequently, reduces the incidence of 
adverse coronary events at one year. Early routine PCI is 
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defi ned as a planned early percutaneous repair of the 
culprit artery in patients with STEMI who have been suc-
cessfully reperfused with fi brinolytics. It should be distin-
guished from facilitated and rescue PCI,  3   both examined 
elsewhere in this book as reperfusion strategies in STEMI.  

  Completeness of  r evascularization for 
 m ultivessel  c oronary  a rtery  d isease  a fter 
 p rimary  PCI  

 Multivessel coronary disease is present in approximately 
50% of patients with STEMI. Both the American College of 
Cardiology/American Heart Association (ACC/AHA) 
guidelines  1,13   and the European Society of Cardiology 
(ESC) guidelines  2,3   recommend that, in patients with mul-
tivessel disease, primary PCI should be directed only at the 
infarct - related artery, with no clear statement about PCI of 
non - culprit lesions. One exception may be a patient with 
severe multivessel disease and persistent shock after PCI 
of the infarct - related vessel, for whom same - procedure 
revascularization (or bypass surgery) may be considered to 
reduce the ischemic burden. However, PCI of non - culprit 
vessels simultaneously or soon after primary PCI in stabi-
lized patients has seldom been studied in randomized 
controlled trials, and observational studies provide contra-
dictory fi ndings. 

 Two observational studies reported that multivessel PCI, 
although feasible, was associated with a higher incidence of 
major adverse cardiovascular events (MACE)   than infarct -
 related artery revascularization.  14,15   Other observational 
studies have shown the opposite, with signifi cantly improved 
clinical outcomes when complementary multivessel disease 
revascularization is performed,  16 – 18   even simultaneously.  17   

 Two randomized trials (PRIMA,  19   HELP AMI  20  ) evaluat-
ing the impact of complete revascularization in patients 
with STEMI also failed to give an answer. Although the 
hypothesis that complete and simultaneous revasculariza-
tion could improve ejection fraction was supported by the 
PRIMA study, in HELP AMI (69 patients), the one - year 
incidence of repeat revascularization was similar between 
patients randomized to culprit lesion treatment only or to 
complete multivessel revascularization. Therefore, there is 
no evidence to recommend complete revascularization for 
multivessel coronary disease after primary PCI.  

  Invasive  e valuation and  PCI  for  p atients  i nitially 
 n ot  u ndergoing  p rimary  r eperfusion 

 Patients often seek medical attention too late and either do 
not receive reperfusion therapy or reperfusion therapy fails 
to successfully recanalize the artery. Thus, it was suggested 
that achieving coronary patency in either of these situa-
tions might have a benefi cial effect by preventing adverse 
left ventricular remodeling, improving left ventricular 

function,  21 – 23   increasing electrical stability, and providing 
collateral vessels to other coronary beds for protection 
against future events (the open artery hypothesis). 

 Two contemporary trials have recently re - evaluated this 
hypothesis: OAT (Occluded Artery Trial)  24   and TOSCA 
(Total Occlusion Study of Canada - 2).  25   In the OAT,  24,26   2166 
stable high - risk (ejection fraction of  < 50% or proximal 
occlusion) patients with an occluded infarct artery 3 – 28 
days after myocardial infarction (20% of whom received 
fi brinolytic therapy for the index event) were randomized 
to medical therapy or PCI. Exclusion criteria included 
NYHA class III or IV heart failure, rest angina, serum cre-
atinine greater than 2.5   mg/dL, left main or three - vessel 
disease, clinical instability, or severe inducible ischemia on 
stress testing if the infarct zone was not akinetic or dyski-
netic. PCI did not reduce the occurrence of death, reinfarc-
tion, or heart failure. Furthermore, there was a trend 
toward excess reinfarction during four years of follow - up 
in the invasive group compared with the medical therapy 
group. 

 In the TOSCA - 2 trial,  25   381 patients with an occluded 
native infarct - related artery (IRA) 3 – 28 days after myocar-
dial infarction were randomized to PCI with stenting or 
optimal medical therapy alone. At one year, although 
patency of the infarct - related artery was signifi cantly 
higher in the PCI group (83% vs 25%), left ventricular ejec-
tion fraction did not differ between the groups. These 
studies demonstrate that elective PCI of an occluded 
infarct - related artery 3 – 28 days after myocardial infarction 
in stable patients has no incremental benefi t beyond 
optimal medical therapy in preserving ventricular function 
and preventing cardiovascular events.   

  Preventing  c ardiac  r emodeling 

 Although the mortality of patients with STEMI has 
decreased in recent years because of faster and more fre-
quent administration of reperfusion treatment, some 
patients still experience poor clinical outcomes, which are 
closely linked to infarct size and onset of heart failure, 
among other factors. One of the main risks faced by patients 
with extensive infarctions who survive the hospitalization 
phase is the development of progressive ventricular dila-
tion and dysfunction in the following months. Determi-
nants of ventricular remodeling include large infarct size, 
anterior location, lack of patency of the infarct artery, use 
of thrombolytic agents, and lack of negative T - wave resolu-
tion. Although this left ventricular remodeling process 
could have a compensatory purpose, it often occurs in asso-
ciation with the development or worsening of heart failure 
and leads to greater mortality. In fact, heart failure is the 
main cause of cardiac mortality after the acute phase of 
STEMI;  27,28   therefore, treatments aimed at avoiding or 
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reversing remodeling have been recognized as a goal of 
therapy and include pharmacologic interventions, stem 
cell transplantation, and mechanical interventions. 

  Pharmacologic  t herapy 

 Several trials have established that angiotensin - converting 
enzyme (ACE) inhibition, started in the early phase of 
STEMI with captopril, enalapril, ramipril, trandolapril, fos-
inopril or zofenopril, reduces adverse cardiac remodeling 
and mortality after STEMI.  29 – 36   The benefi t is greater in 
high - risk patients such as those with depressed ejection 
fraction (SAVE,  29   TRACE  31  ), those who develop heart 
failure after myocardial infarction (AIRE  30  ), and those with 
anterior myocardial infarction (SMILE,  33   FAMIS  34  ), 
although it can be extended to all STEMI patients (ISIS - 4  35   
and GISSI - 3  36  ). 

 Several meta - analyses of ACE inhibitors have confi rmed 
their benefi cial effects in patients with STEMI regardless of 
whether administration is early (within 48 hours of infarc-
tion) or late ( > 48 hours to 16 days).  32,37 – 39  The administration 
of an ACE inhibitor is associated with a signifi cant reduc-
tion in mortality (50 lives saved per 1000 patients treated 
in high - risk patients and fi ve lives saved in low - risk 
patients), a signifi cant reduction in heart failure (absolute 
reduction of 3.5%), and signifi cant reduction in the inci-
dence of reinfarction (absolute reduction of 2.4%). 

 Angiotensin II receptor blockers have also been tested in 
patients with STEMI. Initial studies (OPTIMAAL  40   and 
VALIANT  41  ) found that the angiotensin II receptor block-
ers losartan and valsartan, respectively, were not superior 
to captopril in high - risk patients after STEMI. Furthermore, 
the VALIANT study did not show any additional benefi t 
with the combination of valsartan and captopril. Thus, 
angiotensin II receptor blockers should not be adminis-
tered in addition to an ACE inhibitor immediately after 
myocardial infarction, although they are recommended as 
a substitute in patients who cannot tolerate ACE 
inhibitors. 

 Atrial natriuretic peptide has also been examined as a 
pharmacologic approach to preventing adverse remodel-
ing early after STEMI. Atrial natriuretic peptide suppresses 
the renin - angiotensin - aldosterone system and endothe-
lin - 1, which stimulate left ventricular remodeling. Com-
pared to nitroglycerin, atrial natriuretic peptide improved 
left ventricular ejection fraction and prevented left ven-
tricular hypertrophy.  42   However, recent concerns about the 
possible adverse effects of infusing B - type natriuretic pep-
tides have discouraged further studies.  43   

 In addition to their antiarrhythmic properties, beta -
 blockers have benefi cial effects on left ventricular remodel-
ing after acute myocardial infarction and are associated 
with an improvement in left ventricular ejection fraction 
(LVEF), reduction in volume indexes, and incremental frac-

tional shortening. They should be given early after STEMI, 
and are more effective when combined with ACE inhibi-
tors and as continued therapy.  44 – 46    

  Stem  c ell  t herapy 

 The evidence that stem cells may reconstitute necrotic 
myocardium and improve cardiac function in animals  47   has 
led to clinical studies that initially examined the feasibility 
and safety of this therapy and later evaluated its effi cacy 
in reversing adverse cardiac remodeling.  48   Pharmacologic 
mobilization of bone marrow stem cells with growth factors 
and catheter - based percutaneous intracoronary infusion of 
bone marrow - derived cells are the only methods that have 
been used to date for stem cell administration in patients 
with recent myocardial infarction. 

 Six Phase II randomized trials have evaluated the intra-
coronary administration of mononuclear bone marrow 
stem cells in patients with STEMI early after revasculariza-
tion of the culprit artery; three studies failed to demon-
strate a benefi cial effect on improvement of ejection 
fraction,  49 – 51   and three showed an initial mid - term benefi t.  52 –

 54   The REPAIR - AMI trial,  53   also designed as a double - blind 
study, including 204 patients from 17 European centers, is 
the largest study performed to date. It showed a signifi cant 
increase in the LVEF (5.5    ±    0.7% versus 3.0    ±    0.7%;  P    =   0.014) 
between stem cell recipients and patients who received 
placebo. Technical differences in the characteristics or han-
dling of the infused stem cells might explain the different 
outcomes observed between trials.  55   A meta - analysis of 10 
studies (Phase I and II) of intracoronary stem cell therapy 
involving 698 patients with recent acute myocardial infarc-
tion (within 14 days of the event) showed that stem cell 
therapy was associated with a signifi cant increase in LVEF 
(3.0%), reduction in infarct size ( − 5.6%), reduction in end -
 systolic volume ( − 7.4   mL), and a trend toward reduced 
end - diastolic volume ( − 4.6   mL).  56   Intracoronary stem cell 
therapy was also associated with a signifi cant reduction in 
recurrent AMI ( P    =   0.04) and with trends toward reduced 
death, rehospitalization for heart failure, and repeat revas-
cularization. Thus, intracoronary stem cell therapy follow-
ing PCI for STEMI appears to provide benefi ts for cardiac 
function and remodeling. 

 More confl icting results are observed in patients with 
acute myocardial infarction receiving granulocyte colony -
 stimulating factor (G - CSF). Although initial randomized 
studies showed a signifi cant benefi t in left ventricular 
remodeling,  57   four further studies did not fi nd any differ-
ences in the left ventricular function among patients treated 
with the factor or placebo.  58 – 61   The divergent results may 
have been due to the absence of homing signals, timing of 
drug administration (in the study which showed a benefi t, 
G - CSF was administered immediately after myocardial 
infarction, while in others administration was delayed for 
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3 – 5 days after revascularization), subpopulations of stem 
cells that were mobilized but not effective, and poorly 
defi ned study objectives. A meta - analysis including seven 
studies (Phase I and II) of G - CSF mobilized stem cells 
involving 318 patients with recent acute myocardial infarc-
tion (within 14 days of the event) showed that mobilization 
was associated with a signifi cant increase in LVEF (2.9%) 
during follow - up, similar to that observed with intracoro-
nary delivery of bone marrow - derived stem cells.  

  Mechanical  i nterventions 

 Ventricular remodeling has been attributed to the segmen-
tal loss of viable myocardium due to myocardial infarction, 
which results in a redistribution of cardiac workload, with 
increased regional stress in the susceptible infarct and peri -
 infarct zones. Therefore, a reduction in wall stress early 
after an MI may help attenuate remodeling. Such a reduc-
tion in wall stress can be achieved by appropriate cardiac 
resynchronization therapy with biventricular pacing. The 
fi rst reports on the feasibility and safety of this approach 
early after STEMI have recently been published.  62     

  Preventing  a rrhythmic  c omplications 

 All STEMI patients are at increased risk of sudden cardiac 
death, most often due to ventricular arrhythmias and espe-
cially in the fi rst months after the episode of infarction.  63   
Thus, identifi cation of patients at risk is essential. Deter-
minants of arrhythmic complications include reduced 
LVEF,  63 – 69   ventricular premature beats and non - sustained 
ventricular tachycardia,  64,65,70 – 72   late potentials,  73 – 75   QRS 
duration,  76   reduced heart variability,  77 – 81   and T - wave alter-
nans.  75,82   Which risk factor to select and in which context is 
diffi cult to determine due to the limited amount of data 
directly comparing multiple risk factors. The most impor-
tant initial parameter is probably LVEF, as most studies 
determining whether or not a patient who has had a myo-
cardial infarction will require an implantable cardioverter 
defi brillator for primary prevention are based upon this 
parameter.  83 – 88   

 Apart from LVEF, major scientifi c societies do not 
strongly recommend a routine non - invasive assessment of 
the risk of ventricular arrhythmias (including signal - aver-
aged ECG, 24 - hour ambulatory monitoring, heart rate vari-
ability, evoked potentials, or T - wave alternans) in patients 
recovering from STEMI.  1,2   Thus, the therapeutic approach 
to prevention of arrhythmic death depends upon the iden-
tifi cation of high - risk patients and the implementation of 
proven therapeutic and preventive measures. Several 
large - scale studies have demonstrated that treatment with 
beta - blockers, ACE inhibitors, aldosterone antagonists, and 
statins results in reduction of all - cause mortality but also 

of sudden cardiac death. In addition to optimal pharmaco-
logic therapy, implantable cardioverter defi brillators (ICD) 
further decrease the risk of arrhythmic death. 

  Pharmacologic  t herapy 

  Beta -  b lockers 
 Several trials and meta - analyses from the pre - reperfusion 
era demonstrated that beta - blockers reduce mortality and 
reinfarction in patients recovering from acute myocardial 
infarction.  89,90   In the era of reperfusion therapy, convincing 
randomized data have shown that beta - blocker therapy 
improves survival during the acute phase of myocardial 
infarction. The CAPRICORN trial randomized 1959 patients 
with a LVEF of 40% or less to carvedilol or placebo 3 – 21 
days after myocardial infarction.  91   There was a signifi cant 
reduction in all - cause mortality from 15% to 12%. Further-
more, sustained ventricular tachyarrhythmic events were 
reduced by more than 70%,  92   confi rming that treatment 
with beta - blockers (in addition to fi brinolysis or primary 
angioplasty, aspirin, and ACE inhibitors) reduces all - cause 
mortality and arrhythmic death.  

   ACE   i nhibitors 
 As pointed out previously, ACE inhibitors are one of the 
mainstay treatments for myocardial infarction and have 
been shown to improve survival. The best available data 
on the effect of ACE inhibitors on preventing sudden 
cardiac death come from a review of 15 randomized trials 
of ACE inhibitors which included 15   104 patients.  93   Overall 
mortality was reduced by 17%, with a signifi cant reduction 
of 20% for sudden cardiac death. This benefi cial effect on 
sudden cardiac death of reducing ventricular remodeling 
has been recently confi rmed in patients with non - STEMI 
without clinical heart failure or overt left ventricular sys-
tolic dysfunction enrolled in the HOPE trial.  94    

  Aldosterone  a ntagonists 
 Two trials (RALES  95   and EPHESUS  96  ) of aldosterone antag-
onists found signifi cant reductions of all - cause mortality 
and sudden cardiac death. The RALES trial evaluated the 
effect of spironolactone in patients with congestive heart 
failure, half of whom had a history of ischemic disease. The 
risk for sudden cardiac death was reduced by 29%. In the 
EPHESUS trial, eplerenone administered 3 – 14 days after 
myocardial infarction reduced the risk of sudden cardiac 
death by 21%.  

  Statins 
 There is no information available from randomized trials 
to indicate a benefi t of statins for prevention of arrhythmia 
in patients with STEMI. However, two observational 
studies in patients with ICD noted a potential benefi t of 
statins in preventing ventricular arrhythmias.  97,98     
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  Implantable  c ardioverter -  d efi brillator for 
 p rimary  p revention  a fter the  e arly  p hase 
of  STEMI  

 The incidence of ventricular arrhythmias is higher during 
the fi rst hours of an infarction, declines after the event, 
but remains elevated indefi nitely in high - risk patients. The 
best approach to the selection of myocardial infarction 
patients to receive ICD therapy for primary prevention of 
sudden death has been explored in randomized trials in 
patients with left ventricular dysfunction and chronic myo-
cardial infarction (MADIT 1,  83   MADIT 2,  85   CABG - Patch,  87   
MUSTT,  84   and SCD - Heft  88  ) and in patients with left 
ventricular dysfunction early after the infarction event 
(DINAMIT  86  ). 

 Prophylactic use of an ICD has been shown to prolong 
life in patients with chronic myocardial infarction or 
ischemia and reduced left ventricular function  83 – 85,88   
(see Chapter  40   ). However, as these studies have enrolled 
few patients with a recent myocardial infarction, the value 
of early ICD therapy is still uncertain. The DINAMIT 
trial is the only prospective randomized study comparing 
the role of prophylactic ICD compared with placebo in 
patients experiencing acute myocardial infarction within 
the preceding 6 – 40 days (average time from myocardial 
infarction to randomization was 18 days).  86   Inclusion crite-
ria included LVEF  ≤ 35% and reduced heart rate variability 
or elevated resting heart rate. The ICD group had a larger 
reduction ( > 50%) than the control group in risk of death 
due to arrhythmia; however, this effect was offset by a 
similarly large increase in the risk of death from non -
 arrhythmic causes. The unexpected increase in mortality 
from causes other than arrhythmia may have been due to 
subsequent heart failure, of which ventricular arrhythmias 
were a harbinger. Consequently, prophylactic ICD therapy 
is not currently recommended less than 40 days after 
myocardial infarction. In addition, a recent substudy of 
MADIT 2 demonstrated no survival benefi t for patients in 
whom the time interval from the index infarction to ICD 
implantation was less than 18 months, creating uncertainty 
about the benefi t of prophylactic ICD therapy early after 
myocardial infarction in patients with left ventricular 
dysfunction.  99     

  Secondary  p revention 

 After the initial phase, patients with STEMI carry a high 
risk of recurrence of ischemic events. Therefore, active sec-
ondary prevention is an essential element of long - term 
management.  100 – 102   A detailed review of all the measures 
available for secondary prevention is beyond the remit of 
this chapter; therefore, emphasis will be placed on the most 
important. 

  Discharge 

 Low - risk STEMI patients (age  ≤ 70 years, LVEF  > 45%, one -  or 
two - vessel disease, successful PCI, no persistent arrhyth-
mias, early reperfusion from clinical onset) can be safely dis-
charged on day 3 after STEMI.  103,104   Wide application of this 
management strategy may result in substantial cost savings.  

  Lifestyle 

 Although smoking cessation is diffi cult to achieve in the 
long term, observational studies show that the mortality 
rate of those who quit smoking in the following years is 
less than half that of those who continue to smoke.  105   This 
is, therefore, potentially one of the most effective of all 
secondary prevention measures. Active counseling with 
programs in which specially trained nurses maintain 
contact with patients over several months,  106   in addition to 
adjuvant therapy with nicotine replacement, bupropion 
and varenicline are necessary.  100 – 102   Physical activity is 
strongly encouraged. Regular, moderate, daily aerobic 
activity is preferred.  100 – 102   A healthy diet based on low salt 
intake and reduced intake of saturated fats is essential. 
Regular intake of fruit and vegetables should be encour-
aged. Moderate alcohol consumption may be benefi cial.  

  Weight  r eduction 

 Obesity, particularly central or abdominal obesity, is often 
associated with other risk factors for cardiovascular disease 
(hypertension, dyslipidemia and insulin resistance). The 
theoretic goal is to achieve a body mass index (BMI)  < 25   kg/
m 2  or a waist circumference  < 102   cm (40 inches) in men and 
 < 89   cm (35 inches) in women.  102   Although these are the 
long - term goals, an initial weight loss of 10% from baseline 
is a fi rst step. Further weight reduction can be attempted 
if the initial 10% weight loss is successfully achieved and 
maintained. A multimodality approach including diet, 
increased physical activity, and possible pharmacologic 
therapy is recommended.  

  Blood  p ressure  c ontrol 

 The goal for blood pressure is  < 140/ < 90   mmHg in almost 
all patients, including those with cardiovascular disease 
alone.  107   A lower goal ( < 130/ < 80   mmHg) is recommended 
only in patients with diabetes and/or chronic renal failure. 
Lifestyle interventions, particularly physical activity, 
weight loss, and pharmacotherapy are essential to achieve 
blood pressure control.  

  Management of  d iabetes 

 Glycemic balance abnormalities should be actively sought 
in every patient with acute coronary syndrome. In post-
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myocardial infarction diabetics, the 2006 ACC/AHA 
guidelines recommended an HbA1c goal of  < 7%, and 
ideally  ≤ 6.5%.  102   Among patients with type 2 diabetes, 
aggressive management of lipids (LDL  < 70   mg/dL 
(1.8   mmol/L), HDL  > 40   mg/dL (1.1   mmol/L)), triglycer-
ides  < 150   mg/dL (1.7   mmol/L)), and blood pressure 
( < 130/ < 80   mmHg) appear to be at least as important as 
glycemic control. Lifestyle measures, in addition to weight 
loss in obese patients, and adapted pharmacotherapy are 
of great importance. In patients with impaired fasting 
glucose level or impaired glucose tolerance, no specifi c 
hypoglycemic treatment has been recommended except for 
lifestyle changes.  

  Interventions on  l ipid  p rofi le 

 Interventions on low - density lipoprotein cholesterol (LDL -
 c), high - density lipoprotein cholesterol (HDL - c), and tri-
glycerides are an important component of the long - term 
management of STEMI. Most of the evidence has been 
obtained in the fi eld of LDL - c reduction, which is best 
achieved with statins or a combination of statins and other 
lipid - lowering agents. 

 The use of statins, irrespective of cholesterol levels, has 
been addressed in the 4S,  108   CARE,  109   LIPID,  110  and HPS  111   
trials, which compared statin therapy to placebo across a 
wide range of LDL - c. The concept that lower is better was 
tested in the PROVE IT,  112   IDEAL,  113   TNT,  114   and Phase A 
to Z trials,  115   which randomly assigned patients to more or 
less intense statin therapy. The last four trials showed 
greater clinical improvement with a more intense regimen 
and demonstrated a reduction in the incidence of stroke. 

 The ATP III guidelines recommended that the LDL - c 
goal should be less than 100   mg/dL (2.6   mmol/L) in all 
patients with myocardial infarction.  116   This goal is also rec-
ommended by the American guidelines for secondary pre-
vention.  102   The modifi ed ATP guidelines published in 
2004,  117   and the American  118   and European  119   guidelines on 
the management of non - ST elevation acute coronary syn-
drome recommend an optional LDL goal of less than 
70   mg/dL (1.8   mmol/L) for high - risk patients. Statins are 
therefore recommended for all STEMI patients irrespective 
of cholesterol levels and should be initiated early after 
admission to achieve LDL levels  < 100   mg/dL (2.6   mmol/L).  

  Antiplatelet  a gents and  a nticoagulants 

 Long - term aspirin therapy reduces the risk of reinfarction, 
stroke, and vascular death in STEMI patients by approxi-
mately 25%.  120   American and European guidelines  3,102   rec-
ommend indefi nite daily oral aspirin therapy of 75 – 162   mg. 
Clopidogrel should be administered to all patients for whom 
aspirin is contraindicated. According to recently published 
recommendations for NSTEMI,  119   after PCI revasculariza-

tion, clopidogrel (75   mg) must be continued for at least one 
month and ideally one year if a bare metal stent has been 
used or at least 12 months in the case of drug - eluting stents. 

 Although there is evidence of clinical benefi t from war-
farin plus aspirin compared with aspirin alone,  1   the appli-
cability of this evidence to current practice is unclear, in 
part because most patients with STEMI are treated with 
dual antiplatelet therapy (aspirin and clopidogrel), and in 
part due to unproven applicability to current practice.  121   
Thus warfarin should be considered for long - term use in 
patients with STEMI and persistent or paroxysmal atrial 
fi brillation, for at least three months in patients with left 
ventricular thrombus observed on an imaging study, and 
ideally indefi nitely and at a lower dose in patients with left 
ventricular dysfunction and extensive regional wall motion 
abnormalities.  1    

  Beta -  b lockers 

 Beta - blockers should be initiated in all STEMI patients and 
maintained indefi nitely in the case of reduced left ventricu-
lar function, with or without symptoms of heart failure.  102   
In other patients, beta - blockers may be useful, but evidence 
of their long - term benefi t is not fully established. Low 
doses are generally recommended initially in patients with 
heart failure to minimize the risk of an acute worsening of 
cardiac function.  

   ACE   i nhibitors and  a ngiotensin -  II  
 r eceptor  b lockers 

 ACE inhibitors and angiotensin receptor blockers decrease 
cardiovascular mortality and prevent cardiac adverse 
remodeling after myocardial infarction. For patients with 
reduced left ventricular function, an oral ACE inhibitor 
should be started on the fi rst day after admission, in the 
absence of contraindications. For other patients, treatment 
should be initiated during hospitalization.  

  Infl uenza  v accination 

 Individuals with established cardiovascular disease and 
those at high risk are susceptible to the complications of 
infl uenza infection. Two randomized controlled trials have 
demonstrated a reduction in cardiovascular events as a 
result of infl uenza vaccination in this patient popula-
tion.  122,123   The 2006 ACC/AHA guidelines recommended 
annual infl uenza vaccination using the inactivated prepa-
ration for all persons with atherosclerotic cardiovascular 
disease.  124    

  Rehabilitation and  r eturn to  p hysical  a ctivity 

 Two systematic reviews of exercise - based rehabilitation 
trials concluded that rehabilitation programs reduced 
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mortality after infarction by 20 – 25%.  125,126   A Cochrane 
review of 8440 patients with coronary heart disease showed 
a 31% reduction in mortality.  127   However, these results 
must be viewed with caution as the studies were under-
taken before the widespread use of aspirin, beta - blockers, 
and ACE inhibitors in postinfarction patients. After STEMI, 
patients should probably undergo an ECG - guided exercise 
test or an equivalent non - invasive test for ischemia within 
4 – 7 weeks after discharge following the recommendations 
of NSTEMI patients.  119   However, applicability to current 
practice appears diffi cult. This approach could also help 
when giving patients advice on the level of physical activ-
ity including leisure, work, and sexual activity.   

  Evidence -  b ased  i ntegrated  a pproach to 
 m anagement of  p atients  a fter the e  arly 
 p hase of  STEMI  

 Management of patients after the early phase of STEMI 
attempts to avoid early ischemic complications and late 
cardiac death (principally due to heart failure and 
arrhythmias). 

  Invasive  e valuation  a fter the  e arly  p hase 
of  STEMI  

     •      Patients with recurrent ischemic chest discomfort or 
with left ventricular dysfunction should undergo coronary 
angiography and PCI or CABG as dictated by coronary 
anatomy (Class I, Level B).  
   •      Patients who have received successful treatment with 
fi brinolysis should undergo routine coronary angiography 
and, if applicable, PCI after fi brinolysis (Class I, Level A).  
   •      Patients who have received treatment with fi brinolysis 
and have inducible ischemia before discharge should be 
referred to coronary angiography and revascularized 
(Class I, Level B).  
   •      Elective angiography and PCI of an occluded infarct 
artery 3 – 28 days after myocardial infarction should not be 
performed in stable patients (Class III, Level B).     

  Preventing  c ardiac  r emodeling 

     •      ACE inhibitors should be prescribed following STEMI, 
because of confi rmed benefi cial effects on avoiding cardiac 
remodeling and mortality, whether they are begun early 
(within 48 hours of infarction) or later (more than 48 hours 
to 16 days) (Class I, Level A).  
   •      Angiotensin II receptor blockers should not be combined 
with an ACE inhibitor in the immediate postinfarction 
setting. They are recommended in patients who cannot 
tolerate ACE inhibitors (Class I, Level A).  
   •      Beta - blockers, especially when combined with ACE 
inhibitors, should be administered after acute myocardial 

infarction because of their benefi cial effects on left ventricu-
lar remodeling and recurrent coronary events (Class I, 
Level A).  
   •      Intracoronary stem cell therapy following PCI and 
mobilization of stem cells with G - CSF appears to provide 
benefi ts on cardiac function and remodeling (Level B).     

  Preventing  a rrhythmic  c omplications 

     •      Pharmacologic treatment with beta - blockers (Class I, 
Level A), ACE inhibitors (Class I, Level A), aldosterone 
antagonists (Class I, Level A), and statins (Class I, Level 
B) should be implemented to reduce the probability of 
sudden cardiac death.  
   •      Prophylactic ICD therapy in patients with STEMI and 
severe left ventricular dysfunction is recommended but 
not less than 40 days after myocardial infarction (Class I, 
Level A).     

  Secondary  p revention 

     •      Lifestyle modifi cation, smoking cessation (Class I, Level 
B), weight reduction (Class I, Level B), and physical activ-
ity (Class I, Level B) are recommended.  
   •      Lipid - lowering diet (Class I, Level B) and statins (Class 
I, Level A) are recommended.  
   •      Aspirin is recommended for all patients without contra-
indications (Class I, Level A). Clopidogrel in addition of 
aspirin is recommended in patients who have undergone 
coronary stenting (duration at least one month for bare 
metal stents and 12 months for drug - eluting stents) (Class 
I, Level A).  
   •      Warfarin is recommended for patients with STEMI and 
persistent or paroxysmal atrial fi brillation (Class I, Level 
A), for patients with STEMI and left ventricular thrombus 
(Class I, Level C) and, ideally, indefi nitely and at a lower 
dose in patients with left ventricular dysfunction and 
extensive regional wall motion abnormalities (Class IIa, 
Level A).  
   •      Beta - blockers (Class IIa, Level B) and ACE inhibitors 
are recommended for all patients with STEMI (Class IIa, 
Level B).  
   •      Annual infl uenza vaccination is recommended for all 
patients with STEMI (Class I, Level B).      
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  Introduction 

 The Framingham Study in the US and the Rotterdam Study 
in Europe have estimated lifetime risk for development of 
atrial fi brillation (AF) to be 1 in 4 for men and women 40 
years of age and older.  1,2   Projected data from two popula-
tion - based studies in the US predict a 2.5 to 3 - fold increase in 
the number of patients with AF by 2050.  3,4   The high lifetime 
risk for AF and increased longevity underscore the impor-
tant public health burden posed by this arrhythmia across 
the world. Because AF has multiple etiologies and a broad 
variety of presentations it demands a range of therapeutic 
responses. The primary pathologies underlying or promot-
ing the occurrence of AF vary more than for any other 
cardiac arrhythmia, ranging from autonomic imbalance 
through organic heart disease to metabolic disorders, such 
as diabetes mellitus, metabolic syndrome, and hyperthy-
roidism. A rational approach to management of the indi-
vidual case depends on careful assessment of the temporal 
pattern of the arrhythmia, associated cardiovascular disease, 
and any particular features suggesting the advisability or 
risks of any particular treatment regimen. The nature of AF 
and of individual patient factors change over time, requiring 
a fl exible approach to long - term management. 

 AF usually tends to recur and may follow a predictable 
pattern. Paroxysmal AF generally progresses to persistent 
and/or permanent over time. In the Canadian Registry of 
AF (CARAF) 8 – 9% of patients with new - onset paroxysmal 
AF developed a sustained arrhythmia by the end of the fi rst 
year; about 25% were in permanent AF by 5 years.  5   Rates 
appear to be higher for those with a persistent variety, with 
35 – 40% developing the permanent arrhythmia by the end 

of the fi rst year since diagnosis.  6,7   Between two - thirds and 
three - quarters of patients had documented recurrence of AF 
within 5 years, despite continuous antiarrhythmic drug 
therapy.  5   However, even these projections may represent 
conservative estimates because of undiscovered silent 
arrhythmias.  8   Progression of AF relates to progression of the 
underlying disease and to continuous structural remodeling 
of the atria, including changes associated with ageing (e.g. 
fatty metamorphosis, myocyte degeneration, and fi brosis). 
As the arrhythmia becomes more sustained, restoration and 
maintenance of sinus rhythm become more challenging.  

  Principles of  t herapy 

 The fundamental principles of therapy for AF include 
primary prevention (i.e. treating the conditions that are 
commonly associated with the development of the arrhyth-
mia); cardioversion of fi rst - onset or recurrent AF which 
fails to self - terminate; secondary prevention (i.e. specifi c 
antiarrhythmic drugs or catheter ablation to suppress 
recurrence of paroxysmal or persistent AF once the arrhyth-
mia has occurred); control of ventricular rates during 
recurrent or permanent AF; and anticoagulation to prevent 
thromboembolism. Treatment of underlying heart disease, 
such as hypertension and heart failure may  per se  deter the 
occurrence of new AF by alleviating and/or delaying 
remodeling of the atria (primary prevention). Although 
secondary prevention usually implies the use of specifi c 
antiarrhythmic agents to prevent recurrent AF, continuous 
treatment of underlying heart disease (e.g. stringent blood 
pressure control in hypertension) is likely to contribute to 
the reduction of recurrence and also to delay the progres-
sion to permanent AF. Treatment of the underlying heart 
disease to prevent AF is often referred as  “ upstream ”  
therapy.  9   There is evidence that beta - blockers, which have 
very modest antiarrhythmic properties, and traditionally 
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non - antiarrhythmic drugs, such as angiotensin - converting 
enzyme inhibitors, angiotensin receptor blockers, and 
statins, may have the antiarrhythmic potential, additional 
to any treatment effect on the underlying disease. This is 
discussed in Chapter  36   . 

 Non - pharmacologic rhythm control therapy with cathe-
ter - based pulmonary vein isolation and left atrial ablation 
can be used to treat some forms of AF. However, the even-
tual impact of catheter - based techniques, particularly for 
long - term rhythm control and in patients with signifi cant 
underlying heart disease, is not yet known.  10   Drug therapy 
remains, therefore, the mainstream for management of AF. 
Rate control is the primary treatment strategy in permanent 
AF and it is also relevant to all forms of the arrhythmia.  

  Studies of  r ate and  r hythm  c ontrol 
 s trategies 

 Two prime treatment strategies are rhythm control and rate 
control. Intuitively, rhythm control is a more attractive 
treatment strategy as sinus rhythm offers physiologic 
control of heart rate and regularity, normal atrial activation 
and contraction, the correct sequence of atrioventricular 
activation, and normal valve function. It might be an ideal 
approach for both stroke prevention and symptom allevia-
tion. Nevertheless, during the 1980s and 1990s, the potential 
downside of available antiarrhythmic drug therapy became 
clear. A series of studies showed that under certain condi-
tions, antiarrhythmic drugs could become proarrhythmic 
and, thereby, potentially lethal.  11,12   And for amiodarone, 
although proarrhythmia uniquely was an infrequent clini-
cal problem, pulmonary fi brosis, a potentially lethal adverse 
effect, could develop.  13   

 The diffi culties in rhythm control management, princi-
pally the high AF recurrence rate, and the concern for 
serious adverse effects associated with antiarrhythmic drug 
therapy fi nally led to rate versus rhythm control studies. 
The major studies were the Atrial Fibrillation Follow up 
Investigation of Rhythm Management (AFFIRM) trial  14  , the 
RAte Control versus Electrical Cardioversion (RACE) trial  15   
and, most recently, the Atrial Fibrillation Congestive Heart 
Failure (AF CHF) trial  16   (Table  35.1 ). There were also a 
series of pilot studies performed, including the Pharmaco-
logical Intervention in Atrial Fibrillation (PIAF),  17   Strategies 
of Treatment of Atrial Fibrillation (STAF),  18   and How to 
Treat Chronic Atrial Fibrillation (HOT CAF É ),  19   among 
others. They all directly and prospectively compared the 
effect of rhythm control treatment strategies versus rate 
control strategies on patient outcomes. It should be empha-
sized that it is likely none of these studies would have been 
performed if an antiarrhythmic drug or drugs were avail-
able which suppressed AF with  > 90% effi cacy and an 
acceptable adverse effect profi le.   

   AFFIRM  

 AFFIRM was a randomized clinical trial that compared two 
treatment strategies for AF in 4060 patients with paroxys-
mal or persistent AF and one or more risk factors (age  ≥ 65, 
hypertension, diabetes, poor left ventricular function, con-
gestive heart failure, or a prior stroke or transient ischemic 
attack) associated with a high risk of stroke and death, with 
at least 6 hours of AF in the last 6 months (with one episode 
in the previous 12 weeks).  14   The primary endpoint was all -
 cause mortality. A combined secondary endpoint consisted 
of death, disabling stroke or anoxic encephalopathy, major 
bleed or cardiac arrest. Quality of life and functional capac-
ity were also assessed in a subset of patients. Throughout 
the study, the prevalence of sinus rhythm was high in the 
rhythm control arm, although it declined with time (82.4% 
at 1 year, 73.3% at 3 years, and 62.6% at 5 years). The preva-
lence of sinus rhythm in the rate control arm was higher 
than anticipated (42.9% at 1 year, 38.5% at 3 years, and 
34.6% at 5 years). 

 A total of 356 patients in the rhythm control arm and 306 
patients in the rate control arm died during this study. 
Overall survival at 1, 3, and 5 years was 96%, 87%, and 76% 
in the rhythm control arm, and 96%, 89%, and 79% in the 
rate control arm (Fig.  35.1 ).  14   Although there was no signifi -
cant difference between the two groups ( P    =   0.08), a trend 
towards better survival in the rate control arm appeared 
after the fi rst 1½ years. The secondary combined endpoint 
(death, disabling stroke or anoxic encephalopathy, major 
bleed or cardiac arrest) was not signifi cantly different 
between the arms ( P    =   0.33) (Fig.  35.2 ).  20   No major differ-
ences were noted in functional status or quality of life.   

 A total of 77 ischemic strokes occurred in the rate control 
arm compared with 80 in the rhythm control arm ( P     =    0.79).  14   
Most strokes in both arms occurred in patients who were 
either not taking warfarin or who had an INR  < 2.0. In the 
rhythm control arm, 22% of strokes occurred in patients 
whose INR was  < 2, and more than one - half (57%) occurred 
in patients not taking warfarin. Thus, 79% of patients in the 
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 Figure 35.1     Cumulative mortality from any cause in the rate control 
and rhythm control arms of the AFFIRM study. Time zero is the day of 
randomization. Data have been truncated at 5 years.  (From Wyse  et al . 14 , 
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rhythm control arm who had a stroke either were not taking 
warfarin or the INR was subtherapeutic. These stroke out-
comes probably should not be surprising in patients with 
stroke risk factors because of the likely recurrence of AF in 
a large percentage of patients and the fact that there is an 
important incidence of asymptomatic AF.  

   RACE  

 RACE was a multicenter, randomized trial in 522 patients.  15   
It tested the hypothesis that rate control is not inferior to 
the maintenance of sinus rhythm for the treatment of per-
sistent AF. The primary endpoint was a composite of car-
diovascular death, hospital admission for heart failure, 
thromboembolic complications, severe bleeding, pace-
maker implantation, and severe adverse effects of therapy. 
Rate control was achieved by keeping the ventricular 
response rates  < 100 beats per minute with control of symp-
toms. Rhythm control consisted of serial use of antiarrhyth-
mic drug therapy and electrical cardioversion, if required, 
to maintain sinus rhythm. 

 At 3 - year follow - up, only 40% of rhythm control patients 
and 10% of rate control patients were in sinus rhythm. In this 
trial, 17.2% of patients achieved the primary endpoint in the 
rate control arm, versus 22.6% of patients in the rhythm 
control arm (absolute difference 5.4%; 90% confi dence inter-
val (CI)  − 11% to 0.4%). Therefore, the RACE trial demon-
strated that rate control met the criteria for non - inferiority to 
rhythm control, indicating that rate control is an acceptable 
primary treatment option for patients with AF.  

   PIAF  

 The PIAF pilot study  17   compared rate control using diltia-
zem with rhythm control using amiodarone. Other atrio-
ventricular node blocking drugs could be used if diltiazem 
failed to control the ventricular rate. The trial enrolled 252 
patients with persistent AF. The primary endpoint was 
improvement in AF - related symptoms. At follow - up, 56% 

of patients in the rhythm control arm and 10% of patients 
in the rate control arm were in sinus rhythm ( P     <    0.001). At 
1 year, a similar proportion of patients in both groups 
reported improved symptoms (76 patients in the rate control 
arm vs 70 patients in the rhythm control arm,  P    =   0.317). 
Amiodarone restored sinus rhythm in 23% of patients. The 
distance walked in 6 minutes was greater in the rhythm 
control arm, but quality of life measures did not differ. 
Hospital admission rates were higher in the rhythm control 
arm (87/127 (69%) vs 30/125 (24%),  P    =   0.001), and adverse 
drug effects caused more frequent therapy changes in this 
arm as well (31 (25%) vs 17 (14%),  P     =    0.036). Overall, 
although the two groups in the PIAF study had similar 
clinical results, exercise tolerance was better with rhythm 
control. However, this advantage in favor of rhythm control 
was offset by more frequent hospital admissions.  

   STAF  

 In this pilot study, 200 patients with persistent AF were 
randomized to rate control or rhythm control, and followed 
for a mean of 19.6    ±    8.9 months.  18   There was no difference 
between the two strategies for the primary combined end-
point of death, cardiopulmonary resuscitation, stroke or 
transient ischemic attack, and systemic embolism. Hospi-
talization was signifi cantly more frequent in the rhythm 
control arm, explained by the need to perform multiple 
cardioversions and to change antiarrhythmic drug therapy. 
In short, the data showed similar outcomes in both arms, 
supporting the concept that rate control is a legitimate 
primary treatment option. Moreover, the study suggested 
there was no benefi t in attempting rhythm control in 
patients at high risk for recurrence of AF. A limitation of 
this study was that two - thirds of the patients had AF for 
more than 6 months at the time of entry into the study, and 
only 23% of the patients in the rhythm control arm were in 
sinus rhythm after 36 months of follow - up.  

   HOT   CAF É   

 The HOT CAF É  study was a randomized, multicenter, pro-
spective trial in 205 patients with a clinically overt, persis-
tent fi rst episode of AF.  19   The primary endpoint was a 
composite of death from any cause, thromboembolic com-
plications (especially disabling ischemic stroke), and intra-
cranial or other major hemorrhage. Secondary endpoints 
included rate control, sinus rhythm maintenance, and dis-
continuation of therapy, especially if due to a potential 
proarrhythmic effect, hemorrhage, hospitalization, new or 
worsening congestive heart failure, or change in exercise 
tolerance. Patients were followed for a mean of 1.7    ±    0.4 
years (maximum follow - up, 2.5 years). Antiarrhythmic 
drugs used included disopyramide, propafenone, sotalol, 
and amiodarone. At the end of the study, 63.5% of patients 
in the rhythm control arm remained in sinus rhythm. 
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 Figure 35.2     Cumulative events for the secondary endpoint of death, 
disabling stroke or anoxic encephalopathy, major bleed or cardiac arrest 
in the AFFIRM trial. Time zero is the day of randomization. Data have 
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 Table 35.1     Studies of rate versus rhythm control in atrial fi brillation 

   Study     PIAF     STAF     HOT CAF É      RACE  

  No. of patients    252    200    205    522  

  Follow - up, years    1    1.6    1.7    2.3  

  Primary endpoint    Symptom improvement    Composite of ACM, 

cardiovascular events, 

CPR, TE  

  Composite of ACM, TE, 

bleeding  

  Composite of CVD, 

hospitalizations for CHF, TE, 

bleeding, pacemaker, AAD 

adverse effects  

  Difference in primary 

endpoint  

  Symptom improved in 70 

RhyC vs 76 RC patients 

( P    =   0.317)  

  5.54%/yr vs 6.09%/yr 

RhyC vs RC ( P    =   0.99)  

  No difference (OR, 10.98; 

95% CI, 0.28 – 22.3; 

 P     >    0.71)  

  22.6% vs 17.2% RhyC vs RC 

(HR, 0.73; 90% CI, 

0.53 – 1.01;  P    =   0.11)  

  Mortality    N/A    2.5%/year vs 4.9%/year 

RhyC vs RC  

  3 (2.9%) vs 1 (1%) 

RhyC vs RC  

  6.8% vs 7% (n.s.)  

  Thromboembolic event    N/A    3.1%/year vs 0.6%/year 

RhyC vs RC  

  3 (2.9%) vs 1 (1%) 

RhyC vs RC  

  Trend towards more TE in 

RhyC 7.9% vs 5.5% 

RhyC vs RC  

  Heart failure    N/A    Improved: 16 vs 26; 

worsened: 39 vs 29 

RhyC vs RC patients 

( P    =   0.18)  

  No difference    4.5% vs 3.5% RhyC vs RC  

  Hospitalizations    69% vs 24% RhyC vs RC 

( P    =   0.001)  *    

  54% vs 26% RhyC vs RC 

( P     <    0.01)  

  74% vs 12% RhyC vs RC 

( P     <    0.001); excluding 

DCC, 1.03 vs 0.05 per 

patient RhyC vs RC  

  More in RhyC  *    

  Quality of life    No difference, but better 

functional capacity in RhyC  

  No difference    Not assessed, but better 

functional capacity in 

RhyC  

  No difference  

  Other fi ndings    Better exercise tolerance but 

more AAD adverse effects 

in RhyC (25% vs 14%; 

 P    =   0.036)  

  18 out of total 19 primary 

endpoint events 

occurred during AF  

  Better exercise tolerance 

( P     <    0.001), smaller LA 

and LV sizes, better LV 

systolic function in RhyC  

  On - treatment analysis: more 

CHF in RC; Echo substudy: 

smaller LA and LV sizes, 

better LV systolic function 

in RhyC  

   AAD, antiarrhythmic drugs; ACM, all - cause mortality; AF, atrial fi brillation; AF CHF, Atrial Fibrillation and Congestive Heart Failure; AFFIRM, Atrial 

Fibrillation Follow - up Investigation of Rhythm Management; CHF, congestive heart failure; CI, confi dence intervals; CPR, cardiopulmonary 

resuscitation; CRRAFT, Control of Rate versus Rhythm in rheumatic study in rheumatic Atrial Fibrillation Trial; CVD, cardiovascular death; HOT CAF É , 

HOw to Treat Chronic Atrial Fibrillation; HR, hazard ratio; J - RHYTHM, Japanese Rhythm management trial for atrial fi brillation; LA, left atrium; LV, left 

ventricle; OR, odds ratio; PAF, Paroxysmal Atrial Fibrillation 2; PIAF, Pharmacological Intervention in Atrial Fibrillation; RACE, Rate Control versus 

Electrical Cardioversion; RC, rate control; RhyC, rhythm control; SE, systemic embolism; STAF, Strategies of Treatment of Atrial Fibrillation; TE, 

thromboembolic event; TIA, transient ischemic attack.      * , including cardioversion;        †  , reported as an adverse event   

Although it was not reported, it is likely that very few, if 
any, patients in the rate control arm were in sinus rhythm 
because patients had to be in AF for at least 7 days at entry 
into the study. There were no sig nifi cant differences in the 
primary endpoint between rate and rhythm control patients 

(odds ratio (OR) 1.98; 95% CI 0.28 – 22.3;  P     >    0.71), nor were 
there signifi cant differences in secondary endpoints, except 
that the incidence of hospital admissions was much lower 
in the rate control than the rhythm control arm (12% vs 
74%, respectively;  P     <    0.001). 
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   AFFIRM     AF - CHF     J - RHYTHM     CRRAFT     PAF 2  

  4060    1376    823    144 (rheumatic AF, 73% 

had valvular 

intervention)  

  137 (after 

atrioventricular node 

ablation and pacing)  

  3.5    3.1    1.6    1    1.3  

  All - cause mortality    Cardiovascular mortality    Composite of ACM, 

stroke, SE, major 

bleeding, CHF 

hospitalization, 

adverse effects  

  Improvement in exercise 

tolerance, functional 

class, and quality of life  

  Prevention of permanent 

AF  

  23.8% vs 21.3% 

RhyC vs RC (HR, 1.15; 

95% CI, 0.99 – 1.34; 

 P    =   0.08)  

  27% vs 25% RhyC vs RC 

(HR, 1.06; 95% CI, 

0.86 – 1.3;  P    =   0.59)  

  15.3% vs 22% 

RhyC vs RC 

( P    =   0.0128)  

  Signifi cant improvement 

in all outcomes with 

RhyC  

  Permanent AF: 21% vs 

37% RhyC vs RC 

(OR, 0.43; 95% CI, 

0.18 – 0.98;  P    =   0.027)  

  As above    32% vs 33% RhyC vs RC 

( P    =   0.68)  

  4 (1%) vs 3 (0.7%) 

RhyC vs RC  

  0 vs 5 events RhyC vs RC 

( P    =   0.023)  

  N/A  

  Stroke: 7.1% vs 5.5% 

RhyC vs RC ( P    =   0.79) 

 SE: 0.4% vs 0.5% 

RhyC vs RC ( P    =   0.62)  

  3% vs 4% RhyC vs RC 

( P    =   0.32)  

  2.39% vs 2.97% 

RhyC vs RC  

  1 TIA in RhyC vs 0 events 

in RC  

  3 (4%) vs 1 (1%) 

RhyC vs RC ( P    =   0.30)  

  2.7% vs 2.1% RhyC vs RC 

( P    =   0.58)  

  28% vs 31% RhyC vs RC 

( P    =   0.17)  

  0.5% vs 1.5% 

RhyC vs RC  

  CHF functional class 

improved: 60% vs 

17.5% RhyC vs RC; 

worsened: 4.4% vs 

10% ( P    =   0.0014)  

  22% vs 10% 

RhyC vs RC ( P    =   0.05)  

  80% vs 73% RhyC vs RC 

( P     <    0.001)  

  During the fi rst year 46% vs 

39% RhyC vs RC 

( P    =   0.0063)  

  N/A    8.9% vs 15% 

RhyC vs RC 

( P    =   0.51)  

  For CHF, 18% vs 7% 

RhyC vs RC ( P    =   0.05)  

  No difference, but trend 

towards better 

functional capacity in 

RhyC  

  Not yet available    Symptom frequency 

was lower with RhyC 

( P    =   0.0027)  

  Improved by  3 1 score: 

86.7% vs 50% 

RhyC vs RC 

( P    =   0.033)  

  No difference  

  On - treatment analysis: 

maintenance of sinus 

rhythm was associated 

with lower mortality 

(HR, 0.53; 95% CI, 

0.39   – 0.72;  P     <    0.0001)

  On - treatment analysis: 

no survival benefi t from 

maintenance of sinus 

rhythm (HR, 1.11; 95% CI, 

0.78 – 1.58;  P    =   0.568)  

  Symptoms or adverse 

effects leading to 

crossover occurred in 

11% RhyC vs 16.6% 

RC patients 

( P    =   0.0142)  

  N/A    N/A  

 Meta - analysis of these studies has demonstrated no sig-
nifi cant excess or reduced mortality with either strategy 
but hinted at a trend towards better survival when rate 
control was the primary treatment approach (OR 0.87; 
95% CI 0.74 – 1.02;  P    =   0.09).  21     

 Following these publications, there has been a general 
movement away from rhythm control in patients who are 
able to tolerate the arrhythmia when the ventricular rate is 
adequately controlled. The major limitation of the studies 
which compared two strategies was inability to achieve a 
clear difference with respect to rhythm and rate status in 

the two arms as a signifi cant proportion of patients in the 
rhythm control arm failed to maintain sinus rhythm and 
many patients in the rate control arm were in sinus rhythm 
at the end of the study. A subsequent, retrospective, on -
 treatment analysis of time - dependent covariates on 
outcome in the AFFIRM trial has shown that the presence 
of sinus rhythm conferred a considerable reduction of 47% 
in the risk of death irrespective of the treatment strategy.  22   
However, antiarrhythmic drug use was associated with 
a 42% increase in the risk of death. This has been inter-
preted as showing that when sinus rhythm is included as 
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a separate factor, the sinus rhythm variable expresses the 
benefi cial effect and the antiarrhythmic drug variable 
expresses the detrimental effects. Thus, use of antiarrhyth-
mic drugs is associated with increased mortality. However, 
when sinus rhythm was removed as a separate factor from 
the analysis, antiarrhythmic drugs were not associated 
with mortality, presumably because the benefi cial antiar-
rhythmic effects of antiarrhythmic drugs offset their 
adverse effects. In short, it suggested that in patients with 
AF, if one could achieve sinus rhythm safely and effec-
tively, sinus rhythm would confer a favorable outcome.  

   AF   CHF  

 Retrospective studies in patients with left ventricular dys-
function and AF previously showed that there is as high as 
a twofold increased mortality compared with patients in 
sinus rhythm.  23,24   These and similar observations triggered 
a large randomized, open - label trial, AF CHF. The AF CHF 
investigators compared rate and rhythm control strategies 
specifi cally in 1376 patients with an ejection fraction of 35% 
or less and NYHA II – IV heart failure who were followed 
for a mean of 37 months.  15   For patients randomized to the 
rhythm control arm, aggressive therapy to prevent AF and 
maintain sinus rhythm was recommended. Amiodarone 
was the drug of choice for AF suppression and sinus 
rhythm maintenance, but sotalol and dofetilide were used 
in selected cases. For patients randomized to the rate 
control arm, beta - blockers with digitalis were used to 
achieve the target heart rate of  < 80 beats per minute at rest 
and  < 110 beats per minute during a 6 - minute walk test. 
Atrioventricular node ablation and pacemaker therapy 
were recommended for patients who were otherwise 
unable to meet rate control targets. 

 The study showed no benefi t of rhythm control on top 
of optimal medical therapy with regard to the primary 
endpoint (cardiovascular mortality) as well as pre - 
specifi ed secondary endpoints including total mortality, 
worsening heart failure, stroke, and hospitalization. Car-
diovascular death occurred in 182 (26.7%) of the patients 
in the rhythm control group compared with 175 (25.2%) in 
the rate control arm (hazard ratio (HR) 1.058, 95% CI 0.86 –
 1.30;  P    =   0.59) (Fig.  35.3 ).  15   During the course of the study, 
21% of patients crossed over from rhythm to rate control, 
primarily because of the inability to maintain sinus rhythm, 
but 10% crossed from the rate control arm to rhythm 
control, primarily because of worsening heart failure. 
Similar to the AFFIRM trial, the AF CHF trial conducted a 
retrospective on - treatment analysis of outcomes and 
showed that AF does not predict cardiovascular or all -
 cause mortality once the severity of clinical symptoms and 
mitral regurgitation is known.  24a     These results further indi-
cate that rate control is a legitimate primary treatment 
option for patients with heart failure.   

 The results of the AF CHF trial likely refl ect the consider-
able improvement in the management of heart failure as 
well as the management of stroke prevention in patients 
with AF. In the years since the publication of the retrospec-
tive studies which identifi ed a twofold increase in mortal-
ity in patients with AF and heart failure compared to 
patients with sinus rhythm and heart failure, therapy with 
beta - blockers, afterload reducers, statins, and aldosterone 
antagonists has considerably improved outcome. We learn 
once again from the AF CHF trial that because of new, 
improved and better applied therapies which produce 
better outcomes, historic controls are often an invalid 
comparator. A contemporary comparator will refl ect the 
changes, usually the improvements, in patient care that 
occur over time, which, in turn, will change (usually 
improve) patient outcomes. 

 Importantly, the results of rate versus rhythm control 
studies highlighted the limitations of current therapies to 
achieve and maintain sinus rhythm. Long - term mainte-
nance of sinus rhythm has proven diffi cult to achieve in 
patients with persistent AF, and the method is time - 
consuming and expensive due to the costs of the antiarrhy-
thmic drugs and the increased need for hospitalization. 
Thus, the unmet need for safer and more effective antiar-
rhythmic agents to reverse this trend is clear.   

  Pharmacologic  c ardioversion for  a trial 
 fi  brillation 

 Pharmacologic cardioversion is considered to be most 
effective if initiated within 7 days after the onset of the 
arrhythmia in which case restoration of sinus rhythm can 

 Figure 35.3     Kaplan – Meier estimates of death from cardiovascular 
causes (primary outcome) in the AF CHF study. AF CHF, Atrial Fibrillation 
in Congestive Heart Failure.  (From Roy  et al   16  , with permission.)  
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be achieved in nearly 70% of patients, but the success rate 
decreases signifi cantly as AF persists beyond this limit. The 
likelihood of spontaneous conversion varies greatly, but is 
mainly determined by the nature of the arrhythmia (par-
oxysmal or persistent), the duration of the index episode, 
the overall duration of AF, the number of recurrences, and 
the severity of underlying heart disease.  25   Systematic anal-
ysis of placebo - controlled studies of pharmacologic cardio-
version for AF has shown that among patients with AF of 
less than 24 hours, 66% spontaneously converted to sinus 
rhythm compared with only 17% of those with the arrhyth-
mia of longer duration (OR 1.8).  26   

 The choice of an antiarrhythmic drug for cardioversion 
of AF depends on the underlying heart disease.  5   Class IC 
antiarrhythmic agents (propafenone and fl ecainide), sotalol, 
and ibutilide are recommended for cardioversion of AF in 
patients with moderate structural heart disease or hyper-
tension without left ventricular hypertrophy and are con-
traindicated in patients with a history of heart failure, 
myocardial infarction with left ventricular dysfunction, and 
signifi cant left ventricular hypertrophy ( > 1.4   cm). Amioda-
rone and dofetilide can be used in patients presenting with 
symptoms of heart failure and known advanced heart 
disease. Propafenone, fl ecainide and sotalol are less effec-
tive for cardioversion with increased duration of the 
arrhythmia, and in such patients the choice of drugs is 
limited to dofetilide, ibutilide and amiodarone. Intravenous 
formulations of antiarrhythmic drugs are typically used for 
cardioversion, particularly when the AF is of short dura-
tion; however, oral forms of propafenone, fl ecainide, sotalol 
and amiodarone are available and may be used in loading 
doses. Although oral quinidine and oral or intravenous pro-
cainamide (class IA antiarrhythmic agents) are available in 
some countries, there has been a signifi cant decrease in their 
use worldwide. Antiarrhythmic drugs recommended by 
the ACC/AHA/ESC guidelines are listed in Table  35.2 .     

  Propafenone and  fl  ecainide 

 In placebo - controlled, randomized studies, intravenous 
propafenone and fl ecainide were effective in cardioversion 
of recent (usually 1 – 72   h) - onset AF, with conversion rates 
as high as 80 – 90% within an hour after the start of infu-
sion.  27 – 29   The advantage of propafenone and fl ecainide is 
the possibility of oral administration for cardioversion of 
AF; the conversion rates are comparable to those achieved 
with intravenous formulations, although the effect is 
usually delayed.  30 – 36   In a meta - analysis of 1843 patients 
from 27 studies, intravenous or oral propafenone demon-
strated a placebo - subtracted effi cacy of 31.5% at 4 hours 
and 32.9% at 8 hours.  30   Thus, after administration of a 
loading single oral dose of propafenone (usually 450 –
 600   mg) or fl ecainide (usually 200 – 300   mg), sinus rhythm 

was restored in, respectively, 51 – 59% at 3 hours and 72 –
 78% at 8 hours, compared with respective conversion rates 
of 18% and 39% on placebo.  31   Across the studies, the success 
rates ranged from 56% to 83% for propafenone and from 
57% to 68% for fl ecainide. The conversion times ranged 
from 110    ±    59 to 287    ±    352 minutes and 110    ±    82 to 190    ±    147 
minutes for propafenone and fl ecainide, respectively.  32 – 34   
Both drugs have been given a Class I recommendation for 
cardioversion of recent - onset (less than 7 days) AF in 
patients without signifi cant structural heart disease (Level 
A). The drugs are considered relatively ineffective for ter-
mination of AF of longer duration (Class IIb, Level B). 

   “ Pill in the  p ocket ”   a pproach 
 The high effi cacies of oral propafenone and fl ecainide in 
cardioversion of AF have formed the basis for the use of these 
drugs for termination of the arrhythmia outside the hospital 
setting. In patients with no or minimal structural heart 
disease and relatively infrequent (perhaps less than 12 per 
year) paroxysms of AF of distinct onset which, although 
symptomatic, do not cause signifi cant hemodynamic com-
promise (e.g. hypotension), a loading single dose of either 
drug has proven safe and effective for expedient cardiover-
sion to sinus rhythm.  37   In a key feasibility study, a selected 
cohort of 210 patients who had been successfully treated in 
hospital with either oral fl ecainide or propafenone for parox-
ysmal AF were given a supply of the relevant drug and asked 
to take a single oral dose within 5 minutes of noticing palpita-
tions. In comparison with their own historic control data, as 
a result of the  “ pill in the pocket ”  strategy, the number of 
visits to emergency departments fell to 4.9 a month (from 
45.6 visits a month during the previous period,  P     <    0.001), 
despite the same frequency of arrhythmia episodes.  38   

 However, the experience with this strategy is limited, 
neither propafenone nor fl ecainide is licensed for patients 
to use for self - treating single attacks, and it is mandatory 
that the effi cacy and safety of this strategy are fi rst tested 
in hospital. It is unknown how valuable the  “ pill in the 
pocket ”  approach will be in the long term because AF tends 
to progress to sustained over time. Long - term anticoagula-
tion will be needed in high - risk individuals. It is generally 
recommended that patients should not be taking a prophy-
lactic antiarrhythmic drug. There is always the danger of 
development of atrial fl utter with 1:1 atrioventricular con-
duction due to slowing of the atrial rate, associated with 
dangerous widening of the QRS complex (due to the 
enhanced (use - dependent) sodium channel blocking effect) 
and rarely left ventricular dysfunction secondary to the 
negative inotropic effect. Atrial fl utter was reported in 
2.5 – 20% of patients who received oral loading doses of 
propafenone or fl ecainide for conversion of AF (5 – 7% on 
average), and 2 – 14% of patients developed hypotension.  34   
Therefore, concomitant administration of an atrioventri-
cular node - blocking agent (a beta - blocker, verapamil or 
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 Table 35.2     Antiarrhythmic drugs for pharmacologic cardioversion of atrial fi brillation 

   Drug     Route     Dose     AF  ≤ 7 days     AF  > 7 days     Potential adverse effects  

   Class     LOE     Class     LOE  

  Flecainide    Oral or 

intravenous  

  Loading dose 200 – 300   mg or 1.5 – 3.0   mg/kg 

over 10 – 20   min  
  I    A    IIb    B    Rapidly conducted atrial fl utter; ventricular 

proarrhythmia in patients with myocardial ischemia; 

possible deterioration of ventricular function in the 

presence of organic heart disease  
  Propafenone    Oral or 

intravenous  

  Loading dose 450 – 600   mg or 1.5 – 2.0   mg/kg 

over 10 – 20   min  
  I    A    IIb    B  

  Ibutilide    Intravenous    1   mg over 10   min; repeat 1   mg if necessary    IIa    A    IIa    A    QT prolongation; torsades de pointes; hypotension  

  Sotalol    Intravenous    80   mg initial dose; then 160 – 320   mg in divided 

doses  
  III    A    III    B    QT prolongation; torsades de pointes; bradycardia; 

hypotension  

  Oral    80   mg initial dose; then 160 – 320   mg in divided 

doses  
  IIb    B    III    B  

  Dofetilide    Oral    125 – 500   mg twice daily  *      I    A    I    I    QT prolongation; torsades de pointes; contraindicated 

if creatinine clearance    <    20   mL/min  

  Amiodarone    Oral or 

intravenous  

  Inpatient: 1200 – 1800   mg daily in divided doses 

until 10 g total; then 200 – 400   mg daily  

 Outpatient: 600 – 800   mg daily until 10 g total; 

then 200 – 400   mg daily 5 – 7   mg/kg over 

30 – 60   min intravenously; then 

1200 – 1800   mg daily oral until 10 g total; 

then 200 – 400   mg daily  

  IIa    A    IIa    A    Hypotension; bradycardia; QT prolongation; torsades 

de pointes (risk  < 1%); phlebitis (intravenous) 

gastrointestinal upset; constipation (oral); 

multiorgan toxicity in the long term  

  Quinidine   †       Oral    750 – 1500   mg in divided doses over 6 – 12 

hours   +   rate - slowing drug (e.g. verapamil)  
  IIb    B    IIb    B    QT prolongation; torsades de pointes; QRS widening; 

rapid atrial fl utter; hypotension; gastrointestinal 

upset  

  Procainamide   †       Intravenous    1000   mg over 30   min (33   mg/min) followed by 

2   mg/min infusion  
  IIb    B    IIb    C    QRS widening; torsades de pointes; rapid atrial fl utter  

   AF, atrial fi brillation; LOE, level of evidence;   

   *    dose depends on creatinine clearance:  > 60   mL/min  –  500   mg; 40 – 60   mL/min  –  250   mg; 20 – 40   mL/min  –  125   mg twice daily; contraindicated if creatinine clearance  < 20   mL/min;   

    †     limited use or withdrawn agents.   
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diltiazem) is warranted. Transient atrioventricular block, 
QRS widening, and left bundle branch block occurred in 
approximately 2 – 8%. Class IC drugs usually are ineffective 
for conversion of atrial fl utter. They slow conduction 
within the re - entrant circuit and prolong the atrial fl utter 
cycle length, but rarely interrupt the circuit and there is 
greater risk of 1:1 atrioventricular conduction. The effi cacy 
rates have been reported to be as low as 13 – 40%.  39     

  Sotalol 

 Intravenous sotalol generally is ineffective for acute cardio-
version of AF of any duration (Class III, Level A). The 
conversion rate in one study was 11 – 13% with sotalol vs 
14% on placebo in the double - blind phase and 30% in the 
open - label phase.  40   In a direct comparison study with ibu-
tilide in 308 patients with AF or fl utter of 3 hours to 45 
days, sotalol 1.5   mg/kg (n   =   103) restored sinus rhythm in 
only 11% of patients with AF and 19% of patients with 
fl utter and was signifi cantly inferior to ibutilide.  41   Even 
among patients with very recent onset AF ( <    48 hours), only 
12% converted to sinus rhythm at 3 hours with oral sotalol 
80 – 160   mg and a further 12% converted to sinus rhythm at 
8 hours after receiving a cumulative dose of 160 – 240   mg.  42   
In this study, the conversion rates for sotalol were signifi -
cantly lower than for oral quinidine in combination with 
digoxin (36% and 71% at 3 and 8 hours, respectively). In 
the Sotalol Amiodarone Atrial Fibrillation Effi cacy Trial 
(SAFE - T), 24.2% of patients with persistent AF treated with 
sotalol converted to sinus rhythm within 28 days, com-
pared with 27.1% on amiodarone and only 0.8% on 
placebo.  43   Sotalol may offer a modest benefi t of facilitating 
spontaneous conversion to sinus rhythm and, in addition, 
can ensure ventricular rate control in patients awaiting 
electrical cardioversion (Class IIb, Level B). 

 The antifi brillatory effect of sotalol is limited by reverse 
use dependency of its effect on atrial refractoriness: sotalol 
prolongs the atrial effective refractory period at normal 
and slow atrial rates, but not during rapid AF. The adverse 
effects of sotalol include hypotension, bradycardia, QT 
interval prolongation and associated ventricular proar-
rhythmia (torsades de pointes). Bradycardia and hypoten-
sion were the most common with intravenous sotalol, with 
an incidence of 6.5% and 3.7%, respectively.  43   Polymorphic 
ventricular tachycardia or torsades de pointes was reported 
in 1% of men and 4.1% of women who received sotalol for 
ventricular tachyarrhythmias.  44   The risk of proarrhythmia 
is increased in the presence of left ventricular hypertrophy 
because of increased duration and inhomogeneity of repo-
larization in the hypertrophied myocardium, increased 
transmural dispersion of repolarization, disruption of gap 
junction coupling, and a greater likelihood of ischemia and 
fi brosis. Sotalol levels are also increased in renal failure and 
torsades de pointes is more likely under these conditions.  

  Ibutilide 

 In randomized, placebo - controlled studies and direct com-
parisons with procainamide and sotalol, the class III drug 
ibutilide has proven more effective for cardioversion of 
atrial fl utter than AF.  41,45 – 47   The overall conversion rates for 
atrial fl utter were reported to be almost twofold higher 
than for AF (56 – 70% vs 31 – 44%).  41,46   In direct comparison 
studies, ibutilide 2   mg cardioverted 70% of atrial fl utter 
compared with only 19% on sotalol  41   and 14% on procain-
amide.  47   Higher doses of ibutilide administered as a single 
bolus of 2   mg or two successive infusions of 1   mg are 
usually required for termination of AF. Thus, in the Ibuti-
lide/Sotalol Comparator Study, patients with AF were 
twice as likely to convert to sinus rhythm after receiving a 
2   mg infusion than those who received a 1   mg infusion 
(44% vs 20%).  41   The antiarrhythmic effect of ibutilide 
decreased if the arrhythmia had persisted for more than 7 
days  –  from 71% to 57% for atrial fl utter and from 46% to 
18% for AF. Nevertheless, ibutilide is recommended for 
cardioversion of AF (Class IIa, Level A). 

 Unlike sotalol and procainamide (a class IA agent), ibu-
tilide does not produce signifi cant hypotension but like 
many of the class III antiarrhythmic drugs, it may cause QT 
interval prolongation and ventricular proarrhythmia. In 
the ibutilide trials, the incidence of polymorphic ventricu-
lar tachycardia or torsades de pointes requiring electrical 
cardioversion was 0.5 – 1.7% and the incidence of self - 
terminating polymorphic ventricular tachycardia was 2.6 –
 6.7%.  48   There are insuffi cient data to support the use of 
ibutilide in patients with signifi cant structural heart disease 
as many controlled studies of ibutilide have only enrolled 
patients with mild or moderate underlying heart disease. 
Ibutilide 2   mg administered intravenously on top of long -
 term therapy with oral amiodarone in patients referred for 
electrical cardioversion terminated AF in 39% of patients 
and fl utter in 54%.  49   The QT interval was signifi cantly pro-
longed, but there was only one case of non - sustained poly-
morphic tachycardia.  

  Dofetilide 

 In small (less than 100 patients) randomized, double - blind, 
placebo - controlled studies, dofetilide administered intra-
venously at 8    μ g/kg restored sinus rhythm in about 
one - third of patients presenting with atrial fl utter or AF 
compared with 0 – 3.3% on placebo.  50,51   As with ibutilide, the 
conversion rates were signifi cantly higher for atrial fl utter 
than for AF (54 – 64% vs 14.5 – 24%).  50,51   In a double - blind, 
dose - ranging, pharmacokinetic study, dofetilide 8    μ g/kg 
was confi rmed as the most effective dose with an accept-
able rate of adverse events: 39% of patients in the dofetilide 
group converted to sinus rhythm compared with 6% in the 
placebo group.  52   In line with the conversion rates observed 
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with other antiarrhythmic agents, the likelihood of phar-
macologic conversion on dofetilide decreased as the dura-
tion of AF increased: the drug was effective in 67% of 
patients with arrhythmia onset within 24 hours of treat-
ment, 36% of patients with AF of 1 – 7 days, and 24% of 
patients with AF of more than 7 days. 

 Two medium - size prospective studies, SAFIRE - D 
(Symptomatic Atrial Fibrillation Investigative Research on 
Dofetilide) and EMERALD (European and Australian 
Multicenter Evaluative Research on Dofetilide), reported a 
modest 30% cardioversion rate of persistent AF with high -
 dose (1000    μ g daily) oral dofetilide compared with 1.2% of 
spontaneous conversion on placebo  53   and 5% on sotalol.  54   
In the pooled analysis from the DIAMOND (Danish Inves-
tigations of Arrhythmia and Mortality ON Dofetilide) 
studies in patients with symptomatic heart failure and an 
ejection fraction  ≤ 35% (DIAMOND - CHF) or myocardial 
infarction with left ventricular dysfunction (DIAMOND -
 MI), oral dofetilide had a neutral effect on mortality and 
also demonstrated a greater rate of conversion to sinus 
rhythm (44% vs 14%).  24   

 Oral dofetilide is considered safe and relatively effective 
for pharmacologic cardioversion of AF including arrhyth-
mia duration of more than 7 days (Class I, Level A). 
Intravenous dofetilide is rarely used for pharmacologic 
cardioversion. However, dofetilide has been reported to 
prolong the QT interval and cause torsades de pointes. This 
effect is dose related. Therefore, it is mandatory that dofeti-
lide be initiated in hospital and that patients should be 
monitored for 3 days. In addition, the dose of dofetilide 
requires adjustment to creatinine clearance.  

  Amiodarone 

 Amiodarone is currently assigned a Class IIa, Level A 
indication for cardioversion of AF of any duration. Meta -
 analysis of 13 randomized controlled studies in 1174 
patients has shown that IV amiodarone was 44% more 
effective in converting AF compared with placebo, but its 
antiarrhythmic effect was delayed by 24 hours.  55   At 8 
hours, the probability of restoration of sinus rhythm was 
65% higher with fl ecainide or propafenone than with amio-
darone. In a double - blind direct comparison with dofeti-
lide, amiodarone cardioverted only 4% of patients with AF 
compared with 35% on dofetilide and 4% on placebo.  56   In 
one study, amiodarone administered intravenously as a 
bolus of 300   mg for 1 hour followed by infusion of 20   mg/
kg for 24 hours and oral treatment for 4 weeks cardioverted 
80% of AF.  57   However, spontaneous conversion rates in 
this study were also high (40%). Amiodarone given at a 
high single loading oral dose of 30   mg/kg (approx. 2.4 g) 
was less effective than oral propafenone 600   mg at 4 hours 
(16% vs 37%) and comparable with propafenone at 24 
hours (56% vs 47%), but the median time to conversion to 

sinus rhythm was signifi cantly shorter with propafenone 
than amiodarone (2.4 vs 6.9 hours).  58   

 Intravenous amiodarone has a modest effect on atrial 
refractoriness and therefore is moderately effective in termi-
nating the arrhythmia in the emergency setting, but unlike 
class IC agents, amiodarone does not have any negative 
inotropic effect, controls the ventricular rate, and is associ-
ated with a low incidence of torsades de pointes. All this 
makes it safe to use in patients with advanced structural 
heart disease. Amiodarone prolongs the QT interval but, 
unlike pure class III agents, exhibits a low arrhythmogenic 
potential (less than 1%).  59   The most common effects of intra-
venous amiodarone are hypotension and relative bradycar-
dia. There is limited experience with the use of intravenous 
amiodarone for termination of AF in critically ill patients.  60   

 The mortality and morbidity study CHF - STAT (Conges-
tive Heart Failure Survival Trial of Antiarrhythmic Therapy) 
in 667 patients with a mean ejection fraction of 25% has 
shown that long - term treatment with oral amiodarone 
400   mg daily for the fi rst year and 300   mg daily for the 
remainder of the 4.5 - year trial had a neutral effect on sur-
vival but was associated with greater rates of conversion 
to sinus rhythm compared with placebo (31% vs 7.7%).  61   
The SAFE - T study randomized 665 patients with persistent 
AF (74 – 80% less than 1 year) to therapy with amiodarone, 
sotalol or placebo for 28 days prior to carrying out electrical 
cardioversion.  43   The amiodarone regimen for this period 
was 800   mg for the fi rst 2 weeks and 600   mg for the next 2 
weeks. Of 267 patients who received amiodarone, 27.1% 
converted to sinus rhythm compared with 0.8% out of 137 
in the placebo group. In a study of 95 patients with a mean 
AF of almost 2 years, amiodarone prescribed 600   mg daily 
for 4 weeks restored sinus rhythm in 34% of patients com-
pared with 0% in the placebo group.  62    

  Procainamide,  q uinidine, and  d isopyramide 

 The class IA drug procainamide has been shown to facilitate 
conversion of AF of less than 48 hours, but its effi cacy is 
limited in AF of longer duration.  47,63 – 65   The conversion rates 
with procainamide administered intravenously at a dose 
1000 – 1200   mg over 30 minutes ranged from 21% to 70%. In 
direct comparison studies, the effi cacy of procainamide was 
comparable to that of propafenone (69.5% vs 48.7%)  64   and 
fl ecainide (65% vs 92%).  65   In a randomized, single - blind, 
placebo - controlled study in 362 patients with AF of less than 
48 hours, the conversion rates with IV procainamide, 
propafenone, and amiodarone were 68.5%, 80.2%, and 
89.1%, respectively.  66   Propafenone produced the most rapid 
effect, with a median time to conversion of 1   h, followed by 
procainamide (3   h) and amiodarone (9   h). The non - target 
effects of procainamide are vasodilation and hypotension 
due to the alpha - adrenergic properties, anticholinergic 
action, atrioventricular node blockade, worsening heart 
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failure, and lupus erythematosus. The drug is no longer 
used routinely for cardioversion of AF (Class IIb, Level B). 

 Quinidine given orally in a cumulative dose of up to 
1200 – 2400   mg over 24 hours has been shown to cardiovert 
60 – 80% of recent - onset AF; it is more effective than sotalol  67   
and in some studies it was as effective as intravenous amio-
darone.  68   The effect usually occurs within 12 hours of treat-
ment. Quinidine poses increased risk of torsades de pointes 
which is observed at a rate of 6%; it widens the QRS 
complex, causes gastrointestinal side effects in a signifi cant 
proportion of patients, and is contraindicated in individu-
als with structural heart disease. The poor safety profi le of 
quinidine has led to a decrease in its use for acute cardio-
version of AF (Class IIb, Level B). 

 There is limited evidence for the effi cacy of intravenous 
disopyramide for acute pharmacologic cardioversion in 
patients with AF. In one study, disopyramide administered 
as a bolus of 2   mg/kg over 5 minutes restored sinus rhythm 
in 10 of 14 (71%) patients with self - limiting lone AF and 3 
of 7 (43%) patients with atrial fl utter.  69   There are concerns, 
however, that the adverse effects such as proarrhythmia, 
hypotension, asystole, and non - target effects resulting 
from anticholinergic activity of disopyramide may offset 
its modest antiarrhythmic potential (Class IIb, Level B).  5    

  Other  a gents 

 One - quarter to one - half of patients with AF have low 
serum magnesium levels.  70   The electrophysiologic effects 
of magnesium include prolongation of the atrial and atrio-
ventricular node refractory periods which are essential 
determinants of ventricular rates and maintenance of AF. 
Meta - analysis of eight studies in 476 patients showed that 
magnesium sulfate, administered intravenously at an 
initial dose of 1200 – 5000   mg over 1 – 30 minutes (in some 
studies followed by a second dose or continuous infusion 
for 2 – 6 hours), was superior to placebo or the active com-
parator in cardioverting AF with an odds ratio of 1.6 (95% 
CI 1.07 – 2.39).  70   Time to conversion was 3.8 – 14.9 hours and 
the most common side effects were sensations of warmth 
and fl ushing. In addition to its antifi brillatory action, mag-
nesium produced effective ventricular rate control. There 
was no correlation between serum magnesium levels and 
the response. However, magnesium is not routinely used 
for pharmacologic cardioversion of AF (Class IIb, Level 
B), but it may potentiate the effect of other antiarrhythmic 
agents, e.g. in patients with refractory AF. 

 Digitalis, beta - blockers, and calcium antagonists usually 
are ineffective for acute conversion of AF (Class III).  27,71,72   
The DAAF (Digitalis in Acute Atrial Fibrillation) study has 
shown no difference in cardioversion rates at 16 hours 
between intravenous digoxin and placebo (51% vs 46%).  73   
Moreover, the drug has been shown to have a profi brilla-
tory effect due to its cholinergic effects which may cause a 

non - uniform reduction in conduction velocity and effective 
refractory periods of the atria, and to delay the reversal of 
remodeling after restoration of sinus rhythm.  74   Digoxin is 
not indicated for pharmacologic cardioversion of AF (Class 
III, Level A). Short - acting intravenous beta - blockers (e.g. 
esmolol) and non - dihydropyridine calcium antagonists 
(verapamil and diltiazem) are more commonly used for 
rate control than for restoration of sinus rhythm.   

  Antiarrhythmic  d rugs and 
 e lectrical  c ardioversion   

 Antiarrhythmic drugs can be used to facilitate electrical 
cardioversion and to prevent immediate or early recur-
rence of AF (Class IIa, Level B). Synergistic action of anti-
arrhythmic drugs may be due to prolongation of atrial 
refractoriness, conversion of AF to a more organized atrial 
rhythm (e.g. fl utter) which may be cardioverted with less 
energy, the suppression of atrial premature beats that may 
re - initiate AF, and prevention of atrial remodeling. The 
disadvantages are increased risk of ventricular proarrhyth-
mia and bradycardia. 

 Pretreatment with ibutilide lowered the energy require-
ment by approximately 30% and improved the success rate 
of cardioversion, including those who previously had failed 
electrical cardioversion.  75   Flecainide administered intrave-
nously increased the likelihood of converting to sinus 
rhythm by 16% and signifi cantly reduced the energy 
requirement.  76   Intravenous sotalol was synergistic with 
internal electrical cardioversion by preventing reinitiation 
of AF. Sotalol suppressed atrial premature beats and pro-
longed the coupling interval of atrial premature beats, thus 
reducing risk of early recurrence.  77   Higher success rates of 
electrical cardioversion for persistent AF were reported 
in patients pretreated with oral amiodarone compared with 
diltiazem (88% vs 56%).  78   The results with calcium antago-
nists were controversial. Thus, in the VEPARAF (VErapamil 
Plus Antiarrhythmic drugs Reduce Atrial Fibrillation) trial, 
adjunctive treatment with verapamil reduced the AF recur-
rence rate from 35% to 20%.  79   In the VERDICT (Verapamil 
versus Digoxin Cardioversion Trial), only 47% of patients 
in the verapamil - treated group and 53% of those in the 
digoxin - treated group remained free from recurrence of the 
arrhythmia during the fi rst month after cardioversion.  80    

  New  a gents for  p harmacologic 
 c ardioversion 

  Vernakalant 

 Vernakalant is a new arrhythmic drug agent with an affi nity 
for ion channels specifi cally involved in the repolarization 
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processes in atrial tissue, in particular, the ultrarapid potas-
sium repolarization current I Kur . Although I Kur  current is the 
main target of vernakalant, its mechanism of action involves 
blockade of several ion channels such as I to , and I Na , but 
there is little impact on major currents responsible for ven-
tricular repolarization, such as I Kr  and I Ks  currents. The 
intravenous formulation of vernakalant is under regula-
tory body review for pharmacologic cardioversion of AF. 

 The effi cacy of vernakalant was investigated in one dose -
 fi nding study, three medium - size randomized clinical 
studies, and a phase IV open - label study (Table  35.3 ).  81 – 84   
In the randomized, double - blind, placebo - controlled Atrial 
arrhythmia Conversion Trials (ACT I and II), vernakalant 
was signifi cantly more effective than placebo in converting 
AF of less than 7 days (51.7% and 51.2% compared with 
4% and 3.6%, respectively,  P     <    0.001).  82,83   Vernakalant was 
administered as a 10 - minute infusion of 3   mg/kg and if AF 

persisted after 15 minutes, a second infusion of 2   mg/kg 
was given. The median time to conversion was 8 – 11 
minutes and the majority of patients (75 – 82%) converted 
after the fi rst dose. The highest effi cacy was observed for 
AF of up to 72 hours (70 – 80%). The results were repro-
duced in the open - label ACT IV study in which vernaka-
lant restored sinus rhythm in 50.9% within 14 minutes after 
the start of treatment. Vernakalant was signifi cantly less 
effective in converting AF of more than 7 days and did not 
convert atrial fl utter.   

 The drug was well tolerated, with no signifi cant QT pro-
longation or drug - related torsades de pointes. However, in 
the ACT I study, the QTc values after infusion were greater 
in the vernakalant group than in the placebo group, and 
24% of patients in the vernakalant group had QTc  > 500   ms 
as opposed to 15% in the placebo group, but no torsades 
de pointes was reported during the fi rst 24 hours after 

 Table 35.3     Summary of clinical studies of vernakalant in atrial fi brillation 

   Study     Number of 
patients  

   Patient 
characteristics  

   Dose of 
vernakalant  

   Placebo 
controlled  

   Primary endpoint     Outcome vs placebo/
control  

  CRAFT    56    AF 3 – 72   h    IV 0.5   mg/kg 

+1   mg/kg or 

IV 2   mg/kg   +   

3   mg/kg  

  Yes    Conversion to SR during 

infusion or within 30 

minutes after the last 

infusion  

  Converted to SR: 61% vs 

5%,  P     <    0.001; patients in 

SR at 30   minutes 56% vs 

5%,  P       =      0.016; only 

higher dose was effective  

  ACT I    336    AF 3   h – 45 days (3   h – 7 

days, n   =   220; 8 – 45 

days, n   =   116)  

  IV 3   mg/kg   

+   2   mg/kg  

  Yes    Conversion to SR within 90 

minutes of drug initiation 

in AF 3   h − 7 days  

  Converted to SR: 51.7% vs 

4%,  P     <    0.001  

  ACT II    150    AF 3 – 72   h between 

24   h and 7 days 

after cardiac surgery  

  IV 3   mg/kg   

+   2   mg/kg  

  Yes    Conversion to SR within 90 

minutes of drug initiation 

in AF 3   h − 7 days  

  Converted to SR: 47% vs 

14%,  P     <    0.001  

  ACT III    262    AF 3   h – 45 days (3   h – 7 

days, n   =   170; 8 – 45 

days, n   =   69)  

  IV 3   mg/kg   

+   2   mg/kg  

  Yes    Conversion to SR within 90 

minutes of drug initiation 

in AF 3   h − 7 days  

  Converted to SR: 51.2% vs 

3.6%,  P     <    0.001  

  ACT IV    167    AF 3   h − 45 days (3   h − 7 

days, n   =   170; 8 – 45 

days, n   =   69)  

  IV 3   mg/kg   

+   2   mg/kg  

  No    Conversion to SR within 90 

minutes of drug initiation 

in AF 3   h − 7 days  

  Converted to SR: 50.9%  

  Prevention, 

phase IIa  

  159    After pharmacologic 

(vernakalant) or 

electrical 

cardioversion for 

persistent AF  

  Oral 300 or 

600   mg bid  

  Yes    SR at 1 month    Maintained SR at 1 month: 

61% (each group) vs 43% 

on placebo,  P    =   0.028  

  Prevention, 

phase IIb  

  446    Persistent AF after 

pharmacologic 

(vernakalant) or 

electrical 

cardioversion  

  Oral 150, 300 

or 500   mg bid  

  Yes    SR at 3 months    Maintained SR at 3 months 

on 500   mg bid: 51% vs 

37% on placebo, 

 P     <    0.05; lower doses 

reduced AF rates, but not 

signifi cant vs placebo  

   ACT, Atrial arrhythmia Conversion Trial; AF, atrial fi brillation; CRAFT, Controlled Randomized Atrial Fibrillation Trial; IV, intravenous; SR, sinus rhythm.   

 Reproduced with permission from Savelieva  et al .  84   
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infusion.  82   The most common ( > 5%) side effects of vernaka-
lant were dysgeusia, sneezing, and nausea.   

  Prevention of  a trial  fi  brillation 

 Prophylactic antiarrhythmic drug therapy generally is 
not recommended after a fi rst episode of AF, either self -
 terminating or after pharmacologic or electrical cardiover-
sion.  5   However, this approach can be appropriate in a small 
proportion of patients as paroxysmal AF tends to become 
persistent or permanent. After cardioversion, approxi-
mately 25 – 50% patients will have recurrence of AF within 
the fi rst 1 – 2 months (early recurrence).  85   Thereafter, the 
recurrence rate is about 10% per year (late recurrence). 
Prophylactic antiarrhythmic drug therapy is recommended 
for the vast majority of patients with paroxysmal AF when 
paroxysms occur frequently and are associated with sig-
nifi cant symptoms or lead to worsening left ventricular 
function, and for patients with persistent AF when the 
likelihood of maintenance of sinus rhythm is uncertain, 
especially in the presence of risk factors for recurrence such 
as left atrial enlargement, evidence for depressed atrial 
function, left ventricular dysfunction, underlying cardio-
vascular pathology, long duration of the arrhythmia, 
advanced age, and female gender) (Class I, Level A). 

 The choice of antiarrhythmic drug for  prevention of AF 
is dictated by the presence and nature of underlying heart 
disease (Fig.  35.4 ). 

 A systematic review of 44 studies in 11   322 patients has 
shown that antiarrhythmic drugs signifi cantly reduced AF 
recurrence after cardioversion; the number of patients 

needed to treat to prevent a recurrence ranged from two to 
nine depending on the agent used.  86   Antiarrhythmic drugs 
may also render AF less symptomatic, less frequent, and 
less sustained or may promote conversion to sinus rhythm. 
The majority of large, high - quality studies were conducted 
in patients with persistent AF, i.e. AF requiring electrical 
or pharmacologic therapy to terminate. This was probably 
because the recurrence of a persistent episode is more 
 “ predictable, ”  is likely to occur during the fi rst year, and 
is easier to recognize and document, especially when the 
time to fi rst symptomatic recurrence is used as an end-
point. Hence, the results of many trials of the effi cacy of 
antiarrhythmic drugs for the prevention of recurrences of 
persistent AF were extrapolated on the patient populations 
with a paroxysmal (self - terminating) arrhythmia. 

  Beta -  b lockers 

 Beta - blockers generally are modestly effective in preventing 
AF (Class IIb, Level B) and are mainly used for rate control. 
An exception is AF caused by thyrotoxicosis or, rarely, lone 
adrenergically mediated AF when beta - blockers may be a 
fi rst - line therapy (Class I).  87,88   In anecdotal reports beta -
 blockers were superior to placebo or were as effective as 
sotalol for prevention of persistent AF.  89,90   In a medium - size 
(n   =   394), double - blind, placebo - controlled study, treatment 
with metoprolol 100   mg daily was associated with a modest 
reduction in arrhythmia recurrence at 3 months after electri-
cal cardioversion from 60% in the placebo arm to 48% in the 
metoprolol arm.  89   Patients who received metoprolol had 
slower ventricular rates during the recurrence of AF and 
were probably less symptomatic. In another study, 58% of 
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 Figure 35.4     Selection of antiarrhythmic drugs for prevention of atrial fi brillation. 
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patients treated with bisoprolol 5   mg daily and 59% of 
patients treated with sotalol 160   mg daily maintained sinus 
rhythm at 1 year after cardioversion.  90   

 Some beta - blockers such as carvedilol may be more 
potent antiarrhythmics because of their direct effects on 
cardiac ion channels beyond their antiadrenergic action. In 
addition, carvedilol has antioxidant activity and may 
protect the atrial myocardium from oxidative injury caused 
by fast atrial rates and ischemia. In direct comparisons, 
carvedilol demonstrated no benefi t over bisoprolol, 
although a higher proportion of patients treated with 
carvedilol completed the 1 - year study in sinus rhythm 
(68% v 54%)  91   although this trend was not signifi cant and 
the number of patients was small (n   =   90). Beta - blockers 
may, however, prevent AF associated with congestive heart 
failure: a meta - analysis of seven studies in 11   952 patients 
has shown that therapy with beta - blockers, on background 
therapy with ACE inhibitors and diuretics, was associated 
with a statistically signifi cant reduction in the incidence of 
new - onset AF from 39 to 28 per 1000 patient - years (a 27% 
reduction in relative risk) during mean follow - up of 1.35 
years (Class I, Level A).  92      

  Quinidine 

 Quinidine has been used for treatment of AF since the dis-
covery of its antiarrhythmic properties in early 1920s. In a 
meta - analysis of six randomized controlled trials in 808 
patients, published in 1990, the proportions of patients 
remaining in sinus rhythm at 3, 6, and 12 months were 69%, 
58%, and 50% in the quinidine group compared with 45%, 
33%, and 25% in the control group.  93   In a 2006 analysis which 
included two recent large - scale studies of quinidine, PAFAC 
(Prevention of Atrial Fibrillation After Cardio version) and 
SOPAT (Suppression Of Paroxysmal Atrial Tachyarrhyth-
mias), quinidine reduced the incidence of recurrent AF by 
49%.  86   The antiarrhythmic effect of quinidine was offset by 
high all - cause mortality and sudden death in the quinidine -
 treated patients compared with controls (2.9% vs 0.8%; OR 
2.98).  93   The foremost safety issue for quinidine is its propen-
sity to cause ventricular proarrhythmia including torsades 
de pointes, even at low or subtherapeutic doses. In earlier 
studies, the incidence of quinidine - induced ventricular pro-
arrhythmias was reported to be 15%.  12   

 Following the reports of increased mortality associated 
with quinidine and the development of newer antiarrhyth-
mic drugs which are better tolerated, the use of quinidine 
has signifi cantly decreased worldwide. However, the 
PAFAC  94   and SOPAT  95   trials showed no adverse effect on 
mortality, probably because in these studies, quinidine was 
used at lower doses (320 – 480   mg as opposed to 1000 – 1800 
g daily in the previous trials  93  ), in combination with vera-
pamil, and in patients with less signifi cant structural heart 
disease. The number of patients with previous myocardial 

infarction (2.9 – 5%) and coronary artery disease (17 – 21%) 
was low. 

 In the PAFAC (848 patients with persistent AF) and 
SOPAT studies (1012 patients with similar clinical charac-
teristics), which both employed daily transtelephonic ECG 
monitoring for arrhythmia detection, quinidine was supe-
rior to placebo and was as effective as sotalol in mainte-
nance of sinus rhythm after cardioversion. The overall 
effi cacy of antiarrhythmic drug therapy was modest: at 1 
year, only about 30 – 35% of patients had no AF recurrence 
(including asymptomatic episodes detected during daily 
transtelephonic ECG transmissions) compared with 20 –
 23% in the placebo arm. As for the safety concerns, there 
were fi ve reports of ventricular tachycardia of more than 
10 beats in patients treated with quinidine, four in the 
PAFAC study and one in the SOPAT study, but no torsades 
de pointes, which did occur in the sotalol arm of the PAFAC 
study. Nevertheless, the modest effi cacy of quinidine and 
concerns about its safety have led to the withdrawal of 
quinidine from the list of drugs available for treatment of 
AF (Class III, Level A).  

  Disopyramide 

 Disopyramide is rarely used for treatment of AF because 
of its negative inotropic effect, the torsadogenic potential, 
and poor tolerance due to antimuscarinic properties. 
However, the use of disopyramide is advocated in patients 
with lone, vagally mediated AF (Class IIa, Level B). 
Although it was commonly prescribed for ventricular 
arrhythmias, data on the effi cacy of disopyramide in AF 
are sparse. In a randomized, double - blind placebo - 
controlled study of 90 patients, disopyramide maintained 
sinus rhythm in 70% of patients at 1 month and 54% of 
patients at 1 year after cardioversion; the corresponding 
values for placebo were 39% and 30%, respectively.  96   In a 
small, double - blind study of 56 patients, disopyramide 
250   mg tid was not signifi cantly different from propafe-
none 300   mg tid in maintaining sinus rhythm at 6 months 
after cardioversion (67% vs 55%) but was associated with 
a signifi cantly higher withdrawal rate due to adverse 
events, including two cases of heart failure and fast ven-
tricular rates during AF in one patient.  97    

  Propafenone and  fl  ecainide 

 Propafenone and fl ecainide are recommended as fi rst - line 
therapy (Class I, Level A) for AF in patients without 
signifi cant structural heart disease, i.e. patients without 
congestive heart failure, left ventricular dysfunction, 
hypertrophy, previous myocardial infarction or coronary 
artery disease. Both propafenone and fl ecainide reduced 
the recurrence rate by two - thirds, with no advantage of one 
drug over the other.  86   A number of randomized, controlled 
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studies addressed the long - term effi cacy of class IC antiar-
rhythmic drugs in AF.  98 – 104   In the Propafenone Atrial Fibril-
lation Trial (PAFT) of 102 patients, the likelihood of 
maintenance of sinus rhythm at 6 months after cardiover-
sion was 67% with low - dose propafenone (450   mg) com-
pared with 35% on placebo, with no increase in drug - related 
side effects (10% on propafenone vs 14% on placebo).  99   The 
UK PSVT (Paroxysmal Supraventricular Tachycardia) 
study evaluated the safety and effi cacy of propafenone, 
600   mg and 900   mg daily, and showed that both regimens 
were effective but a dose of 900   mg was associated with a 
less favorable adverse events profi le.  100   In a meta - analysis 
of propafenone, the incidence of recurrent AF was 55.4% 
(51.3 – 59.7%) at 6 months and 56.8% (52.3 – 61.3%) at 1 
year.  101   All - cause mortality associated with propafenone 
was 0.3%. 

 The effi cacy of a sustained - release (SR) propafenone for-
mulation which allows twice - daily dosing has been studied 
in the North American Recurrence of Atrial Fibrillation 
Trial (RAFT)  103   and its European equivalent, ERAFT.  104   
Both studies have shown that propafenone SR is superior 
to placebo in prolonging time to fi rst symptomatic recur-
rence of paroxysmal AF in patients with minor structural 
heart disease. In the RAFT study, which included 523 
patients with onset of AF within 1 – 1.5 years prior to enrol-
ment, time to AF recurrence was prolonged from 41 days 
on placebo to 112, 291, and  > 300 days on propafenone SR 
225, 325, and 425   mg twice daily. Sixty - fi ve percent of 
patients treated with the highest dose of 425   mg twice daily 
were free of symptomatic AF at the end of follow - up com-
pared with only 20% in the placebo group, although 
the adverse effect rate was higher than with low - dose 
regimens.  103   The ERAFT study randomized 293 patients 
with paroxysmal AF of longer duration (approximately 5 
years) and more frequent paroxysms to propafenone SR 
325   mg or 425   mg twice daily or placebo. The time to the 
fi rst recurrence of the arrhythmia was shorter than in the 
RAFT study, but still was prolonged from 5 days on placebo 
to 19 and 24 days on lower and high - dose propafenone.  104   

 Several placebo - controlled and comparator trials of 
another class IC antiarrhythmic drug, fl ecainide, including 
the Flecainide Multicenter Atrial Fibrillation Study, have 
consistently reported a 70 – 80% likelihood of maintaining 
sinus rhythm after 1 year with an acceptable risk – benefi t 
relationship.  105 – 108   In direct comparisons, fl ecainide and 
propafenone prevented AF in 77% and 75% patients, respec-
tively.  106   In 239 patients, the antiarrhythmic effect of fl e-
cainide at a maximum dose of 300   mg daily was comparable 
to that of quinidine given at a maximum dose of 1500   mg 
daily, but 30% in the quinidine group withdrew from the 
1 - year study because of the side effects compared with 18% 
in the fl ecainide group.  107   In the Flecainide Atrial Fibrilla-
tion study in 123 patients with paroxysmal AF or fl utter, 
fl ecainide demonstrated a linear dose – response, with only 

7.7% and 9.4% of patients remaining free from the arrhyth-
mia on the lowest doses (25   mg and 50   mg twice daily, 
respectively) compared with 39.4% of patients who received 
a standard therapeutic dose of 100   mg twice daily.  108    

  Other  c lass  IC   d rugs 

 Drugs with class IC mode of action other than fl ecainide 
and propafenone are available in some countries, e.g. pil-
sicainide is available in Japan; cibenzoline is used in Japan 
and France. Pilsicainide is modestly effective in cardiover-
sion of recent - onset AF (45% vs 8.6% on placebo) but is 
ineffective in AF of longer duration.  109   The drug showed 
no superiority over other members of its class in maintain-
ing sinus rhythm in the long term and exhibited a similar 
adverse event profi le to other class IC agents. In direct 
comparisons with cibenzoline which, in addition to sodium 
channels, also blocks potassium repolarization currents (I Kr  
and I Ks ) and the acetylcholine - activated potassium current 
(I KAch ), the effi cacy of pilsicainide was 8 – 59% at 6 months 
and 3 – 41% at 1 year.  110   The corresponding values for ciben-
zoline were 29 – 59% at 6 months and 16 – 50% at 1 year.  

  Sotalol 

 Selected randomized trials of the effi cacy of class III antiar-
rhythmic drugs for conversion of AF and maintenance of 
sinus rhythm are summarized in Table  35.4 . Several ran-
domized, placebo - controlled and comparator studies have 
reported that sotalol is an effective and safe prophylactic 
antiarrhythmic drug for AF in the absence of heart failure, 
myocardial infarction or hypertension with signifi cant left 
ventricular hypertrophy (Class I, Level A) (Table  35.4 , Fig. 
 35.5 ).  111 – 113   Because of its beta - blocking effect, sotalol offers 
the additional benefi t of ventricular rate slowing during 
recurrences. In the d,l - Sotalol Atrial Fibrillation/Flutter 
dose effi cacy study of 253 patients, sotalol signifi cantly pro-
longed the median time to fi rst symptomatic recurrence of 
the arrhythmia documented by transtelephonic monitoring 
from 27 days on placebo to 106, 229, and 175 days (for 80, 
120, and 160   mg twice - daily regimens, respectively).  111   In 
this study, sotalol 120   mg twice daily was found to be both 
safe and effective compared with lower and higher dose 
regimens. In direct comparisons, sotalol was as effective as 
propafenone (73% vs 63%)  112   and quinidine (74% vs 68%)  113   
or quinidine plus verapamil (50% in each group)  95   in main-
taining sinus rhythm after 1 year. Sotalol 160   mg twice daily 
was superior to an investigational class III antiarrhythmic 
agent azimilide in 658 patients with persistent AF.  114   Sotalol 
prolonged the median time to recurrence of sustained AF 
after electrical cardioversion to 28 days compared with 14 
days for azimilide and 12 days for placebo. In a meta -
 analysis of nine randomized controlled studies in 1538 
patients, sotalol reduced the recurrence rate by 47%.  86   
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 Table 35.4     Selected studies of class  III  antiarrhythmic drugs for conversion and/or maintenance of sinus rhythm in patients with atrial fi brillation 

   Study     Drug     No of patients     Follow - up  

  Ibutilide Repeat Dose Study  46      Ibutilide 1.5   mg or 2   mg IV vs placebo    266; 50% AFL    24 hours  

  Randomized study of Ibutilide  47   

vs Procainamide  40    

  Ibutilide 1 – 2   mg IV vs procainamide 1.2 g IV    127; 33% AFL    24 hours  

  Ibutilide/Sotalol Comparator 

Study (ISCS)  41    

  Ibutilide 1   mg or 2   mg IV vs d,l - sotalol 1.5   mg/kg IV    319; 18.5% AFL    72 hours  

  d,l - Sotalol Atrial Fibrillation/

Flutter Study Group  111    

  d,l - Sotalol 160, 240, 320   mg    253; 20% AFL    1 year  

  SOCESP  113      Sotalol 160 – 320   mg vs quinidine 600 – 800   mg    121    6 months  

  Bellandi  112      Sotalol 240   mg vs propafenone 450 – 900   mg vs 

placebo  

  300    1 year  

  PAFAC  94      Sotalol 320   mg vs quinidine   +   verapamil 320/160   mg 

vs placebo  

  848    1 year  

  SOPAT  95      Sotalol 320   mg vs quinidine   +   verapamil 

480/240   mg, 320/160   mg vs placebo  

  1012    1 year  

  CTAF  115      Amiodarone 200   mg vs sotalol 160 – 320   mg or 

propafenone 450 – 600   mg  

  403    1.3 year  

  CHF - STAT  50,61      Amiodarone 800   mg for 2 weeks; 400   mg for 50 

weeks; maintenance dose 300   mg vs placebo  

  667; 103 with 

AF at baseline  

  4.5 years  

  SAFE - T  43      Amiodarone 300   mg for the 1st year, 200   mg 

thereafter vs sotalol 320   mg 

vs placebo  

  665    4.5 years  

  DDAFFS  51      Dofetilide 8    μ g/kg IV vs placebo    96; 18% AFL    24 hours  

  DIAMOND - AF  24      Dofetilide 500    μ g vs placebo    506    1.5 years  

  SAFIRE - D  53      Dofetilide 250, 500, 1000    μ g vs placebo    225    1 year  

  EMERALD  54      Dofetilide 250, 500, 1000    μ g vs sotalol 160   mg vs 

placebo  

  671    Phase 1: 72   h; 

Phase 2: 2 years  

   AF, atrial fi brillation; AFL, atrial fl utter; CHF - STAT, Congestive Heart Failure Survival Trial of Antiarrhythmic Therapy; CTAF, Canadian Trial of Atrial 

Fibrillation; DDAFS, Danish Dofetilide in Atrial Fibrillation and Flutter Study; DIAMOND - AF, Danish Investigations of Arrhythmia and Mortality ON 

Dofetilide; EMERALD, European and Australian Multicenter Evaluative Research on Dofetilide; PAFAC, Prevention of Atrial Fibrillation After 

Cardioversion; SAFE - T, Sotalol Amiodarone Atrial Fibrillation Effi cacy Trial; SAFIRE - D, Symptomatic Atrial Fibrillation Investigative Research on 

Dofetilide; SOCESP, Cardiology Society of S ã o Paulo Investigators; SOPAT, Suppression Of Paroxysmal Atrial Tachyarrhythmias.   
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   Conversion rate     Maintenance of sinus rhythm     Torsade de pointes  

  47% converted on ibutilide vs 2% on placebo 

( P     <    0.0001); 63% AFL vs 31% AF ( P     <    0.0001)  

  N/A    8.3% on ibutilide; 1.7% required 

electrical cardioversion  

  58.3% converted on ibutilide vs 18.3% on 

procainamide ( P     <    0.0001) 

 AFL: 76% converted on ibutilide vs 14% on 

placebo ( P    =   0.001) 

 AF: 51% converted on ibutilide vs 21% on 

placebo ( P    =   0.005)  

  N/A    0.8% on ibutilide  

  AFL: 70% converted on ibutilide 1.5   mg vs 56% 

on ibutilide 1   mg vs 19% on sotalol ( P     <    0.05 

vs sotalol) 

 AF: 44% converted on ibutilide 1.5   mg vs 20% 

on ibutilide 1   mg vs 11% on sotalol ( P     <    0.05 

for ibutilide 1.5   mg vs sotalol)  

  N/A    0.9% on ibutilide 2   mg; 0.5% 

required electrical 

cardioversion; none on sotalol  

  N/A    Free from AF: 30%, 40%, 45% on sotalol 160, 240, 320   mg 

vs 28% on placebo 

 Time to 1st AF recurrence: 106, 229, 175 days on sotalol 

160 ( P    =   0.111), 240 ( P    =   0.001), 320   mg  ( P    =   0.012) vs 

27 days on placebo  

  None  

  N/A    74% on sotalol vs 68% on quinidine ( P    =   0.43)  

 Time to 1 st  AF recurrence 69 vs 10 days ( P     <    0.05); AF  ≤ 72   h: 

93% in sinus rhythm on sotalol vs 64% on quinidine 

( P    =   0.01); AF    >    72   h: 33% in sinus rhythm relapsed on 

sotalol vs 68% on quinidine ( P     <    0.05)  

  5% on sotalol vs 2% on 

quinidine  

  N/A    73% in sinus rhythm on sotalol vs 63% on propafenone vs 

35% on placebo ( P    =   0.001)  

  4% on sotalol; 2% required 

cardioversion  

  N/A    33% in sinus rhythm on sotalol vs 35% on quinidine and 

17% on placebo  

  2.3% on sotalol; ventricular 

tachycardia 0.5% on sotalol vs 

1.1% on quinidine  

  N/A     ∼ 50% in sinus rhythm on sotalol and quinidine vs 38% on 

placebo 

 Time to 1 st  AF recurrence: 146 days on sotalol ( P    =   0.0007) 

vs 149 (low dose;  P    =   0.0006) and 150 (high dose; 

 P    =   0.0061) on quinidine vs 106 on placebo  

  Ventricular tachycardia 0.4% on 

quinidine high dose  

  N/A    65% in sinus rhythm on amiodarone vs 37% on sotalol or 

propafenone ( P     <    0.001)  

  1 (1%) on propafenone  

  31.3% on amiodarone vs 7.7% on placebo 

( P    =   0.002)  

  New - onset AF: 4% on amiodarone vs 8% on placebo 

( P    =   0.005)  

  Not stated  

  27.1% converted on amiodarone, 24.2% on 

sotalol vs 0.8% on placebo ( P     <    0.001 for both 

drugs)  

  63% in sinus rhythm on amiodarone vs 49% on sotalol vs 

18% on placebo ( P     <    0.001) 

 Time to 1 st  AF recurrence: 487 days on amiodarone, 74 days 

on sotalol vs 6 days on placebo ( P     <    0.001 for both drugs)  

  1 (0.4%) on sotalol  

  30.3% converted on dofetilide vs 3.3% on 

placebo ( P     <    0.006)  

  N/A    3% on dofetilide  

  44% on dofetilide vs 14% on placebo ( P     <    0.001)    79% in sinus rhythm on dofetilide vs 46% on placebo 

( P     <    0.001)  

  3.3% on dofetilide  

  6.1% ( P    =   0.015), 9.8% ( P    =   0.015), 19.9% 

( P     <    0.001) on dofetilide 250, 500, 100    μ g vs 

1.2% on placebo  

  40%, 37%, 58% on dofetilide vs 25% on placebo    0.8% on dofetilide 

 1 (0.4%) proarrhythmic death  

  6%, 11%, 29% on dofetilide vs 5% on sotalol at 

72 hours  

  66% in sinus rhythm on dofetilide 1000    μ g vs 21% on 

placebo at 1 year  

  3 (0.45%) torsades de pointes 

 1 (0.15%) sudden death  
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 Figure 35.5     Effi cacy of sotalol in comparison with other antiarrhythmic drugs for maintenance of sunus rhythm in patients with atrial fi brillation. 
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(a) and in the Sotalol Amiodarone Atrial Fibrillation Effi cacy Trial (SAFE - T) (b). ITT, intention to treat.  (Modifi ed from references Singh  et al .  43   and Roy 
 et al .  115  , with permission.)  

 However, subsequent studies reported limited effi cacy of 
sotalol compared with amiodarone and the combination 
of quinidine and verapamil.  43,94,115   In the Canadian Trial of 
Atrial Fibrillation (CTAF), sotalol was signifi cantly inferior 
to amiodarone for the long - term maintenance of sinus 
rhythm (Fig.  35.6 ).  115   The PAFAC study demonstrated a 
50% recurrence rate with sotalol during 1 year of daily 
transtelephonic ECG monitoring compared with 38% on 
the combination of quinidine and verapamil.  94   In the 

SAFE - T study, sotalol 160   mg twice daily was superior to 
placebo, but less effective than amiodarone in prevention 
of AF recurrence after pharmacologic or electrical cardio-
version (the median time to a recurrence was 6 days on 
placebo, 74 days on sotalol, and 487 days on amiodarone).  43   
At 2 years, approximately 30% of patients treated with 
sotalol remained in sinus rhythm compared with 60% of 
patients on amiodarone and 10% of patients on placebo. 
However, a prespecifi ed subgroup analysis revealed that 
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this difference was driven by the superiority of amiodarone 
and a relative ineffi cacy of sotalol in patients without isch-
emic heart disease, whereas both drugs were equally mod-
estly effective in patients with ischemic heart disease: the 
proportion of patients in sinus rhythm at 2 years was 
approximately 40% in the amiodarone group and 35% in 
the sotalol group. The effi cacy of sotalol was similar to that 
of class I antiarrhythmic drugs and inferior to that of amio-
darone in the AFFIRM substudy (48%, 45%, and 66%, 
respectively) (Fig.  35.7 ).  116   

 Hypotension and bradycardia were the most common 
cardiovascular adverse effects of sotalol with an incidence 
of 6 – 10%, while ventricular proarrhythmias associated 
with prolongation of the QT interval were reported in 1 – 4% 
of patients and were dose related.  112,113   In A - COMET II 
(Azimilide CardiOversion MaintEnance Trial - II), eight 
(3.5%) out of 223 patients treated with sotalol 320   mg 
daily withdrew from the study because of a signifi cant QT 
interval prolongation compared with two (0.9%) of 224 
patients in the placebo group.  114   In the SAFE - T trial, only 
one patient (0.4%) in the sotalol group had an episode of 
torsades. 43         

  Dofetilide 

 Unlike class IC agents and sotalol, dofetilide is safe to 
use in patients with previous myocardial infarction 
and/or congestive heart failure (Class I, Level A). In 
the DIAMOND AF substudy of DIAMOND - CHF and 
DIAMOND - MI trials, 506 patients with AF at baseline were 
more likely to remain in sinus rhythm on treatment with 

dofetilide 500    μ g twice daily compared with placebo 
(79% vs 42%).  24   Dofetilide had no effect on mortality in 
patients in whom AF persisted during the study, but res-
toration and maintenance of sinus rhythm were associated 
with a 56% reduction in death. In the DIAMOND - CHF 
(n   =   1518) and DIAMOND MI (n   =   1510) studies, patients 
treated with dofetilide had a lower incidence of new - onset 
AF than those on placebo (1.23% vs 3.78%)  117,118  ; this effect 
was more pronounced in patients with NYHA class III 
and IV heart failure enrolled in DIAMOND - CHF (1.98% vs 
6.55%).  117   

 In the dose - ranging SAFIRE - D study of 325 patients 
with persistent AF or fl utter for 2 – 26 weeks, dofetilide 
exhibited a dose - related effect: 40%, 37%, and 58% patients 
receiving 250, 500, and 1000    μ g of dofetilide, respectively, 
were in sinus rhythm after 1 year compared with 25% in 
the placebo group.  53   The median time to relapse was 31, 
179, and more than 365 days for dofetilide groups and 27 
days for placebo. Dofetilide was almost twice as effective 
for the long - term prevention of atrial fl utter than of AF 
(73% vs 40%). 

 The major safety concern about dofetilide is its torsado-
genic potential which is dose related. For instance, the inci-
dence of torsades de pointes with dofetilide ranges from 
almost  “ zero ”  at doses below 250    μ g bid to 10% or greater 
at doses higher than 500    μ g bid.  12   In the randomized con-
trolled studies, the incidence of torsades de pointes varied 
between 0.6% and 3.3%, with more than three - quarters of 
episodes occurring during the fi rst 3 – 4 days of drug initia-
tion. Dofetilide is excreted predominantly via the kidneys 
and its dose should be adjusted for creatinine clearance (see 
Table  35.2 ); the drug should not be prescribed in patients 
with signifi cantly impaired renal function (creatinine clear-
ance less than 20), hypokalemia, hypomagnesemia or a QT 
interval of longer than 500   ms. If the QT interval is pro-
longed to  > 500   ms or by  > 15% versus baseline, the dose 
should be reduced.  

  Azimilide 

 Although initial reports on azimilide were encouraging,  119   
the recent A - STAR (Supraventricular TachyArrhythmia 
Reduction) and A - COMET II trials, in patients with persis-
tent AF, have failed to show any antiarrhythmic benefi t of 
azimilide.  114,120   The ALIVE (AzimiLide PostInfarct SurviVal 
Evaluation) trial of 3717 patients with a recent myocardial 
infarction and left ventricular dysfunction has shown a 
neutral effect of azimilide on all - cause mortality, including 
in patients with a signifi cantly reduced ejection fraction.  121   
Fewer patients who started the trial in sinus rhythm devel-
oped AF on azimilide and there was a trend to higher 
pharmacologic conversion rates in the azimilide arm than 
in the placebo arm (26.8% vs 10.8%); ( P    =   0.076).  122   The 
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marginal effi cacy and unacceptably high rates of torsade 
de pointes proarrhythmia prevent the use of azimilide for 
treatment of AF.  

  Amiodarone 

 The potential of amiodarone to maintain sinus rhythm in 
patients with AF and a relative cardiac safety in patients 
with signifi cant structural heart disease has been repeat-
edly shown in observational and prospective, randomized, 
controlled studies. The CTAF trial randomized 403 patients 
with mixed paroxysmal and persistent AF to amiodarone 
10   mg/kg for 2 weeks, followed by 300   mg per day for 
4 weeks and a maintenance dose of 200   mg and either 
sotalol 160 – 320   mg per day (depending on gender, body 
mass, and creatinine clearance) or propafenone 450 – 600   mg 
(depending on age and body weight).  115   The incidence of 
recurrent AF lasting more than 10 minutes was reduced by 
57% in the amiodarone group compared with the sotalol 
or propafenone group (31% vs 61%) (see Fig.  35.6 ). Data 
from the CHF - STAT substudy showed that patients 
who received amiodarone at a maintenance dose of 
300   mg per day converted to sinus rhythm more frequently 
(31.3% vs 7.7% on placebo), had fewer recurrences, and 
were half as likely to develop new AF compared with 
placebo.  61   

 Despite prolonging cardiac repolarization, amiodarone 
has a low torsadogenic potential.  12   For instance, a literature 
review reported that the incidence of torsades de pointes 
was only 0.7% in 2878 patients treated with amiodarone in 
17 uncontrolled studies, while no proarrhythmic effects 
were described among 1464 patients treated in seven con-
trolled studies.  59   The residual risk of torsades de pointes 
with amiodarone occurs chiefl y in patients with other 
risk factors, such as bradycardia or hypokalemia. The 
reason for the low propensity of amiodarone to cause 
torsades de pointes is not clear, but is presumably related 
to its complex mode of action which involves class I, II 
and IV effects alongside its class III properties. It has 
also been suggested that amiodarone does not increase 
the heterogeneity of refractoriness in the myocardial 
layers and does not increase transmural dispersion of 
repolarization.  123   

 Given its neutral effect on all - cause mortality, amioda-
rone should be considered a drug of choice for manage-
ment of AF in patients with congestive heart failure, 
hypertrophic cardiomyopathy and hypertension with sig-
nifi cant left ventricular hypertrophy (Class I, Level A). 
However, although several studies besides the CHF - STAT 
have reported on the relative safety of amiodarone,  124,125   
recent subgroup analyses from the Sudden Cardiac Death 
in Heart Failure Trial (SCD - HeFT) suggested that amioda-
rone was associated with excess mortality in patients with 
NYHA III heart failure.  126   

 Amiodarone may cause multiple non - target effects, 
which range from transient and relatively trivial (e.g. gas-
trointestinal disturbances) to partially preventable (e.g. 
skin toxicity) and medically correctable (e.g. underactive 
thyroid) to serious such as pulmonary toxicity, liver 
damage, hyperthyroidism, bradycardia, signifi cant or irre-
versible neurologic symptoms (e.g. peripheral neuropa-
thy), and visual disturbances (e.g. optic neuritis). The 
adverse effects of amiodarone seem to occur less frequently 
at low doses (100 – 200   mg daily) than with higher mainte-
nance doses (300 – 400   mg daily), but idiosyncratic reactions 
can arise. Amiodarone is not therefore recommended as 
fi rst - line therapy in patients with little or no structural 
heart disease for whom therapy with class IC drugs or 
sotalol is more appropriate.  

  Dronedarone 

 Dronedarone is an investigational agent with multiple 
electrophysiologic effects which are similar to those of 
amiodarone, but it is devoid of iodine atoms and is believed 
to have a better side - effect profi le with signifi cantly less 
reporting of pulmonary fi brosis, ocular adverse effects, and 
skin photosensitivity. Dronedarone does not signifi cantly 
prolong the QT interval and, like amiodarone, probably 
has a low potential for causing torsades de pointes. 

 The antiarrhythmic potential of dronedarone and the 
effects on mortality and morbidity have been studied in a 
dose - fi nding study, two high - quality, medium - size effi -
cacy and safety trials, and a recently completed large - scale 
survival trial (Table  35.5 ).  127 – 129   The effi cacy of dronedarone 
in preventing AF recurrences after electrical cardioversion 
was clearly demonstrated in a dose - ranging study where 
400   mg bid proved to be the most effective dose.  127   The 
EURIDIS (EURopean trial In atrial fi brillation or fl utter 
patients receiving Dronedarone for the maintenance of 
Sinus rhythm) and its American - Australian - African equiv-
alent ADONIS have shown that dronedarone 400   mg twice 
daily (n   =   828) was superior to placebo (n   =   409) in preven-
tion of recurrent AF and was also effective in controling 
ventricular rates.  128   In the European trial, the median time 
to the recurrence of arrhythmia (the primary endpoint) was 
41 days in the placebo group and 96 days in the droneda-
rone group ( P    =   0.01). In the American - Australian - African 
counterpart, the corresponding time was 59 and 158 days 
( P    =   0.002). Figure  35.8  shows the probability of recurrent 
AF on dronedarone and placebo based in the pooled 
EURIDIS and ADONIS studies.     

 The effi cacy and safety of dronedarone were directly 
compared to that of amiodarone in the DIONYSOS (Effi -
cacy and Safety of Dronedarone versus Amiodarone for the 
Maintenance of Sinus Rhythm in Patients with Atrial Fibril-
lation) study in 504 patients with persistent AF who under-
went electrical cardioversion (data on fi le). The primary 
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 Table 35.5     Summary of clinical studies of dronedarone in atrial fi brillation 

   Study     Number of 
patients  

   Patient 
characteristics  

   Dose of 
dronedarone  

   Placebo 
controlled  

   Primary endpoint     Follow - up, 
months  

   Outcome  

  DAFNE    199    Post cardioversion    400   mg bid 

 600   mg bid 

 800   mg bid  

  Yes    Time to fi rst AF 

recurrence  

  6    Dronedarone 400   mg bid 

signifi cantly prolonged 

median time to fi rst AF 

recurrence v placebo: 60 

vs 5.3 days. Relative risk 

reduction, 55%; (95% CI, 

28 – 72%  P    =   0.001)  

  EURIDIS    615    Persistent or 

paroxysmal AF  

  400   mg bid    Yes    Time to fi rst AF 

recurrence  

  12    Median time to fi rst AF 

recurrence was 41 days 

on dronedarone v 96 days 

on placebo,  P    =   0.01  

  ADONIS    630    Persistent or 

paroxysmal AF  

  400   mg bid    Yes    Time to fi rst AF 

recurrence  

  12    Median time to fi rst AF 

recurrence was 59 days 

on dronedarone vs 158 

days on placebo, 

 P    =   0.002  

  EURIDIS and 

ADONIS 

pooled  

  1237    Persistent or 

paroxysmal AF  

  400   mg bid    Yes, n   =   409    All - cause 

mortality and 

hospitalizations 

 post hoc  analysis  

  12    Reduced on dronedarone vs 

placebo: 22.8% vs 30.9% 

(HR, 0.73; 95% CI, 

0.57 – 0.93;  P    =   0.01)  

  ERATO    630    Permanent AF with 

ventricular rates 

 > 80 bpm on 

rate - controlling 

therapy  

  400   mg bid    Yes    Mean 24 - hour 

ventricular rate at 

2 weeks  

  1    Ventricular rates were 12 

bpm lower on 

dronedarone v placebo; 

 P     <    0.0001  

  ANDROMEDA    617    Congestive heart 

failure; EF  < 0.35; 

38% had a history 

of AF; 25% in AF 

at randomization  

  400   mg bid    Yes    All - cause mortality 

and hospitalization 

for heart failure  

  Median, 2    Stopped early because of 

increased mortality in the 

dronedarone arm: 8% vs 

3.8% on placebo (HR, 

2.3; 95% CI, 1.07 – 4.25; 

 P    =   0.03) 

 Primary endpoint: 17.1% on 

dronedarone vs 12.6% on 

placebo (HR, 1.38; 95% 

CI, 0.92 – 2.09;  P    =   0.12)  

  ATHENA    4628    Paroxysmal or 

persistent AF with 

risk factors  

  400   mg bid    Yes    All - cause mortality 

and hospitalizations 

for cardiac causes  

  21    Dronedarone reduced the 

primary endpoint vs 

placebo by 24% 

( P     <    0.001)  

  DIONYSOS    504    Persistent AF    400   mg bid    No, 

amiodarone 

is used as 

an active 

comparator  

  AF recurrence and 

premature drug 

discontinuation for 

side effects or lack 

of effi cacy  

  7    Primary endpoint events on 

dronedarone vs 

amiodarone: 184 (73.9%) 

vs 141 (55.3%); p    <    0.01 

 AF recurrence: 36.5% vs 

24.3% 

 Drug discontinuation: 26 

(10.4%) vs 34 (13.3%)  

   ACE, angiotensin - converting enzyme; ADONIS, American - Australian - African trial with DronedarONe In atrial fi brillation or fl utter for the maintenance of Sinus 

rhythm; AF, atrial fi brillation; ANDROMEDA, ANtiarrhythmic trial with DROnedarone in Moderate to severe heart failure Evaluating morbidity DecreAse; 

ATHENA, A placebo - controlled, double - blind, parallel arm Trial to assess the effi cacy of dronedarone 400   mg bid for the prevention of cardiovascular 

Hospitalization or death from any cause in patiENts with Atrial fi brillation/atrial fl utter; bpm, beats per minute; DAFNE, Dronedarone Atrial FibrillatioN study 

after Electrical cardioversion; DIONYSOS, Effi cacy and Safety of Dronedarone vs Amiodarone for the Maintenance of Sinus Rhythm in patients with Atrial 

Fibrillation; EF, ejection fraction; ERATO, Effi cacy and Safety of Dronedarone for the Control of Ventricular Rate; EURIDIS, EURopean trial In atrial fi brillation or 

fl utter patients receiving Dronedarone for the maintenance of Sinus rhythm.   

 Reproduced from: Savelieva  et al .  84   
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endpoint was recurrence of AF or premature drug discon-
tinuation secondary to adverse effects or lack of effi cacy. 
After a mean follow - up of 7 months, 36.5% patients in the 
dronedarone group and 24.3% patients in the amiodarone 
group had a recurrence of AF. Dronedarone was better 
tolerated, with fewer episodes of thyroid dysfunction (2 vs 
15), neurological side effects (3 vs 17), and bradycardia (8 
vs 22) compared with amiodarone. However, gastrointes-
tinal disorders (diarrhea, vomiting, nausea) were more 
common with dronedarone than amiodarone (32 vs 13). 

 The  post hoc  analysis of the EURIDIS and ADONIS 
studies showed that patients treated with dronedarone 
had a 27% reduction in relative risk of hospitalization for 
cardiovascular causes and death (22.8% vs 30.9% on 
placebo).  128   Subsequently, a further Phase III randomized 
controlled study (ATHENA: A placebo controlled, double 
blind Trial to assess the effi cacy of dronedarone for the 
prevention of cardiovascular Hospitalization or death from 
any cause in patiENts with Atrial fi brillation and fl utter) 
has been undertaken in 4628 high - risk patients.  129   Droneda-
rone prolonged time to fi rst cardiovascular hospitalization 
or death from any cause (the composite primary endpoint) 
by 24% ( P     <    0.001) compared with placebo (Fig.  35.9 ). This 
effect was driven by the reduction in cardiovascular hos-
pitalizations (25%), particularly hospitalizations for AF 
(37%) and acute coronary syndromes (30%). All - cause mor-
tality was similar in the dronedarone and placebo groups 
(5% and 6%, respectively); however, dronedarone signifi -
cantly reduced deaths from cardiovascular causes (2.7% vs 
3.9%;  P    =   0.03). 

     Figure 35.9     Time to first cardiovascular hospitalization or death in the 
ATHENA trial. ATHENA = A placebo controlled, double blind Trial to 
assess the efficacy of dronedarone for the prevention of cardiovascular 
Hospitalization or death from any cause in patiENts with Atrial fibrillation 
and flutter.  Reproduced from Hohnloser  et al.   129  , with permission.   
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 Figure 35.8     EURIDIS and ADONIS pooled analysis. Times to fi rst 
recurrence of atrial fi brillation or fl utter. ADONIS, American - Australian -
 African trial In atrial fi brillation or fl utter patients receiving DronedarONe 
for the maIntenance of Sinus rhythm; EURIDIS, EURopean trial in a trial 
fi brillation or fl utter patients receiving dronedarone for the maintenance 
of sinus rhythm.  (Modifi ed from Singh  et al .  128  , with permission.)   The ANDROMEDA (ANtiarrhythmic trial with DROne-

darone in Moderate to severe heart failure Evaluating mor-
bidity DecreAse) study was initiated to explore the effects 
of dronedarone on all - cause death and hospitalizations 
for heart failure in patients with NYHA class III or IV 
heart failure. The trial was stopped prematurely after 627 
patients out of the 1000 planned were enrolled, because an 
interim safety analysis revealed an excess of deaths in the 
dronedarone arm compared with placebo (8% vs 13.8%; HR 
2.13; 95% CI 1.07 – 4.25;  P    =   0.03).  130   The adverse outcome of 
ANDROMEDA appears largely explained by an increase in 
creatinine in the dronedarone - treated patients being misin-
terpreted as progressive renal failure (it was due to its effect 
on renal tubular excretion), prompting inappropriate 
discontinuation of otherwise life - saving treatment with 
angiotensin - converting enzyme inhibitors or angiotensin 
receptor - blocking drugs. Consequently, excess mortality 
related to dronedarone was secondary to heart failure. The 
risk of death was the greatest in patients with severely 
depressed ventricular function and there were more hospi-
talizations for heart failure in the dronedarone arm. In the 
subsequent analysis of a small proportion (n = 200) of 
patients with class III heart failure enrolled in the ATHENA 
trial, therapy with dronedarone was, in fact, associated 
with a lower likelihood of hospitalizations or death from 
cardiovascular cause as well as lower all - cause mortality 
compared with placebo.  130a    

  Investigational  a ntiarrhythmic  a gents 

 A raft of other amiodarone analogs is currently at various 
stages of development.  84   Celivarone (SSR149744C) has 
been studied in a Phase II dose - ranging study, MAIA 
(MAintenance of sinus rhythm In patients with recent 
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 In the absence of proarrhythmic concerns and formal 
labeling, convenience and cost effectiveness favor out - of -
 hospital initiation, e.g. oral propafenone and fl ecainide in 
patients with lone AF or AF associated with hypertension 
without signifi cant left ventricular hypertrophy. The same 
approach is valid for amiodarone, given its long elimina-
tion half - life period and low probability of developing tor-
sades de pointes. Dronedarone has proven a safe and well 
tolerated agent with an added benefi t of ventricular rate 
control and can, therefore, be initiated on an outpatient 
basis. An ECG control or transtelephonic ECG monitoring 
should be arranged to provide surveillance of heart rate, 
PR and QT interval durations, QRS width, and assessment 
of the effi cacy of treatment.  

  Antiarrhythmic  d rug  u se  a fter  l eft 
 a trial  a blation 

 After left atrial ablation - based therapies, the incidence of 
AF or atrial tachycardia has been reported to be 45% during 
the fi rst 3 months despite antiarrhythmic drugs.  131   [131]. 
The arrhythmia recurrence is more common in patients 
with persistent AF, older individuals, and in patients with 
structural heart disease. In many cases, early recurrence of 
AF after ablation is transient and is thought to be secondary 
to infl ammation after radiofrequency injury, nerve ending 
damage and resulting imbalance of the cardiac autonomic 
nervous system, and a delayed effect of ablation associated 
with  “ maturation ”  of lesions. Early AF often subsides after 
3 months (the blanking period) upon the resolution of 
infl ammation and restoration of autonomic regulation, 
without the need for reablation. Therefore antiarrhythmic 
drug therapy to suppress early recurrence of AF is com-
monly employed for the fi rst 1 – 3 months after ablation or if 
the arrhythmia recurs after discontinuation of the antiar-
rhythmic drug. These are usually the same agents that have 
been previously ineffective, but may now be effi cacious 
because of a synergistic effect with ablation (an example of 
so - called  “ hybrid ”  therapy). Amiodarone has been reported 
to be most commonly prescribed because of its antifi brilla-
tory as well as atrioventricular conduction slowing pro-
perties. The use of antiarrhythmic drugs increases the 
probability of maintaining sinus rhythm by about 20 – 30% 
as suggested by the worldwide surveys on catheter ablation 
for AF conducted in 1995 – 2002 and 2003 – 2006.  132,132a   

 The synergistic effect of antiarrhythmic drugs (mainly 
propafenone, fl ecainide, and sotalol) has recently been 
demonstrated in the 5A (AntiArrhythmics After Ablation of 
Atrial fi brillation) study in 110 patients randomized to 
receive antiarrhythmic drugs or no therapy for at least 6 
weeks after ablation (presented at the Annual Sessions of 
the Heart Rhythm Society in 2008). The composite endpoint 
was the occurrence of atrial arrhythmias lasting more 

Atrial fi brillation or fl utter) in 673 patients who were ran-
domized to one of four doses (50, 100, 200 or 300   mg once 
daily) or placebo. As with dronedarone, the higher doses 
of celivarone tended to be less effective than the lower 
doses. The lowest incidence of the recurrence at 90 days 
was 52.1% in the celivarone 50   mg compared with 67.1% in 
the placebo group. No proarrhythmia or thyroid dysfunc-
tion was reported in this short - term study. The results of 
the double - blind placebo - controlled CORYFREE (COn-
trolled Dose Ranging studY of the eFfi cacy and safEty of 
SSR149744c 300 or 600   mg for the Conversion of Atrial 
Fibrillation/fl utter) trial are expected. There is ongoing 
research into the development of an amiodarone derivative 
with modifi ed bonds within the molecule allowing rapid 
hydrolization by esterases, resulting in a more rapid action, 
a shorter half - life and possibly a better risk – benefi t ratio. 
Another amiodarone derivative, budiodarone (ATI - 2042) 
which shares its mixed ion channel effects but has a differ-
ent metabolic pathway, a shorter half - life, and low propen-
sity to tissue accumulation, has recently proven to reduce 
AF burden by up to 75.5% over 12 weeks of treatment in 
110 patients with paroxysmal AF (reported at the Heart 
Rhythm Society Late Breaking Trials Session in 2009). 

 An oral formulation of vernakalant has been investigated 
in two medium - size Phase II studies (Table  35.3 ).  84   In a dou-
ble - blind, placebo - controlled study (n   =   446), patients treated 
with vernakalant 600   mg twice daily were more likely to 
maintain sinus rhythm at 3 months after pharmacologic or 
electrical cardioversion compared with placebo (51% vs 37%). 

 There were no reports of torsade de pointes or drug -
 related deaths. There is evidence that an antianginal drug, 
ranolazine, may also produce an antiarrhythmic effect due 
to multiple channel blockade, particularly late sodium 
current blockade. Phase III studies of ranolazine in AF are 
presently planned.   

  Where to  i nitiate  a ntiarrhythmic 
 d rug  t herapy 

 The issue of the proper site for initiation of antiarrhythmic 
drug therapy for AF revolves around considerations of risk 
and practicality. In - hospital initiation under monitored 
conditions conveys benefi ts of accurate assessment of the 
effi cacy and prompt recognition of adverse effects, such as 
bradycardia, conduction abnormalities, excessive QT inter-
val prolongation, proarrhythmia, and intolerance or idio-
syncrasy. Patients in AF in whom sinus node function or 
the QT interval duration during sinus rhythm are unknown 
and patients at anticipated high risk of developing adverse 
effects should not be prescribed antiarrhythmic drugs 
outside the hospital setting that are known to aggravate 
their condition. For some antiarrhythmic agents, e.g. dofet-
ilide, there is formal mandate for in - hospital initiation. 
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than 24 hours or symptomatic arrhythmias, need for car-
dioversion or hospitalization for atrial arrhythmias, and 
intolerance of antiarrhythmic drugs. About one - quarter of 
patients had reablation. The recruitment for the study was 
terminated early because of signifi cantly fewer events in 
the drug - treated group compared with patients who 
received no drug therapy. However, because of a short 
minimum follow - up period of 6 weeks that falls within the 
blanking period, the study has failed to show whether anti-
arrhythmic drug therapy can offer any benefi t beyond the 
blanking period when the majority of patients would 
receive an antiarrhythmic drug anyway according to the 
current practice. 

 About 10% of patients, however, develop regular fast 
atrial tachycardias which are either focal or re - entrant 
(atypical atrial fl utter), are refractory to antiarrhythmic 
drugs, and often require additional ablation. The incidence 
of late (more than 1 year) recurrence of AF after ablation is 
currently at 5 – 10%, but it is likely to be higher when long -
 term follow - up data become available and the procedure 
is more widely used.  131    

  Pharmacologic  r ate  c ontrol 

  Acute  r ate  c ontrol 

  Beta -  b lockers and  c alcium  a ntagonists 
 Randomized controlled studies have shown that intrave-
nous verapamil, diltiazem, and beta - blockers (usually 
esmolol) can accomplish rapid control of the ventricular 
response rate (Class I, Level B/C) (Table  35.6 ).  133 – 139   The 
decrease in the ventricular rate (approximately 20 – 30%), 

time to the maximum effect (20 – 30 minutes), the conver-
sion rate (12 – 25%), and the adverse reactions (usually 
hypotension and bradycardia, although left ventricular 
dysfunction and high - degree heart block may occur) have 
been reported to be the same with both beta - blockers and 
calcium antagonists. Beta - blockers are preferable in patients 
with a history of myocardial infarction or if thyrotoxicosis 
is suspected as a cause of the arrhythmia, whereas vera-
pamil and diltiazem are preferred in patients with chronic 
obstructive airways disease.  139   The majority of patients 
(70 – 75%) responded to the fi rst bolus of diltiazem and 
verapamil with heart rate reductions to below 100 bpm.  137,138   
In patients with pre - excitation syndrome and AF, agents 
which slow atrioventricular conduction can cause the 
impulse to travel in the anterograde direction via the acces-
sory pathway rather than via the atrioventricular node. 
Because the accessory pathway, unlike the atrioventricular 
node, is capable of conducting very rapidly at a 1:1 ratio, 
this may lead to AF with extremely fast ventricular rates 
that may degenerate into ventricular fi brillation.    

  Digoxin 
 Intravenous digoxin is no longer the treatment of choice 
when rapid rate control is essential because of its delayed 
onset of the therapeutic effect (more than 60 minutes). In a 
direct comparison with diltiazem, the peak effect of digoxin 
was not observed until 3 hours, whereas diltiazem signifi -
cantly decreased the ventricular rate within 5 minutes.  136   
Some reported no signifi cant effect or lack of persistent rate 
control with digoxin in patients with continuous AF and 
symptomatic bradyarrhythmias or pauses when AF con-
verted to sinus rhythm.  140   However, because of its positive 
inotropic action, digoxin can be used in patients with poor 

 Table 35.6     Drugs for acute rate control in atrial fi brillation 

   Drug     Route of 
administration  

   Dose     Onset     Recommendation 
(Class)  

   Level of evidence  

  Esmolol    Intravenous    0.5   mg/kg over 1   min followed by 

0.05 – 0.2   mg/kg/min infusion  

  5   min    I    C  *    

  Metoprolol    Intravenous    2.5 – 5   mg over 2   min followed by 

repeat doses if necessary  

  5   min    I    C  *    

  Propranolol    Intravenous    0.15   mg/kg    5   min    I    C  *    
  Diltiazem    Intravenous    0.25   mg/kg over 2   min followed by 

5 – 15   mg/h infusion  

  2 – 7   min    I    B  

  Verapamil    Intravenous    0.075 – 0.15   mg/kg over 2   min    3 – 5   min      I    B  
  Digoxin    Intravenous    0.25   mg each 2   h, max 1.5   mg    2   h    IIb   †       B  
  Amiodarone    Intravenous    As for cardioversion  ‡      6 – 8   h    IIb   ‡       C  
  Sotalol    Intravenous    1 – 1.5   mg/kg over 5 – 10   min    15 – 30   min    III    B  

    *    For all beta - blockers;   

    †     a Class I indication in patients with poor ventricular function and moderately fast ventricular rates, level of evidence B;   

    ‡     Class IIa indication in patients with poor ventricular function and moderately fast ventricular rates, level of evidence C.   
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ventricular function and moderately fast ventricular rates 
(Class I, Level B). One important advantage of digoxin is 
its ability to convert atrial fl utter to AF and, thereby, make 
ventricular rate control easier to accomplish. However, this 
approach is rarely practical in the emergency setting.  

  Amiodarone 
 Amiodarone suppresses atrioventricular conduction by 
inhibiting the L - type calcium current (I Ca,L ), (the major 
determinant of the action potential of the atrioventricular 
nodal cells), and producing a sympatholytic effect. Amiod-
arone also has mild beta - blocking properties. There is 
anecdotal evidence that intravenous amiodarone may be 
effective in ventricular rate control when other agents have 
no effect on ventricular response or are contraindicated. 
Intravenous infusion of amiodarone was associated with a 
decrease in ventricular rates by 37 beats per minute and an 
increase in systolic blood pressure by 24   mmHg in 38 
patients with hemodynamically unstable AF refractory to 
electrical cardioversion and intravenous agents, such as 
esmolol, diltiazem, digoxin, and procainamide.  60   The atrio-
ventricular blocking effect of amiodarone is complemented 
by its antifi brillatory action. The disadvantages of IV amio-
darone are slow onset of action and increased risk of phlebi-
tis. Although amiodarone is not routinely used for acute 
rate control, it is given a Class IIa, Level C recommendation 
in patients with AF  and  congestive heart failure and, unlike 
digoxin, has the potential to restore sinus rhythm.  

  Sotalol 
 Sotalol usually is ineffective in cardioverting AF, but can 
slow down the ventricular rate due to its beta - blocking 
properties.  43   In 140 patients with recent - onset AF, intrave-
nous infusions of either sotalol 1.5   mg/kg over 10 minutes 
or amiodarone 10   mg/kg in 30 minutes helped to facilitate 
rate control compared with IV digoxin, but the overall 
conversion rate within 12 hours was modest with either 
agent.  141   The potential negative inotropic effect of sotalol 
precludes its use for rate control in patients with left ven-
tricular dysfunction and the proarrhythmic (torsadogenic) 
potential of sotalol due to QT interval prolongation reduces 
its value as a rate - controling agent (Class III, Level B).  

  Clonidine,  a denosine, and  m agnesium 
 There is limited evidence on the use of clonidine and mag-
nesium for ventricular rate control. The rationale for the use 
of clonidine in AF is its central sympatholytic activity of 
directly blocking alpha - 2 adrenoreceptors in the lower 
brainstem region and its ability to stimulate parasympa-
thetic outfl ow, resulting in prolongation of the refractori-
ness of the atrioventricular node. In 40 hemodynamically 
stable patients with new - onset (less than 24 hours) rapid 
AF, clonidine, given orally at a dose of 0.1   mg and repeated 
at 2 - hour intervals if rate control was not achieved, reduced 

ventricular rates by 44 beats per minute over a 6 - hour fol-
low - up. This effect was comparable to that of verapamil 
and digoxin, both administered intravenously (the mean 
heart rate reduction was 52 and 42 beats per minute, respec-
tively).  142   Clonidine was associated with a greater reduction 
of systolic blood pressure compared with verapamil. 

 In a meta - analysis of trials in 303 patients and a rapid 
ventricular rate, intravenous magnesium effectively 
reduced the ventricular rate to below 90 – 100 within 5 – 15 
minutes of infusion (OR 1.96; 95% CI 1.24 – 3.08).  70   Magne-
sium had a synergistic effect on the atrioventricular node 
when given with digoxin or diltiazem  139   and also produced 
an antifi brillatory effect. The overall response rate, includ-
ing rate control and conversion to sinus rhythm, was sig-
nifi cantly higher in patients who received the magnesium 
infusion compared with placebo or an active comparator 
(86% v 56%; OR 4.61; 95% CI 2.67 – 7.96).  70   

 Adenosine, in its present formulation, is not suitable for 
rate control (Class III, Level A) because of its extremely 
short half - life, lack of the antifi brillatory effect, and the 
potential to induce AF, particularly in the presence of an 
accessory pathway. The incidence of AF after a central 
venous intravenous adenosine infusion for supraventricu-
lar tachycardia is about 10 – 15%.  143    

  New  a gents for  a cute  r ate  c ontrol 
 Several adenosine derivatives with a high specifi city for 
adenosine A1 receptors, tecadenoson, selodenoson, and 
capadenoson, are currently under investigation. The high 
affi nity for A1 receptors enables effective rate control without 
reducing the blood pressure or causing bronchospasm as a 
result of stimulating A2 receptors. Tecadenoson has an 
immediate onset of action in about 30 seconds and has a half -
 life of approximately 30 minutes and may prove to be a 
potent and safe drug for urgent rate control and possibly 
even cardioversion of AF. Selodenoson has an even longer 
half - life of 150 minutes and is available in an oral formula-
tion. Tecadenoson has been mainly studied for cardiover-
sion of supraventricular tachycardias.  144   Undesirable 
symptoms commonly reported with adenosine, such as 
fl ushing, dyspnea, and chest pain, occurred less frequently. 
Tecadenoson shortens atrial action potential duration and 
may therefore induce AF. However, in contrast to adenosine, 
the effect on atrial refractoriness is smaller than the blocking 
effect on the atrioventricular node, and risk of AF is therefore 
expected to be low. In the Phase III TEMPEST (Trial to Evalu-
ate the Management of Paroxysmal supraventricular tachy-
cardia during Electrophysiologic Study with Tecadenoson), 
AF as an adverse event was reported in 2% of patients.  144   
Selodenoson demonstrated a statistically and clinically sig-
nifi cant decrease in ventricular rate compared with placebo 
in a small double - blind Phase II trial.  145   Final results are 
pending from three other Phase II studies in patients with 
spontaneous AF with uncontrolled ventricular rates.   
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  Rate  c ontrol in  p aroxysmal and  p ersistent 
 a trial  fi  brillation 

  Beta -  b lockers and  c alcium  a ntagonists 
 Rate control is an essential constituent of management of 
AF and is pertinent to all types of the arrhythmia. In parox-
ysmal and persistent AF, rate control is important during 
the recurrence or prior to electrical cardioversion. Non -
 dihydropyridine calcium antagonists and beta - blockers are 
drugs of choice (Class I, Level B/C). They are also com-
monly prescribed in combination with the class IC agents 
propafenone and fl ecainide to prevent fast ventricular rates 
due to 1:1 atrioventricular conduction when recurrent AF 
evolves to fl utter.  

  Digoxin 
 Digoxin should be avoided if the arrhythmia is self - 
terminating or electrical cardioversion is planned and 
rhythm control is pursued. This is because digoxin abbrevi-
ates the atrial action potential by several mechanisms, 
including increased intracellular calcium, augmentation of 
the transient outward potassium I to  current, and a vago-
tonic effect which can be proarrhythmic in the atria.  146   Thus 
digoxin can promote the recurrence or perpetuation of 
atrial fi brillation and offset the effect of antiarrhythmic 
agents. In a randomized, double - blind, placebo - controlled, 
crossover study in 43 patients with frequent symptomatic 
paroxysms of atrial fi brillation, the median time to the 
occurrence of two episodes of the arrhythmia documented 
by patient - activated monitors was prolonged from 13.5 
days in the placebo group to 18.7 days in the digoxin group 
during 2 - month follow - up.  147   However, no signifi cant dif-
ference was detected between digoxin and placebo in terms 
of the number and duration of atrial fi brillation episodes. It 
is likely that digoxin used as monotherapy reduced the 
frequency of symptomatic atrial fi brillation by lowering the 
ventricular rate response and increasing the regularity. The 
heart rate during symptomatic episodes was reduced by 
approximately 15 beats per minute.  

  Sotalol and  a miodarone 
 Some antiarrhythmic drugs, such as sotalol, amiodarone, 
and dronedarone, slow atrioventricular conduction and 
thus offer an additional benefi t of ventricular rate control 
during recurrences of AF. Although much of the evidence 
for the rate - controling effects of antiarrhythmic drugs 
comes from studies in permanent AF, antiarrhythmic 
drugs are not commonly employed for long - term rate 
control and therefore will be discussed in this section. 

 Sotalol has been relatively well studied for rate 
control.  148 – 150   In the randomized, double - blind, parallel, 
placebo - controlled Sotalol Atrial Fibrillation Study in 60 
patients, the combination of digoxin and dl - sotalol, at 
either 80 or 160   mg/day, resulted in a statistically signifi -

cant reduction in heart rate at rest and with exercise during 
both exercise testing and ambulatory monitoring.  148   In 
patients with AF of more than 1 month, sotalol and meto-
prolol on the background of digoxin were equally effective 
in reducing the resting heart rate, but sotalol surpassed 
metoprolol during exercise.  150   Although there were no 
reports of torsades de pointes, sotalol signifi cantly pro-
longed the QT interval both at rest and during exercise. In 
the CHF - STAT study, amiodarone reduced the mean 
and maximal ventricular rates by 16 – 20% and 14 – 22%, 
respectively.  61   However, sotalol and amiodarone are not 
routinely employed for long - term rate control, e.g. in per-
manent or accepted AF, because of proarrhythmic and 
non - target side effects (Class IIb, Level B/C).  

  Dronedarone 
 In the EURIDIS and ADONIS studies, dronedarone was 
not only effective in suppressing recurrent AF, but also 
reduced the ventricular rate response during the recur-
rence of the arrhythmia by 12 – 15 beats per minute com-
pared with placebo.  128   Similar reductions in ventricular 
rates were achieved in the ATHENA trial including 
patients who progressed to permanent AF. The ability of 
the drug to control ventricular rates was prospectively 
assessed in the ERATO (Effi cacy and Safety of Dronedar-
one for the Control of Ventricular Rate) study of 174 
patients with AF with a resting heart rate of more than 
80 beats per minute despite standard therapy with beta -
 blockers, calcium antagonists, and digitalis.  151   At 2 weeks, 
dronedarone lowered the mean 24 - hour ventricular rate 
(the primary endpoint) by 12 beats per minute and limited 
the peak heart rate during a maximal symptom - limited 
exercise test by 24 beats per minute compared with placebo 
without affecting the overall exercise capacity.   

  Rate  c ontrol in  p ermanent  a trial  fi  brillation 

  Elements of  r ate  c ontrol 
 Several questions remain to be answered about rate control 
therapy in AF. These include how best to measure successful 
therapy and what is the optimal heart rate. Current guide-
lines defi ne adequate rate control as maintenance of the ven-
tricular rate response between 60 and 80 at rest and 90 and 
115 during moderate exercise.  5   Few systematic studies have 
explored the effect of rate - slowing drugs on chronotropic 
competence in AF or defi ned upper limits of the appropriate 
ventricular rate response during exercise.  152,153   Measuring the 
systolic velocity integral of aortic blood fl ow with Doppler 
ultrasound to assess the effect of different ventricular rates 
on cardiac output in 60 patients with AF, Rawles demon-
strated that rates of up to 90 maintain good cardiac output 
at rest, while during exercise, ventricular rates of 90 – 140 
might be necessary in order to maintain equivalent cardiac 
outputs to patients in sinus rhythm.  153   However, no con-
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trolled clinical trials have validated these values with regard 
to their effects on morbidity or mortality. 

 Atrial contraction contributes 20 – 40% of the total stroke 
volume. Loss of atrial contraction may cause a marked 
decrease in cardiac output, especially in patients with 
impaired diastolic fi lling, hypertension, and left ventricular 
hypertrophy. Hence, although rapid ventricular rates can 
be detrimental, they should not be too low either. Pharma-
cologic ventricular rate control can have other problems, 
such as being associated with periods of bradycardia 
(usually sinus) alternating with tachycardia (usually AF) in 
the same patient.  154   This often requires placement of a pace-
maker to prevent bradycardia and permit adequate drug 
therapy to control ventricular rates. It also sometimes leads 
to atrioventricular node ablation by radiofrequency abla-
tion with placement of a permanent pacemaker system to 
control ventricular rate optimally. 

 Adequate rate control probably encompasses more than 
the mere prevention of fast ventricular rates. The effect of 
excessively irregular rhythm is rarely acknowledged in prac-
tice as an important constituent of effective rate control, 
despite some evidence that the rhythm irregularity  per se  may 
contribute to ventricular dysfunction.  155   Randomized studies 
comparing atrioventricular node ablation and atrioventricu-
lar node modifi cation in AF provided indirect evidence that 
not only rate control but also regularization of the rhythm 
were essential for improving cardiac performance.  156   

   Methods of  a ssessment of  r ate  c ontrol 
 Ventricular rate control at rest does not always translate 
into effective control during exercise. Few data exist that 
defi ne the most robust method of assessment of rate control 
and explore whether different methods can provide com-
parable information or whether the combination of two or 
theoretically more tests may provide better results. In a 
small study in patients with permanent AF, ventricular 
rates assessed after 5 minutes of rest, after a 50 - yard walk 
and after 1 minute of stair stepping exercise correlated with 
ventricular rates derived from 24 - hour Holter recordings.  157   
Thus, the heart rate at rest was slower than the mean heart 
rate obtained from the Holter recording, on average, by 20 
beats per minute, but when combined with the heart rate 
after a 50 - yard walk, the resulting heart rate was similar to 
the mean rate on Holter. The heart rate after 1 minute of 
stair stepping was similar to the maximum ventricular 
rates during Holter monitoring. Ambulatory 24 - hour ECG 
monitoring is considered suffi cient for assessment of rate 
control in elderly and sedentary individuals, whereas in 
younger individuals, an exercise stress test may be neces-
sary.  5   The AFFIRM trial  14   used those criteria in establishing 
clinical ventricular rate control, but the RACE trial  15   took a 
more lenient approach, accepting simply a ventricular rate 
less than 100 beats per minute. The mean heart rate across 
all follow - up visits for patients in AF was lower in 

AFFIRM.  158   Event - free survival for the occurrence of the 
primary endpoint did not differ (64% in AFFIRM vs 66% 
in RACE). Patients with mean ventricular rates during AF 
within the AFFIRM ( ≤ 80 beats per minute) or RACE ( < 100 
beats per minute) criteria had a better outcome than 
patients with ventricular rates  ≥ 100 beats per minute (HR 
0.69 and 0.58, respectively for  ≤ 80 and  < 100 compared with 
 ≥ 100 beats per minute). Perhaps the closeness to 80 beats 
per minute of the mean ventricular rates in these studies 
tells the story best. A RACE II study was instigated to 
assess whether maintaining strict rate control, i.e. mean 
resting heart rate less than 80 beats per minute and heart 
rate during mild exercise less than 110 beats per minute, 
can offer any additional benefi t to standard practice.  159    

  Drugs for  r ate  c ontrol 
 Digoxin, beta - blockers, verapamil, and diltiazem, are 
commonly employed (Table  35.7 ).  5   Digoxin is effective in 
controling ventricular rates at rest by prolongation of atrio-
ventricular node conduction and refractoriness through 
vagal stimulation, by direct effects on the atrioventricular 
node, and by increasing the amount of concealed conduc-
tion in the atrioventricular node due to the increased rate 
at which atria discharge (Class I, Level B). However, the 
effect of digoxin is negated during exercise when most 
vagal tone is lost and atrioventricular conduction is further 
enhanced by the increased sympathetic tone.  160   Therefore, 
digoxin as monotherapy can be effective in older, seden-
tary patients, but a combination with beta - blockers or 
calcium antagonists is often necessary to achieve rate 
control in the majority of patients.   

 Non - dihydropyridine calcium antagonists and beta -
 blockers are effective as primary pharmacologic therapy 
for rate control (Class I, Level B/C); however, multiple 
adjustments of drug type and dosage and a combination 
of two agents may be needed to achieve the desired 
effect.  160 – 164   For example, in the AFFIRM trial, only 58% of 
patients in the rate control group achieved adequate rate 
control with the fi rst drug or combination; drug switches 
occurred in 37% of the patients and drug combinations 
were commonly used.  164   Overall, adequate rate control was 
ascertained in 80% of patients at 5 years (most frequently 
on a beta - blocker with or without digoxin), but these 
patients were followed carefully to assess rate control at 
each follow - up visit and frequent drug switches were 
allowed. Digoxin alone was effective in only 58% of patients.    

  Atrial  fi  brillation  a fter  c ardiac  s urgery 

  Prevalence and  r isk  f actors 

 Pooled data from the control arms of 40 randomized clinical 
trials and three large observational studies have shown 



PART IIIC Arrhythmias

558

that, in the absence of prophylactic antiarrhythmic drug 
therapy, AF may occur in about 30% of patients after iso-
lated coronary artery bypass grafting, 40% of patients after 
valve surgery, and 50% of patients after combined coronary 
artery and valvular surgery.  165   Postoperative AF occurs pre-
dominantly during the fi rst 4 days and is associated with 
increased morbidity and mortality, largely due to stroke 
and circulatory failure, and longer hospital stay. More than 
90% patients present with a paroxysmal or fi rst - onset form 
of the arrhythmia. Atrial fl utter and atrial tachycardias, 
including multifocal atrial tachycardia, are also common. 

 Clinical factors that convey a higher risk for the develop-
ment of postoperative atrial tachyarrhythmias include 
advanced age, male sex, a previous history of AF, hyperten-
sion, congestive heart failure, valvular heart disease, 
chronic obstructive pulmonary disease, chronic renal 
failure, previous cardiac surgery, left atrial enlargement, 
inadequate cardioprotection and hypothermia, right coro-
nary artery grafting, and a longer bypass time.  166   The inci-
dence of postoperative atrial tachyarrhythmias may be 
lower with minimally invasive techniques, especially for 
valvular surgery.  167   The pathophysiology of AF after cardiac 

 Table 35.7     Drugs for long - term rate control in atrial fi brillation  

   Drug     Dose     Class of 
recommendation  

   Level of evidence     Potential adverse effects  

  Digoxin    Loading dose: 250    μ g every 2 hours; 

up to 1500    μ g; maintenance dose 

125 – 250    μ g daily  

  I    B    Bradycardia; atrioventricular block; 

atrial arrhythmias; ventricular 

tachycardia  

  Diltiazem    120 – 360   mg daily    I    B    Hypotension; atrioventricular block; 

heart failure  

  Verapamil    120 – 360   mg daily    I    B    Hypotension; atrioventricular block; 

heart failure  

  Atenolol    50 – 100   mg daily    I    C  *      Hypotension; bradycardia; heart failure; 

deterioration of chronic obstructive 

pulmonary disease or asthma  

  Metoprolol    50 – 200   mg daily    I    C  *        

  Propranolol    80 – 240   mg daily    I    C  *        

  Bisoprolol    5 – 10   mg daily    I    C  *        

  Carvedilol    25 – 100   mg daily    I    C  *        

  Sotalol    80 – 320   mg    IIb   †       C    Bradycardia; QT prolongation; torsades 

de pointes (risk  < 1%); photosensitivity; 

pulmonary toxicity; polyneuropathy; 

hepatic toxicity; thyroid dysfunction; 

gastrointestinal disturbances  

  Amiodarone    800   mg daily for 1 week, then 

600   mg daily for 1 week, then 

400   mg daily for 406 weeks; 

maintenance dose 200   mg daily  

  IIb   †       C    Bradycardia; QT prolongation; torsades 

de pointes (risk  < 1%); photosensitivity; 

pulmonary toxicity; polyneuropathy; 

hepatic toxicity; thyroid dysfunction; 

gastrointestinal disturbances  

    *    For all beta - blockers;   

    †     useful during recurrence of atrial fi brillation.   

surgery relates primarily to sterile pericarditis that accom-
panies the surgery. This results in perioperative changes in 
atrial electrophysiology, including increased dispersion of 
atrial refractoriness, decreased atrial conduction velocity, 
and changes in atrial transmembrane potential.  

  Rate  v ersus  r hythm  c ontrol 

 The rhythm control strategy, including electrical or phar-
macologic restoration of sinus rhythm with subsequent 
prophylactic antiarrhythmic therapy, should be considered 
in hemodynamically unstable or highly symptomatic 
patients with postoperative AF. If AF is well tolerated, rate 
control may be suffi cient as AF after isolated coronary 
bypass surgery is often self - limiting and there is a high 
likelihood of spontaneous conversion to sinus rhythm, 
usually within 6 weeks. Although digoxin and non - 
dihydropyridine calcium antagonists (verapamil, diltia-
zem) are effective in slowing atrioventricular conduction, 
beta - blockers should be considered the fi rst - line choice 
because of their benefi cial effects on the hyperadrenergic 
postoperative state. In comparator studies, diltiazem pro-
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duced a more rapid rate - slowing effect than digoxin 
(median times to a 20% or more decrease in ventricular 
rates were 2 minutes and more than 3.5 hours, respec-
tively).  168   At 2 and 6 hours, the proportion of patients who 
achieved adequate rate control was signifi cantly higher in 
the diltiazem - treated group compared with the digoxin -
 treated group (75% vs 35% and 85% vs 45%, respectively). 
Digoxin in combination with either beta - blockers or a non -
 dihydropyridine calcium antagonist will often provide 
effective therapy in otherwise diffi cult cases.  

  Pharmacologic  p revention of  p ostoperative  AF  

  Beta -  b lockers 
 The best evidence for effi cacy in prevention of postoperative 
AF has been accumulated for beta - blockers, sotalol, and 
amiodarone (Fig.  35.10 ).  165   Two earlier meta - analyses of ran-
domized controlled studies have shown that treatment with 
beta - blockers may reduce the incidence of AF by approxi-
mately 50%.  169,170   In a meta - analysis of 27 trials in 3840 
patients, therapy with beta - blockers reduced risk of postop-
erative AF by 61%; there was also a trend towards shorter 
length of stay.  165   In the large Beta - blocker Length Of Stay 
(BLOS) study in 1000 patients, 85% of whom had isolated 
coronary artery bypass grafting, therapy with metoprolol 
100 – 150   mg per day initiated immediately after surgery was 
associated with a small but statistically signifi cant reduction 
in the incidence of AF compared with placebo, but had no 
effect on the length of hospital stay.  171   Current guidelines 
give a Class I, Level A recommendation for beta - blockers 
for prevention of AF after heart surgery. The downside of 
beta - blockers is that they may increase risk of bradycardia 
(5 – 10%) and risk of longer ventilation (1 – 2%). In a retrospec-
tive analysis, carvedilol was reported to be superior to other 
beta - blockers, predominantly metoprolol or atenolol, with 
respect to effi cacy and safety.  172   Temporary cardiac pacing 
using temporary epicardial wire electrodes placed at the 

time of surgery in most patients should permit use of beta -
 blockers in the face of bradycardia.    

  Sotalol 
 In eight randomized controlled studies in 1294 patients, 
sotalol has been reported to reduce the incidence of post-
operative AF by 65% compared with placebo, but it had no 
impact on length of hospital stay, strokes or mortality.  165   
Sotalol may be more effective in the prevention of AF than 
beta - blockers because of its potential incremental benefi t 
due to its class III antiarrhythmic property.  173   However, the 
use of sotalol risks bradycardia and torsades de pointes, 
especially in patients with electrolyte disturbances. In 
direct comparisons, both sotalol and amiodarone were 
effective and safe in reducing postoperative AF in patients 
undergoing isolated coronary artery bypass surgery (25% 
vs 17%), but sotalol was signifi cantly inferior to amioda-
rone in patients who had aortic valve replacement alone or 
in combination with coronary surgery (82% vs 7%).  174   
When the results of several studies were pooled, there were 
no differences between the two drugs with respect to the 
incidence of AF, length of stay, and adverse events.  175   
Sotalol was designated Class IIb, Level B for prevention 
of postoperative AF.  

  Amiodarone 
 There is compelling evidence from randomized, controlled 
studies and meta - analyses that treatment with amiodarone 
may reduce the incidence and duration of postoperative 
AF, and also control the ventricular rate (Class IIa, Level 
A).  176 – 183   The Amiodarone Reduction in Coronary Heart 
(ARCH) study of 300 patients who had undergone coro-
nary bypass surgery has shown a signifi cant reduction in 
the incidence of postoperative AF with IV amiodarone 
compared with placebo (35% vs 47%).  181   In the Prevention 
of Arrhythmias that Begin Early After Revascularization 
(PAPABEAR) trial of 601 patients undergoing isolated 
coronary artery bypass surgery, treatment with amioda-
rone 10   mg/kg per day starting 7 days before surgery was 
associated with a signifi cant decrease in the incidence of 
postoperative AF compared with placebo (30% vs 16%), 
refl ecting a 52% reduction in relative risk.  182   The number 
of patients needed to be treated in order to prevent one 
episode of the arrhythmia was 7.5. However, there was no 
difference between amiodarone and placebo groups with 
respect to complications or length of hospital stay. 

 A meta - analysis of 19 studies which enrolled 3295 
patients, among whom 1639 had received amiodarone and 
1656 were in the control group, has shown that therapy 
with amiodarone halved the incidence of postoperative 
AF.  165   In addition, amiodarone reduced the occurrence of 
ventricular tachyarrhythmias by 61% and strokes by 47%. 
In contrast with other therapies, treatment with amioda-
rone was associated with a statistically signifi cant shorter 

Beta-blockers 27     3840   0.39 (0.28 – 0.52)

Sotalol 8     1294   0.35 (0.26 – 0.49)

Amiodarone 17     3007   0.50 (0.42 – 0.59)

Magnesium 20     2490   0.54 (0.38 – 0.75)

Propafenone 1       293   0.62 (0.43 – 0.91)

Procainamide 2       146   0.47 (0.22 – 0.99)

Verapamil 3        432  0.94 (0.56 – 1.58)

Diltiazem 5        638  0.64 (0.53 – 0.76)

0.8 1.0 1.2   1.40.4
Relative risk 

1.60.60.2
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 Figure 35.10     Meta - analysis of pharmacologic prevention of atrial 
fi brillation after heart surgery. Hatched boxes indicate agents that have 
not been rigorously tested.  (Data from Mitchell  et al   165  .)  
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length of hospital stay, although the difference from the 
control group was small (0.6 days), resulting in cost savings 
of marginal statistical signifi cance (data on costs were 
available in six studies). Adverse events such as hypoten-
sion and bradycardia necessitating inotropic and chrono-
tropic support or pacing may limit the routine use of 
amiodarone to prevent postoperative AF.  

  Other  a gents 
 Ibutilide and dofetilide have proven to be effective for 
pharmacologic cardioversion of atrial tachyarrhythmias 
after cardiac surgery. In 302 patients, 101 of whom pre-
sented with atrial fl utter, ibutilide restored sinus rhythm 
in 57% compared with 15% on placebo.  184   Conversion rates 
at all doses were higher for atrial fl utter than for AF (78% 
vs 44%). In 133 patients undergoing isolated coronary 
artery bypass grafting or combined with valvular surgery, 
therapy with dofetilide at doses adjusted according to glo-
merular fi ltration rates and started on the day of operation 
resulted in a modest decrease in the incidence of AF com-
pared with placebo (36% vs 18%).  185   Although there were 
no cases of torsades de pointes in this study, the QT - pro-
longing effect and the proarrhythmic potential of dofetilide 
and ibutilide are of signifi cant concern and the drugs are 
not routinely used in the early postoperative period. 

 Magnesium sulfate has been reported to reduce the inci-
dence and number of episodes of AF by 46% in a pooled 
analysis of 20 studies in 2490 patients.  186   The effect was 
comparable to that of beta - blockers, sotalol, and amioda-
rone and no adverse events were reported. The favorable 
effects of magnesium may relate to restoration of electrolyte 
balance after surgery. Alternatively, the stimulating effects 
of magnesium on the sodium/potassium pump may act 
benefi cially by inducing a calcium channel - blocking effect. 
However, magnesium is not commonly employed as a 
primary agent for prevention or treatment of AF and is 
usually adjunctive to beta - blockers or antiarrhythmic drugs. 

 Class I antiarrhythmic drugs have been shown to be 
moderately effective in prevention of atrial tachyarrhyth-
mias after cardiac surgery. The results from the Clinical 
Outcomes from the Prevention of Post - operative Arrhyth-
mia (COPPA) II study in 293 patients who had undergone 
coronary bypass have shown that treatment with propafe-
none 675   mg daily reduced the incidence of postoperative 
AF by 38% compared with placebo, but did not change 
length of stay.  187   Propafenone administered intravenously 
at a dose of 2   mg/kg produced a more rapid effect on res-
toration of sinus rhythm compared with intravenous pro-
cainamide given at a dose of 20   mg/kg to maximum of 
1000   mg (59% vs 18% at 15 minutes) but there was no sig-
nifi cant difference in the conversion rates at 1 hour (76% vs 
61%).  188   The proarrhythmic potential and the negative ino-
tropic effect of propafenone in patients prone to ischemia 
or patients with previous myocardial infarction limit the 

use of propafenone early after heart surgery. Procainamide 
was associated with a signifi cantly higher incidence of 
hypotension than propafenone (27% vs 7%) which was 
clinically relevant and required discontinuation of the drug 
in 9% of cases. Procainamide does not appear to be signifi -
cantly more effective than placebo in the prevention of AF 
and there are concerns about its negative inotropic effect in 
patients with depressed ventricular function.  189   

 Several randomized controlled studies have suggested 
the benefi cial role of agents with anti - infl ammatory proper-
ties, such as statins, or specifi c anti - infl ammatory drugs 
such as corticosteroids; these therapies are discussed in 
detail in Chapter  36   .    

  Conclusion 

 It is important to emphasize that the rate versus rhythm 
control trials provide good evidence to help guide therapy. 
They consistently demonstrate that rate control is a legiti-
mate primary therapeutic option. Importantly, the results 
of these trials should not be interpreted to mean that a rate 
control strategy is better than a rhythm control strategy. 
The strategy of choice must be decided on a patient - by -
 patient basis. Thus, considering presently available therapy 
of AF, the fi rst decision to be made with each patient is 
which strategy to pursue: rate control or rhythm control. 
Rational antiarrhythmic treatment of AF starts with clas-
sifi cation of AF into one of its subtypes: recent onset, par-
oxysmal, persistent or permanent. Only then can the goal 
of treatment be identifi ed: to restore sinus rhythm with the 
option of prophylactic drug treatment or to accept AF as 
the dominant rhythm. 

 Antiarrhythmic treatment is further guided by the dura-
tion of the arrhythmia, the tendency for recurrence after 
conversion, and the potential side effects of drugs. At some 
stage during treatment, rate control is useful in all three 
subtypes of AF but especially in the permanent form. Phar-
macologic cardioversion can be accomplished with intra-
venous or oral antiarrhythmic drugs, but it is most effective 
in recent - onset AF. In persistent AF of longer duration, 
restoration of sinus rhythm is accomplished by electrical 
cardioversion and antiarrhythmic drugs are employed for 
prevention of recurrence. Most patients cannot be cured of 
AF: almost all will experience recurrence of the arrhythmia 
sooner or later after the fi rst attack despite drug treatment. 
Therefore, the primary goal of treatment is to reduce 
morbidity (and possibly mortality) rather than simply to 
suppress the arrhythmia. 

 In the last several decades the proarrhythmic effect of 
antiarrhythmic drugs has been widely recognized. In addi-
tion, negative inotropic and extracardiac side effects further 
limit the use of traditional antiarrhythmic agents. Further-
more, there have been surprisingly few trials designed to 
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demonstrate their effi cacy in reducing mortality, signifi -
cant morbidity or healthcare costs. There has recently been 
a signifi cant effort by the pharmaceutical industry to 
develop new agents for the management of patients with 
AF and it now seems likely that several of these agents will 
be approved and will become available for the control of 
AF and fl utter.  
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  Introduction 

 Atrial fi brillation (AF) has been described as an  “ epidemic ”  
due to its rising prevalence in our aging population. AF is 
a leading cause of thromboembolism and is also asscoci-
ated with impaired quality of life and increased overall 
mortality. Available treatment strategies consist of heart 
rate control, rhythm control and prevention of thromboem-
bolism. Antiarrhythmic agents still form the mainstay of 
pharmacologic therapy for AF. However, despite their 
proven effi cacy in symptom control and prevention of 
hemodynamic complications, they do not offer a defi nitive 
treatment. Comprehensive understanding of the mecha-
nisms leading to AF is paramount for the development of 
targeted and potentially curative treatments. 

 Current evidence suggests that the pathogenesis of AF is 
multifactorial. Observations at the level of atrial cardio-
myocytes and interstitium reveal cellular degeneration 
with hypertrophy and extracellular matrix protein prolif-
eration leading to fi brosis. It has been described that inter-
stitial fi brosis predisposes to tissue anisotropy by creating 
areas with different conduction properties, which can 
either block or initiate a conduction wavelet and lead to 
re - entry circuits and AF. Although this structural remodel-
ing can generate an infl ammatory response, infl ammation 
may also play a direct role in the development of atrial 
fi brosis and act as a trigger for the development of AF in 
the presence of a susceptible anatomic substrate. Finally, 
the ionic current changes and action potential abnormali-
ties associated with the development of AF are also 
accountable for the self - perpetuation of the arrhythmia. 

 Upstream management of AF refers to therapies that 
target the responsible substrate and aim to prevent the 
development of the arrhythmia in the fi rst place or delay 
its occurrence and domestication. Experimental and clini-

cal data have highlighted the potential effect of angioten-
sin - converting enzyme inhibitors (ACEI), angiotensin 
receptor blockers (ARB), statins, n - 3 polyunsaturated fatty 
acids (PUFA) and corticosteroids on the prevention of AF. 
The proposed mechanisms by which these agents exhibit 
their protective effect are shown in Table  36.1 .    

  Angiotensin -  c onverting  e nzyme 
 i nhibitors and  a ngiotensin  r eceptor 
 b lockers for the  p revention of 
 a trial  fi  brillation 

 In a meta - analysis of 12 published randomized controlled 
trials (RCT) evaluating the effect of ACEIs/ARBs on new 
or recurrent AF, the difference in the underlying cardiovas-
cular pathology of the studied populations led to signifi -
cant variability in outcomes.  1   Although ACEIs/ARBs 
conferred a statistically signifi cant risk reduction of 28% in 
AF, this effect was more pronounced in high - risk heart 
failure patients (44% relative risk reduction), and absent in 
the hypertension subgroup analysis. This fi nding was con-
sistent even when the meta - analysis was revisited by 
another group, which included data from patients with 
cardiovascular disease but preserved left ventricular ejec-
tion fraction (LVEF), receiving ramipril or placebo.  2   In 
another meta - analysis,  3   additional to their marked benefi t 
in patients with heart failure, ACEIs/ARBs were also found 
to be effective in the prevention of AF in patients with 
hypertension and following myocardial infarction (23% 
and 11% risk reduction, respectively). Finally, Anand and 
colleagues, having identifi ed 9 RCTs with new onset AF 
(and not recurrent) as a reported outcome, demonstrated 
that ACEIs were more effi cacious in primary AF prevention 
than ARBs.  4   Overall, most of the studies examined did not 
specify AF as a primary endpoint and AF outcomes were 
analysed  post hoc , which may have led to multiple testing 
errors. This evidence - based assessment of the effi cacy of 
ACEIs/ARBs in AF prevention focuses on patient groups 
with similar underlying cardiovascular pathology.   
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 Table 36.1     Upstream therapies for prevention of atrial fi brillation  

   Drugs     Mode of action     Evidence base  

  ACEIs and ARBs    Targeting underlying heart disease (e.g. hypertension, heart failure) and 

unloading the atria 

 Preventing structural remodeling: antifi brotic, antiapoptotic, and 

anti - infl ammatory effects 

 Antioxidant effects via PPAR - dependent pathways 

 Direct electrophysiologic effects on ion channels (e.g. inhibition of I Kur , I to ) 

 Preventing gap junctional remodeling 

 Modulating the autonomous nervous system: antisympathetic activity 

 Modulating thrombogenesis (e.g. antiplatelet effects, P - selectin inhibition)  

  Good experimental data 

 Retrospective analyses of large RCTs 

 Small prospective studies 

 Three meta - analyses

Ongoing RCTs  

  Statins    Reducing cardiovascular events and the development of underlying heart 

disease 

 Preventing substrate formation: anti - infl ammatory and antioxidant effects 

 Protecting the atrial mycardium during ischemia via increased eNOS activity 

 Preventing matrix remodeling via inhibition of MMPs 

 Preventing electrical remodeling by reducing downregulation of the I Ca  

 Modulating thrombogenesis (e.g. improved rheology, antiplatelet effects, 

fi brinogen reduction)  

  Experimental data 

 Retrospective analyses of RCTs and observational 

studies 

 Prospective study in electrical cardioversion 

 Prospective studies in CABG 

 Three meta - analyses 

 Ongoing RCTs  

  Corticosteroids    Anti - infl ammatory effects    Indirect evidence based on CRP reduction 

 Small prospective studies 

 Prospective studies in CABG and aortic valve 

surgery  

  PUFA    Preventing stretch - induced electrical remodeling 

 Direct electrophysiologic effects on ion channels (inhibition of I Na , I Ca ) 

 Reducing proarrhythmic eicosanoids in the myocardium 

 Anti - infl ammatory and antioxidant effects 

 Preventing matrix remodeling via MMP - dependent mechanism  

  Experimental data 

 Clinical experience: preventing ventricular 

fi brillation 

 Analyses from the population - based studies 

 Prospective study in CABG and after 

cardioversion 

 Ongoing RCTs  

   ACEI  s  and  ARB  s  for the  p revention of  AF  in 
 p atients with  h eart  f ailure 

 The benefi cial effects of ACEI/ARB therapy in patients 
with heart failure are well established. Their potential anti-
arrhythmic effect was initially examined in a cohort of 30 
patients with congestive heart failure (CHF) and persistent 
AF who were randomized to lisinopril 10   mg or placebo 
and treated with electrical cardioversion.  5   Despite the 
higher rate of maintenance of sinus rhythm (SR) in the 
lisinopril group, the AF risk reduction was not statistically 
signifi cant in this small group of patients. 

 The fi rst study to demonstrate a statistically signifi cant 
reduction in AF due to ACEI treatment was the TRAndol-
april Cardiac Evaluation (TRACE) trial.  6   Patients admitted 
to hospital with acute MI and documented LVEF  ≤ 36% 
were randomized to trandolapril (up to 4   mg/day) or 
placebo. During the follow - up period of 2 – 4 years, the inci-
dence of AF was 5.3% in the plecebo group and 2.8% in the 
treatment group, yielding a 55% risk reduction in AF due 

to trandolapril. Although the antiarrhythmic effect of tran-
dolapril remained consistent after adjustment for progres-
sive LVEF decline in the placebo group, it is likely that AF 
reduction may just refl ect the distinct attenuation of LV 
remodeling following MI due to ACE inhibition. The 
results of the SOLVD (Studies Of Left Ventricular Dysfunc-
tion) trial, which examined the effect of ACE inhibition on 
AF in patients with LV dysfunction, supported the benefi -
cial role of enalapril.  7   With an absolute risk reduction of 
18%, enalapril use was strongly associated with mainte-
nance of SR during the 2.9 years of follow - up. Once again, 
it is likely that the effi cacious management of underlying 
cardiac disease might have been responsible for this reduc-
tion in AF rather than any potential direct antiarrhythmic 
effect of enalapril. 

 In 4395 patients with documented heart failure who 
were randomized to valsartan or placebo in the context of 
the Val - HeFT study,  8   new - onset AF occurred in 5.1% of 
those on valsartan versus 7.95% receiving placebo (odds 
ratio (OR) 0.63, 95% confi dence interval (CI) 0.49 – 0.81). 
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 Table 36.2     Clinical studies of  ACEI  s  and  ARB  s  for the prevention of atrial fi brillation 

   Study, date     n     Baseline 
rhythm  

   Underlying 
disease  

   Design     Drug     Groups     Add. 
Intervent  

   Endpoint     Mean 
follow - up  

   Risk reduction  

  Van de Berg,  5   

1995  

  30    Persistent AF    Congestive heart 

failure  

  Double - blind RCT    Lisinopril    Lisinopril vs placebo    DCCV    AF recurrence    84 days    No effect  

  CAPPP,  10   1999    10985    Sinus rhythm 

 &  AF  

  Primary 

hypertension  

  Open - label RCT (AF 

secondary outcome)  

  Captopril    Captopril vs conventional 

antihypertensives  

   –     AF occurrence    6.1 years    No effect of captopril 

on AF prevention  

  STOP - H2,  11   

1999  

  6614    Sinus rhythm 

 &  AF  

  Primary 

hypertension  

  Open - label RCT (AF 

secondary outcome)  

  Enalapril or 

lisinopril  

  ACEIs vs calcium antagonists 

vs conventional 

antihypertensives  

   –     AF occurrence    5 years    No effect of ACEIs 

on AF prevention  

  TRACE,  6   1999    1577    Sinus rhythm    Post - MI, LV 

dysfunction  

  Double - blind RCT with 

retrospective analysis  

  Trandolapril    Trandolapril vs placebo     –     AF occurrence    2 – 4 years    55%  

  Madrid,  18   2002    154    Persistent AF    Any, 21% lone AF    Open - label RCT    Irbesartan    Irb+amio vs amio    DCCV    Time to 1st 

recurrence  

  254 days    65%  

  Ueng,  19   2003    145    Persistent AF    Any, 20% lone AF    Open - label RCT    Enalapril    Enalapril+amio vs amio    DCCV    Time to 1st 

recurrence  

  270 days    69%  

  SOLVD,  7   2003    374    Sinus rhythm    LV dysfunction    Double - blind RCT with 

retrospective analysis  

  Enalapril    Enalapril vs placebo     –     AF occurrence    2.9 years    78%  

  Madrid,  20   2004    90    Persistent AF    None, lone AF    Open - label RCT    Irbesartan    Amio vs amio+irb 150 mg 

vs amio+irb 300 mg  

  DCCV    Time to 1st 

recurrence  

  220 days    53% reduction by 

amio+irb 300   mg  

  LIFE,  13   2005    8851    Sinus rhythm    HTN, LV 

hypertrophy  

  Double - blind RCT with 

retrospective analysis  

  Losartan    Losartan - based vs 

atenolol - based therapy  

   –     New - onset AF    4.8 years    33%  

  Val - HeFT,  8   2005    4395    Sinus rhythm    Congestive heart 

failure  

  Double - blind RCT with 

retrospective analysis  

  Valsartan    Valsartan vs placebo     –     AF occurrence    23 months    37%  

  CHARM,  9   2006    6379    Sinus rhythm    Congestive heart 

failure  

  Double - blind RCT (AF 

prespecifi ed)  

  Candesartan    Candesartan vs placebo     –     Time to new AF    37.7 

months  

  20%  

  HOPE,  2   2007    8335    Sinus rhythm    CAD   +   other 

cardiovascular risk 

factor  

  Double - blind RCT with 

retrospective analysis  

  Ramipril    Ramipril vs placebo     –     AF occurrence    4.5 years    No effect  

  CAPRAF,  21   2007    171    Persistent AF    Any, 48% lone AF    Double - blind RCT    Candesartan    Candesartan vs. placebo    DCCV    AF recurrence    6 months    No effect  

  VALUE,  14   2008    13760    Sinus rhythm    HTN, other 

cardiovascular risk 

factors  

  RCT (AF secondary 

outcome)  

  Valsartan    Valsartan - based vs. 

amlodipine - based therapy  

   –     AF occurrence    4.2 years    16% (unadjusted)  

  TRANSCEND,  15   

2008  

  5926    Sinus rhythm    Coronary, peripheral 

vascular or 

cerebrovascular 

disease  

  Double - blind RCT (AF 

secondary outcome)  

  Telmisartan    Telmisartn vs. placebo     –     AF occurrence    56 months    No effect  

  ONTARGET,  16   

2008  

  25620    Sinus rhythm    Coronary, peripheral 

vascular or 

cerebrovascular 

disease  

  Double - blind RCT (AF 

secondary outcome)  

  Telmisartan    Telmisartan vs 

telmisartan   +   ramipril vs. 

ramipril  

   –     AF occurrence    56 months    No effect  

  GISSI - AF,  22   

2009  

  1442     ≥ 2 episodes 

of AF or 

successful 

DCCV  

  Cardiovascular 

disease, lone AF 

(12%)  

  Double - blind RCT    Valsartan    Valsartan vs. placebo     ± DCCV    Time to fi rst 

recurrence and 

proportion of 

patients with 

 ≥ 1 recurrence  

  12 months    No effect  
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This risk reduction in AF due to valsartan was not infl u-
enced by concomitant treatment with other ACE inhibitors 
(93% of cases). In addition, AF occurrence was associated 
with a 40% increase in overall mortality. Despite the effi -
cacy of valsartan in the prevention of AF, its capacity to 
reduce mortality was not proven, probably due to the rela-
tively low rate of AF in this study population. In the 
CHARM study,  9   the effect of candesartan on new - onset AF 
was a prespecifi ed secondary outcome in the cohort of 6379 
patients with symptomatic heart failure and absence of the 
arrhythmia. The reduction in AF caused by candesartan 
(target dose 32   mg/d) versus placebo (5.55% vs 6.74%), 
remained signifi cant following adjustment for prespecifi ed 
co - variates that are known to infl uence overall prognosis 
and AF development (OR 0.80, 95% CI 0.65 – 0.99). The 
design of this study allowed for the analysis of subgroups 
with CHF but preserved LVEF (in contrast to the SOLVD 
and Val - HeFT studies), and CHF with or without concomi-
tant ACEI treatment. Although no signifi cant heterogene-
ity was observed in subgroup analysis, the benefi cial effect 
of candesartan was more pronounced in patients with 
reduced LVEF, irrespective of ACEI treatment (adjusted 
OR 0.77, 95% CI 0.59 – 0.99). 

 The available data from these large - scale studies are 
highly suggestive of the preventive role of ACEIs/ARBs in 
avoiding new or recurrent AF in patients with heart failure. 
Although this association was often either a  post hoc  fi nding 
or a secondary endpoint, the size of the studies and the 
consistency of their results provide satisfactory evidence 
on the effi cacy of ACEIs/ARBs in this setting. Therefore, 
the use of ACEIs/ARBs for the prevention of AF in patients 
with CHF is recommended (Class I, Level A).  

   ACEI  s  and  ARB  s  for the  p revention of  AF  in 
 p atients with  h ypertension and/or  c oronary 
 a rtery  d isease 

 The effi cacy of ACEIs/ARBs for the treatment of primary 
hypertension is recognized. Large studies, which aimed to 
identify whether their antihypertensive capacity is associ-
ated with a reduction in overall cardiovascular mortality 
and morbidity, included AF occurrence in their secondary 
endpoints. More specifi cally, the Captopril Prevention 
Project (CAPPP) was a multicenter randomized trial evalu-
ating the effect of captopril (50 – 100   mg) versus conventional 
antihypertensive treatment with beta - blockers and/or 
diuretics, on fatal and non - fatal myocardial infarction and 
stroke and other cardiovascular deaths.  10   Cardiovascular 
mortality was lower in the captopril group, albeit not sta-
tistically signifi cant. No difference was observed upon 
analyses of secondary outcomes with the inclusion of new 
AF, between the two groups. These fi ndings were in line 
with its contemporary, the Swedish Trial in Old Patients 
with Hypertension - 2 (STOP - H2) study,  11   which compared 

the effi cacy of conventional antihypertensives (diuretics, 
beta - blockers), ACEIs (enalapril 10   mg, lisinopril 10   mg) and 
calcium antagonists (felodipine 2.5   mg, isradipine 2.5   mg) 
on cardiovascular morbidity and mortality in patients aged 
70 – 84 years. All three therapies were similarly effective 
against these primary outcomes, and no superiority of 
ACEIs was observed in the prevention of AF when com-
pared to conventional antihypertensives. However, in 
another multicenter trial (LIFE),  12   patients with hyperten-
sion and documented LV hypertrophy benefi ted from losar-
tan - based treatments, which signifi cantly reduced new - onset 
AF when compared to atenolol - based treatment (OR 0.67, 
95% CI 0.55 – 0.83). The enhanced regression of LV hypertro-
phy caused by losartan, as evaluated on the echocardio-
graphic substudy within LIFE,  13   may have led to reduced 
atrial overload and dilation, and therefore a reduction in 
AF. New - onset AF was a prespecifi ed outcome within the 
VALUE trial.  14   Valsartan - based antihypertensive treatment 
led to a reduction in AF occurrence when compared to 
amlodipine in patients with hypertension and other cardio-
vascular risk factors. In contrast, two contemporary RCTs 
evaluating the role of telmisartan versus placebo,  15   and 
telmisartan with or without ramipril,  16   did not show any 
preventative effect on AF occurrence in patients with coro-
nary, peripheral or cerebrovascular disease. 

 In conclusion, due to the limited number of studies, their 
design and signifi cant heterogeneity, the effi cacy of ACEIs/
ARBs in the prevention of AF in hypertensive patients with 
cardiovascular risk factors, although plausible, requires 
further evaluation (Class IIa, Level B).  

   ACEI  s  and  ARB  s  for  s econdary  p revention of  AF  

 The effi cacy of amiodarone in the maintenance of sinus 
rhythm in patients with persistent AF is well documented.  17   
The addition of irbesartan (150 – 300   mg/d) to amiodarone 
(400   mg) therapy before electrical cardioversion for persis-
tent AF led to a 65% reduction in the risk of AF recurrence 
over a two - month follow - up.  18   This open - label randomized 
trial was the fi rst to describe the possible association of 
ARBs and maintenance of sinus rhythm. However, it was 
limited by the fact that the irbesartan treatment group was 
more likely to receive beta - blockade, which is known to be 
protective for AF, and that asymptomatic recurrences that 
terminated spontaneously could not have been effectively 
captured. In a similar study evaluating the effect of enala-
pril on AF recurrence following electrical cardioversion 
and amiodarone, a 69% risk reduction was observed in 
patients on combined enalapril and amiodarone treatment 
at four weeks.  19   Finally, Madrid and colleagues  20   examined 
the effect of increasing doses of irbesartan in addition to 
amiodarone treatment on AF recurrence after electrical car-
dioversion in patients with  “ lone ”  persistent AF. Mainte-
nance of SR was higher in the irbesartan 300   mg plus 
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amiodarone group (77%), when compared to the irbesartan 
150   mg plus amiodarone group (65%) and to amiodarone 
alone (52%). The risk reduction conferred by high - dose 
irbesartan was 53% after appropriate adjustments at the 
two - month follow - up. 

 Although a combination therapy of amiodarone with 
ACEIs/ARBs appears superior to amiodarone alone, the 
effi cacy of monotherapy with ACEIs/ARBs was not tested 
in any of those trials. In addition, their open - label design 
and the lack of placebo group may have infl uenced the 
accuracy of their outcomes. In an attempt to overcome 
these important limitations, Tveit and colleagues designed 
a double - blind placebo - controlled trial examining the effect 
of the ARB candesartan on AF recurrence following suc-
cessful electrical cardioversion in patients not receiving 
adjunct antiarrhythmics.  21   Six - week pretreatment with can-
desartan (16   mg) followed by a 6 - month therapy after elec-
trical cardioversion did not infl uence AF recurrence rates 
when compared with placebo. Similarly, the more recent 
GISSI - AF study, which examined the role of valsartan (vs. 
placebo) in AF prevention in patients with documented 
symptomatic AF and/or successful electrical cardiover-
sion, did not demonstrate any effect attributed to valsartan 
treatment.  22   The main outcome measures were time to fi rst 
AF recurrence and proportion of patients with more than 
one AF episodes during the fi rst year; the treatment arm 
received valsartan gradually adjusted to 320   mg daily, in 
addition to established antiarrhythmic regimens. Despite 
the relatively short follow - up and the underrepresentation 
of patients with heart failure (8%), the negative results from 
this study encourage the scepticism regarding the effi cacy 
of ARBs in secondary AF prevention. 

 Therefore, the benefi cial effect of ACEIs/ARBs in sec-
ondary prevention is not yet established and will need to 
be validated further ( Class IIb, Level B ). Ongoing trials 
aim to create a clearer picture on the antiarrhythmic poten-
tial of ACEIs/ARBs. ACTIVE I is a partial factorial placebo -
 controlled, double blind trial evaluating the capacity of 
irbesartan (titrated to 300   mg/day) to prevent AF recur-
rence in patients with paroxysmal or persistent AF, which 
is a prespecifi ed secondary outcome.  23   The Angiotensin II 
antagonist in paroxysmal atrial fi brillation (ANTIPAF) trial 
focuses on the effect of olmesartan (40   mg/day) on reduc-
tion of episodes of paroxysmal AF as a primary endpoint, 
and assesses both symptomatic and asymptomatic parox-
ysms with the use of transtelephonic ECG monitoring.  24     

  Statins for the  p revention and  t reatment 
of  a trial  fi  brillation 

 Several studies have suggested the possible prophylactic 
effect of statins on new - onset AF and on AF recurrence 
following successful electrical or chemical cardioversion.   

 A systematic review and meta - analysis evaluating the 
effi cacy of statins on AF prevention demonstrated variabil-
ity in outcomes between observational studies and RCTs.  25   
Interestingly, the antiarrhythmic effect of statins was less 
pronounced in RCTs and did not reach statistical signifi -
cance, whereas observational studies yielded a 23% relative 
risk reduction in patients on statins, which was statistically 
signifi cant (OR 0.77, 95% CI 0.70 – 0.85) and associated with 
no apparent heterogeneity. Many reasons may account for 
this discrepancy, such as the potentially underpowered AF 
detection in a large RCT, longer mean follow - up of obser-
vational studies and variability in methods of AF detection. 
It is also evident that the patient populations, presence 
and type of AF at baseline, type of intervention performed, 
and primary outcome of interest differed between 
studies. Another meta - analysis focusing only on RCTs 
demonstrated that statin use was associated with a signifi -
cant decrease in the incidence or recurrence of AF (OR 
0.39, 95% CI 0.10 – 0.85). However, the variability in clinical 
settings and signifi cant heterogeneity between studies 
is, once again, supportive but not confi rmatory of the 
overall benefi cial effect of statins on AF.  26   This is why our 
evidence - based analysis examines the effect of statins on 
patients according to their baseline heart rhythm, underly-
ing cardiovascular pathology and type of intervention 
performed. 

  Statins for the  p revention of  AF  in  p atients 
with  c oronary  a rtery  d isease 

 The fi rst association of statin use with prevention of AF in 
patients with chronic coronary artery disease (CAD) was 
shown by Young - Xu and colleagues in an observational 
longitudinal study with a fi ve - year follow - up.  27   Patients 
receiving statins had a 9% incidence of new - onset AF com-
pared with 15% in patients not on statins. Following adjust-
ment for potential confounders, the risk reduction in AF 
remained statistically signifi cant (OR 0.37, 95% CI 0.18 –
 0.76). This effect was independent of changes in baseline 
and follow - up cholesterol levels, indicating that the poten-
tial antiarrhythmic effect of statins extends beyond their 
lipid - lowering capacity. 

 High - dose statin use and its possible impact on AF in 
patients with acute coronary syndrome (ACS) was exam-
ined  post hoc  within the Myocardial Ischemia Reduction 
with Aggressive Cholesterol Lowering (MIRACL) study.  28   
Atorvastatin 80   mg or placebo was administered to patients 
with ACS within four days of admission to hospital and 
for a period of 16 weeks. The incidence of new - onset AF 
(1.6% and 1.8%, respectively) in patients without the 
arrhythmia prior to randomization and the rate of freedom 
from recurrence in patients with known AF, were not infl u-
enced by intensive statin treatment. However, the short 
duration of follow - up (16 weeks) with limited ECG record-
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 Table 36.3     Clinical studies of statins for the prevention of atrial fi brillation 

   Study, date     Design     N     Setting     Statin type     Mean follow - up     Risk reduction  

  Dotani,  46   2000    Retrospective    323    CABG    Any brand    1 year    77%  

  Siu,  38   2003    Retrospective    62    Lone persistent AF following 

DCCV  

  Simvastatin (20    ±    13   mg) 

Atorvastatin (10    ±    3   mg)  

  44 months    69%  

  Young - Xu,  27   2003    Observational    449    Stable CAD    Any brand    5 years    63%  

  Colivicchi,  39   2004    Observational    851    Persistent AF, HTN and electrical 

or chemical cardioversion  

  Atorvastatin (12    ±    4   mg) 

Simvastatin (20    ±    7   mg)  

  1 year    25%  

  Merckx,  30   2004    Observational    667    LA dilation, LVH    Any brand    6.5 years    67%  

  MIRACL,  28   2004    Prospective randomized, 

placebo controlled  

  3086    ACS    Atorvastatin 80   mg    16 weeks    No effect  

  Tveit,  40   2004    Prospective randomized, open 

label  

  114    AF  > 48 hours, DCCV    Pravastatin 40   mg    6 weeks    No effect  

  Amar,  47   2005    Observational    131    Major non - cardiac thoracic 

surgery  

  Any brand    7 – 9 days post - op    74%  

  Ozaydin,  41   2006    Prospective randomized, open 

label  

  48    Persistent AF, DCCV    Atorvastatin 10   mg    3 months    81%  

  Amit,  35   2006    Retrospective    264    Post pacemaker    Any brand    359 days    No effect  

  Marin,  48   2006    Prospective, observational    234    CABG    Any brand    1 month    48%  

  ARMYDA,  49   2006    Prospective randomized, double 

blind, placebo controlled  

  200    Cardiac surgery    Atorvastatin 40   mg vs 

placebo  

  1 month    61%  

  SCD - HeFT,  34   2006    Prospective randomized, 

placebo controlled  

  2521    Heart failure, LVEF  ≤ 35%    Any brand    45.5 months    28%  

  ADVANCENT SM ,  33   2006    Retrospective, registry    25268    LVEF  ≤ 40%    Any brand   +   other lipid -

 lowering agents  

   –     31%  

  Garc í a - Fern á ndez,  42   2006    Prospective randomized    54    Persistent AF, DCCV    Atorvastatin 80   mg    3 months    No effect  

  Richter,  44   2007    Retrospective    234    Paroxysmal or persistent AF, RF 

ablation  

  Any brand    12.7 months    No effect  

  Al Chekakie,  45   2007    Retrospective    177    Paroxysmal or persistent AF, RF 

ablation  

  Any brand    13.8 months    No effect  

  Tsai,  36   2007    Prospective randomized, open 

label  

  106    Post pacemaker    Atorvastatin 20   mg    1 year    67%  

  Ramani,  29   2007    Retrospective, registry    1526    ACS    Any brand     –     43%  

  Ozaydin,  51   2007    Observational    326    CABG    Any brand    1 week post - op    53%  

  Mariscalco,  52   2007    Observational    405    CABG    Any brand    Hospital stay    42%  

  Kourliouros,  53   2008    Observational    623    Cardiac surgery    Any brand    Hospital stay    44%  

  Lertsburapa,  54   2008    Observational    555    Cardiac surgery    Any brand    1 month    40%  

  Song,  50   2008    Prospective randomised, 

open - label  

  124    Off - pump CABG    Atorvastatin 20   mg    1 month    66%  

  Gillis,  37   2008    Observational    185    Post pacemaker    Any brand    1 year    67%  

  Almroth,  43   2009    Prospective randomised, 

double - blind, 

placebo - controlled  

  234    Persistent AF, DCCV    Atorvastatin 80   mg    1 month    No effect  

  Pellegrini,  31   2009    Post hoc analysis of 

randomised, 

placebo - controlled trial  

  2673    CAD    Any brand    4.1 years    55%  
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ings may be responsible for the very low incidence of 
new - onset AF, which potentially renders this analysis 
underpowered. In a retrospective study,  29   1526 patients 
admitted to hospital with suspected ACS and no history of 
arrhythmia were evaluated by the development of new AF 
and statin use. A risk reduction of 43% was present in statin 
users following adjustment for potential confounders (OR 
0.57, 95% CI 0.39 – 0.83). 

 Echocardiographic risk factors for the development of 
AF, such as left ventricular hypertrophy (LVH) (wall thick-
ness  ≥ 10   mm) and left atrial dilation ( ≥ 40   mm) were evalu-
ated in another study by Merckx and colleagues.  30   In this 
cohort analysis of patients with the above echocardio-
graphic features and CAD, but no evidence of LV failure, 
statin use was found to be protective for the development 
of future AF, especially with advanced age. Finally, in a 
post hoc analysis of the Heart and Estrogen/Progestin 
Replacement Study (HERS), including women with prior 
coronary disease, statins were associated with 65% lower 
odds of AF at baseline and with a 55% risk reduction in 
new - onset AF during follow - up.  31   

 The effi cacy of statins in reducing morbidity and coro-
nary mortality in anginal and/or postinfarction patients is 
recognized and their use is therefore recommended. The 
possible additional effect of statins on AF prevention 
further supports the recommendation in this group of 
patients (Class IIa, Level B).  

  Statins for the  p revention of  AF  in  p atients 
with  h eart  f ailure 

 Congestive heart failure and AF often co - exist. The preva-
lence of AF in the CHF population varies from 13% to 27%. 
The Framingham Heart Study confi rmed that new - onset 
AF against the background of CHF signifi cantly increases 
mortality (hazard ratio (HR) 2.7, 95% CI 1.9 – 3.7).  32   The 
effi cacy of statins in the prevention of AF in CHF patients 
has been examined in patients with LV dysfunction (LVEF 
 ≤ 40%) on the ADVANCENT SM  registry.  33   The signifi cant 
reduction in prevalence of AF in patients on statins was 
even more pronounced than that achieved from ACEIs/
ARBs, and was independent of their lipid - lowering proper-
ties. This observation is in line with the fi ndings from the 
Sudden Cardiac Death Heart Failure Trial (SCD - HeFT), in 
which statins were as effi cacious as amiodarone in the pre-
vention of atrial arrhythmias in patients with symptomatic 
heart failure and LVEF  ≤ 35%.  34   However, this group 
included cases of atrial fl utter in addition to AF, and there-
fore, the absolute effect of statin use on AF is not clearly 
specifi ed. Overall, although statins may have a place in 
CHF, their potential antiarrhythmic effect is less well estab-
lished in this setting and requires further investigation 
(Class IIb, Level B).  

  Statins for the  p revention of  AF  in  p atients 
with  p ermanent  p acemakers 

 It is recognized that the incidence of supraventricular 
arrhythmias and AF in particular is increased in patients 
with conduction abnormalities and presence of permanent 
pacemakers. In an observational study of 264 patients with 
pacemakers implanted predominantly for atrioventricular 
block and sinus bradycardia, Amit and colleagues  35   dem-
onstrated no impact of statin treatment on the incidence of 
AF. However, the heterogeneity between the groups, with 
patients on statins being more likely to suffer from CAD, 
hypertension and previous AF, was one of the main limita-
tions of the study. A randomized open - label trial assessing 
the effect of atorvastatin 20   mg on paroxysmal AF or atrial 
high rate episodes (AHE) in patients with pacemakers 
demonstrated the protective effect of atorvastatin on the 
arrhythmia, with a 67% risk reduction in new PAF/AHEs 
in a one - year period.  36   Similarly, in an observational cohort 
study of patients with history of paroxysmal AF who 
underwent pacemaker implantation ( > 90% sinus node 
disease), statin use was associated with a 67% relative risk 
reduction in AF recurrence.  37   Overall, the available clinical 
evidence is still limited before any strong recommenda-
tions for statin use can be made in this setting ( Class IIb, 
Level B ).  

  Statins in  p atients with  AF   f ollowing 
 c ardioversion 

 The fi rst study to evaluate the effect of statin treatment on 
AF recurrence following successful external electrical car-
dioversion (DCCV) was reported by Siu and colleagues.  38   
Sixty - two patients with persistent - lone AF were retrospec-
tively evaluated for a mean of 44 months after DCCV. AF 
recurrence was 40% in the statin group versus 84% in the 
no statin group at two years, leading to a signifi cant reduc-
tion in AF (relative risk 0.31, 95% CI 0.103 – 0.905). In an 
observational study by Colivicchi and colleagues,  39   patients 
with persistent AF against a background of essential hyper-
tension who underwent successful chemical or electrical 
cardioversion were examined for the development of 
recurrent AF for one year. Due to the non - randomized 
nature of the study, a propensity model was constructed 
and following appropriate adjustments, atorvastatin and 
simvastatin use was associated with a signifi cant reduction 
in AF recurrence (HR 0.75, 95% CI 0.63 – 0.89). Four ran-
domized trials, with primary endpoint being AF recur-
rence following successful DCCV, yielded controversial 
results. In an open - label study of 114 patients with AF  > 48 
hours who were scheduled for DCCV, the statin group 
received pravastatin 40   mg for three weeks before and six 
weeks after the procedure.  40   Pravastatin did not confer any 
benefi t on the immediate success of cardioversion or AF 
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recurrence. However, in another randomized controlled 
trial, atorvastatin 10   mg administered 48 hours before and 
for three months following DCCV, in addition to standard 
antiarrhythmic therapy, led to a signifi cant reduction in AF 
recurrence.  41   In a similar cohort of patients, intensive ator-
vastatin treatment (80   mg) had no effect on recurrent AF.  42   
The only double - blind placebo - controlled trial to examine 
the role of statins in sinus rhythm maintenance following 
successful electrical cardioversion showed a small (and 
not statistically signifi cant) benefi t in patients receiving 
intensive atorvastatin treatment who were not on routine 
antiarrhythmic therapy.  43   In conclusion, in view of certain 
methodological issues and confl icting results among 
studies, the indicated use of statins is less well established 
for sinus rhythm maintenance following electrical cardio-
version ( Class IIb, Level B ).  

  Statins in  AF   p atients  f ollowing 
 c atheter  a blation 

 In recent years, catheter ablation for the treatment of AF 
has become a commonly performed procedure mainly 
indicated for the presence of symptomatic AF refractory or 
intolerant to at least one class I or III antiarrhythmic medi-
cation. However, rates of AF recurrence vary considerably 
according to the duration of AF, presence of structural 
abnormalities, use of antiarrhythmic medications, and type 
of procedure performed. Two contemporary retrospective 
studies assessing catheter ablation outcomes did not show 
any signifi cant reduction in AF recurrence due to statin 
use, with or without ACEIs/ARBs.  44,45   Differences in 
baseline characteristics, treatment and duration of AF are 
some of the inherent limitations of such studies (Class III, 
Level C).  

  Statins for the  p revention of  AF  in  p atients 
 u ndergoing  c ardiac  s urgery 

 The rate of AF following cardiac surgery ranges from 10% 
to 50%, with a peak incidence on the second and third 
postoperative days. The exact etiology of postoperative AF 
remains unknown but pre - existing structural remodeling 
under the infl uence of the augmented infl ammatory 
response due to cardiopulmonary bypass, myocardial isch-
emia and cardiotomy may be contributing factors. 

 The fi rst evidence of the possible preventive effect of 
statins on arrhythmias following cardiac surgery came 
from a study by Dotani and colleagues.  46   Patients on statins 
had a signifi cantly lower incidence of post - CABG  “ new 
arrhythmias ”  requiring treatment (OR 0.23, 95% CI 0.08 –
 0.65,  P    =   0.006). While statins were also found to be bene-
fi cial in AF prevention following non - cardiac thoracic 
surgery,  47   the fi rst prospective study to associate statin use 
with a reduction in AF following CABG surgery was 

reported by Marin and colleagues.  48   In their cohort of 234 
consecutive patients, history of AF and non - use of statins 
were independent risk factors for the postoperative 
arrhythmia. ARMYDA - 3 (Atorvastatin for Reduction of 
Myocardial Dysrhythmia After cardiac surgery) is the only 
double - blind, placebo - controlled randomized trial to assess 
the effect of statins on postoperative AF.  49   Two hundred 
patients were randomized to atorvastatin 40   mg or placebo 
for seven days before cardiac surgery until discharge. Post-
operative AF occurred in 57% of the control group com-
pared with 35% of patients on atorvastatin (OR 0.39, 95% 
CI 0.18 – 0.85,  P    =   0.017). Although not statistically signifi -
cant, the placebo group included more patients who 
received combined coronary and valve surgery, whereas 
beta - blocker use was also less prevalent. Since then, addi-
tional studies have supported the benefi cial effect of statins 
on AF after CABG,  50 – 52   with the addition of a possible dose -
 dependent effect.  53,54   A meta - analysis evaluating adverse 
postoperative outcomes according to preoperative statin 
treatment, demonstrated a signifi cant 33% relative risk 
reduction in postoperative AF.  55   Therefore, statin use is 
recommended in patients undergoing cardiac surgery for 
the prevention of postoperative AF (Class I, Level A  ).   

  N - 3  p olyunsaturated  f atty  a cids for the 
 p revention of  a trial  fi  brillation 

 The role of nutritional factors in the development of AF has 
recently been suggested following observations of reduced 
risk of fatal arrhythmias in populations with high fi sh con-
sumption.  56   The n - 3 polyunsaturated fatty acids (PUFA) 
eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA), the active ingredients in fi sh oil, were found to be 
protective against fatal arrhythmias in clinical and experi-
mental studies.  57,58   The effect of PUFAs on AF was exam-
ined in a population - based cohort study of 4815 individuals 
 ≥ 65 years, within the Cardiovascular Health Study (CHS).  59   
Individuals consuming tuna or other fi sh  ≥ 5 times per 
week had a signifi cantly lower incidence of AF (19 per 1000 
person - years), when compared to those who consumed 
fi sh  < 1 time per month (33 per 1000 person - years). Although 
the higher fi sh consumption group exhibited a more favor-
able cardiovascular risk profi le, multivariate adjustment 
for possible confounders confi rmed the signifi cant risk 
reduction in new AF (HR 0.65, 95% CI 0.51 – 0.87,  P    =   0.001). 
These benefi cial effects were attributable to tuna/other 
broiled or baked fi sh and not to fried fi sh or fi sh 
sandwich, the frequent consumption of which was posi-
tively associated with the development of AF. Aside from 
the possible confounding of other lifestyle determinants 
and increased cardiovascular risk factors, this fi nding may 
also be explained by the fact that frying increases the 
content of n - 6 fatty acids,  trans  fatty acids and oxidation 
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 Table 36.4     Clinical studies on  PUFA  s  for the prevention of atrial fi brillation 

   Study, year     n     Design     Groups     Mean age 
(years)  

   Mean 
follow - up  

   AF incidence     Risk reduction  

  Cardiovascular Health 

Study,  59   2004  

  4815    Prospective cohort study    Quartiles according to baked/broiled fi sh 

consumption ( < 1/mo, 1 – 3/mo, 1 – 4/wk,  ≥ 5/wk)  

  72.8    12 years    20%    35% between highest and 

lowest quartile  
  Danish Diet, Cancer and 

Health Study,  60   2005  

  47949    Prospective cohort study    Quintiles according to average daily PUFA intake 

from fi sh (0.16   g, 0.36   g, 0.52   g, 0.74   g, 1.29   g)  

  56    5.7 years    1%    No effect  

  Cal ò ,  64   2005    160    Randomized, open label    PUFAs 2   g/day vs control for  ≥ 5 days before CABG 

until hospital discharge  

  65.6    28 days    15% PUFA, 

33% controls  

  68%  

  Phycisians ’  Health 

Study,  61   2006  

  17679    Prospective cohort study    Quintiles according to dietary fi sh intake ( < 1/mo, 

1 – 3/mo, 1 – 2/wk, 2 – 5/wk,  ≥ 5/wk)  

  Unknown    15 years    7%    Increased AF risk in highest 

vs lowest quintile  
  Rotterdam Study,  62   2006    5184    Prospective cohort study    Tertiles of EPA   +   DHA daily intake ( ≤ 43   mg, 

43 – 144   mg,  ≥ 144   mg)  

  67.4    6.4 years    6%    No effect  

  Erdogan,  65   2007    108    Randomized, placebo -

 controlled trial  

  PUFA vs placebo for 4   wks before and 1 year after 

DCCV for persistent AF  

  66.5    1 year    80% recurrence    No effect  

  Women’s Health 

Initiative,  63   2008  

  46704    Cohort analysis    Quartiles according to estimated dietary fi sh and 

omega - 3 intake  

  Unknown    6 years    0.8%    No effect  

 Table 36.5     Clinical studies on corticosteroids for the prevention of atrial fi brillation 

   Study, year     Design     N     Setting     Drug     Follow - up     Risk reduction  

  Yared,  68   2000    Randomized, double - blind, 

placebo - controlled trial, 

 post hoc  analysis  

  235    Cardiac surgery, any    DEX 0.6   mg/kg IV after induction of 

anesthesia  

  Hospital discharge    DEX reduced post - op AF from 

32% to 19%  

  Halvorsen,  69   2003    Randomized, double - blind, 

placebo - controlled trial  

  300    CABG    DEX 4   mg IV after induction and same dose 

morning after surgery  

  Hospital discharge    No effect  

  Dernellis,  75   2004    Randomized, placebo -

 controlled trial  

  104    Persistent AF after 

chemical    ±    electrical 

cardioversion  

  Methylprednisolone 16   mg for 4 weeks 

tapered to 4   mg for 4 months 

(+ propafenone 450 mg/day to all 

patients)  

  23.6 months    9.6% recurrent AF in steroid 

group vs 50% in placebo  

  Huerta,  77   2005    Population - based cohort 

study  

  5710    Asthma and/or COPD    Respiratory drugs, including oral and inhaled 

steroids  

   –     2.7 times increased risk of AF 

with oral steroids  
  Rubens,  70   2005    Prospective randomized    68    Cardiac surgery    CPB control, SMA - CPB, SMA - CPB - MPSS, 

MPSS alone  

  Hospital discharge    AF reduction from 38% without 

MPSS to 12% with MPSS  
  Prasongsukarn,  71   

2005  

  Randomized, double - blind, 

placebo - controlled trial  

  88    CABG    Methylprednisolone 1   g IV before CPB 

followed by DEX 4   mg IV/6   h for fi rst 24   h 

post - op  

  Hospital discharge    50%  

  Rotterdam Study,  76   

2006  

  Population - based cohort 

study  

  385    New - onset AF    Any oral or parenteral steroids administered 

1 month before AF diagnosis  

   –     Increased AF in steroid users  

  Yared,  72   2007    Randomized, double - blind, 

placebo - controlled trial  

  78    CABG   +   valve surgery    DEX 0.6   mg/kg IV after induction of 

anesthesia  

  Hospital discharge    No effect  

  Halonen,  73   2007    Randomized, double - blind, 

placebo - controlled trial  

  241    CABG and/or AVR    Hydrocortisone 100   mg, 1 dose pre - op, then 

1 dose/8   h for 3 days post - op  

  Hospital discharge    46%  
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products, which are associated with adverse cardiac 
outcomes. 

 The Danish Diet, Cancer, and Health Study was a large 
cohort analysis of 47   949 individuals, assessing, amongst 
others, the effect of n - 3 fatty acids on AF.  60   With a mean 
follow - up of 5.7 years and a cohort of patients with no 
history of cardiac disease, increased consumption of fi sh 
oil did not infl uence the incidence of AF. The authors 
suggest that apart from other methodologic issues that may 
have affected outcomes such as additional intake of fi sh oil 
capsules, patients on the top quintile of fi sh oil consump-
tion were likely to be older and suffer from hypertension, 
factors which are known to be associated with AF. More-
over, fi ndings from the Physicians ’  Health Study of 17   679 
men during a 15 - year follow - up demonstrated that high 
estimated omega - 3 fatty acid consumption is positively 
associated with AF (OR 1.37, 95% CI 0.90 – 2.28) and that 
there is a statistically signifi cant trend for AF occurrence 
with increasing fi sh consumption.  61   In another prospective 
population - based study (The Rotterdam Study),  62   no effect 
on AF was observed between patients on the highest and 
the lowest tertiles according to fi sh intake (relative risk 
1.25, 95% CI 0.95 – 1.67). Similarly, estimated dietary omega -
 3 fatty acid intake did not infl uence the development of AF 
during follow - up in a cohort analysis of Women’s Health 
Initiative Study.  63   

 Many factors may be responsible for the variability in 
outcomes seen in these population - based studies. Differ-
ences in mean age (72.8 years in CHS, 67.4 in Rotterdam 
and 56 in Danish studies) could explain the lower incidence 
of observed AF in the  “ no benefi t ”  studies (20% CHS vs 6% 
in Rotterdam and 1% in Danish studies), as well as dietary 
changes and new cardiac conditions during follow - up, 
which may have contributed to inconsistent results. 

 The possible prophylactic effect of PUFAs on AF occur-
rence following CABG was examined in an open - label ran-
domized study of 160 patients.  64   PUFAs (850 – 882 mg EPA 
and DHA in a 1:2 ratio) were administered for a minimum 
of fi ve days before surgery until discharge. Patient charac-
teristics and perioperative variables were not signifi cantly 
different between treatment and control groups. The inci-
dence of postoperative AF was reduced in patients on 
PUFAs (15.2%), compared to controls (33.3%) (OR 0.35, 
95% CI 0.16 – 0.76) and, along with age, PUFA use remained 
an independent predictor for postoperative AF (OR 0.32, 
95% CI 0.10 – 0.98,  P    =   0.013). In addition, the treatment 
group had a signifi cantly shorter length of hospital stay 
(7.3    ±    2.1 days vs 8.2    ±    2.6 days). 

 A recent randomized placebo - controlled study of 108 
patients with persistent AF, who underwent successful elec-
trical cardioversion, did not demonstrate differences in AF 
recurrence between those on PUFAs and the placebo group.  65   

 The antiarrhythmic effects of PUFAs on AF are not con-
fi rmed since large epidemiologic studies yielded contro-

versial results. The two randomized trials on the effect of 
PUFAs on postoperative AF and AF recurrence following 
successful electrical cardioversion were also inconsistent.   

 These fi ndings may indicate a differential effect accord-
ing to underlying medical conditions, cardiovascular 
risk factors and types of intervention performed. Further 
controlled studies are necessary to delineate the possible 
antiarrhythmic effect of PUFAs on AF (Class IIb, Level B).  

  Corticosteroids for the  p revention of 
 a trial  fi  brillation 

 The fi rst evidence to associate AF with infl ammation was 
reported in 1997, when Frustaci and colleagues demon-
strated histologic changes consistent with myocarditis in 
atrial tissue of patients with lone AF.  66   The increased rate 
of AF following cardiac surgery highlights the role of 
infl ammation in the development of the arrhythmia.   

 Elevated plasma C - reactive protein (CRP) levels have 
been associated with an increased risk of cardiovascular 
events and its predictive value has been validated in 
various prospective epidemiologic studies.  67   Corticoste-
roids exhibit a potent anti - infl ammatory capacity and their 
role in AF prevention has been examined mainly within 
the context of cardiothoracic surgery.  68 – 73   A recent meta -
 analysis of clinical trials assessing the effi cacy of corticoste-
roids on postoperative AF demonstrated a 45% reduction 
in the arrhythmia with an associated statistically signifi cant 
reduction in length of hospital stay by 1.6 days.  74   With 
insignifi cant heterogeneity between studies or publication 
bias, this meta - analysis also suggests that only intermedi-
ate doses confer a statistically signifi cant protective effect. 
Finally, the odds of postoperative pneumonia, urinary tract 
infections and gastrointestinal bleeding were increased, 
albeit not signifi cantly, whereas overall mortality was 
decreased. 

 In patients with persistent AF, the use of low - dose gluco-
corticoid treatment in addition to prophylactic propafenone 
was associated with a signifi cant reduction in the rate of 
recurrence after chemical or electrical cardioversion.  75   
Patients who received 16   mg methylprednisolone for four 
weeks tapered to 4   mg for four months had a 9.6% incidence 
of recurrent AF compared with 50% of the placebo group 
without any severe side effects. Methylprednisolone signifi -
cantly reduced CRP by 80% in the fi rst month. Follow - up 
CRP levels were also correlated signifi cantly with the risk 
of recurrent AF. This preventive capacity of corticosteroids 
in AF was not validated in a later nested - cohort analysis 
within the Rotterdam Study.  76   In contrast, the risk of new -
 onset AF was signifi cantly increased with corticosteroid use 
(OR 3.75, 95% CI 2.38 – 5.87) and, moreover, this effect was 
more pronounced with high - dose steroids, independent of 
their indication, suggesting a potential direct arrhythmo-
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genic effect of steroids. Due to the nature of this study, a 
possible diagnosis bias, with patients using steroids receiv-
ing more ECGs and rendering AF diagnosis more likely, 
cannot be eliminated. In addition, the case population con-
sisted of older people with hypertension, heart failure and 
previous MI, and despite appropriate adjustment with mul-
tivariate regression, a selection bias may also be present. 
However, the observation that steroids may lack any antiar-
rhythmic effect, but that they may induce AF instead, was 
further supported by another nested - cohort study from the 
UK General Practice Research Database.  77   Upon compari-
son of the case group, with documented arrhythmia and 
asthma and/or chronic obstructive pulmonary disease, to 
controls with the same respiratory conditions, oral steroids, 
especially short - term use, were associated with an increased 
risk of AF (OR 2.7, 95% CI 1.9 – 3.8). 

 The impact of corticosteroids in the prevention of AF 
remains controversial. Although intermediate - dose ste-
roids appear to confer a relative reduction in AF post 
cardiac surgery (Class IIa, Level B), high - dose steroids 
may be arrhythmogenic in this setting as well as in the 
background of asthma and COPD. More trials are required 
to establish the effi cacy of corticosteroids in AF and, more 
importantly, to delineate their safety if used for arrhythmia 
prevention alone.  

  Conclusion 

 Atrial fi brillation is an important health problem due to the 
associated risk of stroke, all - cause mortality and its rising 
prevalence in our aging population. The objective of avail-
able treatment modalities for AF is to reduce morbidity (and 
possibly mortality) through restoration of sinus rhythm, 
heart rate control when rhythm conversion is not feasible, 
and prevention of thromboembolism. However, most 
patients with a fi rst - detected episode of AF, symptomatic or 
not, will experience recurrence and possibly domestication 
of the arrhythmia despite treatment. It is evident that avail-
able antiarrhythmic regimens, although potentially effi ca-
cious in symptom control and prevention of hemodynamic 
complications, do not offer a defi nitive treatment or cure. 

 Upstream therapies refer to pharmacologic agents that 
target and modulate the substrate responsible for the 
development and perpetuation of AF. The use of angioten-
sin - converting enzyme inhibitors, angiotensin receptor 
blockers, statins, n - 3 polyunsaturated fatty acids and cor-
ticosteroids in the context of AF prevention, which is 
beyond their recommended conventional indications, has 
delivered promising results. Although their effi cacy is 
dependent on the nature of underlying cardiovascular 
pathology, type and chronicity of AF, and other therapeu-
tic interventions performed, most studies concur in the 
benefi cial impact of upstream therapies in AF prevention. 

Experimental data suggest that this effect is predominantly 
achieved by amelioration of atrial structural changes and 
infl ammatory response associated with the arrhythmia, as 
well as modulating risk factors for cardiovascular disease, 
which eventually lead to AF. Further evaluation of 
upstream therapies through well - defi ned clinical trials and 
experimental studies will provide additional evidence for 
their use as adjuncts to antiarrhythmic treatments or as 
stand - alone therapy for the prevention of AF.  
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  Defi nitions,  i ncidence and  n atural  h istory 

 Stroke and non - central nervous system (CNS) embolism 
have long been known to be important complications of 
atrial fi brillation (AF). In several case series, 50 – 70% of 
embolic strokes were found to result in either death or severe 
neurologic defi cit.  1   The Framingham Study  2,3   documented 
an annual 4.5% incidence of stroke among individuals with 
rheumatic AF, although those with AF in the absence of 
other disease and whose age is under 60 years (so - called 
 “ lone atrial fi brillation ” ) have an extremely low risk of 
stroke.  4,5   The terms  “ non - rheumatic atrial fi brillation ”  and 
 “ non - valvular atrial fi brillation ”  (NVAF) are not entirely 
synonymous, although they are often used interchangeably. 
Non - valvular atrial fi brillation has become the preferred 
term for patients with AF in the absence of mitral valve 
disease, a prosthetic valve or mitral valve repair.  6   Paroxys-
mal AF is defi ned as an episode lasting up to seven days, 
whereas persistent AF is defi ned as a duration beyond seven 
days. Both paroxysmal and persistent AF are designated as 
recurrent AF if they resolve spontaneously or in response to 
treatment and then recur. Persistent AF is defi ned as perma-
nent if cardioversion fails or AF lasts for more than one year 
and cardioversion has not been attempted. 

 Data from the placebo groups of fi ve landmark random-
ized clinical trials among patients with non - valvular AF  7 – 12   
found a mean 4.5% annual incidence of stroke (range 3 – 7%) 
and a mean 5.0% annual incidence of stroke plus other 
systemic emboli (range 3 – 7.4%); over half the strokes 
resulted in death or permanent disability.  13   Patients were 
selected for entry into these trials according to a variety of 
criteria, including the absence of contraindications to war-
farin and in some instances to aspirin, willingness to par-
ticipate in a clinical trial and the echocardiographic 

exclusion of rheumatic valvular disease. Although gener-
alizations to a wider population must be made cautiously, 
the observed rates of stroke and other systemic embolism 
are similar to those reported in earlier cohorts and likely 
are representative of those in the general population.  

  Antithrombotic  m anagement 

  Oral  a nticoagulant  t herapy 

 Prior to 1990, anticoagulation was usually prescribed for 
AF patients who had mitral stenosis, a prosthetic heart 
valve, prior arterial embolism or who were to undergo 
electrical cardioversion. Anticoagulation was generally not 
prescribed long - term for patients with non - rheumatic AF. 
In the late 1980s, the observations of the Framingham 
Study, together with evidence for the effi cacy and increased 
safety of regimens of lower - dose warfarin, prompted the 
initiation of fi ve randomized controlled trials of warfarin 
versus control or placebo for the primary prevention of 
thromboembolism among patients with non - rheumatic 
(non - valvular) AF (Table  37.1 ).  13   The trials enrolled patients 
with AF detected on a routine or screening electrocardio-
gram, whose mean age was 69 years. AFASAK  10   and 
SPINAF  9   excluded patients with intermittent AF, whereas 
the proportion of intermittent AF in CAFA  8   was 7%, in 
BAATAF  7   16% and in SPAF  12   34%. Previous stroke or tran-
sient ischemic attack was infrequent. Treatment allocation 
was randomized in all trials; the international normalized 
ratio (INR) ranges varied from a lower limit of 1.4 to an 
upper limit of 4.5. There was a double - blind comparison of 
warfarin to placebo in CAFA and SPINAF, and an open -
 label comparison in BAATAF. AFASAK compared warfa-
rin, aspirin and aspirin placebo. SPAF allocated patients as 
being warfarin eligible (group 1) or warfarin ineligible 
(group 2). Group 1 patients were randomized to open - label 
warfarin, aspirin 325   mg/day or aspirin placebo; group 2 
patients were randomized to aspirin or aspirin placebo.   
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 Table 37.1     Non - rheumatic atrial fi brillation: designs of 
randomized trials 

   Trial     Sample size     Warfarin     INR     Aspirin  

  BAATAF  7      420    Open    1.5 – 2.7  *        

  CAFA  8      383    Blind    2.0 – 3.0      

  SPINAF  9      536    Blind    1.4 – 2.8  *        

  AFASAK  10,11      1007    Open    2.8 – 4.2    75   mg/day  

  SPAF  12      1330    Open    2.0 – 4.5  *      325   mg/day  

   AFASAK, Copenhagen Atrial Fibrillation Aspirin Anticoagulation; 

BAATAF, Boston Area Anticoagulation Trial for Atrial Fibrillation; 

CAFA, Canadian Atrial Fibrillation Anticoagulation; INR, international 

normalized ratio; SPAF, Stroke Prevention in Atrial Fibrillation; SPINAF, 

Stroke Prevention in Non - rheumatic Atrial Fibrillation  

   *    INRs estimated by investigators from prothrombin time ratios.   

 Four of the trials  7,9,10,12   were stopped early by their Data 
and Safety Monitoring Boards (DSMB) because interim 
analyses were strongly positive, whereas the fi fth  8   was 
stopped early because of the strongly positive results from 
two other trials. The primary outcomes varied somewhat 
among the trials. However, it is possible to determine the 
rates of ischemic stroke and major bleeding (intracranial, 
transfusion of two or more units, hospitalization) from 
each trial, to make comparisons and to pool the results. The 
Atrial Fibrillation Investigators overview  13   was a collabora-
tive prospective meta - analysis which provides reliable 
summary data based on individual patient information. 
The overall risk of ischemic stroke of 4.5% per year (identi-
cal to that documented in the Framingham Study) was 
reduced to 1.4% per year with warfarin, a relative risk 
reduction (RRR) of 68% (95% confi dence interval (CI) 50 –
 79%) and an absolute reduction of 31 strokes for every 1000 
patients treated ( P     <    0.001). A major concern with warfarin 
is hemorrhage, which was carefully documented in each 
trial. The rate of major hemorrhage with warfarin was 1.3% 
per year versus 1% per year in controls, an increase of three 
major hemorrhages per 1000 patients treated, including an 
excess of intracranial hemorrhage of two per year for every 
1000 patients treated. A more recent meta - analysis  14   of 
these fi ve trials calculated a RRR of 66% for ischemic stroke, 
and 61% for ischemic stroke or intracranial hemorrhage. 
This overview calculated a signifi cant 31% RRR of all - cause 
mortality. Hence, the overall picture is one of major benefi t 
from warfarin, with only a modest and statistically insig-
nifi cant increase in the risk of major extracranial hemor-
rhage and cerebral hemorrhage (Level A). 

 The European Atrial Fibrillation Trial (EAFT) compared 
oral anticoagulants, aspirin and placebo in patients with 
non - rheumatic AF who had experienced a transient isch-
emic attack (TIA) or stroke within the preceding three 
months.  15   The annual risk of recurrence was 12% among 

the placebo patients, dramatically higher than the 4.5% 
annual risk in the overall population of patients with non -
 rheumatic AF. The relative risk reduction by anticoagulants 
was 66% ( P     <    0.001), virtually identical to that calculated in 
the overview of the fi ve major randomized controlled trials, 
but the absolute reduction of strokes was much greater (84 
per year per 1000 patients) because of the high baseline risk 
of stroke in this population. Major extracranial bleeding 
was more frequent on anticoagulants versus placebo (excess 
of 21 per year per 1000), but this adverse event was far 
outweighed by the reduction of major or moderately dis-
abling strokes by anticoagulants (Level A). 

 A recent meta - anlysis  16   of primary and secondary 
prevention trials has assessed the outcome of all stroke 
(ischemic plus hemorrhagic), providing a more clinically 
meaningful summary than the outcome of ischemic stroke 
only. The relative risk reduction was 64% overall, about 
60% in primary prevention trials   (absolute risk reduction 
[ARR] was 27/1000 patients/year) (Table  37.2 ) and about 
68% for secondary prevention (ARR 84/1000 patients/
year). There was an excess of major extracranial bleeding 
of 3/1000 patients/year with adjusted dose oral anticoagu-
lation versus control.    

  Aspirin  t herapy 

 Comparisons of aspirin and placebo resulted in a some-
what less impressive risk reduction for stroke of about 16% 
(NS) in AFASAK,  10   44% ( P    =   0.02) in SPAF  12   and 17% (NS) 
in the European Atrial Fibrillation Trial (EAFT)  15   (Table 
 37.3 ). A recently updated meta - analysis  16   which included 
the Low Dose Aspirin, Stroke and Atrial Fibrillation pilot 
study (LASAF),  17   the Japan Atrial Fibrillation Stroke Trial,  18   
atrial fi brillation patients from the European Stroke Pre-
vention Study 2 (ESPS - 2)  19   and the United Kingdom TIA 
Study (UK - TIA)  20   found a statistically signifi cant 22% RRR 
(95% CI 2 – 39%) of all strokes (ischemic plus hemorrhagic) 
in fi ve trials of aspirin versus placebo, and a 19% RRR (95% 
CI 1 – 35%) when two trials of aspirin versus no treatment 
were included. The ARR was 0.8%/year in primary pre-
vention trials and 2.5%/year in secondary prevention 
trials. Hence, aspirin can be expected to reduce the risk of 
ischemic stroke and all strokes, with an ARR of about one 
half that of warfarin and with a somewhat lower risk of 
major extracranial bleeding of 0.2%/year versus 0.3%/year 
(Level A).   

  Aspirin  v ersus  o ral  a nticoagulants 
 Direct comparisons of oral anticoagulants and aspirin have 
been undertaken in nine trials  16,21   (Table  37.4 ). AFASAK  10   
included 671 patients who were randomized to warfarin 
(INR 2.8 – 4.2) or aspirin 75   mg/day. SPAF - II  22   studied 715 
patients aged 75 years or less and 385 patients aged over 
75 years, with each group randomly allocated to either 
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 Table 37.2     Non - rheumatic atrial fi brillation: outcomes of primary prevention randomized trials of warfarin  *   

   Trial     All stroke (ischemic plus hemorrhagic)    Major extracranial 
bleed  *  *    
   Absolute risk 
increase 
events/1000   pt/yr  

   Control 
events/1000   pt/yr  

   Warfarin 
events/1000   pt/yr  

   Relative risk 
reduction (%)  

   Absolute risk 
reduction 
events/1000   pt/yr  

  BAATAF  7      30    6    78    24      

  CAFA  8      37    25    33    12      

  SPINAF  9      48    14    70    33      

  AFASAK  10,11      48    22    54    26      

  SPAF  12      78    38    60    47      

  Overview  13      45    18    60    27    3  

    *    Data from Hart  et al   16    

   *  *    Major bleed defi ned as a bleeding event requiring 2   U of blood or requiring hospital admission.   

 Table 37.3     Non - rheumatic atrial fi brillation: outcomes of primary and secondary prevention randomized trials of aspirin 

   Trial     All strokes (ischemic and hemorrhagic)  

   Control events/
1000   pt/yr  

   Aspirin events/
1000   pt/yr  

   Relative risk reduction 
% (95% CI)  

   Absolute risk reduction 
events/1000   pt/yr  

  Trials of aspirin vs placebo  

  AFASAK  10      48    39    17    9  

  SPAF  12      60    35    44    25  

  EAFT  15      122    103    11    19  

  ESPS - 2  19      207    138    29    69  

  UK - TIA  20      67    58 (300   mg/day)    17    9  

  67    60 (1200   mg/day)    14    7  

  Overview of 5 aspirin -

 placebo trials  16    

  88    69    22 

 (2 to 39)  

  19 primary prevention 

 25 secondary prevention  

  Trials of aspirin vs no treatment  

  LASAF  17      22    27 (125   mg/day)     – 17     – 5  

  6    22 (125   mg/2 days)    67    16  

  JAST  18      20    22     – 10     – 2  

  Overview of 7 aspirin trials  16      63    52    19 

 ( – 1 to 35)  

  8 primary prevention 

 25 secondary prevention  

    *    Data from Hart  et al   16     

warfarin (INR 2.0 – 4.5) or aspirin (325   mg/day). EAFT  15   
randomized 455 anticoagulation - eligible patients with 
recent TIA or minor ischemic stroke to oral anticoagulant 
(INR 2.5 – 4.0) or aspirin (300   mg/day). AFASAK - 2  23   ran-
domized 339 patients into a primary prevention trial which 
compared warfarin (INR 2 – 3) to aspirin (300   mg/day). 
PATAF  24   randomized 272 patients into a primary preven-
tion trial which compared warfarin (INR 2.5 – 3.5) to aspirin 
(150   mg/day). A meta - analysis  16   and an update  21   found a 
statistically signifi cant 39% (95% CI 19 – 53) RRR of all 
strokes (ischemic plus hemorrhagic) with anticoagulants, 
equivalent to an ARR of about 9 events/1000 patients/year 
for primary prevention and 70 events/1000 patients/year 

for secondary prevention (Level A). Major extracranial 
hemorrhage occurred with an excess of about 2/1000/year 
on warfarin.  16     

 In SPAF II warfarin was superior to aspirin for reducing 
ischemic stroke, but the risk of intracranial hemorrhage 
was increased with warfarin, particularly in patients  > 75 
years of age. When patients of all ages were considered, 
there was an ARR of 0.8%/year ( P    =   NS) in ischemic stroke 
or systemic embolus with warfarin, but when all strokes 
were compared, the ARR was only 0.3%/year ( P    =   NS). The 
relatively high rates of intracranial bleeding may be attrib-
utable to the use of prothrombin time monitoring, the high 
INR range chosen and the very elderly population. If the 
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 Table 37.4     Non - rheumatic atrial fi brillation: outcomes of primary and secondary randomized trials of adjusted dose anticoagulation vs aspirin  *   

   Trial     All strokes (ischemic and hemorrhagic)  

   Anticoagulation 
events/1000   pt/yr  

   Aspirin 
events/1000   pt/yr  

   Relative risk 
reduction % (95% CI)  

   Absolute risk reduction 
events/1000   pt/yr  

  AFASAK  10      22    39    45    17  

  SPAF - II  22                    

  Age  ≤ 75    17    19    10    2  

  Age  ≥ 75    50    55    10    5  

  EAFT  15      39    109    67    70  

  AFASAK - 2  23      31    25     – 23     – 6  

  PATAF  24      7    10    20    3  

  Vemmos  et al     0    40    100    400  

  Chinese ATAFS    17    29    43    12  

  WASPO    0    0    not calculated    not calculated  

  BAFTA  25      26    49    47    23  

  Overview  21      25    41    39 

 (19 to 53)  

  9 primary prevention 

 70 secondary prevention  

    *    Data from Hart  et al   16,21     

SPAF II results were to be excluded from the meta - analysis, 
the RRR of all strokes (ischemic and hemorrhagic) with 
anticoagulation would be greater than 39%. 

 The Birmingham Atrial Fibrillation Treatment of the 
Aged (BAFTA) Trial  25   was a randomized, open - label study 
of warfarin (INR 2.0 – 3.0) versus aspirin (75   mg/day) which 
is particularly relevant to several areas of uncertainty in 
current practice, because the patients were aged 75 years 
and greater (mean 81.5 years). They were recruited from 
and managed within general practices in England and 
Wales and the primary outcome included fatal or disabling 
stroke (ischemic and hemorrhagic), intracranial hemor-
rhage, and clinically signifi cant arterial embolism. Warfa-
rin reduced the annual risk of the primary outcome from 
3.8% to 1.8%, a RRR of 52% ( P    =   0.003), and an ARR of 2% 
per year. The annual risk of extracranial hemorrhage was 
1.4% (warfarin) versus 1.6% (aspirin). It should be noted 
that 40% of patients were on warfarin prior to study entry 
and that the study subjects represented only an estimated 
10% of those with AF in the geographic region. Neverthe-
less, the results provide powerful evidence for the relative 
effi cacy and safety of warfarin over aspirin for the treat-
ment of NVAF in carefully selected elderly patients in real -
 life clinical practice settings.   

  Adjusted Dose Anticoagulation  c ompared to 
 w arfarin/ a spirin  c ombinations,  l ow or  fi  xed 
 d ose  a nticoagulation, and to  a lternative 
 a ntiplatelet  r egimens 

 The SPAF III trial  26   was undertaken in an attempt to 
reduce the rates of major hemorrhage with warfarin, 

while improving on the stroke prevention achievable by 
aspirin alone. Patients at high risk of embolic stroke (at 
least one of impaired LV function, systolic hypertension, 
prior thromboembolism, or female gender plus age over 
75 years) were randomly allocated warfarin 1 – 3   mg/day 
plus aspirin 325   mg/day or warfarin (INR 2 – 3). The trial 
was discontinued early after a mean follow - up of 1.2 
years, because the rate of the composite primary outcome 
of ischemic stroke or systemic embolus was signifi cantly 
higher in those given combination therapy than in those 
given adjusted - dose warfarin (7.9% vs 1.9% per year, 
 P     <    0.0001). Rates of disabling stroke and of the compos-
ite of ischemic stroke, systemic embolus or vascular 
death were also signifi cantly and markedly increased. 
The rates of major bleeding were similar in the two treat-
ment groups. 

 AFASAK 2  22   was designed to compare regimens of 
aspirin 300   mg/day, fi xed - dose warfarin (1.25   mg/day) 
plus aspirin 300   mg/day and fi xed - dose warfarin 1.25   mg/
day to warfarin (INR 2.0 – 3.0). The trial was stopped early 
when the results of SPAF III became available. Adjusted -
 dose warfarin was superior to each of the three comparison 
regimens at this point. It is clear that in high - risk patients, 
regimens of low fi xed - dose warfarin in combination with 
aspirin do not provide adequate protection against throm-
boembolism (Level A). 

 Three trials (AFASAK 2,  22   MWNAF  27   and PATAF  23  ) com-
pared low or fi xed doses of warfarin with standard warfa-
rin (INR 2.0 – 3.0 or 2.5 – 3.5) but none showed a benefi t. 
A meta - analysis  24   calculated a statistically insignifi cant 
38% RRR for all strokes with the adjusted - dose warfarin 
(Level A). 
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 The SIFA study  28   compared the antiplatelet agent indo-
bufen to warfarin (INR 2.0 – 3.5), randomizing 916 patients 
with recent ischemic stroke or TIA. During a one - year fol-
low - up, the RRR by warfarin was 21% (95% CI 54 – 60%) 
(Level A). 

 The FFAACS  29   study compared the oral anticoagulant 
fl uindione (INR 2.0 – 2.6) to fl uindione plus aspirin 100   mg/
day in high - risk patients with AF, but was stopped early 
because of excess hemorrhage in the combination group. 
The NAS - PAEF study  30   randomized 495 high - risk AF 
patients to acencoumarol (INR 2.0 – 3.0) or acencoumarol 
(INR 1.4 – 2.4) plus the cyclo - oxygenase inhibitor trifl usal 
(600   mg/day). There were 714 lower risk patients random-
ized to acencoumarol (INR 2.0 – 3.0), trifl usal or trifl usal 
plus acencoumarol (INR 1.25 – 2.0). The achieved INRs dif-
fered less than was intended between the acencoumarol 
alone group (mean INR 2.5) and the combination therapy 
groups (mean INRs 1.93 and 2.17 in the low -  and high - risk 
strata, respectively). The hazard ratio (HR) of the combina-
tion versus acencoumarol alone for the outcome of isch-
emic stroke or systemic embolus was 0.44 in both groups. 
When severe bleeding was combined with the primary 
outcome of vascular death, TIA or non - fatal stroke, there 
was an ARR of 2.3%/year ( P     <    0.05) with the combination 
in the intermediate risk group and an ARR of 1.74%/year 
( P    =   NS) in the high - risk group (Level B). These results 
suggest that it may yet be possible to fi nd a regimen of 
antiplatelet agent and lower dose anticoagulant, but the 
appropriate INR range is likely to be only marginally less 
than the standard 2.0 – 3.0. 

 The ACTIVE program comprised three separate inter-
related trials, including ACTIVE - W,  31   which used a non -
 inferiority design to compare the combination of clopidogrel 
(75   mg/day) plus aspirin (recommended at 75 – 100   mg/
day) to anticoagulation (INR 2.0 – 3.0), among patients with 
AF who were eligible and willing to take anticoagulation. 
The trial was stopped early (only 27% of expected events 
had occurred) at the recommendation of the DSMB, because 
of an extremely low likelihood of eventually concluding 
non - inferiority of the clopidogrel/aspirin combination. 
Among the 6706 patients enrolled and followed for a 
median of 1.28 years, the risk ratio with the combination 
for the composite outcome of stroke, non - CNS embolus, 
myocardial infarction and vascular death was 1.44 (95% CI 
1.18 – 1.76,  P    =   0.0003), and for all stroke was 1.72 (95% CI 
1.24 – 4.37,  P    =   0.002) (Level A). Somewhat surprisingly, the 
risk ratio for major bleeding was 1.10 (95% CI 0.83 – 1.45) 
with the combination. 

 The ACTIVE - A trial  31a   compared the combination of 
clopidogrel (75   mg/day) plus aspirin to aspirin alone 
among 7554 patients with AF at increased risk of stroke 
and for whom vitamin K antagonist therapy was unsuit-
able. After a mean 3.6 years the risk of major vascular 
events was reduced by the combination (RR 0.89; 95% 

CI 0.81, 0.98;  P    =   0.01). However, major bleeding was 
increased (2.0% vs 1.3%/year, RR 1.57; 95% CI 1.29, 1.92; 
 P     <    0.001).  

  Other  a nticoagulants 

 Warfarin and other vitamin K antagonists are very effective 
in reducing the incidence of stroke and systemic embolus. 
However, the narrow therapeutic margin and the interac-
tions with many other drugs and foods necessitate frequent 
monitoring and patient diligence. There is a substantial risk 
of major hemorrhage, particularly in elderly patients. 
Ximelagatran is an oral direct thrombin inhibitor, with pre-
dictable and stable pharmacokinetics and relatively low 
potential for interactions with other drugs and with foods. 
Coagulation monitoring and dose adjustments are not 
required. This agent was evaluated in two large trials 
employing non - inferiority designs.  32,.33   In both, it was 
concluded that ximelagatran was non - inferior (i.e. not 
unacceptably inferior) to warfarin. 

 SPORTIF III  32   randomized 3410 patients with AF and one 
or more stroke risk factors to open - label warfarin (INR 
2.0 – 3.0) or ximelagatran (36   mg bid). During a mean 17.4 -
 month follow - up, the incidence of the primary outcome (all 
stroke or systemic embolus) by intention to treat was 
reduced to 1.6%/year with ximelagatran from 2.3%/year 
with warfarin (ARR 0.7%/year, 95% CI  – 0.1 – 1.4 %,  P    =   0.10 
and RRR 29%, 95% CI  – 6.5 – 52%). The incidence of major 
bleeding was similar in the two groups, but the total of 
minor or major bleeding was less frequent with ximelaga-
tran (25.8%/year vs 29.8%/year, RRR 14%, 95% CI 4 – 22%, 
 P    =   0.007). The authors concluded that ximelagatran was 
 “ at least as effective ”  as warfarin for the prevention of 
stroke and systemic embolism. 

 SPORTIF V  33   compared ximelagatran to warfarin among 
3922 patients in a study of almost identical design, except 
that it was double blind. During a mean follow - up of 20 
months, the incidence of the primary outcome was 1.6%/
year with ximelagatran and 1.2%/year with warfarin (ARR 
 – 0.45%/year, 95% CI  – 1.0 – 0.13%/year, but  P     <    0.001 for the 
predefi ned non - inferiority margin). The incidence of major 
bleeding was similar in the two groups, whereas major or 
minor bleeding was less frequent with ximelagatran (37% 
vs 47%/year, 95% CI  – 14% to  – 6.0%/year,  P     <    0.001). The 
authors concluded that  “ ximelagatran was non - inferior to 
well - controlled warfarin ” . 

 Both studies found an excess of patients with elevations 
of alanine transaminase (ALT) to greater than three times 
the upper limit of normal, usually within the fi rst six 
months (6.0% vs 1% in SPORTIF III and 6.0% vs 0.8% in 
SPORTIF V). Furthermore, the claim of non - inferiority was 
based on the choice of non - inferiority margins that were 
excessive.  34   The commonly accepted approach is to esti-
mate the effi cacy of the currently accepted therapy (in this 
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case warfarin vs placebo) from a meta - analysis and then to 
choose a non - inferiority margin which would represent 
preservation of at least 50% of the benefi t of the accepted 
therapy compared to placebo. If the non - inferiority margin 
had been chosen according to the FDA recommendations, 
SPORTIF III would still have reached a conclusion of non -
 inferiority, but SPORTIF V would not, nor would a meta -
 analysis of the two studies. The FDA did not approve the 
new agent, having concluded that the more convenient 
dose and monitoring regimens and less total bleeding did 
not outweigh their concerns about hepatic toxicity and the 
appropriateness of the chosen non - inferiority margins 
(Level B). 

 Dabigatran is another oral direct thrombin inhibitor 
which is being compared to warfarin (INR 2 - 3) among 
patients with AF with at least one additional risk factor for 
stoke in the RE - LY trial. Enrollment is complete (18   113 
patients) and results are expected in 2009. 

 There are several available oral, direct acting Factor Xa 
inhibitor drugs which have proven effective and safe in 
studies of deep venous thrombosis and offer promise in the 
setting of AF. In the AVERROES trial, apixaban (5   mg bid) 
is being compared to aspirin (81 – 324   mg daily) among 
patients with AF at more than very low risk of stroke in 
whom vitamin K antagonist therapy is unsuitable. The 
expected enrollment is 5600 patients with completion in 
2010. In the ARISTOTLE trial, apixaban (5   mg bid) is being 
compared to warfarin (INR 2.5) among patients with AF at 
somewhat higher risk of stroke. The expected enrollment 
is 15   000 patients with completion in 2010. In the ROCKET 
AF trial, rivaroxaban (20   mg/day) is being compared to 
warfarin (INR 2.5) among patients with AF at risk of stroke 
and suitable for warfarin therapy. The expected enrollment 
is 14   000 patients with completion in 2010. In the ENGAGE 
AF TIMI 48 trial, DU - 176b (high and low dose regimens) 
is being compared to warfarin among patients with AF at 
risk of stroke and suitable for warfarin therapy. The 
expected enrollment is 16   500 patients with completion in 
2011.   

  Risk  s tratifi cation ( s troke or 
 s ystemic  e mbolus) 

 Rigorous and current data for stroke risk come from analy-
ses of the placebo patients in large clinical trials of anti-
thrombotic therapy. The Atrial Fibrillation Investigators 
overview  13   calculated the annual risk of stroke to be 4.5% 
among the total group of control patients in the fi ve major 
primary prevention randomized trials of anticoagulation. 
The statistically signifi cant multivariate predictors of stroke 
were previous stroke or TIA, increasing age, history of 
hypertension, and diabetes. Annual stroke risk ranged 
from 0 (112 patients  < 60 years age) to 1.3% (patients  < 80 
years age with no other risk factors), to 11.7% (patients 
with prior stroke or TIA). A recent systematic review  35   
examined the evidence identifying independent risk factors 
for stroke as reported in seven studies (including the AFI 
overview  13  ) selected according to rigorously defi ned crite-
ria. The absolute annual risk of stroke varied 20 - fold among 
patients grouped by various risk factors. Independent risk 
factors for stroke (Table  37.5 ) were the same as those previ-
ously identifi ed  13  : stroke/TIA (RR 2.5), age (RR 1.5/
decade), history of hypertension (RR 2.0) and diabetes mel-
litus (RR 1.7). Female sex was an independent risk factor 
in three of six cohorts, but coronary artery disease and 
clinical congestive heart failure were not found to be inde-
pendent risk factors in any of the studies which met the 
inclusion criteria. Congestive heart failure and reduced 
ejection fraction have been identifi ed as univariant risk 
factors  13,36,37   and are included in current risk classifi cation 
schemes.  6,38   The review emphasized a variety of shortcom-
ings of the studies, including inconsistencies in defi nitions 
of some of the risk factors, the use of antiplatelet therapies, 
and the stroke outcomes (ischemic strokes only, all strokes, 
strokes plus other systemic emboli and strokes plus TIAs) 
(Level A).   

 The data from the Atrial Fibrillation Investigators over-
view  13   and the SPAF group  35   were combined to create the 

 Table 37.5     Risk factors for stroke in patients with non - vascular atrial fi brillation  *   

   Risk factor     Multivariate 
RR (%)  

   95% CI 
(%)  

   Prevalence of risk 
factor in patient 
cohorts (% and range)  

   Observed range of absolute 
stroke rate/year with only 
this risk factor (%)  

  Stroke/TIA    2.5    1.8 – 3.5    7 (0 – 14)    6 – 9  

  Age    1.5/decade    1.3 – 1.7    Mean age range 62 – 79 yrs    1.5 – 3.0 for age  > 75   yr.  

  History of hypertension    2.0    1.6 – 2.5    48 (42 – 53)    1.5 – 3.0  

  Diabetes mellitus    1.7    1.4 – 2.0    15 (14 – 18)    2.0 – 3.5  

    *    Data from Stroke Risk in Atrial Fibrillation Working Group  35    

  RR, relative risk; CI, confi dence interval   
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CHADS 2  index  38   which assigns 1 point each for congestive 
heart failure, hypertension, age 75 years or older and dia-
betes mellitus and 2 points for a history of stroke or TIA. 
The scheme was validated and compared to the other two 
schemes among 1733 Medicare benefi ciaries aged 65 – 95 
years, who had been discharged from hospital with non -
 rheumatic AF and not prescribed warfarin. The CHADS 2  
index was the most accurate predictor of stroke, with the 
annual stroke rate increasing by about 1.5% for each 1 - point 
increase in CHADS 2  score (from 1.9 with a score of 0 to 
18.2% with a score of 6). This scheme was also evaluated 
in comparison to several others among 2580 patients receiv-
ing aspirin in six prospective trials.  39   The CHADS 2  index 
identifi ed increments in stroke risk similar to those identi-
fi ed in the prior validation, and was better at discriminat-
ing medium -  and high - risk patients than the other schema. 
The CHADS 2  index has become the favored choice for 
determining risk of stroke and guiding choice of anti-
thrombotic therapy.  6   

 Several cohort studies  1   have demonstrated a more con-
sistent lower annual stroke risk in patients with paroxys-
mal (transient) AF than in those with persistent (chronic or 
sustained) AF. On the other hand, the SPAF trial found 
similar annual rates of ischemic stroke in patients with 
 “ recurrent ”  (3.2%) and  “ chronic ”  (3.3%) AF,  40   and a meta -
 analysis of the control groups in fi ve large trials showed 
no difference.  13   Current practice guidelines do not differ-
entiate between paroxysmal and persistent AF (Class I, 
Level A). However, it is possible that the risk of stroke is 
less in patients whose episodes of AF are brief ( < 1 day) and 
self - terminating.  41   

 The short - term risk of stroke appears to be higher in 
patients with recent - onset atrial fi brillation than in those 
with atrial fi brillation for more than 1 – 2 years.  42,43   In the 
European Atrial Fibrillation Trial,  15   among patients with 
prior stroke, the annual recurrence rate was 12% without 
treatment. Several case series reported recurrence rates of 
0.1 – 1.3%/day during the fi rst two weeks following a car-
dioembolic stroke.  44   The high rate of recurrence, although 
not observed in every study, suggested that there is some 
urgency in initiating anticoagulation following the occur-
rence of embolic stroke in patients with AF. The Interna-
tional Stroke Trial Collaborative Group addressed this 
concern with a large randomized trial of 18 451 patients 
with ischemic stroke who were randomized within 24 
hours of onset to SC unfractionated heparin (5000   IU bid or 
12   500   IU bid), aspirin 300   mg/day, both or neither and 
maintained for 14 days or until prior hospital discharge.  44   
CT scan was performed to exclude intracranial hemorrhage 
when possible and was mandatory in comatose patients. 
Among the 3169 patients with AF, both doses of heparin 
were signifi cantly more effective for the prevention of 
recurrent stroke of ischemic or unknown type. However, 
both heparin regimens resulted in signifi cantly more symp-

tomatic intracranial hemorrhage, and there was no signifi -
cant difference among the regimens in the rate of the 
composite outcome of recurrent stroke or symptomatic 
intracranial hemorrhage, nor of all - cause mortality. Patients 
with AF had a higher mortality than patients without AF 
(16.9% vs 7.5%), probably due to greater mean age and 
larger cerebral infarcts. The rate of recurrence within 14 
days, of stroke of ischemic or unknown type, was 3.9% 
among patients with AF, considerably lower than reported 
in earlier studies, but still higher than in patients without 
AF in this study. The results indicate that heparin is not 
indicated in the acute management of embolic stroke 
among patients with AF (Level A). Based upon their study 
and a combined analysis with the Chinese Acute Stroke 
Trial,  45   the authors recommend that AF patients who expe-
rience ischemic stroke should be given aspirin 300   mg/day 
with conversion to warfarin (INR 2.0 – 3.0) after 14 days  44   
(Class IIa, Level A). When stroke occurs in AF patients 
receiving warfarin, subsequent management should be 
guided by the INR measured at the time of onset of the 
stroke. If the INR was below the conventional therapeutic 
range it is probably suffi cient to reinstitute warfarin with 
meticulous attention to maintaining INR in the range of 
2.0 – 3.0. If the INR was in the therapeutic range, it is reason-
able to raise the intensity of warfarin to an INR range of 
2.5 – 3.5 (Class IIb, Level C). 

 The risk of stroke in patients with thyrotoxic AF is sub-
stantial, although the mechanism and the relative role of 
congestive heart failure are uncertain. The risk of stroke is 
also substantial among patients with hypertrophic cardio-
myopathy and AF. These risks have not been rigorously 
evaluated, and antithrombotic therapies for patients with 
AF and thyrotoxicosis or hypertrophic cardiomyopathy 
should be based upon the presence of validated stroke risk 
factors  46   (Class I, Level C). 

  Risk of  h emorrhage 

 The effi cacy of warfarin for the prevention of ischemic 
stroke must be balanced against the risk of major hemor-
rhage, particularly cerebral hemorrhage, which is usually 
fatal. The risk of major hemorrhage is increased by the 
intensity of anticoagulation, advanced age, and hyperten-
sion.  47,48   It is likely to be higher in clinical practice than in 
the rigorous setting of a clinical trial. The 3.1% absolute 
reduction of ischemic stroke observed in the initial fi ve 
randomized controlled trials was accompanied by an abso-
lute excess risk of major hemorrhage of only 0.3%. The INR 
ranges chosen varied from a low of 1.4 to a high of 4.5. In 
SPAF II  21   the greater effi cacy of warfarin over aspirin for 
the prevention of ischemic stroke was outweighed by 
excess cerebral hemorrhage in patients over age 75 years 
(mean 80 years), likely related to the chosen INR of 
2.0 – 4.5. 
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 The HEMORR 2 HAGES scheme was developed from 
three previously published prediction rules and all four 
approaches were then evaluated in a population of elderly 
patients with AF.  49   The scheme allotted points for hepatic 
or renal disease, ethanol abuse, malignancy, age  > 75 years, 
reduced platelets, prior bleed, hypertension, anemia, exces-
sive falls or neuropsychiatric disease and prior stroke. The 
scheme provided good discrimination among patients with 
an annual risk of hospitalization for hemorrhage which 
ranged from 1.9% to 12.3% (Level C). 

 Recent practice guidelines  6,46   stress the importance of 
appropriate antithrombotic therapy for AF, and yet prac-
tice surveys indicate that rates of compliance range from 
rather low  50 – 54   to reasonably high.  55   Hylek et al  56   point out 
that randomized trials and most observational cohorts 
underestimate the risks of major hemorrhage because they 
include few patients over 80 years of age, and infrequently 
include patients in the initial phase of warfarin therapy 
when the risk of major hemorrhage is highest. They 
enrolled 472 patients age  ≥ 65 years (153  ≥ 80 years), with 
ECG - verifi ed AF, who were new to warfarin and whose 
care was established at the study institution and whose 
warfarin was managed by the on - site anticoagulation 
clinic. The patients were enrolled on the fi rst day of war-
farin and followed for one year between 2001 and 2003 
(complete follow - up in 100%). A total of 90% of patients 
 ≥ 80 years of age had a CHADS 2  score    ≥ 2, and of the 
patients  ≥ 80 years, 95.3% had at least an intermediate risk 
of major hemorrhage. Anticoagulation control was very 
good, with 56% of person time within the INR range of 
2.0 – 3.0, 29% below 2.0, 11% within 3.0 –  < 4.0, and only 2% 
 ≥ 4.0. Even within this optimized setting, the rate of major 
hemorrhage was 7.2 per 100 patient - years (intracranial 
hemorrhage was 2.5 per 100 patient - years). The incidence 
of major hemorrhage was 13.08% for patients  ≥ 80 years 
versus 4.75% for those  < 80 years. The risk during the fi rst 
90 days of therapy was three times that of the remainder 
of the year. The risk of major hemorrhage was increased 
20 times among patients with an INR  > 4.0. Most of the 
intracranial bleeds occurred in patients  ≥ 75 years of age. 
The rate of major hemorrhage was higher in patients with 
higher CHADS 2  scores. 

 In contrast, the BAFTA study  25   found that in patients 
aged  > 75 years, warfarin was more effi cacious than aspirin 
in preventing all strokes (ischemic plus hemorrhagic) and 
did not cause more extracranial hemorrhage (1.4%/year 
with warfarin vs 1.6%/year with aspirin). The lower bleed-
ing risk may be attributable to more restrictive patient 
selection for a clinical trial than for the Hylek survey and 
the fact that 40% of them had been taking warfarin safely 
prior to entering the trial. 

 These observations point to the challenges in choosing 
the optimal antithrombotic therapy for very elderly 
patients to ensure a favorable risk – benefi t ratio.  57   For those 

with no stroke risk factors other than age  ≥ 75 years, it is 
reasonable to consider aspirin in preference to warfarin.  6   
Nevertheless, ischemic stroke with its dire consequences is 
relatively frequent, and the competing risk of intracranial 
hemorrhage with warfarin may be acceptable. If warfarin 
is to be used, great care must be taken to rigorously 
maintain the selected therapeutic INR with frequent 
monitoring in the fi rst three months and more often than 
the  “ standard ”  monthly interval subsequently (Class I, 
Level C). 

 For most patients who are candidates for warfarin, an 
INR range of 2.0 – 3.0 with a target of 2.5 appears optimal.  6, 

46   In a large cohort of patients the risk of ischemic stroke, 
severity of stroke and mortality rose sharply when INR fell 
to 1.5 – 1.9, but the risk of intracranial hemorrhage did not 
rise until INR values exceeded 3.9.  58   A recent meta - 
analysis  59   of studies which assigned hemorrhagic and 
thromboembolic events in patients taking anticoagulants to 
discrete INR ranges found that 44% of hemorrhages 
occurred when INRs were above the therapeutic range, 
48% of thromboembolic events took place when below it 
and that the mean proportion of events that occurred when 
the patient ’ s INR was outside the therapeutic range was 
higher in the studies of shorter follow - up. Patients with a 
previous TIA or minor stroke may benefi t from a some-
what higher INR of 2.0 – 3.9 with a target of 3.0.  6,60   Patients 
at higher risk of cerebral hemorrhage, particularly those 
over the age of 75, may benefi t from a somewhat lower INR 
range of 1.6 – 2.5 with a target of 2.0,  6   although protection 
against ischemic stroke drops off sharply when INRs fall 
below this target (Class IIa, Level C).   

  Rate  v ersus  r hythm  c ontrol 

 Management strategies for AF have generally been focused 
on rhythm control (attempting to establish and sustain 
normal sinus rhythm by the use of various proven phar-
macologic agents and appropriate electrical cardioversion) 
or rate control (attempting to maintain resting and exercise 
heart rates below optimal levels, without specifi c attempts 
to establish or maintain sinus rhythm). An overview  61,62   of 
the fi ve trials which compared the strategies of rhythm 
with rate control in AF found a mortality of 13.0% with 
rate control versus 14.6% with rhythm control (OR 0.87, 
 P    =   0.09). The rates of ischemic stroke and major hemor-
rhage were similar. The AFFIRM trial,  63   by far the largest, 
randomized 4060 patients of mean age 69.7 years and 
found a trend toward lower survival in the rhythm control 
group, which also had signifi cantly more hospitalizations 
and adverse drug effects. Anticoagulation (INR 2.0 – 3.0) 
was mandated in the rate control group (85% maintained 
warfarin) and strongly encouraged in the rhythm control 
group, but could be stopped at the physician ’ s discretion 
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 Table 37.6     Choice of antithrombotic therapies for patients with non - rheumatic atrial fi brillation (based on  AHA / ACC / ESC  Guidelines 2006  6  ) 

   Clinical risk 
factors  *    

   Age (years)  

    < 65     65 – 74      ≥ 75  

  No    Aspirin 

 (81 – 325   mg/day) 

 (Class I, Level A)  

  Aspirin 

 (81 – 325   mg/day) 

 (Class I, Level A) 

 or 

 Warfarin 

 (INR 2.0 – 3.0, target 2.5)  

  Aspirin 

 (81 – 325   mg/day) 

 (Class I, Level A) 

 or 

 Warfarin 

 (INR 2.0 – 3.0, target 2.5)  

      (Class I, Level A)    (Class I, Level A)  

   Consider no antithrombotic therapy  (Class IIb, 
Level C) 

  Consider warfarin (INR 2.0 – 3.0, target 2.5) for females 

or coronary artery disease  (Class IIa, Level B)  

       Consider INR 1.6 – 2.5, target 2.0  

 (Class IIb, Level C)  

  1 moderate risk 

factor  #   in addition 

to age  ≥ 75   yr  

  Aspirin 

 (75 – 325   mg/day) 

 or 

 Warfarin 

 (INR 2.0 – 3.0, target 2.5)  

  Aspirin 

 (75 – 325   mg/day) 

 or 

 Warfarin 

 (INR 2.0 – 3.0, target 2.5)  

  Warfarin 

 (INR 2.0 – 3.0, target 2.5)  

  (Class IIa, Level B)    (Class IIa, Level B)    (Class I, Level A)  

           Consider INR 1.6 – 2.5, target 2.0  

 (Class IIb, Level C)  

  Any high risk factor  *   

or  > 1 moderate 

risk factor  

  Warfarin 

 (INR 2.0 – 3.0, target 2.5)  

  Warfarin 

 (INR 2.0 – 3.0, target 2.5)  

  Warfarin 

 (INR 2.0 – 3.0, target 2.5)  

  (Class I, Level A)    (Class I, Level A)    (Class I, Level A)  

           Consider INR 1.6 – 2.5, target 2.0  

 (Class IIb, Level C)  

    #    Hypertension, heart failure or LVEF  ≤  35%, diabetes mellitus.  

   *    Previous stroke, TIA or embolism; mitral stenosis; prosthetic heart valve.   

if sustained sinus rhythm was achieved (70% maintained 
warfarin). Ischemic stroke occurred at an annual rate of 
about 1% in each group, and in most instances the patient 
was either off warfarin or the INR was  < 2.0. The authors 
concluded that continuous anticoagulation is warranted in 
all patients with AF and one or more risk factors for stroke, 
whether or not sinus rhythm appears to be restored and 
maintained, and this approach is recommended by consen-
sus groups  6,46   (Class I, Level A).  

  Choice of  a ntithrombotic  t herapy 

 Table  37.6  is derived from the practice guidelines of the 
AHA/ACC/ESC consensus process  6   and incorporates con-
cepts of varying risks of thromboembolism with age and 
other risk factors, and embodies concepts of varying hem-
orrhagic risk with increasing age. The schema differs some-
what from that developed by the ACCP consensus process  46   
which recommends aspirin in a dose of 325   mg/day, defi -
nite warfarin for patients  ≥ 75 years even with no other risk 

factors, not differentiating between moderate -  and high -
 risk factors, and not considering weak or less validated risk 
factors. The Atrial Fibrillation Working Group has recently 
published a comparison of 12 risk stratifi cation schemes.  64   
They conclude that additional research is required to 
 “ identify and strengthen a single scheme around which 
standard recommendations could be developed ” . 

 For the present, tables such as Table  37.6  can provide 
broad guidance to the clinician in decisionmaking about 
antithrombotic therapy for AF. However, experienced clin-
ical judgment is required to decide optimal therapy 
depending on the competing risks (ischemic stroke/other 
systemic embolus versus cerebral and other major hemor-
rhage); anticoagulant monitoring (quality and availability 
of monitoring and the willingness/ability of the patient to 
maintain a safe regimen); and individual patient prefer-
ences (perspectives on the competing risks of ischemic 
stroke and major hemorrhage and the inconvenience and 
complexity of warfarin therapy).   Eventually, pharmacoge-
nomic algorithms may allow more rapid and safe determi-
nations of initial warfarin dosage, particularly among 
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patients whose warfarin requirements are particularly low 
or high.  64a    

  Cardioversion 

 Although the randomized trials have shown no improve-
ment in major outcomes including thromboembolism with 
a rhythm control strategy versus rate control, individual 
patients may gain symptomatic benefi t and even long - term 
freedom from AF following electrical or pharmacologic 
cardioversion. The strongest predictor of initial and persis-
tent success with cardioversion is short duration of the 
atrial fi brillation before cardioversion. In general, it may be 
expected that atrial fi brillation occurring in conjunction 
with surgery, viral illness, alcohol or other pharmacologic 
excess, or in association with thyrotoxicosis or pulmonary 
embolus, has a high likelihood of reversion with persis-
tence of sinus rhythm if there has been resolution of the 
precipitating cause. Successful and sustained reversion to 
sinus rhythm is associated with relatively young age and 
freedom from underlying heart disease. Some patients 
have intolerable symptoms and poor exercise tolerance 
during AF and may prefer attempted rhythm control to 
rate control. The rate of initial success in restoring sinus 
rhythm is high but in the contemporary AFFIRM trial, vig-
orous efforts to establish and sustain sinus rhythm resulted 
in prevalences of 82.5%, 73.3% and 62.6% at one, three and 
fi ve years, respectively.  63   

 Although no study has rigorously documented the inci-
dence of systemic embolism following electrical, pharma-
cologic or spontaneous cardioversion, it is widely believed 
that in many patients cardioversion acutely increases the 
risk of stroke. This perception forms the rationale for anti-
coagulation of patients prior to cardioversion. The best 
available study used a prospective cohort design to detect 
a reduction of postcardioversion systemic embolism from 
5.3% to 0.8% among anticoagulated patients.  65   It is gener-
ally believed that a newly formed thrombus will become 
organized and adherent to the left atrial wall within two 
weeks of formation. Transesophageal echocardiography 
(TEE) reveals that in the majority of patients thrombus 
resolves, rather than simply becoming fi rmly adherent to 
the wall of the left atrium or left atrial appendage.  66   Accord-
ingly, anticoagulation is usually recommended for about 
three weeks before cardioversion  6,46   (Class I, Level C). A 
study that pooled data from 32 studies found that 98% of 
thromboembolic events occurred within 10 days of cardio-
version of atrial fi brillation or fl utter.  67   However, evidence 
exists that even after successful electroversion, atrial con-
traction may not normalize for some weeks,  68,69   and there-
fore maintenance of anticoagulation for about four weeks 
following cardioversion seems prudent  6,46   (Class I, Level 
C). There is a lack of evidence that the incidence of throm-

boembolism is less with pharmacologic than with electrical 
cardioversion, and accordingly anticoagulant management 
should not differ  6   (Class I, Level C). New - onset atrial 
fi brillation is generally not thought to warrant anticoagula-
tion if cardioversion is undertaken within 48 hours of 
its onset.  6,46   If cardioversion is unsuccessful or if AF 
has been recurrent, anticoagulation may be commenced 
subsequently. 

 Emergency cardioversion may be required because of 
ischemia or hemodynamic compromise in some situations, 
and should not be delayed even if the AF has been present 
for more than 48 hours and the patient is not already anti-
coagulated. In such a situation, concomitant heparinization 
may offer some benefi t (Class I, Level C). 

 The potential role of TEE for the detection of atrial 
thrombi and the simplifi cation and shortening of the anti-
coagulation regimen in association with cardioversion was 
studied in a consecutive series of 230 patients.  70   Atrial 
thrombi were detected in 15%. Of 196 patients without 
thrombi, 95% were successfully cardioverted without pro-
longed anticoagulation, and none had a clinical thrombo-
embolic event. However, a subsequent study  71   and a 
meta - analysis of several clinical studies  72   indicate that the 
absence of thrombi on TEE does not mean that a period of 
four weeks of anticoagulation following cardioversion may 
be safely omitted (Class I, Level C). 

 The Assessment of Cardioversion Utilizing Echocardiog-
raphy (ACUTE) pilot study  73  was followed by a multicenter 
randomized prospective of trial of 1222 patients with atrial 
fi brillation of more than two days ’  duration.  74   All patients 
were anticoagulated and assigned to therapy guided by the 
fi ndings on TEE or to conventional therapy. If TEE showed 
no thrombus, the patient underwent cardioversion and 
continued on anticoagulant therapy for four weeks. If 
thrombus was detected, warfarin was given for three 
weeks, TEE was repeated and, if the thrombus had resolved, 
cardioversion was performed and warfarin continued for 
four weeks. If thrombus was still detected after three weeks 
of anticoagulation, no cardioversion was attempted but 
warfarin was continued for four weeks further. The patients 
randomized to no TEE received warfarin for three weeks 
and then underwent cardioversion followed by a further 
four weeks of warfarin. At eight weeks after the assign-
ment of management strategy, there was no signifi cant 
difference between the two therapeutic groups (TEE vs no 
TEE) in the rate of embolic events or the prevalence of sinus 
rhythm. The TEE strategy resulted in fewer total hemor-
rhagic events, most of them minor. Right or left heart 
thrombi were identifi ed in 13.8% of patients who under-
went TEE. Of those patients with thrombi detected, 88.2% 
had a thrombus in the left atrial appendage. Patients may 
be anticoagulated and screened by TEE and cardioversion 
performed immediately if no thrombus is detected, and 
then receive at least four further weeks of anticoagulation. 
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If thrombus is detected, patients should undergo at least 
three weeks of anticoagulation prior to cardioversion, fol-
lowed by a further four weeks of anticoagulation. Among 
those patients with atrial thrombi detected, the value of 
repeat TEE after the initial three weeks of anticoagulation 
is uncertain. In centers where TEE is readily available and 
the interpretations reliable, a TEE - guided management 
strategy may safely shorten the time to cardioversion by 
comparison with standard anticoagulant regimens (Class 
I, Level A). The cost - effectiveness of such an approach 
depends very much on local and national patterns of prac-
tice and cost structures. 

 Left atrial radiofrequency ablation is increasingly used 
to treat AF, raising questions about the role of warfarin in 
such patients. In general, the procedure should be con-
ducted with the patient off warfarin and the INR in the 
normal range. Warfarin should then be restarted with INR 
2.0 – 3.0 for at least the next several months, and continued 
indefi nitely in patients with a CHADS 2  of 3 or more,  41   with 
consideration given to discontinuing warfarin in young 
patients with very low CHADS 2  scores and who are free of 
even asymptomatic AF after several months (Class IIb, 
Level B).  

  Atrial  fl  utter 

 There is a widespread perception that the risk of stroke is 
less with atrial fl utter than with atrial fi brillation. A retro-
spective analysis of a large database of elderly hospitalized 
patients confi rmed this perception, calculating a stroke risk 
ratio of 1.4 with atrial fl utter and 1.6 with AF.  75   By eight 
years of follow - up more than half the patients with atrial 
fl utter had developed AF, and these patients were more 
likely to experience a stroke. The development of AF was 
more likely among patients with congestive heart failure, 
rheumatic heart disease, hypertension and diabetes melli-
tus. Although there are no rigorous prospective data on the 
incidence of stroke among patients with atrial fl utter, nor 
randomized trials of the value of anticoagulation, it is gen-
erally recommended that patients with atrial fl utter be risk 
stratifi ed and treated in the same manner as patients with 
AF  6,46   (Class I, Level C). 

 Retrospective studies of patients with atrial fl utter 
undergoing cardioversion suggest that the risk of throm-
boembolism is less than that for patients with AF, but nev-
ertheless clinically important.  76   Case series note a very low 
incidence of thromboemboli when patients with atrial 
fl utter are adequately anticoagulated prior to cardiover-
sion.  77   It is generally recommended that patients with atrial 
fl utter who are to be cardioverted receive an anticoagulant 
regimen identical to that for patients with AF  6,46   (Class I, 
Level C).  

  Atrial  fi  brillation and  c oronary 
 a rtery  d isease 

 There are extensive data available on the effi cacy of warfa-
rin at various intensities, combinations of warfarin and 
aspirin, aspirin alone and clopidogrel among survivors of 
acute myocardial infraction (AMI).  78,79   Practice guidelines 
favor the use of aspirin 75 – 162   mg/day, and the substitu-
tion of clopidogrel 75   mg/day or warfarin (INR 2.5 – 3.5) for 
patients allergic to aspirin.  78,79   However, when AF is present 
following AMI, warfarin therapy is usually required for 
stroke prophylaxis. An INR range of 2.5 – 3.5 may be appro-
priate for the fi rst few months post AMI, followed by the 
standard range of 2.0 – 3.0 long term.  6,46,78   Aspirin should 
generally not be given concurrently (Class I, Level B). A 
prospective cohort study based on Swedish coronary care 
unit admissions of patients discharged with AF following 
AMI found that oral anticoagulants were given to only 30% 
of such patients, and yet this therapy was associated with 
a 7% reduction of one - year mortality after adjustment for 
confounding variables  80   (Level C). 

 For patients undergoing percutaneous coronary inter-
vention (PCI), maintenance aspirin is supplemented by 
clopidogrel which is begun prior to PCI and maintained 
for several months subsequently, the duration being longer 
for drug - eluting than bare metal stents.  78,79,81   AF patients 
who are receiving warfarin monotherapy, and who 
undergo PCI, may have the warfarin interrupted for 48 
hours prior to PCI and reinstituted as soon as possible after 
the procedure, with the substitution of aspirin (75 – 81   mg/
day) during the period off warfarin. Clopidogrel should be 
administered according to the same approaches as for 
patients without AF  46,78,79,81   (Class I, Level C). In patients 
at particularly high risk of stent thrombosis, triple therapy 
with warfarin, clopidogrel and aspirin may be appropri-
ate  78,81   (Class IIb, Level C). The risk of bleeding is increased 
when warfarin is given in conjunction with aspirin and/or 
clopidogrel, and careful monitoring with INR 2.0 – 2.5 is 
recommended (Class I, Level C).  

  Interruption of  w arfarin  t herapy in 
 r elation to  s urgical  p rocedures 

 Warfarin should generally be discontinued prior to surgi-
cal or diagnostic procedures which have a risk of bleed-
ing. Given that the risk of stroke among patients with AF 
ranges from  < 1% to  > 20%/year, it is generally recom-
mended that warfarin may be safely discontinued for up 
to a week (four days prior to and three days after surgery) 
in most patients with AF  82   (Class IIa, Level C). For those 
at particularly high risk of stroke (mechanical valve pros-
thesis or recent stroke), IV unfractionated heparin or SC 
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LMWH may be given preoperatively. It is likely that most 
potentially hemorrhagic dental procedures, if undertaken 
with appropriate surgical skill and the use of hemostatic 
mouthwash, can be done without discontinuing warfarin, 
provided the preoperative INR is under 3.0  83   (Class IIa, 
Level B).  

  Conclusion and  r ecommendations 

 Patients with persistent or paroxysmal atrial fi brillation 
should generally receive chronic antithrombotic therapy 
with warfarin or aspirin regardless of whether a strategy of 
rate control or rhythm control has been selected (see Table 
 38.6 ) (Class I, Level A). Antithrombotic therapy should gen-
erally be sustained indefi nitely, unless a clearly reversible 
cause of atrial fi brillation (e.g. pulmonary embolism, thyro-
toxicosis, viral infection, perioperative, alcohol excess) has 
resolved and sinus rhythm has resumed (Class I, Level C). 

 Major risk factors for thromboembolism include the 
presence of mitral stenosis, a prosthetic heart and a history 
of prior stroke, TIA or non - CNS systemic embolism; mod-
erate risk factors include age  ≥ 75 year, history of hyperten-
sion, heart failure or moderate to severe LV dysfunction 
and diabetes mellitus. Warfarin is more effective than 
aspirin in preventing thromboemboli, but carries a higher 
risk of hemorrhage. The choice of agent is governed by the 
perceived balance between the risk of thromboembolism 
and the risk of hemorrhage in each individual patient and 
should include appropriate consideration of patient prefer-
ences (Class I, Level A). 

 Among patients with persistent or paroxysmal AF, age 
is an important determinant of the risk of thromboembo-
lism even in the absence of other moderate or major risk 
factors. When the patient is  < 65 years and is free of any 
moderate or major risk factors for thromboembolic events 
(CHADS 2    =   0), the risk of thromboembolism is very low 
and aspirin therapy is preferable to warfarin (Class I, 
Level A). Consideration should be given even to no anti-
thrombotic therapy (Class IIb, Level C). In the age range 
65 – 74 years (CHADS 2    =   0), the risk of thromboembolism is 
increased and either aspirin or warfarin may be indicated. 
Patient preferences and risk factors for hemorrhage should 
infl uence the choice (Class IIa, Level A). When the patient 
is aged  ≥ 75 years the risk of thromboembolism is further 
increased, even in the absence of other risk factors 
(CHADS 2    =   1). However, the risk of major hemorrhage, 
and particularly intracranial hemorrhage, also rises. Either 
aspirin or warfarin may be appropriate (Class I, Level A). 
If warfarin is to be used, consideration should be given to 
a reduced intensity of anticoagulation (INR 1.6 – 2.5, target 
2.0), recognizing that maintaining an adequate intensity of 
anticoagulation with a target of 2.0 is diffi cult and requires 
frequent monitoring (Class IIb, Level C). 

 Patients aged 74 or less with one moderate risk factor for 
thromboembolism (CHADS 2    =   1) should receive either 
aspirin or warfarin. Risks of thromboembolism and hemor-
rhage as well as patient preferences should infl uence the 
choice (Class I, Level A). 

 Patients with more than one moderate risk factor or 
one major risk factor for thromboembolism (CHADS 2     ≥    2) 
should receive warfarin (Class I, Level A). 

 Patients with AF who experience an episode of throm-
boembolism with an INR below the therapeutic range 
should continue on oral anticoagulation with more meticu-
lous monitoring and dose adherence. If the episode occurs 
at an INR in the therapeutic range, consideration should be 
given to maintaining a higher range (INR 2.5 – 3.5), with 
intensive monitoring to avoid any levels over 4.0 (Class 
IIb, Level C). 

 Patients undergoing cardioversion (electrical or pharma-
cologic) for AF of uncertain or known duration of 48 hours 
or longer should generally receive oral anticoagulation for 
about three weeks prior to the procedure and for at least 
four weeks afterwards (Class I, Level C). Patients with 
more than one episode of AF or who are at high risk of 
thromboembolism should have oral anticoagulation con-
tinued indefi nitely even if sinus rhythm persists at four 
weeks (Class I, Level C). If cardioversion is required on an 
urgent basis because of hemodynamic instability in patients 
with AF of uncertain or greater than 48 hours duration, 
cardioversion should not be delayed. Concomitant antico-
agulation should be established using IV unfractionated 
heparin (activated partial thromboplastin time (APTT) 
1.5 – 2.0 times reference control) and maintained until oral 
anticoagulation can be achieved and sustained for at least 
four weeks (Class I, Level C). 

 New - onset AF does not require anticoagulation if cardio-
version is undertaken within 48 hours of its onset.  6,46   If 
cardioversion is unsuccessful or if AF has been recurrent, 
anticoagulation may be commenced subsequently (Class I, 
Level C). 

 In appropriate centers TEE - guided management can 
offer a safe, cost - effective and convenient alternative to 
standard anticoagulant regimens. If AF is of uncertain or 
known duration of 48 hours or longer, TEE may be per-
formed. If there is no LA thrombus, IV heparin may be 
commenced, cardioversion undertaken, and oral antico-
agulation maintained for at least four weeks. (An alterna-
tive would be to administer oral anticoagulation initially 
for at least fi ve days and then to perform TEE.) If thrombus 
is detected on TEE, anticoagulation should be continued 
for a total of three weeks, followed by cardioversion and 
sustained oral anticoagulation for at least four weeks 
further (Class I, Level B). 

 Patients undergoing LA radiofrequency ablation should 
have warfarin stopped and INR in the normal range. War-
farin should then be restarted and maintained indefi nitely 
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for patients with a CHADS 2  score of 3 or less, with consid-
eration given to discontinuing warfarin in young patients 
with very low CHADS 2  scores and who are free of even 
asymptomatic AF after several months (Class IIb, Level B). 

 The antithrombotic management of patients with atrial 
fl utter should be generally be similar to that for patients 
with AF (Class I, Level C). 

 Patients with AF following myocardial infarction should 
receive warfarin (INR 2.5 – 3.5 for the fi rst few months and 
2.0 – 3.0 long term) and aspirin should generally not be 
given concurrently (Class IIb, Level C). 

 AF patients who are to undergo PCI should have the 
warfarin interrupted for 48 hours prior to PCI and reinsti-
tuted as soon as possible after the procedure, with the 
substitution of aspirin (75 – 81   mg/day) during the period 
off warfarin. Clopidogrel should be administered accord-
ing to the same approaches as for patients without AF, with 
triple therapy reserved for patients at particularly high risk 
of stent thrombosis. The INR should be kept in the range 
2.0 – 2.5 in such patients  46,78,79,81  (Class IIb, Level C). 

 In patients about to undergo surgical or diagnostic pro-
cedures that carry a risk of bleeding, if the INR is 2.0 – 3.0, 
oral anticoagulation may be safely discontinued for up to 
four days before and three days after the procedure. With 
expert management, most potentially hemorrhagic dental 
procedures do not require cessation of anticoagulation if 
the INR is 2.0 – 3.0 (Class IIa, Level B).  
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  Introduction 

 The past decade has witnessed major advances in the treat-
ment of atrial fi brillation (AF). Following the seminal obser-
vations of Haissaguerre  et al   1   who recognized the importance 
of the role of ectopic beats from the pulmonary veins (PVs) 
in the initiation of AF, percutaneous catheter ablation has 
evolved as a curative therapy and has been effective in 
maintaining sinus rhythm in patients with paroxysmal AF. 
The purpose of this chapter is to discuss the role of ablative 
therapy and those trials which compare ablation to phar-
macologic therapy or to the  “ ablate and pace ”  strategy. 
Because of its necessarily invasive nature, a description is 
also given of reported complications and studies which 
have applied strategies to quantify and prevent them.  

  Advantages of rhythm control 

 The main advantage in maintaining sinus rhythm is the 
relief of symptoms. A signifi cant number of patients with 
AF complain of palpitations, dizziness, fatigue or dyspnea. 
Contributory factors include lack of atrial contraction, a 
rapid ventricular rate, an irregular ventricular rhythm and 
a reduced cardiac output. In patients with poor ventricular 
rate control in atrial fi brillation, symptoms of congestive 
heart failure may result from tachycardia - mediated 
cardiomyopathy. 

 In patients with valvular disease (for example, mitral 
stenosis) or those with a less compliant left ventricle (for 
example, those with left ventricular hypertrophy), the 
absence of co - ordinated atrial mechanical activity may 
result in a reduction in ventricular preload and a conse-
quent reduction in cardiac output. The more rapid heart 

rates further impair ventricular fi lling by shortening dia-
stolic fi lling time. Even in patients with controlled ventric-
ular rates, irregular R - R intervals are associated with a 15% 
reduction in cardiac output.  2   Effective rhythm control thus 
aims to restore normal atrial function, increase ventricular 
preload and slow the ventricular rate, thereby enhancing 
cardiac output. These improvements in hemodynamics 
lead to increased exercise tolerance.  3   Other benefi ts of the 
maintenance of sinus rhythm include avoidance of tachy-
cardia - induced cardiomyopathy,  4   a possible reduction of 
embolic risk and a potential decrease in mortality. 

 A few large clinical trials have been published compar-
ing treatment strategies for AF. In particular, the AF Fol-
low - up Investigation of Rhythm Management (AFFIRM),  5   
Rate Control versus Electrical cardioversion for AF (RACE)  6   
and Strategies for Treatment of AF (STAF)  7   trials compared 
rate control and rhythm control approaches using antiar-
rhythmic drugs (AADs). For a full discussion of these trials 
see Chapter  35   . Adopting an intention - to - treat analysis, 
these trials concluded that there was no mortality differ-
ence between the two approaches. Hence, for the type of 
patients enrolled, a rate control approach may be adequate 
treatment for AF when compared with a rhythm control 
strategy with AADs. 

 However, it would be incorrect to extrapolate that sinus 
rhythm offers no benefi t over AF. The aforementioned 
trials were not comparisons of sinus rhythm with AF. They 
compared a rate control strategy to a pharmacologic 
rhythm control strategy with AADs which was only poorly 
effective. When the data in the AFFIRM trial were analyzed 
according to the patient ’ s actual rhythm, the benefi t of 
sinus rhythm over AF became apparent. In a subgroup 
analysis by Scott  et al , the presence of sinus rhythm was 
one of the most powerful independent predictors of sur-
vival, along with the use of warfarin, even after adjustment 
for all other relevant clinical variables.  8   Patients in sinus 
rhythm were almost half as likely to die compared with 
those with AF (adjusted hazard ratio 0.53; 99% confi dence 
interval (CI) 0.39 – 0.72;  P     <    0.0001). This benefi t was offset 
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apparently by the use of AAD therapy, which may have 
increased the risk of death. Of note, these trials largely 
excluded highly symptomatic patients who might benefi t 
most from sinus rhythm.  

  Inadequacy of non - ablative 
rhythm control 

 The failure of AFFIRM, RACE or STAF trials to show any 
difference between rate and rhythm control strategies is 
perhaps a testament to the ineffectiveness of the rhythm 
control strategies that were used. The main modalities for 
non - ablative rhythm control are AADs and device - based 
therapy. Meta - analysis of randomized trials looking at the 
effi cacy of AADs showed that up to 32% of the placebo arm 
patients were in sinus rhythm, compared to 55% of the 
patients who were assigned to receive ADD therapy.  9   

 Evidently, AADs do not reliably cure AF but serve to 
reduce the burden of AF in some patients. Even in patients 
who were able to maintain sinus rhythm while on AADs, 
debilitating side effects were not uncommon in the pub-
lished trials. Of the AADs, amiodarone had the highest 
success rate in maintaining sinus rhythm. However, the 
side - effect profi le of amiodarone led to its discontinuation 
in up to 30% of patients due to intolerable skin discolor-
ation, pulmonary fi brosis, thyroid dysfunction, neurologic 
or ophthalmic disorders.  10   

 Device - based therapy has demonstrated poor effi cacy 
for the treatment of AF. Antitachycardia devices can deliver 
burst atrial pacing and may convert atrial tachycardia or 
atrial fl utter to sinus rhythm but such rapid pacing usually 
fails to terminate AF.  11   Atrial defi brillators can terminate 
AF with a high success rate.  12   However, repeated shocks 
lead to patient discomfort, making this option intolerable 
for the majority of patients. Dual site and overdrive atrial 
pacing,  13   which were expected to be benefi cial, have failed 
to demonstrate consistent reduction in AF burden or 
improvement in AF symptoms. 

 Another option for patients who have AF with ventricu-
lar rates that are uncontrolled despite maximum tolerated 
AV nodal blocking agents is the so - called  “ ablate and pace 
strategy. ”  The PABA - CHF trial (Pulmonary vein antrum 
isolation vs AV Node ABlation with Bi - ventricular pacing 
for Atrial Fibrillation in Congestive Heart Failure), which 
is currently in press, compared such a strategy to pulmo-
nary vein isolation. This trial is discussed below in the 
section on randomized controlled trials.  

  Catheter ablation of atrial fi brillation 

 Pulmonary vein isolation (PVI), or radiofrequency (RF) 
ablation for AF directly eliminates or isolates the initiating 
factors for AF and offers the possibility of a  “ cure ”  without 

subjecting the patient to the side effects of AADs. It is well 
established that the pulmonary veins play a major role in 
triggering and maintaining AF. Haissaguerre  et al   1,14   dem-
onstrated that up to 94% of patients had triggers in one or 
more pulmonary vein (PV). Sites outside the pulmonary 
veins may trigger AF in 6 – 10% of patients.  15,16   

 AF has also been reported to be maintained by micro 
re - entrant circuits ( “ rotors ” ) that exhibit high frequency 
and periodic activity, from which spiral wavefronts of acti-
vation radiate into the surrounding atrial tissue.  17   Of inter-
est, the dominant rotors in AF are localized primarily 
in the pulmonary vein - left atrium (PV - LA) region.  18   Vagal 
inputs may also be important in both triggering and main-
taining AF; many of these inputs are clustered close to the 
PV - LA junction.  19   

 The primary goal of radiofrequency catheter ablation for 
AF is to electrically disconnect the PVs from the rest of the 
atrium by ablating around the atrial aspect of the veins. 
Most centers worldwide, regardless of further adjunctive 
ablation strategies, recognize that PVI is of the foremost 
importance in AF ablation. The inhomogeneity of left atrial 
and LA antral anatomy poses signifi cant challenges in PV 
isolation. The PV is a  “ funnel - shaped ”  structure with a 
large proximal end, known as the antrum. The antrum of 
each PV blends into the posterior wall of the LA. In order 
to maximize success and minimize the complication of PV 
stenosis it is advisable for ablation to be performed around 
the entire antrum at the posterior left atrial wall. 

 Most centers performing AF ablation are ablating at the 
PV antrum and not at the true PV ostium, thus minimizing 
the risk of PV stenosis. Different centers may refer to abla-
tion at the antrum by various names such as LA catheter 
ablation, circumferential PV antrum isolation or extraostial 
isolation. The lesion sets produced by these various 
approaches are very similar. A typical PV isolation RF abla-
tion lesion set is shown in Plate  38.1 .  

  Randomized controlled trials of catheter 
ablation for atrial fi brillation 

 There are fi ve published randomized controlled trials com-
paring RF ablation with pharmacologic treatment. The 
sixth published randomized controlled trial compared 
ablation with no other treatment after patients had under-
gone prior treatment with amiodarone and direct current 
(DC) cardioversion. These six published trials are summa-
rized in Table  38.1 . Another trial was presented in 2006 but 
is not yet published. One further trial (in press) compared 
outcomes in patients with refractory AF who underwent 
ablation with those who underwent an  “ ablate and BiV -
 pace ”  procedure. At least four further multicenter, ran-
domized trials are in the recruitment stages: AATAC - HF 
(Ablation v Amiodarone for Treatment of Atrial Fibrilla-
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tion in patients with Congestive Heart Failure and an 
implanted ICD/CRTD), CASTLE - AF (Catheter Ablation 
versus STandard conventional treatment in heart failure 
patients with Left ventricular dysfunction and Atrial Fibril-
lation), RAAFT - 2 (fi rst line Radiofrequency Ablation versus 
Antiarrhythmic drugs for Atrial Fibrillation Treatment) 
and CABANA (Catheter ABlation versus ANtiarrhythmic 
drug therapy for Atrial Fibrillation  –  pilot trial).   

 In a study published in 2003, Krittayaphong  et al   20   
reported on 30 patients with long - standing AF who did not 
respond satisfactorily to drug treatment. These patients 
were randomized to treatment with amiodarone (n   =   15) or 
RF ablation (n   =   15) and were followed up for 1 year. In the 
ablation arm, the patients underwent PVI and further abla-
tion in the right atrium. The study reported that freedom 
from AF was better in the RF ablation group (78.6%) as 
compared to the amiodarone group (40%) ( P    =   0.018). There 
was also a difference in favor of the RF ablation group in 
terms of subjective measurements of symptoms relating to 
AF and quality of life. Amiodarone was not observed to 
have a signifi cant effect on symptoms of AF or quality of 
life in this study. In the RF ablation group, one patient suf-
fered a stroke. Amiodarone was associated with adverse 
effects in 47% of patients, necessitating discontinuation in 
one patient. The authors concluded that RF ablation was 
an effective alternative treatment in patients with long -
 standing AF refractory to medical therapy. 

 Wazni  et al   21   studied 70 patients (RAAFT pilot study), 
67 with paroxysmal and three with persistent AF. None 
of the included patients had previously been treated for 
AF; therefore each patient ’ s allotted treatment was the 
fi rst - line treatment for that individual. Patients were ran-
domized to receive either PVI using RF ablation (n   =   33) 
or antiarrhythmic drug treatment (n   =   37), with a 1 - year 
follow - up. At the end of 1 - year follow - up, 63% of patients 
who received antiarrhythmic drugs had at least one 
recurrence of symptomatic AF compared with 13% of 
patients who received PVI ( P     <    0.001). There were signifi -
cantly decreased hospitalization rates and improved 
quality of life measurements in the PVI group. In the anti-
arrhythmic drug group, the mean number of AF episodes 
decreased from 12 to six, after initiating therapy. In the 
ablation group there was one asymptomatic PV stenosis 
and no severe PV stenosis. There was no thromboembolic 
event in either group. There was a higher rate of docu-
mented bradycardia in the AAD group, occurring in 9% of 
patients. Overall, the authors concluded that PVI may be a 
feasible fi rst - line approach for treating patients with symp-
tomatic AF. This is the only published trial to date compar-
ing outcomes in patients who were AAD na ï ve at the time 
of recruitment. 

 Stabile  et al   22   (CACAF, Catheter Ablation for the Cure of 
Atrial Fibrillation study) studied 137 patients with both 
paroxysmal and persistent AF in whom treatment with 

AAD had already been unsuccessful. Patients were ran-
domized to continue their current drug regimen (n   =   69) 
or to continue medications and additionally undergo RF 
ablation (n   =   68). RF ablation involved PVI, ablation of the 
cavotricuspid isthmus and ablation from the left inferior 
pulmonary vein to the mitral valve (mitral isthmus). The 
follow - up period was 13 months, including a 1 - month 
blanking period. The primary endpoint of the study was 
the absence of any documented recurrence of atrial arrhyth-
mia lasting  > 30   s in the 1 - year follow - up period, following 
the blanking period. After completion of follow - up, 91% of 
patients in the non - ablation group had at least one recur-
rence compared to 44% ( P     <    0.001) of patients in the abla-
tion group. Of the recurrences in the ablation group, four 
patients developed an atrial fl utter and 26 had recurrence 
of atrial fi brillation. The success observed in the ablation 
group must, of course, be viewed in terms of observed 
complications. In the ablation group there was a major 
complication rate of 4.4%. Complications were due to a 
stroke in one patient, a pericardial effusion requiring peri-
cardiocentesis in one patient and transient diaphragmatic 
paralysis in one further patient. No pulmonary vein steno-
sis was reported. In the AAD group one patient suffered 
sudden death, one patient had a transient ischemic attack 
and two died from cancer. Comparing the median per 
patient number of hospitalizations in the 1 year of follow -
 up between the two groups, no statistically signifi cant dif-
ference was observed between the ablation and control 
groups. It was concluded that ablation therapy combined 
with antiarrhythmic drug therapy is superior to antiar-
rhythmic drug therapy alone in preventing atrial arrhyth-
mia recurrences in patients with paroxysmal or persistent 
AF in whom antiarrhythmic drug therapy had already 
failed. 

 Pappone  et al   23   (APAF, Ablation for Paroxysmal Atrial 
Fibrillation trial) randomized 198 patients with paroxysmal 
AF who had previously failed AAD therapy. The patients 
included in this study had a longer history of paroxysmal 
AF with a mean of 6    ±    5 years. These patients were random-
ized to circumferential PV ablation (n   =   99) or to medical 
treatment (n   =   99) with the maximum tolerated dose of 
amiodarone, fl ecainide or sotalol, either as single drug or 
in combination. Analysis was performed according to the 
intention - to - treat principle. Of note, 42 of 99 patients who 
were randomized to drug treatment crossed over and 
received catheter ablation, which was permitted under the 
study protocol after 3 months of therapy. All patients 
received warfarin and were followed for 12 months. In the 
RF ablation group, a repeat ablation was performed in 9% 
of patients; this was for atrial tachycardia (3%) and AF 
(6%). At the completion of follow - up, 86% of patients in the 
RF ablation group and 22% in the AAD group who did not 
require a second AAD were free from recurrent AF or 
atrial tachycardia ( P     <    0.001). Amiodarone was, overall, 
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administered to 61 patients in the group, either alone or in 
combination with fl ecainide. Based on intention - to - treat 
analysis, after 1 year of follow - up, 93% of the RF ablation 
group and 35% of the AAD group were free of all atrial 
tachyarrhythmias ( P     <    0.01). However, there was a high 
rate of crossover from the AAD arm to the RF ablation arm, 
with 42% of patients crossing over to the RF ablation arm. 
One transient ischemic attack and one pericardial effusion 
occurred in the RF ablation group. Side effects leading to 
drug withdrawal were observed in 23 patients in the AAD 
group; they included thyroid dysfunction (seven patients 
receiving amiodarone), 1:1 atrial fl utter or a wide complex 
tachycardia (three patients receiving fl ecainide), and sexual 
dysfunction (11 patients receiving sotalol). The authors 
concluded that RF ablation was more successful than 
AADs for prevention of paroxysmal AF, with an observed 
low complication rate in the RF ablation group. 

 Oral  et al   24   reported on 146 patients with persistent AF 
who were randomized to either RF ablation or medical 
management. The study was designed such that all patients, 
regardless of randomized group, received amiodarone for 
the initial 6 weeks after recruitment. Patients assigned to RF 
ablation then underwent PVI and had amiodarone contin-
ued for a further 3 months following ablation. Patients in 
the control group, who did not convert to SR on amiodarone 
therapy, underwent up to two direct current cardioversions 
in the fi rst 3 months and continued amiodarone for 3 months 
following cardioversion. Those who reverted to AF after 
this time in the control group were permitted to resume 
therapy with amiodarone or cross over to RF ablation. Anal-
ysis was by the intention - to - treat principle. There were 77 
patients included in the RF ablation arm and 69 in the 
control arm. A second ablation procedure was performed 
in 32% of patients in the RF group because of recurrence of 
AF (26%) or emergence of an atypical atrial fl utter (6%) fol-
lowing the initial RF ablation procedure. By the intention -
 to - treat analysis at the end of 1 - year follow - up, 74% of 
patients in the RF ablation group and 58% of those in the 
non - ablation group were free of atrial tachyarrhythmias in 
the absence of AAD therapy. There was, however, a very 
high crossover rate observed. Of the 69 patients in the non -
 ablation group, 77% (53 patients) crossed over to undergo 
RF ablation for recurrent AF within 1 year. Of those in the 
control group who were not on AAD therapy or did not 
undergo RF ablation at the end of 1 year, only 4% were in 
sinus rhythm. The authors reported no observed procedure -  
or AAD - related complications, with the exception of the 6% 
of patients who developed atrial fl utter following RF abla-
tion. The authors concluded that RF ablation offers a good 
strategy for maintenance of sinus rhythm for the majority 
of patients with symptomatic persistent AF, independent of 
long - term AAD use. 

 The results of these six trials were pooled in a recent 
meta - analysis,  25   giving a total of 578 randomized patients. 

This analysis has to be viewed with the knowledge that 
there was heterogeneity in patients included, AF patterns 
and treatment strategies among the different published 
trials. Nonetheless, it was observed that compared to pres-
ence or absence of AAD therapy, RF ablation was more 
effective in preventing AF recurrence. Following 1 - year 
follow - up, AF was present in 72 of the 291 patients (25%) 
who underwent RF ablation. This compared to 193 of 287 
patients (67%) in those who were not assigned to undergo 
RF ablation. It is noteworthy that RF ablation was the better 
treatment in all six studies, whether they included patients 
with paroxysmal, persistent or  “ permanent ”  atrial fi brilla-
tion. Also, RF ablation resulted in better rates of sinus 
rhythm   at 1 year in those patients who had previously 
failed AAD and in those who had not undergone prior 
treatment with AAD therapy. 

 Another trial, the Ablation versus AntiArrhythmic drugs 
for Atrial fi brillation [A4] trial, was presented in 2006.  26   
This multicenter, international trial randomized 59 patients 
to AAD therapy and 53 patients to RF ablation, after having 
failed treatment with at least one class I or class III AAD. 
All patients had symptomatic paroxysmal AF of at least 6 
months ’  duration. Follow - up entailed ambulatory ECG 
monitoring at 2, 3, 6 and 12 months, as well as monitoring 
for patient symptoms. The primary endpoint of this study 
was recurrence of AF of a duration greater than 3 minutes, 
after a 3 - month blanking period from initiation of AAD 
therapy or ablation. After 3 months, crossover was permit-
ted and in fact 37 patients in the AAD arm crossed over to 
the RF arm by the end of the study. Repeat ablation and 
multiple AAD trials were permitted in the fi rst 3 months. 
Patients randomized to the ablation arm underwent a 
mean of 1.8 ablations. At the completion of the study, after 
1 year of follow - up, 75% of patients in the RF ablation 
group and 7% of patients in the AAD therapy group were 
free of atrial arrhythmia. The best outcomes in the AAD 
group were observed in those patients who received amio-
darone for the fi rst time, with 25% being free of AF at 1 
year. This still was inferior to the observed results in the 
RF ablation group. Complications referable to RF ablation 
included cardiac tamponade (n   =   2), pulmonary vein ste-
nosis (n   =   1), and groin hematomas (n   =   2). In patients 
treated with AADs, one patient developed hyperthyroid-
ism and one died unrelated to therapy, due to cancer. This 
trial, in similarity to the published trials, supported the use 
of RF ablation for patients with symptomatic AF over the 
use of AADs. 

 Another strategy (the  “ ablate and pace ”  strategy) has 
been used in patients with symptomatic AF in whom it has 
not been possible to control ventricular rates. The proce-
dure involves ablation of the AV junction and implantation 
of a pacemaker, thus avoiding rapid ventricular rates in 
atrial fi brillation. This historically has involved implanta-
tion of a right ventricular pacemaker lead with or without 
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(for patients with  “ permanent ”  atrial fi brillation) implanta-
tion of an atrial lead. Such patients, following successful 
AV junction ablation, will become pacemaker dependent 
with chronic right ventricular pacing. This can have a del-
eterious effect; in patients in SR this has been shown to 
increase the likelihood of hospitalization for heart failure 
and death.  27   

 The OPSITE trial (Optimal Pacing SITE) examined the 
role of RV, LV and BiV pacing in patients who had under-
gone AV junction ablation for permanent AF after failure 
of drug treatment.  28   The primary endpoints were exercise 
capacity and quality of life. Compared to RV pacing, this 
study demonstrated no signifi cant improvement with LV -
 only pacing and a modest improvement with BiV pacing. 

 Subsequent to this, the PAVE trial (left ventricular - based 
cardiac stimulation Post AV nodal Ablation Evaluation) 
was published by Doshi  et al .  29   This was a prospective, 
randomized, multicenter, patient - blinded trial comparing 
RV pacing with BiV pacing in patients who had undergone 
AV junction ablation for persistent AF which was refrac-
tory to medical management. The primary endpoints were 
change in quality of life, change in the 6 - minute walk test 
and change in LV ejection fraction (LVEF) at the end of 6 
months ’  follow - up. At the end of the study there was no 
signifi cant difference in quality of life, but there were 
modest but signifi cant differences in LVEF and 6 - minute 
walk distance. The largest benefi t in terms of change in the 
6 - minute walk distance was observed in patients who had 
pre - existing LVEF  < 45% or NYHA class II – III symptoms as 
compared to those with normal LVEF or NYHA class I 
symptoms. 

 Following publication of these trials, the question arose 
as to whether RF ablation for AF (PVI) would prove supe-
rior to the best available  “ ablate and pace ”  strategy in 
patients with pre - existing heart failure and LV systolic dys-
function. The PABA - CHF trial was a prospective, interna-
tional multicenter study which included patients with 
systolic heart failure (LVEF  ≤  40% and NYHA class II – III) 
and symptomatic AF which had proven to be drug unre-
sponsive. Patients with both paroxysmal and persistent AF 
were included and were then randomized to undergo 
either PVI or AV junction ablation with biventricular 
pacing (AVJA - BiV). Patients in the PVI group who were 
still in AF at 3 months underwent a further RF ablation 
procedure. Patients were followed up over 6 months with 
clinical measurements, echocardiograms and monitoring 
for both symptomatic and asymptomatic episodes of AF 
recurrence. The primary endpoint was a composite of 
LVEF, 6 - minute walk distance and the Minnesota Living 
with Heart Failure (MLWHF) score at 6 months.  30   

 Of the 81 patients included, 41 underwent PVI (49% par-
oxysmal), 40 underwent AVJA - BiV (54% paroxysmal) and 
follow - up data were available on all. The trial reached its 
primary composite endpoint favoring the PVI group as 

compared to the AVJA - BiV group. There were improve-
ments favoring the PVI group in the prespecifi ed compos-
ites at 6 months, including the MLWHF score (61 v 79, 
 P     <    0.0001), longer 6 - minute walk distances (340 v 297   m, 
 P    =   0.0002) and higher LVEF (35% v 28%,  P    =   0.0001). After 
6 months of follow - up of patients who had undergone PVI, 
88% were free of AF while maintained on AADs and 71% 
were free of AF without AAD therapy. Other relative mea-
sures of improvement in the PVI group, as compared to the 
AVJA - BiV group, included improvement in LA size (4.5 v 
4.9   cm,  P    =   0.003) and less progression of AF severity (0% 
v 32%,  P     <    0.0001). There were no major complications or 
mortalities in either group. In the RF ablation group, there 
were three groin hematomas, one pericardial effusion, two 
asymptomatic mild PV stenoses and one incidence of pul-
monary edema. In the AVJA - BiV group there were two 
cases of generator pocket hematoma, one pneumothorax, 
two LV lead dislodgments and two cases of high LV lead 
capture thresholds at follow - up. The authors concluded 
that, in patients with heart failure and depressed LVEF 
who have atrial fi brillation, treatment with PVI as com-
pared to AVJA - BiV resulted in improvements in quality of 
life (as measured by the MLWHF tool), 6 - minute walk test, 
LVEF and LA dimensions. This was achieved without the 
inherent pacemaker dependence which follows AV junc-
tion ablation. The PABA - CHF study adds support to the 
use of PVI for systolic heart failure patients with drug -
 refractory AF.  

  Non - randomized trials of atrial 
fi brillation ablation in patient subgroups 

 Apart from the PABA - CHF trial, there are no randomized 
trials in the cardiomyopathy subpopulations of patients 
with AF. However, there are some published data which 
do offer some insight and are at least hypothesis generat-
ing. In patients with congestive heart failure, studies have 
been published which suggest that PVI has a positive effect 
on LVEF, with an improvement from 42    ±    9% to 56    ±    8% 
observed in one study.  31   Tondo  et al  also noted signifi cant 
improvement in LVEF (from 33    ±    2% to 47    ±    3%) following 
RF ablation for AF.  32   Signifi cant improvements in quality 
of life measures were observed in another study as reported 
by Chen  et al .  33   A non - signifi cant improvement in LVEF 
was observed in this study. Hsu  et al  fi rst reported signifi -
cant improvements in LVEF (of 21    ±    13%), symptoms, 
quality of life measures and exercise capacity in patients 
with congestive heart failure and documented depressed 
LV systolic function.  34   Similar fi ndings have also been 
reported in a smaller study  35   (Table  38.1 ). 

 Another well - recognized group of patients who are sus-
ceptible to the development of AF are those with hypertro-
phic cardiomyopathy (HCM). Medical treatment of AF in 
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  Table 38.1     Randomized controlled trials of ablation 

   Trial     AF type     Prior AAD 
treatment  

   Number of 
patients  

   RF 
ablation 
patients  

   Control 
patients  

   Control     Follow - up 
(months)  

   AF free 
RFA 
(%)  

   AF free 
control 
(%)  

    P  value  

  Krittayaphong  et al   20      Persistent    Yes    30    15    15    AAD    12    78.6    40    0.018  

  Wazni  et al   21    *      Paroxysmal    No    70    33    37    AAD    12    87    13     < 0.001  

  Stabile  et al   22    *  *      All    Yes    137    68    69    AAD    13    55.9    8.7     < 0.001  

  Pappone  et al   23      Paroxysmal    Yes    198    99    99    AAD    12    93    35     < 0.01  

  Oral  et al   24    *  *  *      Persistent    Yes    146    77    69    AAD/none    12    74    58    0.05  

  Jais  et al   26    *  *  *  *      Paroxysmal    Yes    112    53    59    AAD    12    75    7     < 0.001  

    *    There were 63 patients with paroxysmal AF and 3 with persistent AF.  

   *  *    Patients in the RF group also continued AAD treatment throughout the study.  

   *  *  *    Crossover to RF from the control arm was permitted after 3 months. There was a high rate of crossover; 77% of patients crossed over by the 

end of the study. The tabulated results are an intention - to - treat analysis. In the control arm, 3 (4%) patients were in SR in the absence of AAD 

therapy or RF ablation.  

   *  *  *  *    Crossover to RF from the control arm was permitted after 3 months.  

  AF, atrial fi brillation; AAD, antiarrhythmic drug (see text for details); RF, radiofrequency.    

this population can be quite diffi cult. Again, no random-
ized data are available in this subpopulation but results of 
two studies suggest a promising role for catheter ablation 
in this group of patients. It is not surprising that the 
reported success rates are not as high as those reported in 
patients without HCM. In one series of 27 patients with 
HCM undergoing RF ablation for AF, a success rate of 
70% was observed, seven of the patients having required a 
second ablation procedure.  36   Another study, in 33 
patients, observed a success rate of 62% in returning 
patients to SR following RF ablation in patients with AF 
and HCM.  37   

 All of these studies have several limitations including 
the small sample size, the enrollment of selected groups of 
patients, being performed either in a single center or in 
institutions with highly experienced operators. In addition, 
many of the consecutive series originated from centers 
with exceptional experience and the observed success and 
complication rates might not refl ect what could be achieved 
in less specialized institutions.  

  Complications of catheter ablation of 
atrial fi brillation 

 Extensive ablation within the atria coupled with instru-
mentation with various catheters in the setting of aggres-
sive anticoagulation during RF ablation sets the stage for 
potential complications. Nonetheless, overall complication 
rates are relatively low. A variety of these complications 
have been reported. While the majority occurred during or 
within 48 hours of the procedure, some are known to have 
an insidious course with a relatively late presentation. This 

section reviews the published literature on these complica-
tions so that they can be prevented or diagnosed accurately 
and treated appropriately if they do occur. 

  Cerebrovascular events 

 The incidence of thromboembolism in AF ablation ranges 
from 0.5% to 2.8%.  38   A worldwide survey reported cerebral 
thromboembolism in 67 patients (20 strokes and 47 tran-
sient ischemic attacks) out of 7154 patients who underwent 
left atrial instrumentation for ablation of AF.  39   Prevention 
remains the best strategy for reducing thromboembolic 
events during AF ablation. Continuation of warfarin in its 
therapeutic range throughout the periprocedural period 
has recently proved to be a safe alternative to bridging with 
enoxaparin or heparin, which have been demonstrated to 
increase the risk of procedure - related bleeding.  40    

   PV  stenosis 

 The incidence of PV stenosis, defi ned as  > 70% narrowing, 
was reported to occur in 3.4% of patients in one series.  41   
The pathogenesis of PV stenosis is probably due to initial 
ablation too close to the true PV ostium, which precipitates 
a healing reaction culminating in proliferation of the elastic 
lamina/intima. The incidence of PV stenosis has decreased 
as a result of PV isolation at the antrum, which is a consid-
erable distance from the true PV ostia. With this technique 
in one study, the incidence of PV stenosis was found to be 
0.9% (16 out of 1780 patients).  42   The clinical presentation of 
these patients was variable and included no symptoms, 
mild dyspnea to severe dyspnea with hemoptysis, fever, 
and pleuritic chest pain. An algorithm was devised to cal-
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culate the cumulative stenosis index (CSI) which is the 
sum of percentage stenosis of the ipsilateral veins divided 
by the total number of ipsilateral veins. The study con-
cluded that patients with a CSI  ≥ 75% and a relative lung 
perfusion of  ≤ 25% have the greatest risk of severe symp-
toms and lung diseases. In these patients, early and, when 
required, repeated PV intervention (with venoplasty and/
or stenting) should be considered for improvement of pul-
monary blood fl ow and prevention of associated lung 
disease.  

  Esophageal injury and fi stula 

 The posterior wall of the LA is adjacent to the esophagus. 
RF ablation procedures may substantially elevate the tem-
perature at the LA – esophageal interface and may be 
observed within the esophageal lumen.  43   Atrio - esophageal 
fi stulas may then result from thermal injury leading to 
tissue necrosis and fi stula formation between the posterior 
LA and esophagus. A report of three patients with this 
complication after percutaneous RF ablation in experi-
enced centers was published in 2004   44,45   

 Via an anonymous volunteer reporting method, a series 
of nine patients who had this complication was later 
reported.  46   A variety of clinical presentations occurred 
within 2 weeks of the ablation procedures, including neu-
rologic fi ndings consistent with multiple embolic strokes 
(with intravascular gas on CT), endocarditis, chest pain 
associated with ST segment elevation, and gastrointestinal 
bleeding. All nine patients developed septic shock and 
died; autopsy confi rmed the presence of atrio - esophageal 
fi stula. 

 Although the incidence of atrio - esophageal fi stula is 
rare, it is almost always fatal. Recently, a case of successful 
temporary esophageal stenting to seal off an esophageal 
perforation following LA catheter ablation was reported.  47   

Continuous monitoring of esophageal temperature may be 
an option to enhance safety during posterior LA wall abla-
tion. Alternative strategies in avoiding esophageal injury 
during AF ablation include empirically decreasing the 
power delivered and duration of lesions when ablating on 
the posterior LA wall, pre - procedure ingestion of Gastro-
graffi n dye, tagging the esophagus on a three - dimensional 
electroanatomic mapping system and merging a three -
 dimensional recreated image of the esophagus with an 
electroanatomic map of the LA.  

  Organized atrial tachyarrhythmias 

 Organized left atrial tachyarrhythmia (OLAT) following 
segmental or wide area circumferential PVI and LA cir-
cumferential ablation with additional linear ablation has 
been variably reported as ranging from 2.5% to 27%. The 
mechanism of these OLATs has been described as macro 
re - entry, micro re - entry and  “ focal. ”  The macro re - entry 
OLATs are most often due to re - entry mediated by gaps in 
linear ablation lines. Such a gap functions as a slowly con-
ducting isthmus in the re - entry circuit, commonly located 
at the LA roof, posterior wall or mitral isthmus. 

 These macro re - entry OLATs are often symptomatic, 
necessitating a repeat ablation. On the other hand, focal 
OLATs typically originate from PV ostial or antral regions 
that have partially recovered conduction to the LA. Of 
note, centers that adopt a strategy of wide area circumfer-
ential PV ablation and linear LA ablations  48,49   appear to 
experience an increased prevalence of OLATs. This dem-
onstrates that the inability to create contiguous linear 
lesions and/or recovery of partial conduction along such 
lesions can be proarrhythmic. An example of an OLAT 
(later shown to be due to macro re - entry) and the electro-
anatomic map are shown in Figure  38.1  and Plates  38.2  
and  38.3 .    

     Figure 38.1     Atypical fl utter in a patient 
following previous RF ablation for atrial 
fi brillation. A 12 - lead ECG of a patient who 
was highly symptomatic of an atypical atrial 
fl utter which occurred months following a PVI 
procedure.  V5

II

V1

III

II
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aVL V2 V5
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  Phrenic nerve injury 

 During RF ablation for AF, phrenic nerve (PN) injury may 
occur when isolating the superior vena cava (SVC) from 
the right atrium or the right superior pulmonary vein from 
the left atrium. A series of 17 patients who sustained PN 
injury following catheter ablation or AF, inappropriate 
sinus tachycardia or ventricular tachycardia with a variety 
of energy sources including RF ablation (13 patients), cryo-
ablation (one patient), ultrasound balloon ablation (two 
patients) and laser balloon ablation (one patient) has been 
reported.  50   All patients recovered within a median time of 
6 months. 

 Needless to say, the most effective way to prevent PNI 
is to deliver RF energy away from the PN. Too close a 
proximity to the PN can be demonstrated by high - output 
pacing at the proposed region of ablation where PN capture 
occurs. Ablation at these regions is not advisable. Preabla-
tion pacing at the level of the PV antrum (as far as feasible 
from the PV ostia) or the SVC – RA junction when perform-
ing isolation of these veins for AF could represent a poten-
tial strategy to minimize the risk of PN injury. A novel 
method of protecting the PN during epicardial catheter 
ablation, by using a balloon catheter in the pericardial 
space to mechanically separate the left PN from the abla-
tion catheter, has been recently reported.  51   Early recogni-
tion of transient PN injury by fl uoroscopy during RF 
ablation may result in fewer cases of persistent injury.  

  Other complications 

 Other complications include air embolism, cardiac tam-
ponade, mitral valve damage and rare instances of acute 
pyloric spasm and gastric hypomotility observed following 
posterior LA lesions.  52   In summary, the short - term safety 
with newer ablation techniques has improved, but serious 
and potentially life - threatening complications persist.   

  Conclusion 

 Ablation of atrial fi brillation is appropriate in symptomatic 
patients who have failed medical therapy (Class I, Level A). 

 Ablation of atrial fi brillation should be considered in 
patients with congestive heart failure who are unrespon-
sive to AAD (Class I, Level B). The benefi ts of ablation of 
atrial fi brillation in congestive heart failure have been dem-
onstrated by one randomized trial and several consecutive 
series. 

 Ablation of atrial fi brillation may be considered for fi rst -
 line therapy in patients with recurrent atrial fi brillation 
(Class IIb, Level B). 

 Several larger ongoing trials are comparing AAD therapy 
with ablation for AF (AATAC - HF, CASTLE - AF, RAAFT - 2 

and CABANA trials). These studies will be important in 
deciding whether catheter ablation for AF can be adopted 
as a reasonable fi rst - line strategy compared to the current 
strategy of initiating AAD, thus negating the inherent 
dangers associated with long - term AAD therapy. If the 
results of these trials concur with the pilot RAAFT study, 
ablation as fi rst - line therapy may then become a Class I 
recommendation.  
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   Introduction 

 Supraventricular arrhythmias encompass tachycardias that 
require atrial or atrioventricular (AV) nodal tissue for initia-
tion and maintenance (Box  39.1 ). The duration of symptoms 
may be paroxysmal or incessant. Origins include atrial mus-
culature, AV nodal tissue, sinus node and pulmonary 
veins. 1 – 4  There are several forms which can be categorized 
as AV node dependent or AV node independent (Box  39.2 ).   

 Paroxysmal supraventricular tachycardia (PSVT) is gen-
erally a narrow complex tachycardia that excludes atrial 
fl utter, atrial fi brillation and multifocal atrial tachycardia. 
Its incidence is 35 per 100   000 persons and higher in 
females. 1,2  PSVTs associated with cardiovascular disease 
typically occur in older males and often originate in atrial 
tissue. 5  More than 50% of these patients also have associ-
ated atrial fi brillation. 6  

 Typical symptoms from PSVT include palpitations, 
light - headedness, and chest pain. Overt syncope is rare. 1,7  
However, some patients are minimally symptomatic. 
PSVTs are prognostically benign rhythms and often well 
tolerated. Hemodynamic compromise is uncommon but is 
more likely to occur in patients with signifi cant structural 
heart disease. Incessant forms of PSVT can cause a tachy-
cardia - mediated cardiomyopathy. Tachycardia - mediated 
cardiomyopathy can be reversed by either preventing the 
arrhythmia or control of the ventricular response either by 
pharmacologic or ablative treatments. Several studies have 
documented an improvement in left ventricular ejection 
fraction after catheter ablation in patients who had PSVT 
with rapid rates. 8,9  

 SVT mechanisms include re - entry, automaticity, and 
triggered activity. 4,10  Automaticity is a disorder of impulse 
initiation. It occurs when the sinus node impulse is blocked 

or slowed. This allows ectopic pacemakers located in the 
atria, coronary sinus, pulmonary veins or AV junction to 
reach threshold and overdrive the sinus node. Impulse 
formation may also occur when the sinus node is exposed 
to excessive adrenergic stimulation or reduced vagal input, 
resulting in inappropriate sinus tachycardia. 11  

 Rarely, SVTs may be secondary to triggered activity. 10  
Triggered activity is a disorder of impulse conduction, 
mainly repolarization, in which the previous action poten-
tial or summation of action potentials creates depolarizing 
oscillations in the membrane potential. Early afterdepolar-
izations (EAD) occur during phase 2 or phase 3 of the 
action potential. Late or delayed afterdepolarizations 
(DAD) occur during phase 4 of the action potential. These 
afterdepolarizations are capable of reaching the membrane 
potential threshold and initiating a new action potential. 
An example of a triggered arrhythmia is non - paroxysmal 
atrial tachycardia with block secondary to digitalis toxic-
ity. 12  Steinbeck  et al  demonstrated an increase in rate sec-
ondary to a shift of the dominant pacemaker cells to a 
group of cells near the sinoatrial border in rabbit atrial 
preparations exposed to ouabain, suggesting that these 
triggered foci are not in the SA node but in the perisinus 
atrium. 13  DAD is associated with calcium overload. 

 Re - entry is the most common mechanism for SVT. 1,2,4,10,14  
Sixty percent of re - entry is AV nodal, 30% is atrioventricu-
lar re - entry, 10% is atrial or sinoatrial re - entry tachycardia. 
If the tachycardia is secondary to re - entry, initiation and 
termination of the tachycardia are reproducible with pro-
grammed electrical stimulation. 10  

 History and physical examination are important and can 
give clues to mechanism and type of arrhythmia. If there 
is a gradual increase in rate with initiation or decrease with 
termination, automaticity is likely. Abrupt initiation and 
termination favor re - entry. An irregular rhythm may be 
more suggestive of atrial fi brillation, atrial fl utter or multi-
focal atrial tachycardia. 

 A 12 - lead ECG is helpful in the evaluation of PSVT. The 
morphology and relationship between P waves and the 
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BOX 39.1  Nomenclature     

  Sinus tachycardia    STACH  
  Atrioventricular nodal re - entrant tachycardia    AVNRT  
  Atrioventricular re - entrant tachycardia    AVRT  
  Atrial tachycardia    ATACH  
  Inappropriate sinus tachycardia    IAST  
  Sinoatrial reentrant tachycardia    SANRT  
  Non - paroxysmal junctional tachycardia    NPJT  
  Junctional ectopic tachycardia    JET  
  Atrial fi brillation    AF  
  Atrial fl utter    AFL  
  Multifocal atrial tachycardia    MAT  

BOX 39.2  Classifi cation of supraventricular tachycardias 

     AV node independent  
     •      Sinus tachycardia  
   •      Inappropriate sinus tachycardia  
   •      Sinus node re - entrant tachycardia  
   •      Atrial tachycardia  
   •      Atrial fl utter  
   •      Atrial fi brillation  
   •         Multifocal atrial tachycardia  
   •         Junctional ectopic tachycardia    

  AV node dependent  
     •      Slow - fast AVNRT  
   •      Fast - slow AVNRT  
   •      Orthodromic AVRT (WPW)  
   •      Antidromic AVRT (WPW)  –  pre - existed  
   •      PJRT (slow conducting CBT)     

QRS (PR or RP) are helpful in making a more specifi c diag-
nosis and allow the diagnosis of atrioventricular nodal re -
 entrant tachycardia (AVNRT) or atrioventricular re - entrant 
tachycardia (AVRT) in 80 – 85% of cases. 15  Once the rhythm 
has been terminated, the tachycardia should be compared 
to a resting 12 - lead electrocardiogram. However, 20% of 
ECG interpretations may incorrectly characterize PSVT. 
Therefore, a 12 - lead ECG should not be the sole diagnostic 
test to determine mechanism. 16  

 Vagal maneuvers such as Valsalva, the diving refl ex, 
breath holding, and carotid sinus massage can be helpful 
in terminating tachycardia or in revealing clues to the etiol-
ogy of the arrhythmia (Class I, Level B). 1,16  Intravenous 
adenosine can also be used to aid in the diagnosis. AVNRT 
and AVRT are excluded if tachycardia persists with block 
in the AV node. If the tachycardia is not terminated by 
vagal maneuvers and IV adenosine, the most likely etiol-
ogy is an AV node - independent tachycardia. Intravenous 
AV node blocking agents, such as IV verapamil or diltia-
zem, may be attempted if adenosine fails to help therapeu-
tically and/or clarify the mechanistic diagnosis. 

 An echocardiogram may be useful if there is a suspicion 
of structural heart disease. Findings are useful in determin-
ing if patients can be treated with class IC agents or help 
in defi ning anatomy and/or congenital defects in patients 
prior to an ablation procedure. 1,7  Thyroid function and elec-
trolytes should be evaluated. Electrophysiology study is 
helpful in patients in whom the mechanism and etiology 
cannot be determined with the above information and also 
in those patients with a history of tachycardia but no docu-
mented tachycardia on 12 - lead ECG or Holter monitor. 
Patients with continued symptoms despite AV nodal 
blocking agents and those who desire to maintain normal 
rhythm with an antiarrhythmic agent are appropriate to 
refer for an electrophysiology study. Patients with hemo-
dynamically unstable SVT, patients who do not wish to 
take medications but are interested in invasive catheter 
ablation, patients with evidence of pre - excitation, and 
those with a wide complex tachycardia requiring differen-
tiation of SVT from VT are also candidates for an electro-
physiology study. 1 – 3  

 Acute management of SVT focuses on termination or 
conversion of SVT to sinus rhythm or control of ventricular 
rate. Intravenous L - type calcium channel antagonists have 
proven effi cacious for acute management of narrow 
complex hemodynamically stable SVT 1,17 – 20  (Class I, Level 
A). Verapamil and diltiazem are calcium channel antago-
nists which slow or depress the effects of sinus node and 
AVN function by inhibiting membrane transport of 
calcium. Sung  et al  studied the conversion rate of SVT to 
sinus rhythm in 20 patients with re - entrant SVT random-
ized to verapamil or placebo. Fifteen of 19 patients con-
verted to sinus versus 1/16 patients with placebo. 18  
Waxman  et al  confi rmed in a double - blind randomized trial 
that IV low -  and high - dose verapamil were superior to 
placebo in slowing the ventricular rate and converting 
PSVT to sinus rhythm. 19  The IV Diltiazem Study Group 
determined that the conversion rate by IV diltiazem 
(0.05   mg/kg) was 84%. The limitation of diltiazem and 
verapamil therapy is hypotension. 20  

 Adenosine is an alpha - 1 receptor inhibitor in cardiac 
muscle cells. It prevents the infl ux of calcium into the cell 
and thus depresses conduction of the SA node and AVN. 21  
It has been proven through double - blind randomized pla-
cebo - controlled trials to be as effi cacious and safe as vera-
pamil. 22,23  Glatter  et al  evaluated 229 patients with SVT 
during an electrophysiology study and determined that the 
rate of conversion to sinus rhythm with adenosine was 85% 
for AVRT and 86% for AVNRT. 22  This is comparable to the 
conversion rate with verapamil. 20  DiMarco  et al  evaluated 
the effi cacy and safety of adenosine in two prospective, 
randomized trials. Results of this study determined that 
the rate of adverse events/side effects was 36%, were typi-
cally mild and lasted less than 1 minute. Also, when com-
pared to verapamil, time to termination was much faster, 
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occurring in 30 seconds. 23  Adenosine is an effective treat-
ment for the acute termination of narrow complex SVT 
(Class I, Level A). 1  However, recurrence rate of SVT after 
adenosine was found to be 57% within 5 minutes of 
adenosine. 24  

 There are no large randomized double - blinded placebo -
 controlled trials evaluating the effi cacy and safety of selec-
tive beta - 1 adrenergic blockers, digoxin or amiodarone 
(Class IIb, Level C). 1  Evidence is based on small clinical 
trials, expert opinion and clinical experience. Intravenous 
esmolol and metoprolol were proven to decrease ventricu-
lar rate by 15% in patients with SVT. 25,26  Patients were also 
able to be switched to oral digoxin, propranolol, verapamil, 
metoprolol and quinidine successfully without losing ther-
apeutic effect. 25  Short - term intravenous amiodarone has a 
high rate of conversion of SVT to sinus rhythm with low 
risk of toxicity. 27,28  Vietti - Ramus  et al  demonstrated that 
high - dose IV amiodarone had an 88% conversion rate and 
100% conversion if atrial fl utter and atrial fi brillation were 
excluded. Time to conversion was between 30 minutes and 
up to 20 hours. 27  Given safer and better options as noted 
above, intravenous amiodarone for acute symptoms of SVT 
is a Class IIb, Level C recommendation. 1  

 The goals of long - term management of PSVT are arrhyth-
mia suppression or signifi cant decrease in frequency and 
duration of symptomatic episodes. If PSVT recurrence 
rates are high, long - term management with an antiarrhyth-
mic or catheter - based ablation should be considered. Fle-
cainide is a class IC antiarrhythmic that is proven effi cacious 
and safe in the treatment of PSVT (Class IIa, Level B). 
Henthorn  et al  performed a double - blind placebo - con-
trolled trial evaluating time to fi rst recurrence in 34 patients 
with PSVT. 29  The time to fi rst recurrence in the fl ecainide 
group was 55 days compared to 11 days with placebo. 
Freedom from symptoms during 60 days was 70% of the 
fl ecainide group and 15% of the placebo group. Anderson 
 et al  performed a similar double - blind placebo - controlled 
trial evaluating chronic therapy with fl ecainide to increase 
the time to recurrent SVT. 30  Of patients on fl ecainide, 82% 
were symptom free versus 24% on placebo. There were no 
proarrhythmic events or deaths during treatment with fl e-
cainide. In a multicenter trial evaluating the safety and 
effi cacy of oral fl ecainide (100 – 200   mg bid), 87% of patients 
improved symptomatically. 31  Minor subjective side effects 
such as headache, dizziness and abnormal vision occurred 
but these were rarely severe enough to necessitate discon-
tinuation of fl ecainide. 

 Propafenone, a class IC agent with beta - adrenergic 
blocker properties, has also been proven effi cacious and 
safe in the long - term management of PSVT 1,32  (Class IIa, 
Level B). A 6 - month randomized placebo - controlled trial 
evaluating recurrence rates after treatment with 300   mg tid, 
300   mg bid, and 150   mg bid of propafenone compared with 
placebo revealed that the recurrence rate in the propafe-

none group was one - fi fth of that seen in the placebo 
group. 33  In the UK Propafenone PSVT Study Group, 100 
patients with PSVT, paroxysmal atrial fi brillation or atrial 
fl utter were evaluated comparing propafenone 300   mg bid 
or tid and placebo. This therapy was proven effi cacious 
and safe for the prophylaxis of recurrent PSVT. Patients 
who could tolerate higher doses of propafenone had a 
trend towards fewer episodes compared to when treated 
with lower doses. 34  

 Multiple class III antiarrhythmics have been evaluated 
in the long - term treatment of PSVT. A multicenter random-
ized, double - blind placebo - controlled trial has been per-
formed with sotalol to evaluate its effi cacy and safety 
(Class IIa, Level C). Recurrent SVT was less frequent in 
the sotalol group versus placebo. There were no adverse 
events of cardiac death, heart failure or proarrhythmia in 
patients receiving either 160   mg or 80   mg bid. 35  

 Amiodarone was assessed in 121 patients with atrial 
tachyarrhythmias refractory to digoxin, beta - blockers, and 
other antiarrhythmics over 27 months and 81% did 
not have recurrent episodes. 36  Amiodarone was discontin-
ued in 6% because of adverse side effects. 36  Therefore, 
amiodarone can be used as long - term management of 
PSVT for pharmacologic control but is generally not 
used due to long - term end - organ toxicity (Class IIa, 
Level C). 

 The effi cacy of dofetilide was compared to propafenone 
and placebo in 122 patients over 6 months. The endpoints 
were episode - free periods and reduction in the frequency 
of symptomatic PSVT, assessed using diaries and event 
recorders. Episode - free rates were 50% in the dofetilide 
group, 54% in the propafenone group and 6% in the placebo 
group. 37  The results of this study confi rmed that dofetilide, 
a class III antiarrhythmic agent, was as effi cacious as 
propafenone in preventing recurrence and in decreasing 
frequency of PSVT (Class IIa, Level C). Although an effec-
tive alternative, the use of dofetilide is usually limited to 
the treatment of AF/atrial fl utter   due to its proarrhythmia 
potential (Class IIa, Level C). 

 The pill - in - the - pocket method has been evaluated in the 
management of PSVT that occurs infrequently. 38  This 
approach can effectively terminate SVT and reduce hospi-
talizations and cost of care. Alboni  et al  evaluated the con-
version rate within 2 hours and the safety profi le of a single 
oral dose of fl ecainide, diltiazem and propranolol, and 
placebo in 33 patients with inducible SVT during electro-
physiology studies. 39  The conversion rate was 52% for 
placebo, 61% with fl ecainide and 94% with combination 
diltiazem and propranolol. 39  Patients were discharged on 
the most effective medication for conversion based on 
results of electrophysiology study. At 1 year, the rate of 
emergency room consultation decreased from 100% at 
baseline to 9%. Adverse events included hypotension, bra-
dycardia and an episode of syncope. 39  
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 Catheter ablation for the treatment of PSVT is a fi rst - line 
acceptable alternative to pharmacologic therapy in very 
symptomatic patients or in patients with high - risk profes-
sions seeking a defi nitive cure (Class I, Level B). 1,40  
Cure rates for AVNRT and AVRT are greater than 95% 
with low risks of heart block, tamponade, and vascular 
complications. 7  Catheter ablation improves quality of life 
and reduces healthcare costs in symptomatic patients com-
pared to pharmacologic management. 40   

  Sinus  t achycardia 

 Sinus tachycardia is usually a response to physiologic stim-
ulus such as fever, infection, anemia, exercise, hypotension 
or pain and is corrected by treating the underlying etiol-
ogy. Acute myocardial infarction is an indication to treat 
sinus tachycardia with medications (e.g. beta - blockers). 
Sinus tachycardia in this setting is consistent with higher 
30 - day mortality and poor outcomes. 41,42  

  Inappropriate  s inus  t achycardia 

 Inappropriate or non - physiologic sinus tachycardia is a 
tachycardia out of proportion to metabolic demands. 1,4  The 
exact mechanism has not been well defi ned. It is hypoth-
esized that there is abnormal automaticity, enhanced auto-
maticity or an abnormal response to autonomic tone. 43,44  
The prognosis is usually benign unless the tachycardia is 
rapid and incessant such that a tachycardia - mediated car-
diomyopathy is induced. There are no randomized trials 
of treatment of inappropriate sinus tachycardia. Treatment 
is empiric and if the tachycardia is due to excessive sym-
pathetic tone, beta - blockers may be helpful and are consid-
ered fi rst - line treatment (Class I, Level C). Calcium 
antagonists have a more limited role (Class IIa, Level C). 45  
If vagal suppression is the underlying etiology, heart rate 
control may be more diffi cult. Catheter ablation or modifi -
cation of the sinus node has been performed but long - term 
success is limited and based only on several small studies 
(Class IIb, Level C). 46,47  Although heart rate is slower with 
modifi cation, symptoms do not improve consistently. 
Common complications of sinus node ablation include the 
need for permanent pacemaker, phrenic nerve damage and 
trauma to the superior vena cava leading to superior vena 
cava syndrome.  

  Sinus  n ode  r e -  e ntry 

 Mapping during tachycardia demonstrates superior to 
inferior and right to left activation, 47,48  similar to normal 
sinus rhythm. Sinus node reentrant tachycardia terminates 
abruptly with vagal maneuvers and adenosine unlike 
physiologic and inappropriate sinus tachycardia. There are 

no randomized, double - blind placebo - controlled trials for 
the therapy of sinus node reentrant tachycardia. Patients 
are generally managed with beta - blockers or calcium 
channel antagonists (Class I, Level C). Catheter ablation 
can be used in patients with persistent symptoms despite 
medication, but complications such as phrenic nerve 
damage and intra - atrial block limit the use of this tech-
nique (Class IIb, Level C). 3,48,49    

  Atrial  t achycardia 

 In 2001 the Joint Expert Group from the Working Group on 
Arrhythmias of European Society of Cardiology and North 
American Society of Pacing and Electrophysiology classi-
fi ed atrial tachycardias according to mechanism and 
anatomy. 50  Focal and intra - atrial tachycardias have been 
described. Associated clinical scenarios in which atrial 
tachycardia may be sustained include acute myocardial 
infarction, infection, electrolyte abnormalities, hypoxia, and 
cardiac stimulants such as theophylline and cocaine. 1,4,51  
Formerly, it was generally accepted that the mechanism of 
focal atrial tachycardia was enhanced automaticity, but 
three mechanisms are currently recognized (enhanced auto-
maticity, triggered activity, and micro re - entry) and can be 
diffi cult to discriminate clinically. There is variable response 
to Valsalva maneuvers and adenosine. 11,52 – 54  In a study per-
formed by Engelstein  et al , adenosine was used to distin-
guish different mechanisms of atrial tachycardia during 
electrophysiologic study. There was no effect on intra - atrial 
re - entrant or macro re - entrant atrial tachycardias. 53  Trig-
gered activity may respond to adenosine due to its ability 
to shorten the action potential and reduce the time available 
for early afterdepolarizations. 53  In automatic atrial tachycar-
dias varying degrees of heart block may develop in response 
to adenosine. P - wave morphology may assist in locating the 
focus and planning of catheter ablation. Kristler  et al  devel-
oped an algorithm determining location of focal atrial 
tachycardias based on P - wave morphology. 55,56  

 Acute treatment focuses on control of ventricular rate 
and management of symptoms. Atrial tachycardia is rarely 
terminated with adenosine (Class IIa, Level C). 52 – 54  Direct 
current cardioversion seldom terminates automatic focal 
atrial tachycardia but may terminate atrial tachycardia 
resulting from micro re - entry or triggered activity. 1,4  It is 
used in hemodynamically unstable atrial tachycardia 
(Class I, Level B). Clinical trials evaluating the effi cacy and 
safety of pharmacologic agents in the acute treatment of 
atrial tachycardia are lacking. Guidelines are based on 
clinical experience. Intravenous verapamil (Class IIa, 
Level C) and beta - blockers (Class I, Level C) may be ben-
efi cial in cases where slow conduction is a critical compo-
nent of the re - entry circuit or to control the ventricular rate 
through slowing of the AV node without affecting the atrial 
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rate. 57  Intravenous amiodarone may also be an alternative 
for rate control acutely, especially in patients with left ven-
tricular dysfunction (Class IIa, Level C). Digoxin is typi-
cally not used acutely due to its delayed onset of action 
(Class III, Level C). 

 Long - term management is based on symptoms and 
prevention of tachycardia - induced cardiomyopathy. 58 
Beta - blockers or non - dihydropyridine calcium channel 
antagonists may be benefi cial for rate control (Class I, 
Level C). 19,25,26  Class IA, class IC, and class III agents may 
be used for suppression (Class IIa, Level C). 1,59,60    Flecainide 
achieves complete suppression in 56%, reduced 
symptoms or frequency in 8% and no response 36% of 
patients with either atrial tachycardia or atrial 
fi brillation. 59  

 Catheter ablation may be attempted for recurrent symp-
toms or failed pharmacologic treatment (Class I, Level 
B). 61  The success rate is approximately 86% with an 8% 
recurrence. Complications are related to the origin of the 
tachycardia and the site of ablation. 1,2,61  Cardiac perforation 
can occur, ablating both right -  and left - sided focal atrial 
tachycardias. Heart block is possible near areas of the 
septum and coronary sinus ostium. 

 Paroxysmal atrial tachycardia with AV block or variable 
conduction is classifi ed as a focal tachycardia. Its mecha-
nism is generally accepted as being triggered activity with 
characteristics similar to enhanced automaticity. 3,4  Parox-
ysmal atrial tachycardia is associated with acute pulmo-
nary disease and digoxin toxicity. 3  Efforts at rhythm control 
with antiarrhythmics have been suboptimal. Treatment 
involves treating the underlying pathologic disease state, 
discontinuing digoxin and in rare instances giving digoxin 
antibody (Digibind). 1,62,63  

 Intra - atrial re - entrant tachycardia, also known as re -
 entrant atrial tachycardia, is a macro re - entrant arrhythmia. 
It may be extremely diffi cult to differentiate between intra -
 atrial and focal atrial tachycardia without electrophysio-
logic techniques. Intra - atrial re - entrant tachycardia is the 
mechanism of 6% of atrial tachycardias referred to electro-
physiology studies. 64  It is generally associated with struc-
tural heart disease and congenital heart disease with atrial 
surgical scars. The response to vagal maneuvers is approxi-
mately less than 25% due to reduced autonomic innerva-
tion of atrial tissue compared to the sinus and AV node. 16  
The treatment is empiric based on case reports or small 
studies. Class IC agents may be attempted if the patient has 
no known structural heart disease. Amiodarone is an 
acceptable alternative because of its effi cacy but is limited 
by its side - effect profi le with long - term use. Calcium 
channel antagonists and beta - blockers (Class I, Level C) 
are useful for rate control but rarely resolve symptoms 
except in combination with a membrane - active antiar-
rhythmic. 1,3,4  Drug resistance, adverse effects of drugs and 
persistent symptoms are indications for catheter ablation 

(Class I, Level B). There is a high recurrence rate with 
catheter ablation. Collins  et al  studied congenital heart 
disease patients with atrial arrhythmias and acute success 
rates with catheter ablation. 65  

  Multifocal  a trial  t achycardia 

 Multifocal atrial tachycardia is described as an atrial tachy-
cardia with variable PR intervals and at least three distinct 
P - wave morphologies. 3,66  The mechanism is thought to be 
either triggered activity or abnormal automaticity. Multifo-
cal atrial tachycardia is seen in less than 1% of PSVT. 66  It is 
associated with chronically and severely ill patients. 
Disease states that are common to this arrhythmia are pul-
monary disease, cardiac disease, and sepsis. More than 60% 
will have associated pulmonary disease which can be exac-
erbated by theophylline and beta - adrenergic agonists used 
in these patients. 67,68  Associated arrhythmias include atrial 
fl utter, atrial fi brillation and atrial tachycardias. 69  The 
overall prognosis of a patient with multifocal atrial tachy-
cardia is poor, with mortality rates of up to 30 – 60%. 69  Inter-
estingly, death is usually not secondary to the arrhythmia 
but due to the underlying disease. Therapy is aimed at 
treating the underlying disease state. 1,66  However, ventric-
ular rates of 150 and rarely over 200 may require treatment 
if causing signifi cant symptoms or hemodynamic 
instability. Pharmacologic therapy is aimed at decreasing 
the ventricular rate with AV nodal blocking agents. Mem-
brane - active antiarrhythmics and cardioversion tend to be 
less effective and recurrence of multifocal atrial tachycar-
dia is common. Digoxin is not of proven effi cacy and may 
increase the risk of paroxysmal atrial tachycardia with vari-
able conduction because of digoxin toxicity. 69  Given the 
high rate of chronic obstructive lung disease, verapamil 
and diltiazem in a continuous intravenous infusion are 
commonly used to control ventricular rates. 70,71  The use of 
verapamil or diltiazem is limited by the occurrence of 
hypotension. Beta - blockers can also be used if tolerated. 72  
Magnesium supplementation has also been studied. 73  
Drug - resistant patients may be referred for radiofrequency 
ablation of the AV junction. 74,75  This is not curative but does 
decrease the ventricular response. Given the limited 
options, the best choice is treatment of the underlying 
disease state and control of ventricular rates as needed. 1,66    

  Atrial  fl  utter 

 Atrial fl utter is a macro re - entrant atrial tachycardia typi-
cally associated with organic heart disease. 1  It is more 
common in males and the elderly, can co - exist with atrial 
fi brillation and is common after cardiac surgery. 1,6,50  Long -
 term sequelae may include tachycardia - mediated cardio-
myopathy and thromboembolic events. 76  
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 In 2001 the Working Group on Arrhythmias of the Euro-
pean Society of Cardiology and North American Society of 
Pacing and Electrophysiology attempted to develop a stan-
dardized classifi cation. 50  Typical atrial fl utter is a macro 
re - entrant tachycardia circulating around the tricuspid 
annulus with an area of slow conduction in the cavotricus-
pid region. Therefore, these atrial fl utters were designated 
as cavotricuspid - dependent atrial fl utter and all others 
were designated as cavotricuspid - independent atrial 
fl utter. 50  Vagal maneuvers or adenosine may be helpful 
to slow ventricular conduction through the AV node to 
reveal the fl utter waves and exclude other forms of 
paroxysmal supraventricular tachycardias 1,16  (Class I, 
Level C). 

 Acute treatment is based on symptoms and hemody-
namics of the patient. 1,76  If there is hemodynamic instabil-
ity, emergency cardioversion is performed (Class I, Level 
C). Cardioversion in hemodynamically stable patients can 
be accomplished with direct current cardioversion with 
50 – 100   J biphasic (Class I, Level C) or with ibutilide 1   mg 
over 10 minutes (Class IIa, Level A). Ibutilide has an 
acceptable rate of conversion to sinus rhythm of approxi-
mately 50 – 60%. 1,77 – 81  Stambler  et al  performed a multicenter 
randomized placebo - controlled trial evaluating the effi cacy 
and safety of ibutilide in the conversion of atrial fi brillation 
and atrial fl utter to sinus rhythm in 266 patients. The rate 
of conversion of atrial fl utter was 63% and dosing regimens 
of ibutilide (1   mg    ×    2 or 1   mg and 0.5   mg) did not affect the 
effi cacy. 77  Trials comparing ibutilide to other class III or 
class IC agents have proven it to be superior in pharmaco-
logic conversion of atrial fl utter to sinus rhythm. 79 – 81  
Non - sustained polymorphic ventricular tachycardia and 
torsades de pointes requiring cardioversion may occur up 
to 4 hours post infusion with a reported incidence of 0.9 –
 8.3% in clinical trials 77 – 81 ; therefore, ibutilide must be given 
in a monitored setting. Intravenous magnesium prior to 
infusion of ibutilide, ruling out hypokalemia and avoiding 
use in patients with prolonged QT intervals may prevent 
polymorphic VT/torsades de pointes. Intravenous class IC 
antiarrhythmic agents are not highly effective at the acute 
conversion of atrial fl utter to sinus rhythm 82  (Class IIb, 
Level A). 

 In postsurgical patients with an epicardial wire, pacing 
the atrium at a cycle length 10   ms less than the tachycardia 
cycle length may terminate atrial fl utter or convert the 
fl utter to atrial fi brillation. Prospective, randomized clini-
cal trials have demonstrated that transesophageal atrial 
pacing is as effi cacious as direct current cardioversion for 
atrial fl utter. 83  In the asymptomatic patient, rate control is 
the goal and can be achieved with AV nodal blocking 
agents. 84 – 88  IV diltiazem (Class I, Level C) and IV digoxin 
(Class IIb, Level C) were compared in a prospective, ran-
domized open - label trial in the emergency room and diltia-
zem was superior in controling ventricular rates. 84  A similar 

randomized, double - blind trial was performed in post 
coronary bypass patients. Diltiazem controlled rates more 
rapidly than digoxin but overall rate control after 12 – 24 
hours was similar. 85  Rate control may be diffi cult and 
warrant conversion to sinus rhythm. 

 If a patient has symptomatic atrial fl utter, long - term 
treatment is focused on maintaining sinus rhythm, main-
taining control of ventricular rates or curing the patient 
with catheter - based ablation. For symptomatic patients it 
is important to convert to sinus with direct current cardio-
version, an antiarrhythmic agent or both. 1,76,89  A 3 - year 
study demonstrated that only 42% of patients maintained 
sinus rhythm after direct cardioversion without an antiar-
rhythmic. 89  Predictors of failure to convert to sinus rhythm 
include severe left atrial dilation, dilated cardiomyopathy 
and chronic atrial fl utter of prolonged duration. Pharma-
cologic control with antiarrhythmic drugs is reasonable 
and if there is no evidence of coronary artery disease or 
cardiomyopathy, class IC agents may be used. 29 – 34  It is 
important to give an AV nodal blocking agent with these 
antiarrhythmic drugs due to the risk of 1   :   1 conduction and 
sudden cardiac death. 

 The risk of thromboembolic events is comparable or 
slightly lower than with atrial fi brillation. 89 – 92  Post cardio-
version the risk is approximately 1%. 89  In patients with 
atrial fl utter and risk factors for stroke or who require car-
dioversion of atrial fl utter of more than 48 hours duration, 
therapeutic anticoagulation with warfarin is warranted, as 
with atrial fi brillation. 

 Catheter ablation techniques to cure atrial fl utter are 
highly effective and have low complication rates. Success 
rates acutely are 95 – 100% with chronic success rates of 
85 – 95%. 1,93  This is now an acceptable fi rst - line therapy for 
atrial fl utter. 93 – 96  The Loire - Ardeche - Drome - Isere - Puy - de -
 Dome (LADIP) trial demonstrated that long - term success 
in suppressing atrial fl utter was greater in fi rst - time patients 
with atrial fl utter ablation (Class I, Level B) versus patients 
treated with cardioversion and oral amiodarone (Class IIb, 
Level C). Rates of subsequent atrial fi brillation were not 
signifi cantly different between the two groups. 94  Another 
prospective randomized trial comparing ablation versus 
pharmacologic rhythm control as fi rst - line therapy proved 
that ablation of atrial fl utter improved quality of life, 
reduced recurrent atrial fl utter rates, reduced future hospi-
talizations, and reduced the incidence of atrial fi brillation 
in follow - up. 96  

 However, most studies have demonstrated that atrial 
fl utter ablations have no impact on the incidence of atrial 
fi brillation. 94,97  In patients receiving antiarrhythmic drugs 
for atrial fi brillation with subsequent drug - induced 
atrial fl utter, treatment with atrial fl utter ablation and 
continuing pharmacologic control of atrial fi brillation is 
effi cacious and safe. 98,99  Despite the claim of long - term 
success, approximately 60% of patients will be diagnosed 
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with atrial fi brillation within a 5 - year period. 95,97  The risk 
of the procedure is low but complete heart block, 
perforation with tamponade, coronary artery damage, and 
thromboembolic events may occur. 1,93  Patients who cannot 
be converted to sinus rhythm or who fail anatomic ablation 
may be referred for palliative ablation of the AV junction.  

   AV   n odal  r e -  e ntrant  t achycardia 

 AV nodal re - entrant tachycardia (AVNRT) is the most 
common form of PSVT in adults, accounting for more than 
50% of cases. 1 – 4,10  It is more common in females. There are 
rare cases in young children and infants. On physical exam, 
neck pulsations may be evident from simultaneous con-
traction of the atria and ventricles. 2,100  

 The anatomy of the AV junction is important to under-
stand the mechanism of AVNRT. The AV node has right 
and left posterior extensions. It is hypothesized that there 
are atrial inputs superiorly, posteriorly and from the left 
atrium. 101  The superior inputs are near the apex of the tri-
angle of Koch and the posterior or inferior inputs are near 
the coronary sinus ostium. 101  One hypothesis is that the 
transitional cells or atrial inputs involve the slow and fast 
pathways. The fast pathway is located superiorly and pos-
teriorly to the apex of the triangle of Koch. The slow 
pathway is made of multiple strands anteriorly and infe-
rior to the coronary sinus ostium 102  and there may be mul-
tiple slow pathways present in a single individual. 103  The 
fast pathway has faster conduction and a longer effective 
refractory period compared to the slow pathway and is 
more responsive to adrenergic stimuli, such as catechol-
amines and isoproterenol. Slow - fast AVNRT is the most 
common form, 3 – 4,102  present in 75% of cases. The atypical 
fast - slow variant occurs in about 5 – 10% of cases. A slow -
 slow variant occurs in about 5 – 10% of cases. 3 – 4,102  

 Normal conduction through the AV node is via a single 
AV nodal pathway. However, dual AV nodal pathways are 
commonly noted in patients during electrophysiologic 
testing. 104,105  Although dual AV nodal pathways are 
common, only a small percentage will support clinical 
tachycardia. 

 Acute treatment is determined by how well the arrhyth-
mia is tolerated. 1 – 3  If there is hemodynamic instability, 
direct current cardioversion is favored. Termination 
may occur with intravenous adenosine 6   mg or 12   mg. 21 – 24  
The rate of termination of AVNRT after intravenous 
adenosine is approximately 86 – 95% (Class I, Level A), 
and adenosine is as effective as verapamil based on 
various clinical trials. 21 – 24,106  Vagal maneuvers may also be 
benefi cial 16  (Class I, Level B). AV nodal blocking agents, 
such as beta - blockers and calcium channel antagonists and 
digoxin, slow antegrade pathway conduction (Class IIa, 
Level C). 17 – 20,25 – 28,107  

 Curative measures versus suppression of recurrent 
arrhythmia through ablation or pharmacologic therapy are 
long - term therapy goals. Class IC agents typically affect the 
retrograde fast pathway and are one of the most effective 
pharmacologic options 20 – 34  (Class IIb, Level B). In the Fle-
cainide Supraventricular Tachycardia Study Group, the 
number of symptom - free patients after chronic oral fl e-
cainide therapy increased from 24% to 82%. 30  Sotalol (Class 
IIa, Level B) and amiodarone (Class IIb, Level C) may 
have benefi cial effects on both antegrade and retrograde 
parts of the circuit. 35,107  

 In patients with recurrent episodes despite pharmaco-
logic therapy, those not willing to take medications or 
patients in high - risk professions, such as commercial pilots, 
radiofrequency catheter ablation is a reasonable option 1,108  
(Class I, Level B). The target is the slow pathway anterior 
and posterior to the CS ostium and tricuspid annulus. The 
target is found via an anatomic approach, characteristic 
electrograms or a combination of the two. 108  The anatomic 
approach places the ablation catheter anterior and inferior 
to the CS ostium near the tricuspid annulus. Endpoints 
include elimination of slow pathway or dual AV nodal 
physiology and of inducible AVRNT. The success rate is 
approximately 95% with low recurrence rates. 1,93,108  Com-
plications include complete heart block requiring a perma-
nent pacemaker in approximately 1%. 93,109  

 In patients with only one documented episode or very 
infrequent episodes, it is reasonable to advise vagal maneu-
vers, pill - in - the - pocket therapy, rate control options, cath-
eter ablation or no treatment. All of the above in this setting 
are considered Class I, Level C recommendations. 1   

  Automatic  j unctional  t achycardia 

 Automatic junctional tachycardias (AJTs) occur secondary 
to increased automaticity within the AV junction. 1,3,4,110  
Electrophysiology studies in selected patients have demon-
strated increased response to exercise and isoproterenol 
and decreased response to propranolol. This suggests a 
catecholamine - sensitive or dependent junctional focus. 111,112  
There are no randomized, placebo - controlled trials for the 
treatment of AJT. Treatment is based on clinical experience 
and small case series, mainly in infants and children. Most 
will respond to beta - blockers (Class IIa, Level C) but may 
require class IC agents or amiodarone (Class IIa, Level C) 
in addition to AV nodal agents. 113  Ablation of the junctional 
focus or His bundle is reserved for incessant, drug - resistant 
forms and treatment recommendations are based on case 
reports 114 – 116  (Class IIa, Level C). 

 Non - paroxysmal junctional tachycardia occurs in the 
presence of structural heart disease. Examples include 
myocardial infarction, myocarditis, post surgery, and 
digoxin toxicity in the setting of atrial fi brillation. 117,118  
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Treatment is typically not indicated. Resolution occurs 
with correction of underlying pathology (Class I, Level 
C). 119  Beta - blockers may be useful in some settings (Class 
IIa, Level C). 1   

  Atrioventricular  r eciprocating 
 t achycardia 

 Atrioventricular reciprocating tachycardias are re - entrant 
arrhythmias that involve an accessory pathway in one limb 
of the circuit. The prevalence of manifest pre - excitation is 
0.15 – 0.25% in the population and of those studied in the 
electrophysiologic laboratory, up to 13% will have multiple 
pathways. 1,120  There tends to be a male predominance. 
Typically, structural heart disease is absent. However, 
5 – 10% of patients with Epstein ’ s anomaly will have Wolff –
 Parkinson – White syndrome with right - sided accessory 
pathways predominating. There have been case reports of 
familial occurrence of accessory pathways without and in 
association with dilated cardiomyopathy. 121,122  

 The prognosis depends on the electrophysiologic prop-
erties of the accessory pathway. 1,122 – 124    Localization of the 
accessory pathway may be predicted based on the vector 
of the delta wave on ECG. 125  

 Arrhythmias associated with accessory pathways or 
Wolff – Parkinson – White (WPW) syndrome include ortho-
dromic AV reciprocating tachycardia, antidromic recipro-
cating tachycardia, atrial fl utter and atrial fi brillation, and 
permanent junctional reciprocating tachycardia. Ortho-
dromic AV reciprocating tachycardia is the most common 
paroxysmal supraventricular tachycardia in WPW syn-
drome. 1,3  It is a macro re - entrant tachycardia that uses the 
AVN as the antegrade limb and the accessory pathway as 
the retrograde limb. There are some patients with no ECG 
evidence of pre - excitation who have orthodromic tachycar-
dia with retrograde conduction over an accessory pathway; 
20 – 30% of patients with accessory pathways have such 
concealed bypass tracts. 1,3,126  Diagnosis is determined 
during electrophysiologic studies. Most concealed path-
ways are left sided. 

 The permanent form of junctional reciprocating tachy-
cardia involves an accessory pathway with slow conduc-
tion and decremental properties. Typically, there is no 
evidence of pre - excitation during sinus rhythm and the 
concealed pathway participates in orthodromic tachycar-
dia in the retrograde direction. It is typically seen in chil-
dren and young adults and may become incessant and 
result in tachycardia - mediated cardiomyopathy. 126  The 
most common location of the pathway is posteroseptal 
near the ostium of the coronary sinus. 

 Antidromic tachycardia is a macro re - entrant tachycar-
dia which occurs in 5 – 10% of patients with WPW syn-
drome. 1,3  This circuit uses the pathway as the antegrade 

limb, resulting in a wide QRS complex during tachycardia. 
Atrial fi brillation and atrial fl utter may occur in 20 – 30% of 
patients with pathways that conduct antegrade. 1,3  Acces-
sory pathway conduction is sodium channel dependent, 
often resulting in short refractory periods and fast conduc-
tion; thus antegrade pathways may conduct 1   :   1 with atrial 
fl utter at rates 300   bpm and faster with atrial fi brillation 
with a risk of ventricular fi brillation and sudden death 
under these conditions. The risk of sudden death is 
increased by the presence of a short refractory period of 
the antegrade pathway ( < 250   ms), multiple accessory path-
ways, and a shortest pre - excited R - R during atrial fi brilla-
tion of  < 220   ms. 127  

 Treatment of accessory pathways is guided by symp-
toms or associated arrhythmias such as atrial fi brillation. 
Symptomatic patients are best treated with catheter abla-
tion (Class I, Level B). 1  Asymptomatic patients or patients 
with WPW pattern are generally low risk for sudden death. 
Observation is usually the best option (Class I, Level C). 1,123,124  

 Acute treatment of orthodromic SVT may be accom-
plished with vagal maneuvers (Class I, Level B), adenos-
ine (Class I, Level A), diltiazem (Class I, Level B), 
verapamil (Class I, Level A), and intravenous beta - block-
ers (Class I, Level B) and amiodarone (Class I, Level 
B). 16 – 28  If there is hemodynamic compromise, direct current 
cardioversion is favored (Class IIa, Level C). The target of 
pharmacologic therapy is the weak limb of the circuit, 
usually the AV node. Adenosine has limited value in deter-
mining the mechanism of AVRNT versus AVRT in a 
narrow QRS tachycardia (Class I, Level A). Adenosine has 
a short duration of action, does not cause hypotension and 
has been proven to be as effective and safe as verapamil 23  
(Class I, Level A). Procainamide is a class IA antiarrhyth-
mic which slows conduction of both atrial and ventricular 
tissue and increases the effective refractory period of the 
accessory pathway, atrium and ventricle. It has been 
proven effi cacious in treatment of orthodromic tachycar-
dia. 128  Antidromic tachycardia or pre - excited atrial fi brilla-
tion presents with a wide QRS due to antegrade conduction 
via the accessory pathway. Treatment is best managed with 
cardioversion if there is hemodynamic instability. If the 
patient is hemodynamically stable the safest pharmaco-
logic agent to terminate tachycardia or slow the ventricular 
response is procainamide 128  but this is not generally avail-
able nowadays. AV node blockers slow conduction of the 
AV node and may lead to unopposed conduction of the 
accessory pathway. This could result in ventricular fi bril-
lation, especially in the setting of atrial fi brillation. 129 – 132  
Therefore, these agents must be avoided in WPW patients 
with atrial fi brillation (Class III Level B). 

 Catheter ablation is preferred as a defi nitive cure in long -
 term management of symptomatic patients (Class I, Level 
B). Patients who decline an invasive approach who have 
low - risk pathways for sudden death may be treated with 
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class IC, IA or class III antiarrhythmics or AV nodal agents 
for rate control except digoxin and verapamil (Class III, 
Level C). There are no randomized, placebo - controlled 
trials to demonstrate the effi cacy and safety of antiarrhyth-
mic agents in this patient population. Most recommenda-
tions are based on small case series and expert opinion. 
Class IC agents have been proven to be effi cacious and 
safe 133 – 135  (Class IIa, Level C). Vassiliadis  et al  determined 
that 40% of patients with WPW syndrome responded to an 
initial dose of oral propafenone, and 60% responded after 
an increase in dose without developing signifi cant adverse 
reactions or proarrhythmic events. 133  In an open - label 
uncontrolled trial with oral fl ecainide, Cockrell  et al  studied 
63 symptomatic patients with tachycardias involving 
accessory pathways during electrophysiology study. 135  
Prevention or slowed inducible AVRT was demonstrated 
in 70%. Adverse reaction to fl ecainide occurred in hospital-
ized but not in discharged patients. 135  It is reasonable to use 
oral class IC antiarrhythmics for the prevention of AVRT. 
It may be reasonable to initiate this in a monitored setting 
and ensure the patient does not have structural heart 
disease. 

 Class III agents prolong the refractory period of the atria, 
ventricles and accessory pathway (both retrograde and 
antegrade). 136 – 138  Sotalol has been shown to be effective and 
safe during electrophysiology studies 136  (Class IIa, Level 
C). The success of intravenous and oral sotalol during elec-
trophysiology study was predictive of long - term success of 
oral sotalol in preventing recurrent SVT. 136  There are mul-
tiple studies demonstrating that amiodarone is a reason-
able option in orthodromic, antidromic and prevention of 
pre - excited atrial fi brillation. 137,138  

 Class IA agents were the fi rst antiarrhythmics to be used 
in WPW but were replaced by safer class IC agents. The 
use of class IA agents is limited by multiple side effects (e.g. 
gastrointestinal and anticholinergic effects). In patients 
with pre - excited atrial fi brillation, disopyramide slows the 
ventricular response by prolongation of the refractory 
period of the accessory pathway. 139  

 Catheter - based ablation is a fi rst - line therapy for symp-
tomatic patients and patients with documented atrial fi bril-
lation. 1,140  Ablation may be offered to patients who have 
high - risk professions or those who have failed medications 
(Class I, Level B). Approximately 50% of accessory path-
ways are located in the left lateral AV groove, 30% are 
posteroseptal, 20% are right free wall, and  < 5% are antero-
septal. The curative ablation site is at the earliest atrial 
electrogram or ventricular electrogram and the site of the 
accessory potential. 140  Diffi cult ablations may occur sec-
ondary to catheter instability, especially on the right, 
oblique pathways (the atrial insertion and ventricular 
insertion are not parallel). The success rate is approxi-
mately 90 – 95% with low recurrence,  < 5% with left - sided 
pathways and higher with right - sided pathways. 93,140  Pos-

teroseptal and anteroseptal pathway ablations have a 
slightly lower success rates with a risk of AV block in the 
paraseptal area. Some ablations may need to be performed 
within the CS due to an epicardial location.  
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  Introduction 

 Sudden cardiac death (SCD) remains a major public health 
problem; however, in the last two decades a series of well -
 conducted randomized clinical trials have provided solid 
evidence that has lead to signifi cant changes in guidelines 
and recommendations. 1  The incidence of SCD varies among 
reports. In Canada it has been estimated that 40   000 deaths 
annually are due to cardiovascular disease; 50% of these 
deaths are sudden. 2  In the United States the annual inci-
dence of SCD is 450,000. 3,4  The global European incidence 
of sudden death is diffi cult to calculate, however, the Maas-
tricht study reported an annual incidence of out - of - hospital 
sudden death of 1 in 1000 inhabitants, which is quite similar 
to the North American estimates. 5,6  One of the limitations 
in determining the true estimate of SCD is the lack of 
uniform criteria to defi ne and classify the mode of death. 
Most studies defi ne SCD as death occurring within an hour 
of initiating symptoms.  

  Risk  s tratifi cation 

 Identifying subjects at risk of SCD has proven to be a 
complex task. Over the past two decades several methods 
of risk stratifi cation have been developed and evaluated. 
Different methods have been used in clinical trials of anti-
arrhythmic agents to select a population at high risk of 
SCD. The most simple and widely used markers include 
the degree of reduction in left ventricular ejection fraction 
(LVEF), and functional class as assessed by the New York 
Heart Association (NYHA) classifi cation. Direct assess-
ment of ventricular ectopy derived from the 24 - hour ambu-
latory ECG recording and susceptibility to induced 

ventricular arrhythmias by programmed electrical stimula-
tion have also been reported. 6  Methods that identify poten-
tial triggers such as signal - averaged ECG and more recently 
T - wave alternans or modulators of autonomic function like 
heart rate variability, barorefl ex sensitivity and turbulence 
have all been assessed individually or in combination, with 
disappointing results. 7  To date, LVEF reduction with a 
threshold around  < 35% continues to be the easiest and 
most powerful predictor of both total mortality and SCD. 

 Although the most prevalent cause of SCD is coronary 
artery disease, it is important to highlight that non - isch-
emic dilated cardiomyopathy with depressed LVEF and 
congenital cardiomyopathies and channelopathies with 
preserved LVEF have a signifi cant incidence of SCD as 
primary manifestation.  

  Suppression of  v entricular  a rrhythmias 
and  s udden  c ardiac  d eath 

 Ventricular ectopy is considered an electrical trigger of 
sustained ventricular arrhythmias and potentially SCD. 
Several trials evaluated the role of ventricular arrhythmia 
suppression and its effect on cardiac mortality in patients 
with coronary artery disease. 

 The International Mexiletine and Placebo Antiarrhyth-
mic Coronary Trial (IMPACT) 8  included 630 patients with 
recent myocardial infarction who were randomly assigned 
to treatment with mexiletine or placebo. After an average 
follow up of nine months, the mortality on mexiletine was 
7.6% and on placebo was 48% ( P    =   NS). The Cardiac 
Arrhythmic Suppression Trial (CAST) 9  enrolled 1727 
patients with recent onset of myocardial infarction and 
with asymptomatic, or mildly symptomatic, ventricular 
arrhythmia ( ≥ 6 ventricular premature ventricular com-
plexes per hour), potentially suppressible by a class I anti-
arrhythmic drug (encainide, fl ecainide or moricizine), who 
were randomized to the active antiarrhythmic drug or 
placebo and followed for arrhythmic death. The trial was 
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halted early because of an increased incidence of arrhyth-
mic cardiac death and non - fatal cardiac arrests in patients 
treated with encainide and fl ecainide (4.5% vs 1.2%, risk 
ratio (RR) 3.6, 95% confi dence interval (CI) 1.7 – 8.5). In a 
meta - analysis of the results of 138 trials of antiarrhythmic 
prophylactic therapy in patients after myocardial infarc-
tion, 10  there were 660 deaths among 11   712 patients allo-
cated to receive class I agents and 571 deaths among 11   517 
corresponding control patients (51 trials: odds ratio (OR) 
1.14; 95% CI 1.01 – 1.28;  P    =   0.03). Based on this evidence, 
class I antiarrhythmic agents have been abandoned for 
the reduction of the the risk of SCD in patients with 
ischemic cardiomyopathy and non - sustained ventricular 
arrhythmia. 

 Class III antiarrhythmic agents were tested in a series of 
randomized studies. The two largest trials using amioda-
rone are the Canadian Amiodarone Myocardial Infarction 
Arrhythmia Trial (CAMIAT) 11  and the European Myocar-
dial Infarction Amiodarone Trial (EMIAT). 12  Both showed 
a reduction in arrhythmic death but no signifi cant reduc-
tion in overall death. Meta - analysis of data from all 13 
randomized controlled trials of amiodarone (89% of 
patients, after myocardial infarction) showed a signifi cant 
reduction in total mortality (OR 0.87, 95% CI 0.78 – 0.99) and 
a signifi cant reduction in arrhythmic death (OR 0.71, 95% 
CI 0.59 – 0.85). 13,14  

 Analysis of the interaction between the treatment and 
baseline factors suggested an important positive relation-
ship between beta - blocker use and amiodarone effect, 15  
such that patients on beta - blockers received a signifi cantly 
greater benefi t from amiodarone than those not on beta -
 blockers. More recently, the association of amiodarone and 
beta - blockers has been demonstrated to markedly reduce 
the incidence of appropriate ICD therapy. In the Optimal 
Pharmacological Therapy in Cardioverter Defi brillator 
Patients (OPTIC) trial, 16  amiodarone plus beta - blocker sig-
nifi cantly reduced the risk of appropriate ICD shocks com-
pared with beta - blocker alone (HR 0.27; 95% CI 0.14 – 0.52; 
 P     <    0.001) or sotalol (HR 0.43; 95% CI 0.22 – 0.85;  P    =   0.02). 

 D - Sotalol, a pure class III agent, was evaluated for pre-
vention of SCD in a placebo - controlled trial of 3121 patients 
with recent myocardial infarction and LVEF  < 40%, or 
symptomatic heart failure with a remote myocardial infarc-
tion (Survival with Oral d - sotalol, SWORD trial). 17  Among 
1549 patients assigned to d - sotalol there were 78 deaths 
(5.0%) compared to 48 (3.1%) among the 1572 patients 
assigned to placebo (RR 1.65, 95% CI 1.15 – 2.36). Presumed 
arrhythmic deaths (RR 1.77, 95% CI 1.15 – 2.74) accounted 
for the excess mortality in the d - sotalol group. This proar-
rhythmic fatal effect of d - sotalol was greater in patients 
with a left ventricular ejection fraction of 31 – 40% than in 
those with lower ejection fractions (RR 4.0 vs 1.2,  P    =   0.007). 
In a multicenter double - blind randomized study, Julian  et 
al  reported the effect of sotalol 320   mg once daily compared 

with placebo in patients surviving an AMI. 18  Treatment 
was started 5 – 14 days after infarction in 1456 patients (60% 
being randomized to sotalol and 40% to placebo). Patients 
were followed for 12 months. The mortality rate was 7.3% 
(64 patients) in the sotalol group and 8.9% (52 patients) in 
the placebo group. The mortality was 18% lower in the 
sotalol than in the placebo group, but this difference was 
not statistically signifi cant. 

 Another pure class III compound, dofetilide, was tested 
in patients with symptomatic heart failure. In the Danish 
Investigations of Arrhythmia and Mortality on Dofetilide 
(DIAMOND), 1518 patients were randomized to dofetilide 
or placebo. 19,20  The study treatment was initiated in hospital 
and included three days of cardiac monitoring and dose 
adjustment. During a median follow - up of 18 months, 311 
patients in the dofetilide group (41%) and 317 patients in 
the placebo group (42%) died (OR 0.95; 95% CI 0.81 – 1.11). 
Treatment with dofetilide signifi cantly reduced the risk of 
hospitalization for worsening congestive heart failure 
(CHF), rate of conversion and risk of recurrence of atrial 
fi brillation. There were 25 cases of torsades de pointes in 
the dofetilide group (3.3%), compared to none in the 
placebo group. Dofetilide has also been tested in a random-
ized trial of 1510 patients with severe LVEF  ≤ 35% after 
recent myocardial infarction (DIAMOND MI trial). 21  The 
primary endpoint was all - cause mortality. No signifi cant 
difference was found between the dofetilide and placebo 
groups in overall mortality (31% vs 32%). The cardiac mor-
tality (26% vs 28%) and arrhythmic mortality (17% vs 18%) 
were also similar. There were seven cases of torsades de 
pointes ventricular tachycardia, all in the dofetilide group. 
In the Azimilide Postinfarct Survival Evaluation (ALIVE) 
trial the effect of azimilide, another pure class III agent, was 
evaluated in 3717 patients with recent myocardial infarc-
tion, with LVEF  < 35% and with low heart rate variability. 
Azimilide had no effect on mortality (HR 1.0). 22  

 Other studies have tested antiarrhythmic agents in 
patients with sustained ventricular arrhythmias. The end-
points were arrhythmic death, recurrence of sustained 
ventricular arrhythmia or reinducibility of ventricular 
tachycardia during programmed electrical stimulation. 
Steinbeck  et al  23  conducted a prospective randomized trial 
in 170 patients to investigate whether electrophysiologic 
study (EPS) - guided antiarrhythmic therapy improved the 
long - term outcome of patients with spontaneous and 
inducible sustained ventricular arrhythmia compared with 
metoprolol therapy not guided by EPS. In 55 patients ven-
tricular tachycardia was not inducible during the baseline 
EPS, thereby precluding further serial drug testing. These 
patients were treated with metoprolol. The two - year inci-
dence of the composite outcome was the same for EPS -
 guided therapy compared to metoprolol (46% vs 48%). 

 The Electrophysiological Study Versus Electrocardio-
graphic Monitoring (ESVEM) study 24,25  included patients 
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with inducible ventricular tachycardia and any of the fol-
lowing: (i) history of cardiac arrest, (ii) sustained ventricu-
lar tachycardia or (iii) syncope. They were randomly 
assigned to undergo serial testing to determine effi cacy of 
antiarrhythmic drugs either by performing EPS or by 24 -
 hour ambulatory ECG monitoring. Patients (n   =   486) 
received long - term treatment with the fi rst antiarrhythmic 
drug that was determined to be effective on the basis of 
either repeated EPS or 24 - hour Holter. The ESVEM study 
concluded that therapies guided by EPS or Holter monitor-
ing were comparable. The secondary outcome, related to 
the effi cacy of individual antiarrhythmic drugs, concluded 
that sotalol was more effective than the class I drugs tested. 
The actuarial probability of a recurrence of arrhythmia 
after a drug was deemed effi cacious by either strategy was 
signifi cantly lower for patients treated with sotalol than for 
patients treated with other antiarrhythmic agents (RR 0.43; 
95% CI 0.29 – 0.62). Sotalol signifi cantly reduced the risk of 
all - cause mortality (RR 0.50; 95% CI 0.30 – 0.80), cardiac 
mortality (0.50;  P    =   0.02) and arrhythmic death (0.50; 
 P    =   0.04). 

 In the Cardiac Arrest in Seattle: Conventional versus 
Amiodarone Drug Evaluation (CASCADE) study, antiar-
rhythmic drug therapy was evaluated in survivors of 
out - of - hospital ventricular fi brillation (VF). 26  Amiodarone 
without EPS or Holter guidance was compared to class I 
antiarrhythmic agents (quinidine, procainamide, their 
combination, or fl ecainide), selected by serial EPS or Holter 
monitoring. Most of the 228 randomized patients had coro-
nary artery disease with a prior myocardial infarction, and 
the mean LVEF was 35    ±    10%. During a mean follow - up of 
six years, amiodarone improved survival compared to 
class I agents (53% vs 40%,  P    =   0.007). 

 The Sudden Cardiac Death in Heart Failure Trial (SCD -
 HeFT) randomly assigned 2521 patients with NYHA 
class II or III CHF and a LVEF of 35% or less to conven-
tional therapy for CHF plus placebo (847 patients), 
conventional therapy plus amiodarone (845 patients), or 
conventional therapy plus a conservatively programmed, 
shock - only, single - lead ICD (829 patients). 27  Placebo and 
amiodarone were administered in a double - blind fashion. 
The primary endpoint was death from any cause. Mortality 
was 29% in the placebo group and 28% in the amiodarone 
group. As compared with placebo, amiodarone was associ-
ated with a similar risk of death (HR1.06; 97.5% CI 0.86 –
 1.30; P   =   0.53).  

  Beta -  b lockers and  p revention of  s udden 
 c ardiac  d eath 

 Beta - blockers are the agent most frequently studied in 
postmyocardial infarction patients for the prevention of 
death, with more than 12 large trials reported. A meta -

 analysis of the beta - blocker trials, reported in 1985, showed 
a signifi cant reduction in mortality during treatment after 
myocardial infarction. 28  This meta - analysis also indicated 
a highly signifi cant 30% reduction in sudden cardiac death 
with beta - blockers. The risk of non - sudden death was also 
decreased by 12%, but this difference was not signifi cant. 
Recent beta - blocker trials in CHF patients also show a 
reduction in both overall deaths and SCD. 29 – 32  Beta - blockers 
are effective against arrhythmic death (20 – 30% reduction) 
and non - arrhythmic deaths, and reduce overall mortality 
signifi cantly. Beta - blocker therapy is indicated in all 
patients at high risk for SCD. 

 In summary, antiarrhythmic drugs have been exten-
sively evaluated in randomized trials as prophylactic 
agents against death, but little tested against recurrence of 
arrhythmia. Class I antiarrhythmic drugs are harmful and 
are proscribed in patients with ischemic heart disease and 
reduced LVEF. Amiodarone has a moderate effect against 
SCD and a neutral effect on other deaths, therefore its 
overall effect on total mortality is modest. Pure class III 
agents are at best neutral and, in the case of d - sotalol, actu-
ally harmful. Pure class III antiarrhythmic agents clearly 
do not reduce mortality or SCD when used prophylacti-
cally in high - risk patients. The different results of d - sotalol, 
dofetilide and azimilide trials are probably due to differ-
ences in the design of the studies and differences in risk of 
torsades de pointes between the agents.

  Recommendations 

     •      Beta - blockers are indicated in patients with myocardial 
infarction or congestive heart failure for the prevention of 
death (Class I, Level A).  

   •      Amiodarone, usually in combination with beta - blockers, can be 
useful for patients with LV dysfunction due to prior MI and 
symptoms due to VT unresponsive to beta - blockers (Class IIa, 
Level B).  

   •      Sotalol is reasonable therapy to reduce symptoms resulting 
from ventricular tachyarrhythmia (VT) for patients with LV 
dysfunction due to prior MI unresponsive to beta - blockers. 
Amiodarone or sotalol is reasonable adjunctive therapies for 
patients with implantable cardioverter - defi brillators (ICD) to 
improve symptoms due to frequent episodes of sustained VT 
or VF in patients with LV dysfunction due to prior MI.  

   •      Amiodarone is reasonable therapy to reduce symptoms due to 
recurrent hemodynamically stable VT for patients with LV 
dysfunction due to prior MI who cannot or refuse to have an 
ICD implanted (Class IIb, Level C).  

   •      Amiodarone may be reasonable therapy for patients with LV 
dysfunction due to prior MI with an ICD indication, who 
cannot or refuse to have an ICD implanted (Class IIb, Level 
C).  

   •      Class Ic antiarrhythmics should be avoided in patients with 
coronary artery disease or LV dysfunction (Class III, 
Level A).       
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 The role of n - 3 polyunsaturated fatty acids for the pre-
vention of SCD has been assessed in a number of random-
ized trials. The Diet And Reinfarction Trial randomized 
2033 men with recent myocardial infarction and reported 
a signifi cant reduction in both cardiac and total mortality 
(RR 0.71, 95% CI 0.54 – 0.93). 41  In a larger study, the GISSI -
 Prevenzione Trial, 42  treatment with n - 3 polyunsaturated 
fatty acids in 11   324 postmyocardial infarction patients sig-
nifi cantly decreased the incidence of SCD (RR 0.74, 95% CI 
0.58 – 0.93), also signifi cantly decreasing total cardiac mor-
tality and coronary mortality by a similar extent (RR 0.78 
and 0.80, respectively, both signifi cant). A recent system-
atic review of 48 RCTs (36   913 participants) and 41 cohort 
studies did not document a clear effect of omega 3 fats on 
total mortality, combined cardiovascular events or cancer. 43  
The pooled estimate of this meta - analysis showed no 
strong evidence of reduced risk of total mortality (relative 
risk 0.87, 95% CI 0.73 – 1.03) or combined cardiovascular 
events (0.95, 0.82 – 1.12) in participants taking additional 
omega 3 fats. When data from the subgroup of studies of 
long - chain omega 3 fats were analyzed separately, total 
mortality (0.86, 0.70 – 1.04; 138 events) and cardiovascular 
events (0.93, 0.79 – 1.11) were not clearly reduced. Neither 
RCTs nor cohort studies suggested increased risk of cancer 
with a higher intake of omega 3 (trials: 1.07, 0.88 – 1.30; 
cohort studies: 1.02, 0.87 – 1.19), but clinically important 
harm could not be excluded. 

 In summary, the effects of fi sh oils on SCD and cardio-
vascular morbidity and mortality remain debated. The pro-
tective effect of fi sh oils may be limited to patients with a 
previous myocardial infarction. Current guidelines recom-
mend that patients with documented coronary artery 
disease consume approximately 1 g of EPA+ DHA per day, 
preferably from oily fi sh although supplements can also be 
considered. 44  

 Thus, accumulated evidence supports the wide use of 
upstream interventions in appropriate patients.

  Upstream  t herapy and  p revention of 
 s udden  c ardiac  d eath 

 The effect of angiotensin - converting enzyme (ACE) inhibi-
tors on the risk of SCD following myocardial infarction has 
been demonstrated in randomized trials. 33 – 35  A recent meta -
 analysis incorporated data from 15 trials that included 
15   104 patients having 900 SCD. 35  ACE inhibitor therapy 
resulted in a signifi cant reduction in total mortality (OR 
0.83, 95% CI 0.71 – 0.97), cardiovascular death (OR 0.82, 95% 
CI 0.69 – 0.97) and SCD (OR 0.80, 95% CI 0.70 – 0.92). Also, 
the meta - analysis suggested that a reduction in SCD risk 
with ACE inhibitors was an important component of 
overall survival benefi t, the magnitude of effect on SCD 
being the same as on overall mortality. 

 Interestingly, in the Heart Outcome Prevention Evalua-
tion (HOPE) Study 36  involving cardiovascular patients 
without a signifi cant decrease in left ventricular function 
(LVEF  > 40%), the ACE inhibitor ramipril signifi cantly 
decreased the incidence of cardiac arrest (RR 0.62, 95% CI 
0.41 – 0.94). The mechanism by which ACE inhibitors 
reduce SCD is poorly understood. In addition to attenua-
tion of remodeling, thereby reducing the substrate for ven-
tricular tachyarrhythmia, they provide signifi cant 
neurohumoral modulation and protection from future 
ischemic events. 

 Angiotensin receptor blockers (ARB) are potentially anti-
arrhythmic; this effect can be explained by blockade of the 
angiotensin II receptor type I leading to inhibition of the 
proarrhythmic effects of angiotensin II. 37  Several trials of 
different angiotensin receptor blockers have demonstrated 
equivalent effects to those of ACE inhibitors on cardiac and 
overall mortality. However, with the exception of the 
CHARM trials, the addition of an ARB to an ACE inhibitor 
has not yielded any added benefi ts. 38  In summary, ARBs 
should be used as alternative therapy in patients intolerant 
to ACE inhibitors. 

 In the Randomized Aldactone Evaluation Study 
(RALES), 39  aldactone was evaluated in patients having 
NYHA III – IV. After a mean follow - up of 24 months, the 
incidence of SCD was signifi cantly decreased (RR 0.71, 95% 
CI 0.54 – 0.95). The magnitude of this effect was similar to 
the effect on total mortality (RR 0.70, 95% CI 0.68 – 0.72). In 
the EPHESUS trial patients with an acute myocardial 
infarction complicated by symptomatic LV dysfunction 
were randomized to standard therapy versus standard 
therapy plus eplerenone. 40  Eplerenone signifi cantly 
reduced all - cause mortality, cardiovascular death and the 
risk of cardiovascular death or hospitalization. Interest-
ingly SCD was also signifi cantly reduced (RR 0.79, 95% CI 
0.64 – 0.97). Either spironolactone or eplerenone is recom-
mended as adjunctive therapy in patients with heart failure 
with LV dysfunction and NYHA class III – IV. 

  Recommendations 

     •      ACE inhibitors and, in ACE - intolerant patients, ARBs are 
indicated in patients with myocardial infarction or congestive 
heart failure for the prevention of death (Class I, Level 
A).  

   •      Polyunsaturated fatty acids (1   g of EPA+ DHA per day) are 
recommended in patients with known cardiovascular disease 
for the prevention of cardiovascular outcomes (Class IIa, 
Level B).       
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  Implantable  c ardioverter -  d efi brillators 
for  p revention of  s udden  c ardiac  d eath 

 Several studies have assessed the effectiveness of ICDs for 
the prevention of SCD in high - risk populations. The 
primary risk stratifi er is a LVEF  ≤ 35%. In some instances 
the presence of non - sustained VT or the induction of VT 
during programmed electrical stimulation have been used 
as inclusion criteria. These trials may be classifi ed accord-
ing to the underlying anatomic substrate: 
   •      Coronary artery disease and depressed LVEF: MADIT, 45  
CABG - Patch, 46  MUSTT, 47  MADIT II, 48  DINAMIT 49   
   •      Dilated non - ischemic cardiomyopathy (DCM) and 
depressed LVEF: CAT, 50  AMIOVIRT, 51  DEFINITE 52   
   •      LVEF  < 35% independent of the etiology of the underly-
ing cardiomyopathy: SCD - HeFT. 27     

  Primary  p revention of  SCD  in 
 i schemic  c ardiomyopathy 

 The rationale for the CABG - Patch trial was developed at a 
time when a thoracotomy was required for implantation of 
an ICD. Thus patients scheduled for CABG and with LVEF 
 ≤ 35% were further stratifi ed for risk of arrhythmic death 
by signal - averaged ECG. 46  There were 900 high - risk 
patients randomized to receive an ICD or not at the time 
of CABG. Antiarrhythmic drug use was similar between 
the two groups. There were 52 patients randomized to ICD 
who either never received a device or who had it removed. 
There were 198 deaths (102 in the ICD group and 96 in the 
control group) for an overall mortality rate of 21.8% during 
an average follow - up of 32    ±    16 months. The hazard ratio 
was 1.07 (95% CI 0.81 – 1.42), indicating no benefi t from the 
ICD in this patient population. Secondary analysis showed 
that the ICD did reduce arrhythmic death; this potential 
benefi t was offset by an unexplained increase in non -
 arrhythmic deaths. 

 The Multicenter Automatic Defi brillator Implantation 
Trial (MADIT) 45  included patients with LVEF  < 35% and 
recent myocardial infarction who were screened with pro-
grammed ventricular stimulation. Patients with inducible 
VT or VF were enrolled in the study if inducibility of VT 
could not be suppressed by procainamide. There were 196 
patients randomized to receive either an ICD or  “ conven-
tional ”  therapy. The choice of conventional therapy was at 
the discretion of the investigator. Amiodarone and beta -
 blockers, the only drugs proven effective against VT and 
VF, were used predominantly but sporadically (in 45% and 
5%, respectively, of  “ conventional ”  patients at last contact). 
The trial was terminated prematurely when about 75% of 
planned enrollment had occurred, because of marked 
benefi t derived from ICD treatment (HR 0.46; 95% CI 0.26 –
 0.82;  P    =   0.009). When the specifi c causes of death were 

examined, the ICD not only reduced arrhythmic death, but 
also appeared to reduce non - arrhythmic cardiac death, and 
deaths of unknown cause, which is unexplained and bio-
logically implausible. 

 The Multicenter Unsustained Tachycardia Trial 
(MUSTT) 47  was a randomized trial of electrophysiologi-
cally guided antiarrhythmic therapy in patients with cor-
onary artery disease, LVEF  ≤ 0.40 and asymptomatic, 
non - sustained ventricular tachycardia. Seven hundred 
and four patients who satisfi ed these criteria, and in 
whom sustained VT was induced by programmed stimu-
lation, were randomly assigned to receive either antiar-
rhythmic drug tailored by electrophysiologic testing, 
including drugs and ICDs (if drugs failed to suppress 
inducibility), or no antiarrhythmic therapy. The primary 
endpoint of cardiac arrest or death from arrhythmia was 
reached in 25% of those receiving electrophysiologically 
guided therapy, and in 32% of those assigned to no anti-
arrhythmic therapy (relative risk 0.73, 95% CI 0.53 – 0.99). 
Five - year total mortality was 42% in patients receiving 
EPS - guided therapy, versus 48% in controls (RR 0.80, 
95% CI 0.64 – 1.01). In a non - randomized analysis the 
primary endpoint was less frequent among patients who 
received ICDs compared to patients discharged without 
an ICD (relative risk 0.24; 95% CI 0.13 – 0.45;  P     <    0.001). In 
contrast, the primary endpoint was similar among those 
receiving antiarrhythmic therapy compared to those on 
no therapy. 

 The second Multicenter Automatic Defi brillator Implan-
tation Trial (MADIT II) 48  included patients with LVEF 
 ≤ 30% but  without  evidence of sustained VT/VF and 
excluded those with recent ( < 1 month) myocardial infarc-
tion, coronary artery bypass graft (CABG) or percutaneous 
transluminal coronary angioplasty (PTCA) ( < 2 months). 
There were 1232 patients randomly assigned to receive an 
ICD (742 patients) or conventional medical therapy (490 
patients). During an average follow - up of 20 months, the 
mortality rates were 19.8% in the conventional therapy 
group and 14.2% in the defi brillator group (HR 0.69, 95% 
CI 0.51 – 0.93). MADIT II was a landmark trial expanding 
ICD indications to patients with severe LVEF impairment 
due to ischemic cardiomyopathy but with no evidence of 
sustained ventricular arrhythmia. 

 Identifying those subjects with coronary artery disease 
(CAD) and severe LV dysfunction who will derive the 
greatest benefi t from prophylactic ICD therapy remains a 
challenge. Several MADIT II subgroup studies have been 
reported including survival in elderly patients, QRS dura-
tion, and clinical risk factors, and time after MI. 53 – 57  An 
important question is whether ICD therapy maintains its 
effi cacy in elderly subjects, addressed by Huang  et al  in a 
MADIT II substudy. 54  Among 1232 patients enrolled with 
prior infarct and LVEF  ≤ 0.30, 204 were  ≥ 75 years old and 
of those, 121 underwent ICD implant. 
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 The hazard ratio for mortality in patients  ≥ 75 years 
assigned to ICD compared with those in conventional 
therapy was 0.56 (95% CI 0.29 – 1.08;  P    =   0.08) after a mean 
follow - up of 17.2 months. Comparatively, the hazard ratio 
in patients  < 75 years assigned to ICD was 0.63 (0.45 – 0.88; 
 P    =   0.01) after 20.8 months. The ICD was associated with 
an equivalent reduction of mortality in elderly and younger 
patients. Dhar  et al  evaluated the prognostic signifi cance of 
prolonged QRS relative to arrhythmic outcomes in medi-
cally and ICD - treated patients enrolled in MADIT II. 55  In 
the medically treated arm, prolonged QRS was a signifi cant 
independent predictor of SCD (HR 2.12; 95% CI 1.20 – 3.76; 
 P    =   0.01). However, in the ICD - treated arm, prolonged QRS 
did not predict SCD or rapid VT/VF (HR 0.77; 95% CI 
0.47 – 1.24;  P    =   0.28). The difference in the prognostic effect 
of prolonged QRS in these two groups was signifi cant 
( P     <    0.01). These results suggest that in MADIT II patients, 
prolonged QRS does not predict SCD/VT/VF in ICD -
 treated patients but does predict SCD in medically treated 
patients. This underscores the non - equivalence of VT/VF 
and SCD and the need for caution in inferring risk of SCD 
when using non - randomized databases that include only 
patients with ICDs. 

 Clinical risk factors may be useful to identify subjects 
who would benefi t from a prophylactic ICD implant. Gold-
enberg  et al  developed a simple clinical risk score (NYHA 
class  > II, age  > 70 years, BUN  > 26   mg/dl, QRS duration 
 > 0.12   s, and atrial fi brillation) using a proportional - hazards 
regression analysis for the end point of all - cause mortality 
in patients allocated to the conventional therapy arm of 
MADIT II. 56  A prespecifi ed subgroup of very high - risk 
(VHR) patients (BUN  ≥ 50   mg/dL and/or serum creatinine 
 ≥ 2.5   mg/dL) was excluded. The benefi t of the ICD was then 
assessed within risk score categories and separately in 
VHR patients. Crude mortality rates in the conventional 
group were 8% and 28% in patients with 0 and  ≥ 1 risk 
factors, respectively, and 43% in VHR patients. ICD therapy 
was associated with a 49% reduction in the risk of death 
( P     <    0.001) among patients with  ≥ 1 risk factors (n   =   786), 
whereas no ICD benefi t was identifi ed in patients with 0 
risk factors (n   =   345; HR 0.96;  P    =   0.91) and in VHR patients 
(n   =   60; HR 1.00;  P     >    0.99). Patients that derive the greatest 
benefi t from a prophylactic ICD are at intermediate risk, in 
contrast, low - risk and VHR patients have attenuated effi -
cacy with an ICD. 

 One of the most important questions that clinicians pose 
when having to determine whether an asymptomatic 
patient with CAD and a LVEF  ≤ 30% will benefi t from ICD 
therapy is the time from most recent MI, evaluated by 
Wilber  et al  in a substudy of the MADIT II trial. 57  Mortality 
rates (deaths per 100 person - years of follow - up) in both 
treatment groups were analyzed by time from MI divided 
into quartiles ( < 18, 18 – 59, 60 – 119, and  >    =   120 months). In 
conventional care patients, these rates increased as time 

from MI increased (7.8%, 8.4%, 11.6%, 14.0%;  P    =   0.03). 
Mortality rates in ICD patients were consistently lower in 
each quartile and showed minimal increases over time 
(7.2%, 4.9%, 8.2%, 9.0%;  P    =   0.19). Covariate - adjusted 
hazard ratios for risk of death associated with ICD therapy 
were 0.97 (95% CI 0.51 – 1.81; P   =   0.92) for recent MI ( < 18 
months) and 0.55 (95% CI 0.39 – 0.78;  P    =   0.001) for remote 
MI ( >    =   18 months). These investigators concluded that the 
survival benefi t associated with ICDs appears to be greater 
for remote MI and remains substantial for up to 15 years 
after MI. 

 In summary, the effi cacy of prophylactic ICD therapy 
based on the MADIT II criteria seems to be maintained in 
elderly patients, particularly in those without signifi cant 
co - morbidities. QRS duration does not appear to be of use 
to further stratify patients that will benefi t and some clini-
cal risk factors such as impaired renal function, NYHA 
class, age  > 70 and atrial fi brillation may be helpful to iden-
tify patients at intermediate risk of dying, and who derive 
the greatest benefi t from ICD therapy. Nonetheless none of 
these fi ndings has been transferred into current guidelines 
and larger trials and prolonged follow - up are needed. 

 The most appropriate timing for the insertion of an ICD 
after an acute myocardial infarction (AMI) had not been 
specifi cally addressed in previous clinical trials. The Defi -
brillator in Acute Myocardial Infarction Trial (DINAMIT) 49  
was a randomized trial that compared ICD versus no ICD 
in a group of patients recruited during the period immedi-
ately following an acute myocardial infarction (6 – 40 days). 
Inclusion criteria were LVEF  < 35% and depressed heart 
rate variability defi ned as standard deviation of the N – N 
interval (SDNN)  ≤ 70   ms. There was no difference in the 
primary outcome of overall mortality between the two 
groups (95% CI 0.76 – 1.55;  P    =   0.66) (follow - up 30    ±    13 
months). However, there was a reduction in arrhythmic 
deaths that was offset by an increase in non - arrhythmic 
deaths in the ICD group. The conclusion of the DINAMIT 
study reinforces the need to delay the decision to implant 
an ICD by at least six weeks in patients with a recent myo-
cardial infarction. Reassessment of LVEF at the end of this 
waiting time is required in order to confi rm the severity of 
LV dysfunction. This trial also highlights the presence of 
competing risks in the early post - AMI phase that may 
offset the benefi ts of the ICD.  

  Primary  p revention of  SCD  in  n on -  i schemic 
 d ilated  c ardiomyopathy ( DCM ) 

 Non - ischemic dilated cardiomyopathy is a term that 
encompasses a variety of etiologies that may lead to the 
fi nal outcome of dilated cardiomyopathy. This should be 
noted when interpreting the various different clinical trials 
reported to date. In the Cardiomyopathy Trial (CAT) 50  
patients with recent onset of DCM and LVEF  ≤ 30% were 
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randomly assigned to ICD vs no ICD. The primary end-
point was all - cause mortality at one year of follow - up. The 
trial was terminated after the inclusion of 104 patients (50 
ICD, 54 control) because the all - cause mortality rate at one 
year did not reach the expected 30% in the control group. 
Mean follow - up was 22.8    ±    4.3 months; no SCD occurred 
during the fi rst or second year. Cumulative survival was 
not signifi cantly different between the two groups (93% 
and 80% in the control group versus 92% and 86% in the 
ICD group after two and four years, respectively). The lack 
of benefi t for the ICD group could be explained by the 
uncertain evolution of a recently diagnosed DCM with 
some patients having spontaneous recovery of LVEF to 
near normal values. 

 The Amiodarone Versus Implantable Cardioverter - 
defi brillator Randomized Trial (AMIOVIRT) 51  randomized 
103 patients with DCM, LVEF  < 35% and asymptomatic 
non - sustained ventricular tachycardia to receive either 
amiodarone or an ICD. The primary endpoint was total 
mortality; secondary endpoints included arrhythmia - free 
survival, quality of life, and costs. The study was stopped 
when the prospective stopping rule for futility was reached. 
The percentages of patients surviving at one year (90% vs 
96%) and three years (88% vs. 87%) in the amiodarone and 
ICD groups, respectively, were not statistically different 
( P    =   0.8). Quality of life was also similar with each therapy 
( P    =   NS). Amiodarone showed a trend towards improved 
arrhythmia - free survival ( P    =   0.1) and lower costs during 
the fi rst year of therapy ($8879 v. $22   039,  P    =   0.1). 

 In the Defi brillators in Non - Ischemic Cardiomyopathy 
Treatment Evaluation (DEFINITE) 52  study, 458 patients 
with DCM, LVEF  < 36% and premature ventricular com-
plexes or non - sustained VT were randomized to receive 
standard medical therapy alone versus standard medical 
therapy plus a single - chamber ICD. Standard medical 
therapy included ACE inhibitors (86%) and beta - blockers 
(85%); mean LVEF was 21%. During a mean follow - up of 
29    ±    14.4 months, there were 68 deaths: 28 in the ICD group 
and 40 in the standard therapy group (HR 0.65; 95% CI 
0.40 – 1.06;  P    =   0.08). The mortality rate at two years was 
14.1% in the standard therapy group and 7.9% in the ICD 
group. There were 17 sudden deaths from arrhythmia: 
three in the ICD group and 14 in the standard therapy 
group (HR 0.20; 95% CI 0.06 – 0.71;  P    =   0.006). The conclu-
sion was that the addition of an ICD to standard treatment 
that should include an ACE inhibitor plus a beta - blocker 
signifi cantly reduces SCD but has minimal impact in reduc-
ing overall mortality.  

  Primary  p revention of  SCD  in  p atients with 
 d ilated  c ardiomyopathy 

 The Sudden Cardiac Death in Heart Failure Trial (SCD -
 HeFT) 27  was the largest trial including DCM patients. It 

randomly assigned 2521 patients with NYHA class II or III 
heart failure and a LVEF  ≤ 35% to conventional therapy for 
heart failure plus placebo conventional therapy plus amio-
darone, or conventional therapy plus a conservatively pro-
grammed, shock - only, single - lead ICD. The primary 
endpoint was death from any cause. Median LVEF was 
25%, 70% were in heart failure NYHA class II and 30% 
were in class III. The cause of heart failure was ischemic in 
52% and non - ischemic in 48%. During a median follow - up 
of 45.5 months, there were 244 deaths (29%) in the placebo 
group, 240 (28%) in the amiodarone group, and 182 (22%) 
in the ICD group. The risk of death on amiodarone was 
similar to that on placebo (HR 1.06; 97.5% CI 0.86 – 1.30; 
 P    =   0.53) while ICD therapy was associated with a decreased 
risk of death (HR 0.77; 97.5% CI 0.62 – 0.96; P   =   0.007) and 
an absolute decrease in mortality of 7.2 percentage points 
after fi ve years in the overall population, independent of 
whether the cause of heart failure was ischemic or non -
 ischemic   (Fig.  40.1 ). Of note, ICD therapy had a 46% rela-
tive risk reduction in mortality in patients with NYHA 
class II (HR 0.54; 97.5% CI 0.40 – 0.74) (Fig.  41.3 ). In contrast, 
patients with NYHA class III had no benefi t from ICD 
therapy (HR 1.16; 97.5% CI 0.8 – 1.61). There is no obvious 
biologic reason for this unexpected result, but it is possible 
that patients with more advanced heart failure die from 
pump failure, and resynchronization therapy or heart 
transplant may be the therapies of choice. These fi ndings 
should be interpreted with caution since other trials such 
as MADIT II have not reproduced these fi ndings. Current 
guidelines recommend prophylactic ICD therapy in 
patients with both NYHA Class II and III.    

   ICD  for  s econdary  p revention of  SCD  

 All the secondary prevention trials comparing amiodarone 
versus ICD in patients surviving VT/VF were extensively 
described in the previous edition of this book. 58  The three 
largest of these were the Canadian Implantable Defi brilla-
tor Study (CIDS), 59  the Antiarrhythmic versus Implantable 
Defi brillator (AVID) 60  and the Cardiac Arrest Study 
Hamburg (CASH). 61  CASH enrolled patients with prior VF, 
whereas CIDS and AVID study enrolled both patients with 
prior VF as well as patients with hemodynamically unsta-
ble VT. CIDS also enrolled patients with decreased LV 
function, syncope and inducible VT. 

 A meta - analysis including the three trials 62  showed a 
signifi cant reduction in death from any cause with the ICD, 
with a summary HR (ICD vs amiodarone) of 0.72 (95% CI 
0.60 – 0.87;  P    =   0.0006). For the outcome of arrhythmic death 
the HR was 0.50 (95% CI 0.37 – 0.67;  P     <    0.0001). Survival 
was extended by a mean of 4.4 months by the ICD over a 
follow - up period of six years. Patients with LVEF  ≤ 35% 
derived signifi cantly more benefi t from ICD therapy than 
those with better LV function (HR 1.2, 95% CI 0.86 – 1.76 in 
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     Figure 40.1     Clinical trials evaluating the 
role of ICD in both primary and secondary 
indications. LVEF  < 35% is the threshold 
suggested by most primary prevention trials. 
Graded color towards an LVEF of 40% 
suggests that the benefi t of ICD is less 
marked than in patients with more severe 
deterioration of LVEF.  
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patients with LVEF  > 35% vs HR 0.66, 95% CI in patients 
with LVEF  ≤ 35%,  P  interaction    =   0.011). The point estimates of 
ICD benefi t from the three studies were consistent with 
each other ( P  heterogeneity     =   0.306). 

 Among patients presenting with life - threatening sus-
tained VT or VF the balance of evidence now favors ICD 
therapy over amiodarone, particularly in those with 
impaired LV function ( < 35%). In light of the modest pro-
longation of life conferred by the ICD and its high cost, 
where resources are limited, efforts should be directed 
towards identifying patients in higher - risk groups and con-
sidering amiodarone as a reasonable alternative.  

  Antiarrhythmic  d rugs  a s  a djunctive  ICD   t herapy 

 ICDs and antiarrhythmic drugs should not be considered 
as exclusive alternatives. 63  In fact, a signifi cant proportion 
of ICD patients receive concomitant antiarrhythmic therapy 
to help control supraventricular tachyarrhythmia, recur-
rent ventricular arrhythmia and frequent appropriate and 
inappropriate ICD shocks. Indeed, the ICD does not 
prevent VT/VF, only its fatal consequences. 

 In the OPTIC 16  study, 412 patients with an ICD were 
randomized to receive blinded amiodarone   +   beta - blocker 
vs sotalol alone vs beta - blocker alone for one year. The 
primary outcome was ICD shock for any reason; they 
occurred in 12 patients (10.3%) assigned to amiodarone 
plus beta - blocker, 26 (24.3%) assigned to sotalol, and 41 
(38.5%) assigned to beta - blocker alone. A reduction in the 
risk of shock was observed with use of either amiodarone 
plus beta - blocker or sotalol versus beta - blocker alone (HR 
0.44; 95% CI 0.28 – 0.68;  P     <    0.001). Amiodarone plus beta -

 blocker signifi cantly reduced the risk of shock compared 
with beta - blocker alone (HR 0.27; 95% CI 0.14 – 0.52; 
 P     <    0.001) and with sotalol (HR 0.43; 95% CI 0.22 – 0.85; 
 P    =   0.02). The rates of study drug discontinuation at one 
year were 18.2% for amiodarone, 23.5% for sotalol, and 
5.3% for beta - blocker alone. Adverse pulmonary and 
thyroid events and symptomatic bradycardia were more 
common among patients randomized to amiodarone. Ami-
odarone should be initiated in ICD patients presenting 
with frequent shocks both appropriate and inappropriate; 
sotalol is not as effective but is an acceptable alternative. 
ICD therapy whether appropriate or inappropriate leads to 
serious discomfort and anxiety in patients with ICDs. The 
OPTIC trial provides strong evidence that both sotalol and 
amiodarone are highly effective in preventing shocks and 
should be initiated once either inappropriate or appropri-
ate shocks are documented. 

 The Shock Inhibition Evaluation with Azimilide 
(SHIELD) trial randomized 633 ICD recipients in a double -
 blind, placebo - controlled study to evaluate the effect of 
daily doses of 75 or 125   mg of azimilide on recurrent symp-
tomatic ventricular tachyarrhythmias and ICD therapies. 64  
The total of all - cause shocks plus symptomatic ventricular 
tachycardia (VT) terminated by antitachycardia pacing 
(ATP) was signifi cantly reduced by azimilide, with relative 
risk reductions of 57% (HR 0.43, 95% CI 0.26 – 0.69, 
 P    =   0.0006) at the 75   mg dose and 47% (HR 0.53, 95% CI 
0.34 – 0.83,  P    =   0.0053) at the 125   mg dose. The reductions in 
all - cause shocks with both doses of azimilide did not 
achieve statistical signifi cance. The incidence of all appro-
priate ICD therapies (shocks or ATP - terminated VT) was 
reduced signifi cantly among patients taking 75   mg azimil-
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     Figure 40.2     Kaplan – Meier estimates of death from any cause for (a) ischemic and (b) non ischemic cardiomyopathy in the SCD - Heft trial (upper panel). 
Kaplan – Meier estimates of death from any cause in NYHA Class II (c) and III patients (d).  (From Bardy  et al  27 ) .  
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ide (HR 0.52, 95% CI 0.30 – 0.89,  P    =   0.017) and those taking 
125   mg of azimilide (HR 0.38, 95% CI 0.22 – 0.65,  P    =   0.0004). 
Azimilide signifi cantly reduced the recurrence of VT or 
ventricular fi brillation terminated by shocks or ATP in ICD 
patients, thereby reducing the burden of symptomatic 
ventricular tachyarrhythmias. 

 Three randomized clinical trials have assessed the effect 
of omega 3 fatty acids in patients with an ICD and previous 
VT/VF. 65 – 67  Raitt and collaborators randomized 200 patients 
with an ICD and a recent episode of sustained VT or VF, 
in a double - blind, placebo - controlled trial, to receive fi sh 
oil 1.8   g/d, 72% omega 3 PUFAs, or placebo; they were 
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     Figure 40.3     Meta - analysis of clinical trials 
evaluating the role of ICD therapy for 
secondary prevention of SCD. The upper 
panel shows the cumulative risk of fatal 
events for the amiodarone and ICD treatment 
arms and the lower panel shows the 
cumulative risk for death according to LVEF 
 ≤ 35% or  ≥ 35%.  (From Conolly  et al  62 ).   
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followed up for a median of 718 days (range 20 – 828 days). 65  
Time to fi rst episode of ICD treatment for VT/VF was the 
primary outcome. Patients randomized to receive fi sh oil 
had ICD therapy for VT/VF at six, 12, and 24 months, 46% 
(5%), 51% (5%), and 65% (5%) compared with 36% (5%), 
41% (5%), and 59% (5%) for patients randomized to receive 
placebo ( P    =   0.19). Recurrent VT/VF events were more 
common in patients randomized to receive fi sh oil 
( P     <    0.001). These investigators concluded that fi sh oil sup-
plementation did not reduce the risk of VT/VF and may 
be proarrhythmic in some patients. 

 Leaf  et al  randomized 402 patients with ICDs to double -
 blind treatment with either fi sh oil or an olive oil daily 
supplement for 12 months. 66  The primary endpoint was a 
composite of time to fi rst ICD event for VT/VF or death 
from any cause. Treatment with the fi sh oil supplement 
showed a trend toward a prolonged time to the fi rst ICD 
event or death from any cause (risk reduction of 28%; 
 P    =   0.057). In patients  “ on treatment ”  for at least 11 months, 
the antiarrhythmic benefi t of fi sh oil was improved for 
those with confi rmed events (risk reduction of 38%; 
 P    =   0.034). The authors interpreted these fi ndings as evi-
dence that for individuals at high risk of fatal ventricular 

arrhythmias, regular daily ingestion of fi sh oil fatty acids 
may signifi cantly reduce potentially fatal ventricular 
arrhythmias. 

 The Study on Omega - 3 Fatty acids and ventricular 
Arrhythmia (SOFA) was a randomized, parallel, placebo -
 controlled, double - blind trial that recruited 546 patients 
with ICDs and prior documented VT/VF. 67  Patients were 
randomly assigned to receive 2   g/d of fi sh oil (n   =   273) or 
placebo (n   =   273) for a median period of 356 days. The 
primary outcome was a composite of appropriate ICD 
intervention for VT/VF or all - cause death. The primary 
endpoint occurred in 81 (30%) patients taking fi sh oil vs 90 
(33%) patients taking placebo (HR 0.86; 95% CI 0.64 – 1.16; 
 P    =   0.33). This study did not indicate evidence of benefi t or 
harm of omega 3 PUFAs in patients with an ICD and prior 
VT/VF. A recent meta - analysis pooled the data from the 
described trials that included a total of 573 patients who 
received fi sh oil and 575 patients who received a control; 
at one year there was no overall effect of fi sh oil on the 
relative risk of ICD discharge. 68  Signifi cant heterogeneity 
was observed between trials and this meta - analysis was 
unable to show any signifi cant effect on the relative risk of 
ICD therapy. 
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 In summary, adjunctive therapy for the prevention of 
recurrent shocks has clinical relevance primarily by 
improving quality of life by preventing both appropriate 
and inappropriate shocks and potentially prolonging 
device longevity. Amiodarone and sotalol have both shown 
signifi cant reductions in device therapy and are recom-
mended for patients with recurrent shocks. Azimilide has 
shown some promising results but there has been no head -
 to - head comparison with amiodarone or sotalol. There is 
currently no strong evidence that supports the routine use 
of fi sh oils for the reduction of ICD therapies.   

  Prevention of  l ess  c ommon 
 c ardiomyopathies and  c hannelopathies 

 Several less common disorders may manifest with SCD as 
primary clinical presentation and include a heterogeneous 
group of cardiomyopathies such as hypertrophic cardio-
myopathy (HCM), arrhythmogenic right ventricular dys-
plasia/cardiomyopathy (ARVD/C) and Chagas ’  disease. 
Channelopathies such as the Brugada syndrome, long QT 
syndrome and catecholaminergic polymorphic VT are 
among the most frequent genetic disorders. Some of these 
conditions have a very low prevalence and there are no 
data from randomized clinical trials. Nonetheless, SCD is 
a relatively frequent and devastating clinical presentation 
that affects young people and their siblings. 69,70  The level 
of evidence for all these disorders is C, and larger studies 
assessing the role of primary prevention are needed. 6,71  

  Hypertrophic  c ardiomyopathy 

 HCM is a relatively common cardiac disorder (adult preva-
lence about 1:500) in which SCD is a devastating compo-
nent, which may occur at any age but particularly in young, 
often asymptomatic patients. Risk factors for SCD have 
been derived from observational studies and international 
registries. Major risk factors include prior cardiac arrest; 
family history of SCD, syncope or spontaneous sustained 
or non - sustained VT, LV thickness  > 30   mm and an abnor-
mal blood pressure response to exercise. 6,71  The implant of 
an ICD for secondary prevention of SCD is widely accepted 
based on small observational studies and expert opinion. 71  

 The prophylactic use of an ICD is also appropriate in 
those individuals with any of the aforementioned risk 
factors. It remains unclear which risk factor has the highest 
predictive accuracy and  a single  risk factor may be a suffi -
cient indication for an ICD for primary prophylaxis. Maron 
 et al  72  recently reported data from a multicenter registry 
that included 506 patients with HCM with an ICD 
implanted for either primary or secondary prophylaxis. 
The mean follow - up was 3.7    ±    2.8 years. The primary 
outcome was appropriate shocks delivered by the ICD. 

ICD therapy appropriately terminated ventricular tachy-
cardia/fi brillation in 103 patients (20%). Intervention rates 
were 10.6% per year for secondary prevention after cardiac 
arrest (fi ve - year cumulative probability, 39% (SD, 5%)), 
and 3.6% per year for primary prevention (fi ve - year prob-
ability, 17% (SD, 2%)). Time to fi rst appropriate discharge 
was up to 10 years, with a 27% probability of receiving 
therapy fi ve years or more after implantation. For primary 
prevention, 35% of patients with appropriate ICD interven-
tions had undergone implantation for only a single risk 
factor; likelihood of appropriate discharge was similar in 
patients with one, two, three or more risk markers (3.83, 
2.65, and 4.82 per 100 person - years, respectively;  P    =   0.77). 
An important proportion of ICD discharges occurred in 
primary prevention patients who had undergone implan-
tation for a single risk factor. In summary, patients with 
HCM and a secondary prevention indication have a 10.6% 
yearly rate of appropriate shocks in contrast to patients 
with a primary indication who have a 3.6% yearly rate of 
appropriate shocks independent of the risk factors previ-
ously mentioned.  

  Arrhythmogenic  r ight  v entricular 
 c ardiomyopathy ( ARVC ) 

 ARVC may manifest as SCD in younger patients and 
selected subjects may be at higher risk for SCD. There is 
some evidence identifying high - risk subgroups derived 
from observational studies and it is reasonable to recom-
mend the use of an ICD in these patients. 73  Risk factors that 
identify patients that may be at risk of life - threatening 
arrhythmias include induction of VT during electrophysi-
ologic testing, detection of non - sustained VT on ambula-
tory ECG monitoring, male gender, severe RV dilation and 
extensive RV involvement. 74  Presentation at an age  < 5years, 
LV involvement, prior cardiac arrest and unexplained 
syncope may also serve as markers of increased risk for 
SCD. 6,75  However it is important to realize that these risk 
factors have not been validated in large prospective series. 
There is a wide variation in presentation and course of 
ARVC patients; however, patients presenting with syncope, 
sustained VT or SCD appear to be a higher - risk group. 

 The role of ICD therapy for primary prevention of SCD 
in patients with ARVC is unclear and no data from ran-
domized clinical trials are available. The decision to implant 
an ICD for primary prophylaxis in patients with ARVC may 
be prompted by the presence of one or more of the following 
markers: family history of SCD or ARVC, syncope, extensive 
RV involvement, and LV involvement. 6   

  Chagas ’   c ardiomyopathy 

 Chagas ’  disease is an endemic parasitic disease that affects 
more than 100 million people in Latin America. Recent 
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migration patterns have made North America and Europe 
also vulnerable and several cases have been reported in the 
last years. 76 – 78  Dilated cardiomyopathy, progressive heart 
failure, conduction disorders and life - threatening arrhyth-
mias are common clinical presentations. 78  SCD is the prin-
cipal cause of death in Chagas ’  disease, accounting for 
about 55 – 65% of deaths affecting individuals during their 
most productive years, leading to an estimated SCD inci-
dence of 24 per 1000 patient - years. 78  There is a lack of 
controlled trials in the prevention or treatment of SCD 
associated with Chagas ’  disease. 

 The Chagas Cardiomyopathy Bisoprolol Intervention 
Study (CHARITY) 79  is an ongoing randomized trial con-
ducted in Colombia, testing bisoprolol vs placebo in a 
population with Chagas ’  disease and symptomatic heart 
failure. SCD is one of the secondary outcomes. The Benz-
nidazole Evaluation For Interrupting Trypanosomiasis 
(BENEFIT) trial is a large randomized double - blind trial 
that is testing the hypothesis whether treatment with the 
anti - trypanosomal agent benznidazol reduces both PCR 
serology and clinical outcomes that include SCD, ventricu-
lar tachycardia, overall mortality and cardiac mortality. 80  

 Current data from registries and small observational 
trials suggest that the ICD has a similar benefi cial effect in 
patients with Chagas ’  cardiomyopathy compared to other 
non - ischemic dilated cardiomyopaties. 81,82  Of note, pro-
gression of LV dysfunction and heart failure is more 
aggressive in patients with Chagas ’  cardiomyopathy and 
may affect the overall benefi t of ICD therapy in this popula-
tion. Further studies will be needed to clarify the role of 
ICD therapy in the prevention of SCD.  

  Brugada  s yndrome 

 The diagnosis of Brugada syndrome is based on character-
istic 12 - lead ECG manifestations that include J point 
segment elevation in leads V1 – V3 and right bundle branch 
block pattern that may be intermittent. 83  The disease is 
transmitted in an autosomal dominant pattern with more 
than 90% of cases being male. The genetic alteration has 
been localized to the cardiac sodium channel gene 
(SCN5A). 84  

 Identifying asymptomatic subjects that are at increased 
risk of SCD is of clinical importance but remains a contro-
versial topic. There are no data indicating that family 
history predicts SCD in patients with Brugada syndrome. 
Similarly there is no evidence that asymptomatic subjects 
with no family history are at low risk. Patients with a spon-
taneous characteristic ECG pattern compared to ECG 
changes elicited by pharmacologic challenge appear to 
have a worse prognosis. 85  Furthermore, patients with a 
spontaneous characteristic ECG pattern and syncope have 
a sixfold higher risk of SCD compared with patients 
without syncope and spontaneous ECG changes. 85  

 Some investigators promote the use of EPS to identify 
patients with asymptomatic Brugada syndrome at high 
risk of SCD. 6,83  This practice remains highly controversial 
as other investigators have reported a low accuracy for EPS 
to predict SCD. 83 – 85  In summary, it appears reasonable to 
offer an ICD in patients who have survived a cardiac arrest 
and present with polymorphic VT or syncope together 
with spontaneous characteristic Brugada ECG pattern. 
Primary prevention with an ICD in asymptomatic patients 
with the Brugada syndrome is based on individual patient 
selection. 6,86   

  Long  QT   s yndrome 

 The long QT syndrome is frequently associated with SCD. 
Long - term therapy with beta - blockers, permanent pacing 
or left cervicothoracic ganglionic sympathectomy have 
been reported to reduce cardiac events. 6,87,88  A number of 
clinical markers have been suggested as risk stratifi ers for 
SCD. History of syncope, family history of SCD, cardiac 
arrest, torsades de pointes and type of long QT (LQTS 2 – 3) 
have been suggested by some investigators as markers of 
SCD. 87  ICD is recommended for patients who have a recur-
rence of syncope or VF while receiving beta - blockers. 
Primary prevention with an ICD may be indicated in 
patients felt to be at very high risk and those unable to 
receive beta - blockers. Genetic analysis may in the future 
aid in identifying patients at higher risk of SCD and may 
justify implanting an ICD for primary prevention. 6,88    

  Catecholaminergic  p olymorphic  VT  

 Cathecholaminergic polymorphic VT (CPVT) is an inher-
ited disease characterized by life - threatening arrhythmias 
(usually triggered by emotion or exercise). The mortality 
rate in untreated individuals is 30 – 50% by age 40. 89  Non -
 sustained or sustained bidirectional VT is a frequent clini-
cal presentation, usually triggered by exercise. Irregular 
polymorphic VT or VF can also be seen in these patients. 
Beta - blockers are the therapy of choice. If syncope 
recurs on appropriate beta - blocker therapy an ICD is 
indicated. 6,89,90  

  Application of  c urrent  e vidence in  u nder -
  r epresented  p opulations 

 Translating evidence derived from clinical trials may be 
challenging in specifi c under - represented populations. In 
most clinical trials testing the ICD, patients over 75 years 
of age have been under - represented and the benefi ts of ICD 
therapy in this subgroup remain debatable. A recent study 
combined individual data from the CIDS, AVID and CASH 
studies and divided the population into those aged  ≥ 75 and 
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 < 75 years. 91  Overall, 1866 patients were included in this 
analysis; 252 patients were aged  ≥ 75 years old (13.5%). 
LVEF was similar in both groups (32.6    ±    13.7 vs 33.8    ±    14.9%, 
 P    =   0.20) as was baseline NYHA class III or IV (12.3 vs 
11.8%,  P    =   0.38). Older patients were less likely to have VF 
as their presenting arrhythmia (39 vs 53%,  P    =   0.0001). Over 
a mean follow - up of 2.3 years, older patients were more 
likely to die from both non - arrhythmic (8.74% per year vs 
3.96% per year,  P    =   0.001) and arrhythmic death (6.73% per 
year vs 3.84% per year,  P    =   0.03). The ICD signifi cantly 
reduced all - cause and arrhythmic death in patients aged 
 < 75 years (all - cause death HR 0.69, 95% CI 0.56 – 0.85, 
 P     <    0.0001; arrhythmic death HR 0.44, 95% CI 0.32 – 0.62, 
 P     <    0.0001), but not in patients aged  ≥ 75 years old (all - cause 
death HR 1.06, 95% CI 0.69 – 1.64,  P    =   0.79; arrhythmic death 
HR 0.90, 95% CI 0.42 – 1.95,  P    =   0.79). 

 Evidence from observational studies suggests that 
elderly patients with multiple co - morbidities may derive 
less benefi t from ICD therapy, possibly due to competing 

risks that dilute the effects of ICD therapy. End - stage renal 
failure has been identifi ed as a potential co - morbidity that 
reduces the benefi t of ICD. 92,93  ICD therapy should not be 
withheld based on age alone; however, careful consider-
ation of the risk of non - arrhythmic death among elderly 
patients and patients with multiple co - morbidities, espe-
cially end - stage renal disease, should be taken into account 
when considering ICD implantation.  

  Cardiac  r esynchronization  t herapy and  ICD  for 
 SCD   p revention 

 Whether ICD therapy alone or combined with cardiac 
resynchronization therapy in appropriate heart failure can-
didates has an impact on SCD remains a matter of debate. 
The Comparison Of Medical therapy, Pacing, And defi bril-
latION in heart failure (COMPANION) 94  trial included 
1520 patients with advanced heart failure (NYHA class 
III – IV) due to ischemic or non - ischemic cardiomyopathy 

BOX 40.1   Recommendations for  ICD  therapy 

  Primary  p revention 

  Class  I  
     •      Patients with ischemic heart disease with or without mild 

to moderate symptoms and LVEF  < 35%, due to prior MI 
who are at least 40 days post MI (measured at least one 
month post MI and three months post coronary 
revascularization procedure) and are in NYHA class II or 
III (Level A)  

   •      Patients with LVEF  < 30%, due to prior MI who are at least 
40 days post - MI (measured at least one month post MI 
and three months post coronary revascularization 
procedure) and are in NYHA class I (Level A)  

   •      Patients with non - ischemic cardiomyopathy LVEF  < 35%, 
and NYHA functional class II – III (Level B)  

   •      Patients with familial or inherited conditions such as, but 
not limited to, long QT syndrome, hypertrophic 
cardiomyopathy, Brugada syndrome or ARVD and at a 
high risk for life - threatening ventricular tachyarrhythmias 
(Level C)  

   •      Patients with non - sustained VT due to prior MI who are at 
least 40 days post MI (measured at least one month post 
MI and three months post coronary revascularization 
procedure) LVEF  < 40% and inducible VF or sustained VT 
at electrophysiologic study (Level B)     

  Class  II  a  
     •      Patients with non - ischemic cardiomyopathy with unex-

plained syncope and, LVEF  < 30% (Level C)  
   •      Patients with sustained VT with normal or near normal 

LVEF (Level C)  
   •      Patients with HCM who have one or more risk factors for 

SCD (Level C)  

   •      Patients with ARVD/C who have one or more risk factors 
for SCD (Level C)  

   •      Patients with long QT syndrome with syncope and/or VT 
while receiving beta - blockers (Level C)  

   •      Patients with Brugada syndrome with unexplained 
syncope or documented VT that has not resulted in 
cardiac arrest (Level C)  

   •      Patients with catecholaminergic polymorphic VT who 
present with syncope/documented sustained VT while 
receiving beta - blockers (Level C)  

   •      Patients with Chagas ’  cardiomyopathy and LVEF  < 35% 
and NYHA II or III (Level C)      

  Secondary  p revention 

  Class  I  
     •      Patients with aborted cardiac arrest due to VF/VT not due 

to a transient or reversible cause (Level A)  
   •      Spontaneous sustained VT in association with structural 

heart disease (Level B)  
   •      Syncope of undetermined origin with clinically relevant, 

hemodynamically signifi cant sustained VT or VF induced 
at electrophysiology study (Level B)  

   •      Spontaneous sustained VT in patients who do not have 
structural heart disease that is not amenable to other 
treatments (Level B)     

  Class  II  a  
     •      Patients with unexplained syncope non - ischemic dilated 

cardiomyopathy and LVEF  < 35% (Level C)  
   •      Patients in hospital with sustained VT awaiting for cardiac 

transplantation (Level C)       
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and a QRS interval of at least 120   msec who were randomly 
assigned to optimal pharmacologic therapy alone or in 
combination with cardiac resynchronization therapy (CRT) 
with either a pacemaker or a pacemaker/defi brillator. The 
primary composite endpoint was the time to death or hos-
pitalization for any cause. Mean LVEF was 22% and all the 
patients had a QRS duration  > 150   ms. The total annual 
mortality in the control group was 19% and the addition of 
ICD to biventricular pacing reduced the relative risk by 
36% (HR 0.64, 95% CI 0.48 – 0.86). This benefi t was main-
tained independent of type of cardiomyopathy. 

 The CArdiac REsynchronization Heart Failure (CARE -
 HF) 95  study randomized 813 patients with advanced heart 
failure (NYHA class III – IV), QRS prolongation ( > 120   msec) 
and LVEF  < 35% who were followed for a mean of 29.4 
months. The primary endpoint (time to death from any 
cause or an unplanned hospitalization for a major cardio-
vascular event) was signifi cantly reduced in the CRT com-
pared to medical therapy group (HR 0.63; 95% CI 0.51 – 0.77; 
 P     <    0.001). Death was also signifi cantly reduced in the CRT 
compared to medical therapy group (HR 0.64; 95% CI 0.48 –
 0.85;  P     <    0.002). The extended CARE - HF follow - up also 
observed a signifi cant reduction in SCD (HR 0.54, 95% CI 
0.35 – 0.84,  P    =   0.005). 96    Thus it is reasonable to recommend 
CRT   +   ICD when there is an overlapping indication 
(advanced heart failure, EF  < 35%, QRS duration  > 120   msec).     
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  Introduction and  h istorical  p erspective 

 The development and implementation of the fi rst fully 
implantable cardiac pacemaker in 1958 transformed the 
outlook for patients with symptomatic bradycardia and 
Stokes – Adams attacks. 1  Since then, technologic advances 
and innovation over fi ve decades have enabled the devel-
opment of increasingly sophisticated pacing systems, 
better able to simulate the normal cardiac activation 
sequence, and a wide variety of different pacing modes is 
now available. 

 Initially, pacemakers were only implanted for atrioven-
tricular (AV) block, but their use was soon extended to the 
management of symptomatic bradycardia associated with 
sinus node disease. In recent years, improved understand-
ing of pathophysiologic mechanisms has prompted the 
assessment of pacemaker therapy in other conditions such 
as neurocardiogenic syncope, hypertrophic cardiomyopa-
thy and paroxysmal atrial fi brillation. Most recently, the 
development of cardiac resynchronization therapy using 
biventricular pacing has emerged as an important treat-
ment for selected patients with heart failure. With the 
emergence of new indications for pacing and the availabil-
ity of a vast array of different pacing modes and tech-
niques, an evidence - based approach to the practice of 
cardiac pacing has become increasingly important.  

  Goals of  c ardiac  p acing 

 The fundamental aims of cardiac pacing are to relieve 
symptoms, to improve the quality of life and, in some 
instances, to prolong survival. The achievement of these 
aims is mediated by improvements in hemodynamic func-

tion and functional capacity, reduction in cardiovascular 
morbidity, and prevention of sudden death. Any consider-
ation of the utility and optimal mode of pacing must have 
regard to all of these factors. It is important to note that 
hemodynamic differences between alternative pacing 
modes do not always translate into signifi cant differences 
in clinical outcomes and comprehensive assessment in 
randomized clinical trials is therefore essential. It is also 
important to bear in mind that inappropriate pacing or 
complications from pacing may result in new or worse 
symptoms and increased cardiovascular morbidity. This is 
perhaps best exemplifi ed by the pacemaker syndrome. 2   

  Current  p acing  p ractice 

 The most recent world survey of cardiac pacing reported 
that there were over 540   000 new pacemaker implants in 
the 43 contributing countries in 2005 3  and the number of 
new implants is continuing to rise. 3 – 5  There is considerable 
national and regional variation in the implant rate. In the 
USA in 2005, there were approximately 752 new implants 
per million population. In Europe, fi gures ranged from 101 
per million (Russia) to 789 per million (Belgium). 3  These 
variations may partly refl ect differences in the age distribu-
tion and morbidity of the relevant populations but avail-
ability of resources and variations in standards of medical 
care and attitudes to pacing may also be relevant. There 
has also been some suggestion, in the past, of inappropriate 
and excessive pacemaker implantation. 6  

 In an effort to defi ne appropriate pacing practice, a joint 
task force subcommittee of the American College of Cardi-
ology (ACC) and the American Heart Association (AHA) 
has published guidelines for permanent pacemaker implan-
tation, most recently in 2008 (Table  41.1 ). 7  Similar guide-
lines have also been published in Europe by a task force of 
the European Society of Cardiology (ESC), in collaboration 
with the European Heart Rhythm Association. 8     
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  Table 41.1      ACC / AHA / HRS  guidelines: indications for permanent cardiac pacing 7  

    Condition       Class I       Class IIa       Class IIb       Class III   

  Acquired AV block in adults  

  First - degree        First -  or second - degree AV 

block with symptoms 

similar to those of 

pacemaker syndrome or 

hemodynamic 

compromise (B)  

  First -  or second - degree AV 

block, with or without 

symptoms, associated 

with neuromuscular 

diseases such as 

myotonic muscular 

dystrophy, Erb dystrophy 

or peroneal muscular 

atrophy (B)  

  Asymptomatic fi rst -

 degree AV block (B)  

  Second - degree    Second - degree AV block with 

associated symptomatic 

bradycardia regardless of site or 

type of block (B)  

  See above    See above    Asymptomatic type I 

second - degree block at 

the supra - His (AV 

node) level or not 

known to be intra -  or 

infra - Hisian (C)  

  Asymptomatic type II second -

 degree AV block with a wide 

QRS, including isolated RBBB 

(B)  

  Asymptomatic type II 

second - degree AV block 

with a narrow QRS (B)  

        

  Second - degree AV block during 

exercise in the absence of 

myocardial ischemia (C)  

  Asymptomatic second -

 degree block at intra -  or 

infra - His levels found at 

EPS (B)  

        

  Third - degree (CHB)    CHB and advanced second -

 degree AV block at any anatomic 

level associated with any of the 

following:

   •      Bradycardia with symptoms 

(including heart failure) or 

ventricular arrhythmia 

presumed due to AV block (C)  

   •      Arrhythmias and other 

conditions requiring drug 

therapy that results in 

symptomatic bradycardia (C)  

   •      Sinus rhythm, with documented 

asystole  ≥ 3 s, an escape rate 

 < 40/min or an infranodal 

escape rhythm in awake, 

symptom - free patients (C)  

   •      AF and bradycardia with one or 

more pauses  ≥ 5 s in awake, 

symptom - free patients (C)  

   •      Prior catheter ablation of the 

AV junction (C)  

   •      Postoperative AV block that is 

not expected to resolve after 

cardiac surgery (C)    

  Persistent third - degree AV 

block with an escape 

rate  > 40/min in 

asymptomatic adults 

without cardiomegaly 

(C)  

  AV block in the setting of 

drug use and/or toxicity 

when block is expected 

to recur even after the 

drug is withdrawn (B)  

  AV block that is expected 

to resolve and is 

unlikely to recur (for 

example, drug toxicity, 

Lyme disease, transient 

increased vagal tone or 

during hypoxia in sleep 

apnea syndrome 

without symptoms) (B)  

            

            

            

            

            

            

Continued on p. 638
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    Condition       Class I       Class IIa       Class IIb       Class III   

    •     Neuromuscular diseases, such 

as myotonic muscular 

dystrophy, Kearns – Sayre 

syndrome, Erb dystrophy or 

peroneal muscular atrophy with 

or without symptoms (B)  

            

  Asymptomatic persistent 

third - degree AV block at any 

anatomic site with mean awake 

ventricular rates  ≥ 40/min if 

cardiomegaly or LV dysfunction 

is present or block is infranodal 

(B)  

            

  Third - degree AV block during 

exercise in the absence of 

myocardial ischemia (C)  

            

  Chronic bifascicular 

or trifascicular 

block  

  Associated with advanced 

second - degree AV block or 

intermittent CHB (B)  

  Syncope not demonstrated 

to be due to AV block 

when other likely causes 

have been excluded, 

specifi cally VT (B)  

  Neuromuscular diseases 

such as myotonic 

muscular dystrophy, Erb 

dystrophy or peroneal 

muscular atrophy with 

bifascicular or any 

fascicular block, with or 

without symptoms (C)  

  Fascicular block without 

AV block or symptoms 

(B)  

  Associated with type II second -

 degree AV block (B)  

  Incidental fi nding at EPS 

of markedly prolonged 

HV interval ( ≥ 100 ms) in 

asymptomatic patients 

(B)  

      Fascicular block with 

fi rst - degree AV block 

without symptoms (B)  

  Alternating bundle branch block 

(C)  

  Incidental fi nding at EPS 

of pacing - induced 

infra - His block that is 

not physiological (B)  

        

  AV block after the 

acute phase of 

myocardial 

infarction (MI)  

  Persistent second - degree AV 

block in the His – Purkinje 

system with alternating bundle 

branch block or third - degree 

AV block within or below the 

His – Purkinje system after ST 

elevation MI (B)  

  None    Persistent second -  or 

third - degree AV block 

at the AV node level, 

even in the absence of 

symptoms (B)  

  Transient AV block in the 

absence of 

intraventricular 

conduction defects (B)  

  Transient advanced second -  or 

third - degree infranodal AV 

block and associated bundle 

branch block. If the site of 

block is uncertain, an EPS may 

be necessary (B)  

          Transient AV block in the 

presence of isolated 

left anterior fascicular 

block (B)  

  Persistent and symptomatic 

second -  or third - degree AV 

block (C)  

          New bundle branch block 

or fascicular block in 

the absence of AV 

block (B)  

              Persistent asymptomatic 

fi rst - degree AV block in 

the presence of bundle 

branch block or 

fascicular block (B)  

Table 41.1 Continued
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    Condition       Class I       Class IIa       Class IIb       Class III   

  Sinus node 

dysfunction (SND)  

  SND with documented 

symptomatic bradycardia, 

including frequent sinus pauses 

that produce symptoms (C)  

  SND with heart rate  < 40/

min when a clear 

association between 

signifi cant symptoms 

consistent with 

bradycardia and the 

actual presence of 

bradycardia has not 

been documented (C)  

  Minimally symptomatic 

patients with chronic 

heart rates  < 40/min 

whilst awake (C)  

  SND in asymptomatic 

patients (C)  

  Symptomatic chronotropic 

incompetence (C)  

  Syncope of unexplained 

origin when clinically 

signifi cant abnormalities 

of sinus node function 

are discovered or 

provoked at EPS (C)  

      SND in patients in whom 

the symptoms 

suggestive of 

bradycardia have been 

clearly documented to 

occur in the absence of 

bradycardia (C)  

  Symptomatic sinus bradycardia 

that results from required drug 

therapy for medical conditions 

(C)  

          SND with symptomatic 

bradycardia due to 

nonessential drug 

therapy (C)  

  Hypersensitive 

carotid sinus 

syndrome and 

neurocardiogenic 

syncope  

  Recurrent syncope caused by 

spontaneously occurring carotid 

sinus stimulation and carotid 

sinus pressure that induces 

ventricular asystole of  > 3 s (C)  

  Syncope without clear, 

provocative events and 

with a hypersensitive 

cardio - inhibitory 

response  ≥ 3 s (C)  

  Signifi cantly symptomatic 

neurocardiogenic 

syncope associated with 

bradycardia documented 

spontaneously or at the 

time of tilt - table testing 

(B)  

  Hypersensitive cardio -

 inhibitory response to 

carotid sinus 

stimulation without 

symptoms or with 

vague symptoms (C)  

              Situational vasovagal 

syncope in which 

avoidance behavior is 

effective and preferred 

(C)  

  Pacing to prevent 

tachycardia  

  Sustained pause - dependent VT, 

with or without QT 

prolongation (C)  

  High - risk patients with 

congenital long - QT 

syndrome (C)  

  Prevention of 

symptomatic, drug -

 refractory, recurrent AF 

in patients with 

co - existing sinus node 

disease (B)  

  Frequent or complex 

ventricular ectopic 

activity without 

sustained VT in the 

absence of the long - QT 

syndrome (C)  

              Torsades de pointes VT 

due to reversible causes 

(A)  

              Prevention of AF in 

patients without any 

other indication for 

pacemaker 

implantation (B)  

  Pacing with devices 

that automatically 

detect and pace 

to terminate 

tachycardia  

  None    Symptomatic recurrent 

SVT that is reproducibly 

terminated by pacing 

when catheter ablation 

and/or drugs fail to 

control the arrhythmia 

or produce intolerable 

side effects (C)  

  None    Presence of an accessory 

pathway that has the 

capacity for rapid 

anterograde conduction 

(C)  

Table 41.1 Continued
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    Condition       Class I       Class IIa       Class IIb       Class III   

  Hypertrophic 

cardiomyopathy 

(HCM)  

  SND or AV block in patients with 

hypertrophic cardiomyopathy as 

described above (C)  

  None    Medically refractory, 

symptomatic patients 

with HCM and 

signifi cant resting or 

provoked LV outfl ow 

tract obstruction (A). (A 

dual - chamber ICD 

should be considered 

when risk factors for 

sudden death are 

present)  

  Asymptomatic or 

medically controlled 

patients (C)  

              Symptomatic patients 

without evidence of LV 

outfl ow obstruction (C)  

  Cardiac 

resynchronization 

therapy (CRT) in 

patients with 

severe systolic 

heart failure  

  For patients who have LV EF 

 ≤ 35%, QRS duration  ≥ 120 ms 

and sinus rhythm, CRT with or 

without ICD is indicated for the 

treatment of NYHA class III or 

ambulatory class IV heart 

failure symptoms with optimal 

medical therapy (A)  

  For patients who have LV 

EF  ≤ 35%, QRS duration 

 ≥ 120 ms and atrial 

fi brillation, CRT with or 

without an ICD is 

reasonable for the 

treatment of NYHA class 

III or ambulatory class IV 

heart failure symptoms 

on optimal medical 

therapy (B)  

  For patients with LV EF 

 ≤ 35% with NYHA class 

I or II symptoms who 

are receiving optimal 

medical therapy and 

who are undergoing 

implantation of a 

permanent pacemaker 

and/or ICD with 

anticipated frequent 

ventricular pacing, CRT 

may be considered (C)  

  CRT is not indicated for 

asymptomatic patients 

with reduced LV EF in 

the absence of other 

indications for pacing 

(B)  

      For patients with LV EF 

 ≤ 35% with NYHA class 

III or ambulatory class IV 

symptoms who are 

receiving optimal 

medical therapy and 

who have frequent 

dependence on 

ventricular pacing, CRT 

is reasonable (C)  

      CRT Is not indicated for 

patients whose 

functional status and 

life expectancy are 

limited predominantly 

by chronic non - cardiac 

conditions (C)  

  After cardiac 

transplantation  

  Persistent inappropriate or 

symptomatic bradycardia not 

expected to resolve and other 

Class I indications for 

permanent pacing (C)  

  None    Prolonged or recurrent 

relative bradycardia, 

which limits 

rehabilitation or 

discharge after 

postoperative recovery 

from cardiac 

transplantation (C)  

  None  

          Syncope after cardiac 

transplantation even 

when bradyarrhythmia 

has not been 

documented (C)  

    

Table 41.1 Continued
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    Condition       Class I       Class IIa       Class IIb       Class III   

  Children, 

adolescents and 

patients with 

congenital heart 

disease  

  Advanced second -  or third - degree 

AV block associated with 

symptomatic bradycardia, 

ventricular dysfunction or low 

cardiac output (C)  

  Congenital heart disease 

and sinus bradycardia 

for the prevention of 

recurrent episodes of 

intra - atrial re - entrant 

tachycardia; SND may 

be intrinsic or secondary 

to antiarrhythmic 

treatment (C)  

  Transient postoperative 

third - degree AV block 

that reverts to sinus 

rhythm with residual 

bifascicular block (C)  

  Transient postoperative 

AV block with return of 

normal AV conduction 

in the otherwise 

asymptomatic patient 

(B)  

  Sinus node dysfunction with 

correlation of symptoms during 

age - inappropriate bradycardia 

(B)  

  Congenital third - degree AV 

block beyond the fi rst 

year of life with an 

average heart rate  < 50/

min, abrupt pauses in 

ventricular rate that are 2 

or 3 times the basic cycle 

length, or associated 

with symptoms due to 

chronotropic 

incompetence (B)  

  Congenital third - degree 

AV block in 

asymptomatic children 

or adolescents with an 

acceptable rate, a 

narrow QRS complex, 

and normal ventricular 

function (B)  

  Asymptomatic bifascicular 

blockwith or without 

fi rst - degree AV block 

after surgery for 

congenital heart 

disease in the absence 

of prior transient 

complete AV block (C)  

  Postoperative advanced 

second -  or third - degree AV 

block that is not expected to 

resolve or that persists at least 

7 days after cardiac surgery (B)  

  Sinus bradycardia with 

complex congenital 

heart disease with a 

resting heart rate  < 40/

min or pauses in 

ventricular rate  > 3 s (C)  

  Asymptomatic sinus 

bradycardia after 

biventricular repair of 

congenital heart disease 

with a resting heart rate 

 < 40/min or pauses in 

ventricular rate  > 3 s (C)  

  Asymptomatic type I 

second - degree AV 

block (C)  

  Congenital third - degree AV block 

with a wide QRS escape 

rhythm, complex ventricular 

ectopy, or ventricular 

dysfunction (B)  

  Congenital heart disease 

an impaired 

hemodynamics due to 

sinus bradycardia or loss 

of AV synchrony (C)  

      Asymptomatic sinus 

bradycardia with the 

longest R – R interval 

 < 3 s and the minimum 

rate  > 40/min (C)  

  Congenital third - degree AV block 

in the infant with a ventricular 

rate  < 55/min or with congenital 

heart disease and a ventricular 

rate  < 70/min (C)  

  Unexplained syncope in 

the patient with prior 

congenital heart surgery 

complicated by transient 

complete heart block 

with residual fascicular 

block after a careful 

evaluation to exclude 

other causes of syncope 

(B)  

        

   CHB, complete heart block; CHF, congestive heart failure; EPS, electrophysiology study; VT, ventricular tachycardia; RBBB, right bundle branch block.  

  The grade of evidence supporting each recommendation is indicated in parentheses:  

  (A)  data derived from multiple randomized clinical trials involving a large number of individuals   

  (B)  data derived from a limited number of trials involving comparatively small numbers of patients or from well - designed data analyses of non -

 randomized studies or observational data registries   

  (C) recommendation based on consensus opinion of experts.   

  Class I  –  conditions for which there is evidence and/or general agreement that pacing is benefi cial, useful and effective.  

  Class II  –  conditions for which there is confl icting evidence and/or a divergence of opinion about the usefulness/effi cacy of pacing.  

  Class III  –  conditions for which there is evidence and/or general agreement that pacing is not useful/effective and in some cases may be harmful.  

  Class II is subdivided into Class IIa  –  weight of evidence/opinion is in favor of usefulness/effi cacy and Class IIb  –  usefulness/effi cacy is less well 

established by evidence/opinion.  

  Based on Epstein  et al . 7     
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  Conventional  i ndications for  p acing 

 The principal indication for cardiac pacing is to relieve or 
prevent symptoms associated with bradycardia. In high -
 grade AV block, however, there is evidence that survival 
may also be improved by pacing, even in the absence of 
symptoms, and pacing should be considered on prognostic 
grounds alone. 

 Where signifi cant symptoms are clearly associated with 
documented bradycardia, the requirement for pacing will 
rarely be in doubt. In other contexts, the cause of symptoms 
may be unclear and it is important to note that the most 
common symptoms are non - specifi c and prevalent in the 
elderly population, even in the absence of bradycardia. 

 The most common causes of bradycardia requiring 
pacing are impaired impulse formation, as in sinus node 
disease, or a disturbance of cardiac conduction, as in AV 
block. These conditions account for the vast majority of 
primary pacemaker implants. 3  The remainder includes 
patients paced for a variety of conditions, including carotid 
sinus syndrome, cardio - inhibitory forms of neurocardio-
genic syncope and others. 

  Atrioventricular  b lock 

  First -  d egree  a trioventricular  b lock 
 Isolated prolongation of the PR interval may be a normal 
variant in healthy young subjects. 9  In older subjects, it is 
more often associated with underlying pathology, such as 
conducting system fi brosis or coronary artery disease, but 
it does not usually give rise to symptoms and pacing is not 
generally indicated. 

 Occasionally, symptoms may arise if the PR interval is 
markedly prolonged. Atrial systole may then closely follow 
delayed ventricular systole from the previous cycle, result-
ing in a comparable hemodynamic disturbance to that seen 
in the pacemaker syndrome 10,11  and a favorable response to 
dual - chamber pacing has been reported. 12  Symptomatic 
fi rst - degree AV block with a demonstrable improvement 
during temporary dual - chamber pacing may reasonably be 
considered at least a Class IIa 13  and perhaps even a Class 
I 14  indication for pacing (Level B).  

  Second -  d egree  a trioventricular  b lock 
 When second - degree AV block of any type is associated 
with clearly attributable symptoms, pacing is indicated. In 
the absence of symptoms, the situation is more complex. 
Prognosis is thought to relate to the site of block, proximal 
block at the level of the AV node being more benign than 
distal block in the His – Purkinje system. 15  The ECG classi-
fi cation into Mobitz type I (Wenckebach), Mobitz type II or 

advanced (2   :   1, 3   :   1 or 4   :   1) second - degree AV block is 
purely descriptive and the site of block cannot always be 
inferred although electrophysiologic studies have shown 
that type I block is most commonly proximal whereas type 
II block is almost always distal. 16  In the past, type I second -
 degree AV block has often been regarded as benign but 
evidence from the Devon Heart Block and Bradycardia 
Survey (a non - randomized, observational study) suggests 
that in unpaced patients aged 45 years or over, even 
amongst those without attributable symptoms, there is an 
increased incidence of adverse outcomes (symptomatic 
bradycardia, higher degree AV block or impaired survival) 
compared to the general population and that pacing is 
associated with improved survival. 17,18  Guidelines differ in 
their conclusions but published opinion suggests that 
pacing should be considered in asymptomatic type I sec-
ond - degree AV block, particularly in older patients with 
structural heart disease 19,20  (Class IIa, Level C). In young 
subjects, however, asymptomatic type I second - degree AV 
block occurring during sleep or associated with athletic 
training is more likely to refl ect high resting vagal tone and 
pacing is unnecessary. 21,22  In type II second - degree AV 
block, progression to complete AV block is common, 
particularly when the QRS complex is wide, 15  and pacing 
is indicated even in the absence of symptoms (Class I, 
Level C).  

  Complete  a trioventricular  b lock 
 In symptomatic complete AV block, pacing usually, 
although not invariably, improves the symptoms and 
should always be considered. Irrespective of symptoms, 
however, untreated acquired complete heart block is asso-
ciated with signifi cantly impaired survival. Overall mortal-
ity may exceed 50% at 1 year, the outlook being worse in 
older patients ( > 80 years) and those with associated non -
 rheumatic structural heart disease. 23  Male sex and a history 
of syncope have also been associated with a worse outlook 
in some studies 24  but there is confl icting evidence regard-
ing syncope. 25  Transient AV block carries a more favorable 
prognosis, with a 1 - year mortality of 36%, compared with 
70% in patients with permanent AV block, 23  but a signifi -
cant proportion of patients (38 – 39% over median follow - up 
of 36 – 54 months) progress to permanent AV block and 
become pacemaker dependent when paced. 26  

 Observational studies of outcome in paced patients 
during the early days of cardiac pacing suggested that 
pacing in complete AV block could improve survival to 
approach that of a similar age -  and sex - matched group. 24  
Mortality was higher in those with a history of myocardial 
infarction but not infl uenced by pre - pacing QRS duration 
or morphology, ventricular rate (dichotomized about 40/
min) or whether AV block was intermittent or constant. 27  
In a more recent study of patients aged  ≥ 65 years, paced 
for symptomatic, high - grade AV block, overall survival 
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was less than expected for an age -  and sex - matched cohort. 28  
However, in patients aged  < 80 years without structural 
heart disease, survival was normal. Congestive heart 
failure, chronic obstructive pulmonary disease, age, 
syncope, insulin - dependent diabetes and male gender 
emerged as independent predictors of increased mortality. 
There have been no prospective randomized trials to assess 
the impact of pacing in high - grade AV block but the preva-
lence of symptoms, the high mortality without pacing, the 
strength of the data from observational studies, and the 
absence of any alternative therapy suggest that such a trial 
is neither ethical nor necessary. The vast majority of 
patients with complete AV block should be paced, whether 
or not they have symptoms (Class I, Level C)  

  Congenital  c omplete  a trioventricular  b lock 
 In patients surviving to adulthood, the prognosis of con-
genital complete AV block has previously been regarded 
as benign, based largely on retrospective studies of a small 
series of patients. 29  More recent data concerning long - term 
follow - up (7 – 30 years) of 102 patients with isolated con-
genital complete AV block, who survived without symp-
toms to the age of 15 years, suggests a less favorable 
outlook. 30  Stokes – Adams attacks occurred in 27 patients, of 
whom eight died (six during the fi rst attack) and six others 
required cardiac resuscitation. All survivors received pace-
makers. A further eight patients had repeated fainting 
spells requiring pacing and 27 others were paced for other 
reasons (fatigue, effort dyspnea, dizziness, ectopics during 
exercise, mitral regurgitation or slow ventricular rates). Of 
40 patients followed for 30 years, only four remained 
asymptomatic without pacing. The only signifi cant predic-
tor of risk was QTc prolongation, which was seen in seven 
patients, all of whom had Stokes – Adams attacks and three 
of whom died. In contrast to previous studies, low ven-
tricular rates, widened QRS complexes, poor chronotropic 
response to exercise and ectopics were not predictive of 
future Stokes – Adams attacks or death. These data support 
the authors ’  recommendation of prophylactic pacing in 
adolescents and adults with congenital complete AV block, 
even without symptoms, notwithstanding the fact that a 
number of questions remain unanswered (Class IIa, Level 
C). 31   

  Fascicular  b lock 
 In asymptomatic subjects with unifascicular block (right 
bundle branch block, left anterior hemiblock or left poste-
rior hemiblock), the risk of progression to high - grade AV 
block is remote 32  and pacing is not indicated (Class III, 
Level C). In asymptomatic bifascicular block (left bundle 
branch block or right bundle branch block with left anterior 
or posterior hemiblock), the risk of progression to high -
 grade AV block is in the region of 2% per annum. Prognosis 

is principally determined by the presence or absence of 
underlying structural heart disease and prophylactic 
pacing is not routinely indicated (Class III, Level B). 33  
Progression to high - grade AV block is more commonly 
seen in patients with a history of syncope but should not 
be presumed to be the cause without further assessment. 
If high - grade AV block is documented, pacing is manda-
tory (Class I, Level B). When the cause of syncope remains 
unclear, an electrophysiology study may help identify 
patients likely to benefi t from pacemaker implantation. A 
prolonged HV interval  > 100   ms and His – Purkinje block 
during atrial pacing have high specifi city for prediction of 
subsequent progression to high - grade AV block. 34,35  Less 
marked HV prolongation ( > 70   ms) is more common but its 
signifi cance is uncertain. 36  Sensitivity for disclosure of 
latent high - grade AV block may be markedly enhanced by 
the use of intravenous disopyramide during the study but 
this is not advised in patients with impaired left ventricular 
(LV) function. 37  The electrophysiology study may also be 
of value to identify inducible ventricular tachycardia, 38  
which argues against the empiric use of permanent pacing 
in this context. However, in patients with bifascicular block 
and a history of syncope for which no other cause is appar-
ent despite thorough evaluation, including an electrophys-
iology study, empiric pacing may be the most expeditious 
course. This strategy is principally justifi ed for relief of 
symptoms as pacing does not appear to infl uence mortality 
or the incidence of sudden death in this context (Class IIa, 
Level B). 33   

  Atrioventricular and  b undle  b ranch  b lock  a fter 
 m yocardial  i nfarction 
 Transient conduction disturbance is a relatively common 
complication of acute myocardial infarction. Long - term 
prognosis is principally determined by the extent of myo-
cardial injury. When AV block complicates inferior myo-
cardial infarction, it typically resolves within a few days 
and rarely persists beyond 2 or 3 weeks. In anterior infarc-
tion, however, AV block may refl ect extensive septal necro-
sis and the prognosis is poor despite pacing. 39  Patients with 
high - grade AV block persisting for more than 3 weeks after 
myocardial infarction should be considered for permanent 
pacing (Class I, Level C). 

 The occurrence of an intraventricular conduction distur-
bance (apart from isolated left anterior hemiblock) in 
patients with acute myocardial infarction identifi es a group 
with poor short - term and long - term prognosis and an 
increased risk of sudden death. 40  The poor prognosis in this 
group, however, is mainly attributable to a high incidence 
of malignant ventricular arrhythmia, pump failure, and 
electromechanical dissociation, rather than progressive 
conduction disturbance. A prospective study of 50 patients 
randomized to pacing or control groups and followed for 
5 years showed no signifi cant difference in survival. 41  
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However, evidence from a retrospective multicenter study 
of patients with bundle branch block complicating myocar-
dial infarction indicates that transient high - degree AV 
block during the acute phase is associated with a high 
incidence of recurrent AV block and sudden death that 
may be reduced by pacemaker implantation. 42,43  The risk 
appears to be particularly high in patients with block 
involving the right bundle and at least one fascicle of the 
left bundle (Class I, Level B). 43,44    

  Sinoatrial  d isease 

 Sinoatrial disease encompasses a wide spectrum of arrhyth-
mia including sinus bradycardia, sinus arrest, sino - atrial 
block, sick sinus syndrome, the tachycardia – bradycardia 
syndrome and chronotropic incompetence (failure to reach 
at least 80% of the maximum predicted heart rate at peak 
exertion). 45  The prognosis in sinoatrial disease is generally 
good unless myocardial ischemia, heart failure or systemic 
embolism is present. 46  Permanent pacing is indicated for 
the relief of symptoms that are due to bradycardia. 

 The effi cacy of pacing in sick sinus syndrome has been 
assessed in a randomized trial. 47  One hundred and seven 
patients with symptomatic sick sinus syndrome were ran-
domized to receive no treatment, oral theophylline or 
permanent dual chamber adaptive rate (DDDR)   pacing. 
Patients were excluded in very severe cases, defi ned as 
symptomatic resting sinus rate  < 30/min, sinus pauses  > 3   s 
or heart failure refractory to treatment with angiotensin -
 converting enzyme (ACE) inhibitors and diuretics. During 
a mean follow - up period of 19 months, both pacing and 
theophylline were associated with a lower incidence of 
heart failure compared with no treatment (3%, 3% and 17% 
respectively) but only pacing was associated with a signifi -
cantly lower incidence of syncope (6%, 17% and 23% 
respectively). Pacing remains the treatment of choice for 
patients with symptomatic sick sinus syndrome (Class I, 
Level B/C). In the absence of long - term follow - up data 
to confi rm effi cacy and safety, theophylline or other phar-
macologic means of chronotropic support cannot be 
recommended. 

 Pacing does not appear to improve survival in sinoatrial 
disease 48  and it is not generally indicated in asymptomatic 
patients (Class III, Level C). Such patients, however, 
should be followed closely to assess progression. Athleti-
cally trained subjects may have sinus rates as low as 30/
min during sleep with pauses of almost 3   s. 49  These fi ndings 
usually refl ect high vagal tone and do not require pacing 
in the absence of symptoms. If lower rates or longer pauses 
are observed during sleep or if similar fi ndings occur 
during the day, particularly if there is evidence of progres-
sion with time, prophylactic pacing may be justifi ed on 
empiric grounds although there are no supportive data 
(Class IIb, Level C).   

  Mode  s election in  AV   b lock and  s inus 
 n ode  d isease 

 In AV block, the essential requirement is that the ventricle 
be paced. When sinus rhythm and chronotropic compe-
tence are preserved, dual - chamber pacing with atrial track-
ing will ensure the maintenance of AV synchrony and 
physiologic rate adaptation. When sinus rhythm is absent 
or when chronotropic incompetence is present, an extrinsic 
sensor may be used to provide rate adaptation with either 
ventricular or dual - chamber pacing, as appropriate. In iso-
lated sinoatrial disease, rate support can be achieved by 
single - chamber pacing in the atrium or ventricle, or by 
dual - chamber pacing. 

 Both dual - chamber pacing and adaptive rate single -
 chamber pacing have been shown to offer benefi ts in terms 
of improved hemodynamics, increased treadmill exercise 
tolerance and reduced symptoms when compared with 
single rate ventricular pacing in small randomized cross-
over studies. 50 – 58  The mean patient age in most of these 
studies was younger than the typical paced population 
although similar benefi ts have also been reported in 
patients aged 75 years or over. 59  Nonetheless, the long - term 
clinical benefi t of physiologic pacing in the elderly has been 
questioned. 60  Small - scale quality of life studies have yielded 
confl icting results although physiologic pacing, with 
preservation of AV synchrony and rate adaptation, does 
appear to offer advantages in terms of symptoms and there 
is considerable evidence of patient preference for physio-
logic modes. 61  Single - chamber ventricular pacing is associ-
ated with an increased risk of pacemaker syndrome, which 
has been estimated to occur in between 7% and 20% of 
patients. 2  It has, however, been suggested that a subclinical 
form may be present in many apparently asymptomatic 
patients. 62  Data from retrospective studies suggest that 
ventricular pacing is associated with an increased risk of 
atrial fi brillation (AF), heart failure, and thromboembo-
lism. 46,63  and with increased mortality in some patient 
groups. 64 – 66  

  The Danish trial  reported by Anderson and colleagues, 
was the fi rst prospective randomized trial of pacemaker 
mode selection. 67  In this study, 225 patients with sick sinus 
syndrome were randomized to either single - chamber atrial 
(AAI) or single - chamber ventricular (VVI)   pacing and fol-
lowed for a mean of 3.3 years. Neither the incidence of AF 
or stroke nor survival differed signifi cantly between the 
two groups, although the incidence of a combined end-
point of stroke plus peripheral embolism was signifi cantly 
lower in the atrial paced group. Extended follow - up of the 
same group of patients was reported after a mean of 5.5 
years. 68  The previously identifi ed benefi ts of atrial pacing 
were enhanced, with a signifi cantly lower incidence of AF, 
thromboembolism and heart failure in the atrial paced 
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group. All - cause mortality and mortality due to cardiovas-
cular causes were also signifi cantly lower in the atrial 
paced group. Only four of 110 patients in the atrial paced 
group developed second -  or third - degree AV block, requir-
ing pacemaker upgrade (0.6% per annum). 69  

  The Pacemaker Selection in the Elderly (PASE) study  ran-
domized 407 patients, aged 65 or older (mean age 76 years), 
to ventricular or dual - chamber pacing. 70  All patients 
received DDDR pacing systems and mode randomization 
was achieved by programming of the pacemaker. The 
group included 175 patients with sinus node disease, 201 
patients with AV block and 31 patients with other diagno-
ses. The study was powered to assess differences in health -
 related quality of life. As would be expected, there was 
marked improvement in quality of life (SF - 36) after pace-
maker implantation but there were no signifi cant differ-
ences between groups in relation to pacing mode. It is 
noteworthy that 26% of the patients randomized to ven-
tricular pacing crossed over to dual - chamber pacing 
because of symptoms attributed to pacemaker syndrome. 
Whilst potentially signifi cant in itself, the high crossover 
rate confounds interpretation of the data, particularly in 
respect of clinical outcomes. In a multivariate analysis, a 
decrease in systolic blood pressure to  < 110   mmHg during 
ventricular pacing at the time of pacemaker implantation 
( P    =   0.001), use of beta - blockers at the time of randomiza-
tion ( P    =   0.01) and non - ischemic cardiomyopathy ( P    =   0.04) 
were the only variables that predicted crossover. 71  

  The Canadian Trial of Physiologic Pacing (CTOPP) , the 
largest reported to date, included 2568 patients aged 18 
years or older (mean age 73 years), with either AV block 
(60%) or sinus node disease (40%), who were randomized 
to receive either a ventricular (VVIR) or a physiologic pace-
maker. 72 – 74  In the physiologic arm, investigators selected 
either an atrial (AAIR) or a dual - chamber (DDDR) system. 
Adaptive rate pacing was used in both groups if chrono-
tropic incompetence was evident and in patients with com-
plete AV block randomized to receive ventricular pacing. 
Over a mean follow - up of 3 years there was no signifi cant 
difference in the primary outcome of cardiovascular death 
or stroke (VVIR 5.5% per annum vs physiologic 4.9% per 
annum; relative risk reduction 9.4%; 95% confi dence inter-
val (CI)  − 10.5 to 25.7;  P    =   0.33). Neither was there any 
signifi cant difference in all - cause mortality or in hospital 
admission for heart failure. There was, however, a signifi -
cant, albeit modest reduction in AF (defi ned as an episode 
lasting more than 15 minutes) associated with physiologic 
pacing (VVIR 6.6% per annum vs physiologic 5.3% per 
annum; relative risk reduction 18.0%; 95% CI  − 0.3 to 32.6; 
 P    =   0.05), which became evident after about 2 years. Peri-
operative complications were more common with physio-
logic pacing (VVIR 3.8% vs physiologic 9.0%;  P     <    0.001) 
mainly in relation to the pacing lead(s). There was a trend 
suggesting that younger patients ( < 74 years) might have a 

reduced risk of stroke or cardiovascular death with physi-
ologic pacing. 

 Subgroup analysis of the CTOPP data suggests that the 
benefi ts of physiologic pacing may be infl uenced by pace-
maker dependency. 75  This was assessed in 87% of the 
enrolled patients by recording the unpaced heart rate at 
the fi rst follow - up visit (2 – 8 months post implant). In 
patients with unpaced heart rates  ≤ 60/min, the incidence 
of cardiovascular death or stroke was lower with physio-
logic pacing (VVIR 6.4% per annum vs physiologic 
4.1% per annum; relative risk reduction 35.5%; 95% CI 12 
to 53). By contrast, the treatment effect of physiologic 
pacing was slightly negative in patients with unpaced 
heart rates  > 60/min (VVIR 4.1% per annum vs physiologic 
4.3% per annum; relative risk reduction  − 1.9%; 95% 
CI  − 50 to 31). The difference in treatment effect between 
the two groups was of only borderline signifi cance 
( P    =   0.058). 

 Quality of life improved with pacing but there were no 
signifi cant differences according to pacing mode irrespec-
tive of pacemaker dependency. 76  A limited economic anal-
ysis in a subset of 472 patients showed that physiologic 
pacing was not cost - effective according to generally 
accepted standards unless used selectively in patients 
likely to be pacemaker dependent. 77  

 The CTOPP investigators subsequently reported the 
results of extended follow - up after a mean of 6.4 years. 
The previously observed difference in the rate of AF per-
sisted, with a relative risk reduction in the physiologic 
group of 20.1% (95% CI 5.4 to 32.5;  P    =   0.009) but there 
was no signifi cant difference in the rate of cardiovascular 
death or stroke. 78  

  The Mode Selection Trial (MOST)  assessed the benefi ts of 
adaptive rate, dual - chamber pacing compared with adap-
tive rate, single - chamber, ventricular pacing in 2110 
patients aged  ≥ 21 years, with sinus node dysfunction. 79  A 
DDDR pacing system was implanted in all patients and the 
pacing mode was randomized to VVIR or DDDR. After a 
median follow - up of 33.1 months, there was no difference 
in the incidence of the primary endpoint, death or non - fatal 
stroke, between the groups (VVIR 23.0% vs DDDR 21.5%; 
 P    =   0.48). 80  However, dual - chamber pacing was associated 
with a lower incidence of AF (hazard ratio (HR) 0.79; 95% 
CI 0.66 to 0.94;  P    =   0.008). Heart failure scores were also 
signifi cantly improved but this did not result in a lower 
incidence of hospitalization for heart failure in the primary 
unadjusted analysis (VVIR 12.3%; DDDR 10.3%; HR 0.82; 
95% CI 0.63 to 1.06;  P    =   0.13). Quality of life was substan-
tially improved by pacing with a small but signifi cant 
advantage for the dual - chamber mode in three of the eight 
subscales of the SF - 36. 81  Crossover from VVIR to DDDR 
mode occurred in 374 patients but 61 patients subsequently 
switched back, resulting in a crossover rate at fi nal follow -
 up of 31.4%. Almost half of the crossovers were attributed 
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to pacemaker syndrome. The high crossover rate in 
PASE and MOST, where a mode change only required 
reprogramming of the device, contrasts with the low rates 
in CTOPP (2.7% at 3 years) and UKPACE (3.1% at 3 years), 
in which replacement of the pacing system would have 
been required. Although the high crossover rate in MOST 
complicates interpretation of the data, an analysis based on 
treatment received showed that it had no impact on the 
primary endpoint or other key clinical outcomes. 82  An eco-
nomic analysis suggested that dual - chamber pacing in this 
patient group is cost - effective at conventionally accepted 
levels both within the 4 - year time horizon of the trial and 
projected over the lifetime of the patients. 83  

  The United Kingdom Pacing and Cardiovascular Events 
(UKPACE)  trial enrolled patients aged  ≥ 70 years with high -
 grade AV block. Prior to the trial, national registry data 
showed evidence of ageism in clinical practice, with elderly 
patients being much less likely to receive dual - chamber 
pacemakers than those who were younger. 84  In the trial, 
2021 patients were randomly assigned to receive either 
single - chamber or dual - chamber pacemakers and followed 
for a minimum of 3 years. In the single - chamber arm, 
assignment to VVI or VVIR was also randomized. After 
median follow - up of 4.6 years, there was no signifi cant 
difference in the primary outcome of all - cause mortality 
(VVIR 7.2% per annum vs DDDR 7.4% per annum; HR 0.96; 
95% CI 0.83 to 1.11;  P    =   0.33). Median follow - up for other 
events was 3 years and showed no signifi cant difference in 
the rates of AF, heart failure or a composite of stroke, tran-
sient ischemic attack (TIA) or other thromboembolism. 85  
When VVI and VVIR pacing were compared separately 
with dual - chamber pacing, there was a signifi cantly higher 
rate of stroke, TIA or other thromboembolism with VVI 
pacing than with DDD (2.5% per annum vs 1.7%;  P    =   0.04) 
but there were no other signifi cant differences. Complica-
tions related to the implantation procedure were more 
common in the dual - chamber group than in the single -
 chamber group (7.8% vs 3.5%;  P     <    0.001), as were complica-
tions before hospital discharge (10.4% vs 6.1%;  P     <    0.001). 
Preliminary analysis of quality of life showed improve-
ment with pacing but no signifi cant difference according 
to randomized pacing mode. Suspected pacemaker 
syndrome occurred in only 2.7% of those receiving single -
 chamber pacing 86  and crossover from single -  to dual - 
chamber pacing in 3.1%. 85  

  The Danish Multicenter Randomized Study on Atrial Inhib-
ited versus Dual - Chamber Pacing in Sick Sinus Syndrome 
(DANPACE)  aims to examine the relative merits of single -
 lead atrial pacing (AAIR) and dual - chamber pacing (DDDR) 
in patients aged  ≥ 18 years with sick sinus syndrome 
(including tachycardia - bradycardia syndrome) and normal 
AV conduction. 87  The primary outcome measure is all -
 cause mortality. Secondary outcomes include cardiovascu-
lar mortality, AF, thromboembolism, quality of life and 

cost – benefi t. Recruitment of 1415 patients (reduced from 
an original target of 1900) was completed in June 2008 and 
follow - up will be concluded in 2009. 

 A prior pilot study randomized 177 patients with sick 
sinus syndrome and normal AV conduction to single -
 chamber atrial pacing (AAIR), or dual - chamber pacing 
(DDDR) with either a short AV delay or a fi xed long AV 
delay. During a mean follow - up of 2.9 years, echocardiog-
raphy showed no signifi cant changes in left atrial or ven-
tricular diameter or in LV fractional shortening in the atrial 
pacing group. However, left atrial diameter increased 
in both of the dual - chamber groups and LV fractional 
shortening decreased in the dual - chamber group with 
short AV delay. 88  The incidence of AF was signifi cantly 
lower in the atrial pacing group (7.4%) than in the dual -
 chamber groups with short (12.3%) or long (17.5%) AV 
delay, the benefi t being most evident in patients with 
brady - tachy syndrome. 89  

 The benefi ts of physiologic pacing have been addressed 
in four other trials for which only limited data are avail-
able. An Italian study reported on 210 patients with high -
 grade AV block (100 patients) or sick sinus syndrome (110 
patients) with no prior AF, randomly assigned to ventricu-
lar (VVI or VVIR) or atrial - based (AAI, DDD, DDDR or 
VDD) pacing. 90  The incidence of chronic AF was lower with 
atrial - based than with ventricular pacing, particularly in 
those with sick sinus syndrome. The Pacemaker Atrial 
Tachycardia (PAC - A - TACH) trial assessed the effect of 
pacing mode on atrial tachyarrhythmia recurrence in 198 
patients with the tachycardia - bradycardia syndrome. 91  All 
patients received dual - chamber, adaptive rate pacemakers 
programmed to either VVIR or DDDR pacing. After a 
median of 23.7 months follow - up, 44% of patients crossed 
over from VVIR to DDD (due to pacemaker syndrome in 
28% and atrial tachyarrhythmia in 13%) and 9% crossed 
over from DDDR to VVIR (due to recurrent atrial tachyar-
rhythmia in 7% and atrial lead problems in 2%). Intention -
 to - treat analysis showed no signifi cant difference in atrial 
tachyarrhythmia recurrence rates at 1 year (VVIR 43%; 
DDDR 48%;  P    =   0.09). Mortality, a secondary outcome, was 
signifi cantly higher in the VVIR group and the trial was 
stopped after follow - up of approximately 2 years in all 
patients. Cumulative mortality was 21% in the VVIR group 
and 5% in the DDDR group ( P     <    0.001). Pacing mode (risk 
ratio 4.3; 95% CI 1.6 to 11.4;  P    =   0.004) and prior history of 
myocardial infarction (risk ratio 3.1; 95% CI 1.4 to 6.7; 
 P    =   0.006) were identifi ed as independent predictors of 
mortality. 92  The Systematic Trial of Pacing to Prevent Atrial 
Fibrillation (STOP - AF) randomly assigned 227 patients 
with sick sinus syndrome, all implanted with a DDDR 
pacing system, to either atrial - based (AAI or DDD) or ven-
tricular pacing. 93,94  The results have not yet been presented 
or published. Finally, the ongoing Pacing the Octagenarian 
Plus (POPP) trial is comparing the effect of single - chamber 
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     Figure 41.1     Effect of pacing mode, 
expressed as the HR and 95% CI. An HR 
 < 1.0 is shown to the left of the center line 
and favors atrial - based pacing. CIs that cross 
1.0 signify a statistically non - signifi cant 
effect. (a) All - cause mortality. (b) Incidence 
of atrial fi brillation. (c) Incidence of stroke 
 (Reproduced with permission from Healey 
 et al . 96 )   
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(VVIR) and dual - chamber (DDDR) pacing on hospitaliza-
tion for cardiovascular causes, functional capacity and 
quality of life in the very elderly. 95  

 A prospectively planned meta - analysis of patient - level 
data from fi ve of the trials (the Danish Trial, PASE, CTOPP, 
MOST and UKPACE) demonstrated a reduction in AF

 with atrial - based pacing (HR 0.80; 95% CI 0.72 to 0.89; 
 P    =   0.00003) and in stroke (HR 0.81; 95% CI 0.67 to 0.99; 
 P    =   0.035). 96  There was no signifi cant reduction in mortality 
or heart failure and no convincing evidence that any patient 
subgroup derived special benefi t from atrial - based pacing. 
The key fi ndings are shown in Figure  41.1 .   
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 Two systematic reviews have comprehensively assessed 
the various parallel group and crossover randomized con-
trolled trials comparing single - chamber ventricular pacing 
and dual - chamber pacing. 97,98  The aggregated data indicate 
an overall advantage for dual - chamber pacing, related to 
the lower incidence of AF and the reduction in pacemaker 
syndrome. These benefi ts must be weighed against the 
increased implant complications and cost. The overall esti-
mate of cost - effectiveness of dual - chamber pacing varied 
between around UK  £ 9000 and around UK  £ 30   000 per 
quality - adjusted life - year, according to the assumptions 
made about the incidence and severity of pacemaker 
syndrome. 98   

  A  n ew  p aradigm for  p hysiologic  p acing 

 The results of the various prospective randomized trials 
suggest that the clinical benefi ts of physiologic or dual -
 chamber pacing may previously have been overestimated. 
Pacemaker recipients are often elderly with multiple co -
 morbidities and a high mortality from non - cardiovascular 
causes. Against this background, it may be unrealistic to 
expect a marked effect of pacing mode on quality of life, 
clinical events and mortality, all of which may be more 
infl uenced by other factors. A further explanation for the 
limited clinical benefi ts of physiologic pacing might be that 
the conventional placement of the ventricular lead at the 
right ventricular apex causes interventricular and intraven-
tricular dyssynchrony that could offset the hemodynamic 
advantage of preserved AV synchrony. It has long been 
recognized that eccentric ventricular stimulation results in 
impaired LV performance. 99  Pacing at the right ventricular 
apex produces an activation sequence similar to that of left 
bundle branch block, the acquired form of which is associ-
ated with an adverse prognosis particularly in patients 
with heart failure. 32,100,101  Whilst this may partly refl ect 
advanced underlying disease, there is some evidence that 
the conduction disturbance is an independent marker of 
adverse outcomes. 101  Paradoxically, the problem may be 
accentuated by dual - chamber pacing. In an analysis of 
patients in the MOST study with normal baseline QRS 
duration, the cumulative percentage of ventricular beats 
that were paced was greater with dual - chamber than with 
single - chamber pacing and a higher cumulative percentage 
of ventricular pacing was associated with an increased risk 
of heart failure hospitalization and AF with either pacing 
mode. 102  Further data suggesting a deleterious effect of 
right ventricular apical pacing have emerged from studies 
of pacing strategies in implantable cardioverter defi brilla-
tor (ICD) recipients. In the Dual - chamber and VVI Implant-
able Defi brillator (DAVID) trial, 506 patients with an ICD 
capable of dual - chamber adaptive rate pacing were ran-
domly assigned to back - up ventricular pacing at 40/min 

or dual - chamber adaptive rate pacing at 70/min. All 
patients had ejection fraction  ≤ 40% but no indication for 
cardiac pacing. Over 1 year, the incidence of the composite 
endpoint of death or hospitalization for heart failure was 
signifi cantly increased in the dual - chamber paced group 
(HR 1.61; 95% CI 1.06 to 2.44 ). 103  Similarly, in a subgroup 
analysis of the Multicenter Automatic Defi brillator Implan-
tation Trial (MADIT) II, which tested the benefi t of a pro-
phylactic ICD (single -  or dual - chamber with back - up 
pacing) in patients with prior myocardial infarction and LV 
ejection fraction  ≤ 30%, patients who were predominantly 
paced had an increased incidence of new or worsening 
heart failure. 104  

 Recognition of the potential importance of dyssynchrony 
from right ventricular pacing has prompted a re - evaluation 
of what constitutes  “ physiologic ”  pacing and a new para-
digm is emerging. 105,106  The key considerations are that, in 
addition to preserving AV synchrony, the selected therapy 
should minimize unnecessary ventricular pacing and mini-
mize intraventricular and interventricular dyssynchrony 
when ventricular pacing is required. 

  Minimizing  v entricular  p acing 

 In patients with sinus node disease and normal AV con-
duction, single - chamber atrial pacing permits ventricular 
activation via the intrinsic conduction system, with com-
plete avoidance of ventricular pacing. Although the subse-
quent development of AV conduction disturbance is 
infrequent (circa 1.7% per annum), 107  many physicians 
prefer to implant a dual - chamber system to insure against 
the risk. It is, however, noteworthy that the Danish study 
was the only randomized trial to use single - lead atrial 
pacing as the sole physiologic comparator and showed the 
greatest clinical benefi ts from physiologic pacing, includ-
ing a reduction in mortality. The DANPACE trial will 
provide further information about the relative merits of the 
two approaches in due course. 

 If a ventricular lead is placed prophylactically or due to 
the presence of intermittent AV conduction disturbance, 
there are several programming options to minimize ven-
tricular pacing although none will truly emulate normal 
physiology. Fixed, long AV delays are only partially effec-
tive in reducing ventricular pacing and may compromise 
upper - rate behavior and predispose to pacemaker - medi-
ated tachycardia. 108  Other options include the use of the 
DDIR mode, which provides back - up pacing in the ven-
tricle without tracking the atrial rhythm, and algorithms 
that permit automatic extension of the AV interval (AV 
search hysteresis) to favor intrinsic ventricular activa-
tion. 109,110  A number of manufacturers have recently intro-
duced dual - chamber devices with new algorithms that 
combine functional AAIR pacing with ventricular 
monitoring and back - up DDDR pacing, when required. 
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These algorithms have been shown to be effective in reduc-
ing the cumulative percentage of ventricular pacing. 111,112  
The recently reported Search AV Extension and Managed 
Ventricular Pacing for Promoting Atrioventricular Con-
duction (SAVE PACe) trial showed a lower incidence of AF 
with the use of AV search hysteresis and minimal ventricu-
lar pacing algorithms than with conventional dual - cham-
ber pacing in patients with sinus node disease and normal 
AV conduction after a mean follow - up of 1.7 years (HR 0.6; 
95% CI 0.41 to 0.88;  P    =   0.009). 113  The programming in the 
conventional dual - chamber arm of the study resulted in a 
particularly high frequency of ventricular pacing (median 
99%), which may have amplifi ed the apparent benefi t of 
the new algorithms but the study nonetheless added to the 
evidence suggesting benefi t from the avoidance of unnec-
essary ventricular pacing. Attention has been drawn to a 
potential disadvantage of the algorithms, which may 
permit or induce very long PR intervals, resulting in poten-
tially signifi cant AV desynchronization in some patients. 114  
Further trials are in progress to assess the clinical utility of 
these new approaches. 115 – 117  

 An additional consideration when programming devices 
to minimize ventricular pacing is the use of adaptive rate 
pacing using extrinsic sensors to determine the pacing rate. 
The Advanced Elements of Pacing Trial (ADEPT) demon-
strated, perhaps surprisingly, that rate modulation using 
current dual - chamber pacemaker technology does not 
provide measurable improvements in either quality of life 
or exercise capacity in patients with a blunted heart rate 
response to exercise. 118  Although there was no difference 
in the prespecifi ed composite clinical endpoint, rate modu-
lation was associated with a higher frequency of hospital-
ization for heart failure. It may be that the advantages of 
restoring chronotropic competence are attenuated by the 
deleterious effects of increased ventricular pacing. The 
fi ndings suggest that sensor - driven adaptive rate pacing 
should be avoided in the absence of chronotropic incom-
petence and that cautious programming is advisable when 
it is used.  

  Minimizing  v entricular  d yssynchrony 

 In patients who have permanent AV block and in those 
who are likely to require more than occasional ventricular 
pacing, the intraventricular and interventricular dyssyn-
chrony associated with pacing at the right ventricular 
apex may be attenuated by the use of alternative or mul-
tiple pacing sites in the right ventricle, or biventricular 
pacing. 

  Alternative and  m ultisite  p acing 
 Numerous small and relatively short - term studies have 
shown improved hemodynamic function using pacing 

sites in the right ventricular outfl ow tract but results have 
been inconsistent, probably refl ecting differences in patient 
selection, lead positioning and duration of follow - up. 119 – 121  
The septal aspect of the outfl ow tract appears to be the 
optimal site 122  but the precise location for maximum hemo-
dynamic advantage may vary between patients. The attain-
ment of a suitable lead position requires sound knowledge 
of the anatomy, aided by radiologic and electrocardio-
graphic confi rmation of optimal lead placement. 123  Another 
approach that has been investigated is the use of direct His 
bundle or para - Hisian pacing, which would be expected to 
achieve the most physiologic ventricular activation pattern 
in patients with intact distal conduction. 124 – 126  The tech-
nique has been shown to be feasible and to improve 
hemodynamic and functional outcomes compared with 
pacing at the right ventricular apex but accurate lead place-
ment is technically challenging and its role remains uncer-
tain. Bifocal right ventricular pacing, with leads at the apex 
and in the outfl ow tract, has also been assessed, predomi-
nantly in patients with heart failure and conventional 
indications for cardiac resynchronization therapy. 127 – 129  
Improved hemodynamic and functional outcomes have 
been demonstrated in the short and medium term and the 
technique may have a role in this setting for patients in 
whom transvenous placement of the LV lead is unsuccess-
ful and surgical placement of an epicardial lead is not an 
option. 129   

  Biventricular  p acing 
 Recognition that the dyssynchrony associated with pacing 
at the right ventricular apex is analogous to that induced 
by left bundle brunch block has prompted consideration 
of biventricular pacing in patients with a bradycardic indi-
cation for pacing, NYHA class III or IV heart failure and 
impaired LV function. Patients requiring pacing for bra-
dycardia were generally excluded from the trials of biven-
tricular pacing in heart failure but extrapolation of their 
results suggests that it may be an attractive therapeutic 
option in this setting. It might also be of prophylactic 
benefi t, even in those without heart failure or impaired LV 
function at the time of implant. The utility of biventricular 
pacing in patients paced for bradycardia was fi rst demon-
strated in observational studies in which patients with 
class III and IV heart failure, previously implanted with a 
right ventricular pacing system, were upgraded to a 
biventricular pacing system. The procedure was shown to 
be feasible and to result in improved NYHA class, ejection 
fraction and symptoms or quality of life after 3 – 6 months ’  
follow - up. 130,131  In a pilot, randomized, crossover trial in 
patients with advanced heart failure, requiring replace-
ment of conventional pacing systems, biventricular pacing 
was associated with improved hemodynamics, NYHA 
functional class, 6 - minute walk distance and quality of 
life. 132  
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 The fi rst randomized trial to assess biventricular pacing 
as a primary strategy in patients requiring anti - bradycar-
dia pacing was the Post AV Nodal Ablation Evaluation 
(PAVE) trial, which compared right ventricular apical 
pacing and biventricular pacing in 184 patients, with or 
without heart failure or LV impairment, who were under-
going AV node ablation for AF. 133  After 6 months follow -
 up, biventricular pacing was associated with a greater 
improvement in 6 - minute walk distance and ejection frac-
tion was preserved, contrasting with a small fall with right 
ventricular apical pacing. A subsequent smaller 3 - month 
crossover study in severely symptomatic patients with per-
manent AF, uncontrolled heart rate or heart failure under-
going AV node ablation showed only modest or no benefi t 
from biventricular or LV pacing compared with right ven-
tricular apical pacing, possibly due to the short follow -
 up. 134  More recently, the Homburg Biventricular Pacing 
Evaluation (HOBIPACE) compared biventricular pacing 
with conventional right ventricular pacing in 30 patients 
with AV block requiring pacing, LV dilation ( ≥ 60   mm) and 
reduced ejection fraction ( ≤ 45%) in a 3 - month crossover 
design. 135  Biventricular pacing was superior with regard to 
LV function, quality of life and exercise capacity, the benefi t 
being similar for patients in sinus rhythm and in AF. 

 Biventricular pacing has subsequently been compared 
with conventional dual - chamber pacing in a randomized 
parallel group study of 50 patients, unselected with regard 
to baseline ejection fraction, being paced for high - grade AV 
block. 136  After 12 months follow - up, ejection fraction was 
preserved, N - terminal pro - BNP fell and NYHA class 
improved in the biventricular paced group, whereas ejec-
tion fraction decreased and N - terminal pro - BNP and NYHA 
class were unchanged in the dual - chamber paced group. 

 Further trials are ongoing to assess the benefi ts of biven-
tricular pacing as an alternative to conventional pacing in 
patients with impaired LV function and mild to moderate 
heart failure (the Biventricular versus Right Ventricular 
Pacing in Patients with AV Block (BLOCK - HF) trial), 137  
without advanced heart failure (the Preventing Ventricular 
Dysfunction in Pacemaker Patients Without Advanced 
Heart Failure (PREVENT - HF) study), 138  with preserved LV 
function (the Pacing to Avoid Cardiac Enlargement (PACE) 
trial), 139  and unselected with regard to ejection fraction or 
heart failure at enrolment (the Biventricular Pacing for 
Atrioventricular Block to Prevent Cardiac Desynchroniza-
tion (BioPace) study). 140    

  Comment and  r ecommendations 

 The available data suggest that dual - chamber pacing 
confers a modest advantage over single - chamber ventricu-
lar pacing due to the reduced risk of AF, the avoidance of 
pacemaker syndrome and a possible small benefi t in quality 
of life. Interpretation of the data regarding pacemaker syn-

drome is complicated by the divergent estimates of mode 
intolerance between trials in which the mode randomiza-
tion was achieved by software programming (PASE, PAC -
 A - TACH and MOST) and those in which it was achieved 
by hardware selection (the Danish study, CTOPP and 
UKPACE). Each design has strengths and weaknesses but 
software randomization trials are more vulnerable to the 
effect of investigator bias. 141  In the software randomization 
trials, crossover rates ranged from 26% to 44%, whereas in 
the hardware randomization trials, they did not exceed 5%. 
The true incidence of mode intolerance is most likely 
between the two extremes. Notwithstanding these uncer-
tainties, dual - chamber pacing is the recommended mode 
for the majority of patients with sinus node disease or AV 
block, except in the presence of permanent AF (Class I/IIa, 
Level A). In patients with isolated sinus node disease and 
no evident abnormality of AV conduction on ECG or at 
implant, single - chamber atrial pacing remains an attractive 
option and provides the most physiologic pattern of ven-
tricular activation. 142  Retrospective analysis of pooled data 
from 28 studies suggests that the risk of subsequent AV 
block, is low (0.6% per annum) 143  and this is supported by 
data from the Danish study. 69  Many physicians will never-
theless prefer to implant a dual - chamber system with fea-
tures and programming tailored to provide functional 
AAIR pacing with minimal unnecessary ventricular activa-
tion. 144  The choice of pacing mode should take account of 
individual patient factors and in elderly patients with high -
 degree AV block, single - chamber ventricular pacing (VVIR) 
is a reasonable option. Adaptive rate pacing should be 
provided if there is evidence of chronotropic incompetence 
but unnecessarily aggressive programming of rate response 
should be avoided. In patients who are likely to require 
frequent ventricular pacing, alternative pacing sites, such 
as the septal aspect of the right ventricular outfl ow tract, 
may confer an advantage by minimizing dyssynchrony but 
further data are required before this approach can be rec-
ommended for routine practice. Ongoing trials will clarify 
the role of biventricular pacing in patients requiring pacing 
for bradycardia. It is, however, a reasonable option to con-
sider, on an individual basis, in patients with NYHA class 
III or IV heart failure, a low ejection fraction ( ≤ 35%) and a 
high anticipated requirement for ventricular pacing (Class 
IIa, Level B). Consideration should also be given to 
implanting a combined device in patients with a conven-
tional indication for an ICD.   

    New  i ndications for  p acing 

  Neurocardiogenic  s yncope 

 Neurocardiogenic syncope describes the clinical syn-
dromes of syncope resulting from inappropriate autonomic 
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responses, manifested as abnormalities in the control of 
peripheral vascular resistance and heart rate. 145  It is thought 
to account for the largest proportion of faints in clinical 
practice. The most common forms are carotid sinus syn-
drome and vasovagal syncope but other related syndromes 
include cough, deglutition, and micturition syncope. A 
systematic approach to evaluate patients with syncope is 
essential and comprehensive guidelines have recently been 
published. 146,147  Carotid sinus massage 148,149  and tilt - table 
testing 150  are useful diagnostic tools in carotid sinus 
syndrome and vasovagal syncope respectively, enabling 
abnormal refl ex responses to be categorized as cardio -
 inhibitory (asystole  > 3   s, bradycardia or AV block), vasode-
pressor (fall in systolic blood pressure  > 50   mmHg) or 
mixed. This has invited assessment of the utility of cardiac 
pacing which might be expected to benefi t patients with 
predominantly cardio - inhibitory or mixed responses. 

  Carotid  s inus  s yndrome 
 Early reports of pacing in carotid sinus syndrome con-
fi rmed its effi cacy in some patients but persistent symp-
toms were seen in those with a signifi cant vasodepressor 
response or hypotension during ventricular pacing. 151  The 
latter was improved by AV sequential pacing and it was 
suggested that this was the appropriate mode in patients 
with mixed responses. Attention has been drawn to the 
variable natural history of the condition, which may remit 
spontaneously, and the importance of a control group 
when evaluating therapy has been emphasized. 152  A pro-
spective randomized trial of pacing in patients with severe 
carotid sinus syndrome randomized 60 patients to pacing 
(VVI in 18 and DDD in 14 patients) or no therapy (28 
patients). 153  During a mean follow - up of 36 months, syncope 
recurred in 16 (57%) of the non - paced group and only three 
(9%) of the paced group; 19 patients (68%) in the non - paced 
group were eventually paced because of the severity of 
symptoms. Pacing is now the treatment of choice in all but 
the mildest forms of carotid sinus syndrome. Recent evi-
dence suggests that carotid sinus syndrome is underdiag-
nosed and that comprehensive assessment of patients 
presenting with syncope, dizziness or falls may identify a 
signifi cant number of otherwise unrecognized patients 
who may benefi t from pacing. 154  

 In the Syncope And Falls in the Elderly  –  Pacing And 
Carotid sinus Evaluation (SAFE PACE) trial, 24   264 patients 
with falls or syncope were identifi ed from a total of 71   299 
emergency room attendees aged  ≥ 50 years during a 29 -
 month period. 155  Patients with evident extrinsic or medical 
explanations for falling and those with cognitive impair-
ment were excluded, leaving a residuum of 3384 non - 
accidental fallers. Of these, 1624 consented to and underwent 
carotid sinus massage, yielding 257 patients with cardio -
 inhibitory or mixed carotid sinus hypersensitivity, of whom 
175 (mean age 73 years) were randomized to pacing or no 

pacing and followed for 1 year, to test the hypothesis that 
dual - chamber pacing, with a rate drop response algorithm, 
might reduce the frequency of further falls. Paced patients 
were signifi cantly less likely to fall (odds ratio 0.42; 95% CI 
0.23 to 0.75) and syncope and injurious events were less 
frequent. A larger, multicenter, randomized controlled trial, 
SAFE PACE 2, 156  was subsequently undertaken to further 
evaluate these fi ndings in a wider cultural setting and to 
clarify the relationship between symptoms and arrhythmia 
by the use of an implantable loop recorder in the non - paced 
patients. No data from this trial are currently available. 
However, a small crossover trial, comparing pacing (DDD 
with rate drop response) and no pacing (ODO mode) for 6 
months each in 34 patients with recurrent unexplained 
falls and carotid sinus hypersensitivity has recently been 
reported. 156a  This failed to confi rm the benefi t from pacing 
that was observed in SAFE PACE but there was a high 
attrition rate, with only 25 patients completing both 
phases, and the study was consequently underpowered 
and inconclusive.  

  Comment and  r ecommendations 
 Recurrent syncope caused by spontaneously occurring 
carotid sinus stimulation with a cardio - inhibitory response 
to carotid sinus massage (asystole  > 3   s) is a Class I, Level 
C indication for pacing. Recurrent syncope without clear 
provocative events and with a cardio - inhibitory response 
to carotid sinus massage is a Class IIa, Level C indication 
for pacing. European guidelines also require that the asys-
tolic response to carotid sinus massage be accompanied by 
syncope or presyncope. The role of pacing in patients 
with a history of recurrent falls (without clear evidence of 
syncope) and cardio - inhibitory carotid sinus hypersensi-
tivity is uncertain and should be considered on an indi-
vidualized basis (Class IIb, Level B).  

  Vasovagal  s yndrome 
 Pacing has also been evaluated in the so - called  “ malig-
nant ”  form of vasovagal syndrome, characterized by recur-
rent syncope with only brief or absent prodromal symptoms. 
Evidence from several studies using temporary pacing 
during tilt testing indicates that pacing rarely prevents 
vasovagal syncope, refl ecting the fact that hypotension pre-
cedes the onset of bradycardia in most patients. However, 
dual - chamber pacing does attenuate the evolution of the 
fi nal and most extreme degrees of hypotension and may 
thereby prolong the symptomatic presyncopal period in 
selected patients with a documented cardio - inhibitory 
component. 157  A retrospective review of 37 patients receiv-
ing predominantly dual - chamber implanted pacemakers, 
followed for a mean of 50.2 months, reported symptomatic 
improvement in 89% with 62% remaining free of syncope 
and 27% completely asymptomatic. The collective syncopal 
burden was reduced from 136 to 11 episodes per year. 158  
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 The North American Vasovagal Pacemaker Study (VPS) 159  
randomized patients with a history of frequent syncope ( ≥ 6 
lifetime episodes) and a cardio - inhibitory response on tilt 
testing to receive either no pacing or DDI pacing with a 
pacemaker incorporating a specialized rate drop - sensing 
algorithm designed to detect the characteristic pattern of 
onset of bradycardia that is seen in vasovagal syndrome. 
The fall in heart rate is typically more marked than occurs 
with natural diurnal fl uctuation yet less precipitous than 
that seen at the onset of complete AV block or asystole. On 
detection of a characteristic rate drop, pacing commences 
with a high initial intervention rate that gradually 
decreases. 160  It had been intended to enroll 284 patients, but 
the study was stopped after enrolment of only 54 patients 
due to substantial benefi t in the paced group. During 
follow - up, syncope recurred in 22% of patients who were 
paced compared with 70% of those who were not (relative 
risk reduction 85.4%; 95% CI 59.7 to 94.7;  P    =   0.000022). 
There was no signifi cant effect on presyncope (reported by 
63% of paced patients and 74% of non - paced patients). 

 The Vasovagal International Study (VASIS) Group sub-
sequently reported a multicenter European trial of similar 
design. 161  Forty - two patients with at least three syncopal 
episodes in the preceding 2 years and a cardio - inhibitory 
response to tilt testing were randomized to DDI pacing 
with rate hysteresis (n   =   19) or no pacing (n   =   23). Syncope 
recurred in only one (5%) of the paced patients but in 14 
(61%) of the unpaced patients ( P    =   0.0006). The median 
time to fi rst syncope in the unpaced group was 5 months. 

 The Syncope Diagnosis and Treatment (SYDIT) study 
compared the relative effi cacy of dual - chamber pacing 
with a rate drop - sensing algorithm and pharmacologic 
therapy with atenolol. 162  Patients were eligible if they had 
at least three syncopal episodes in the preceding 2 years 
and a positive response to tilt testing (syncope with relative 
bradycardia). The study was terminated after 93 patients 
had been enrolled, as an interim analysis showed a signifi -
cant effect in favor of pacing. Syncope recurred in only 
4.3% of the paced group (after a median of 390 days) com-
pared with 25.5% of the pharmacologically treated group 
(after a median of 135 days) (odds ratio 0.133; 95% CI 0.028 
to 0.632;  P    =   0.004). 

 Less encouraging results have since been reported from 
two double - blind, placebo - controlled trials. In the second 
Vasovagal Pacemaker Study (VPS II), 163  the inclusion cri-
teria were similar to those of the fi rst VPS but in contrast 
to that study, VASIS and SYDIT, all patients received a 
pacemaker and were randomized to DDD pacing with 
a rate drop response algorithm (n   =   48) or no pacing 
(ODO mode; n   =   52). Over 6 months follow - up, syncope 
recurred in 33% of the paced group, compared with 42% 
of the non - paced group. The relative risk reduction in 
time to syncope with DDD pacing was 30% but this was 
not signifi cant (95% CI  − 33% to 63%;  P    =   0.14). 

 In the Vasovagal Syncope and Pacing (SYNPACE) trial, 164  
29 patients with severe recurrent vasovagal syncope, repro-
duced on tilt - testing, all received a pacemaker which was 
randomly assigned to be programmed on (DDD pacing 
with rate drop response; n   =   16) or off (inactive OOO mode; 
n   =   13). During a median follow - up of 715 days, there was 
no signifi cant improvement in syncope recurrence (50% of 
the paced group and 38% of the non - paced group) or in 
time to fi rst syncope. 

 The difference in outcomes between the blinded and 
unblinded trials suggests a signifi cant placebo or  “ expecta-
tion of benefi t ”  effect from pacemaker implantation. This 
is supported by the results of a meta - analysis including 
data from nine randomized trials of pacing for vasovagal 
syncope. 165  The analysis showed that permanent pacing 
reduced the risk of recurrent syncope in the unblinded 
trials (odds ratio 0.09; 95% CI 0.04 to 0.22) but not in the 
double - blind trials (odds ratio 0.83; 95% CI 0.41 to 1.70). 
The accumulated data do not support the use of pacing as 
fi rst - line therapy for vasovagal syncope. However, atten-
tion has been drawn to the limitations of the trials, all of 
which were relatively small, with even the largest (VPS II) 
being limited in power to rule out a modest benefi t from 
pacing. 166,167  There was also variation in the enrolment 
criteria, including the requirement for a positive (cardio -
 inhibitory) tilt test. Pacing would only be expected to 
benefi t patients in whom syncopal episodes were wholly 
or predominantly mediated by bradycardia or asystole. 
The utility of tilt testing to identify such patients is limited 
by poor reproducibility and a lack of correlation between 
the responses to tilt testing and the mechanism of sponta-
neous syncope. 146,168  The use of an implantable loop 
recorder to document the cardiac rhythm during spontane-
ous syncope and guide further therapy has shown promise 
and is being further evaluated in a randomized trial. 169,170   

  Comment and  r ecommendations 
 Pacing should not be considered as fi rst - line therapy for 
the majority of patients with vasovagal syncope. The initial 
focus should be on conservative measures, such as educa-
tion, reassurance and physical maneuvers, which may be 
particularly useful when there are prodromal symptoms. 146  
Pacing may, however, be considered in patients with 
severe recurrent syncope refractory to other measures, in 
whom profound bradycardia or asystole is documented 
during tilt testing or spontaneous episodes. The uncertain 
benefi ts and the associated risks of pacing should be dis-
cussed with the patient (Class IIa, Level B).   

  Hypertrophic  c ardiomyopathy 

 The ability of pacing at the right ventricular apex to reduce 
the LV outfl ow tract (LVOT) gradient in patients with 
hypertrophic cardiomyopathy has been recognized for 
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over 30 years. 171  The benefi ts are thought to be due to 
eccentric activation of the septum, which may increase the 
LVOT diameter and decrease systolic anterior movement 
of the mitral valve during systole. Initial clinical studies 
showed encouraging short -  and medium - term results, 
with decreased symptoms and improved exercise capacity 
associated with reductions of LVOT gradient in the region 
of 60%. 172 – 175  Favorable LV remodeling has also been 
observed after prolonged pacing. 176 – 178  Three prospective 
randomized crossover trials subsequently confi rmed the 
ability of pacing to reduce the LVOT gradient. There was 
variable improvement in symptoms with evidence of a 
signifi cant placebo effect but no signifi cant change in exer-
cise tolerance. 179 – 184  One study suggested an increased 
benefi t from pacing in patients aged 65 years or over. 184  

  Comment and  r ecommendations 
 The role of dual - chamber pacing in the management of 
patients with hypertrophic obstructive cardiomyopathy 
remains controversial. The accumulated data suggest that 
pacing cannot be considered as primary or routine treat-
ment but it may benefi t some patients with symptoms 
refractory to drug therapy, signifi cant outfl ow obstruction 
and contraindications for septal ablation or surgery (Class 
IIb, Level A). The acute hemodynamic response to pacing 
is not a reliable predictor of symptomatic or functional 
improvement and temporary pacing studies are thus of 
little value in patient selection. 175,176,184  Complete heart block 
is a recognized complication of both transcoronary alcohol 
septal ablation and surgical septal myectomy, for which 
permanent pacing may be required (Class I, Level C). 185,186  
In patients at high risk of sudden death, an ICD may also 
be indicated.   

  Atrial  fi  brillation 

 The limited success of drug therapy in suppressing parox-
ysmal AF has prompted the assessment of various pacing 
strategies, even in patients with no other indication for 
pacemaker implantation. Possible mechanisms by which 
pacing might suppress AF in this context include reduction 
of bradycardia, overdrive suppression of atrial premature 
beats, elimination of compensatory pauses and reduction 
in inter -  or intra - atrial conduction delay and dispersion of 
refractoriness that might otherwise favor re - entry. Atrial 
rate support has been shown to be of benefi t in a small 
series of selected patients with the vagally mediated, 
pause - dependent form of AF, although concomitant drug 
therapy may still be required. 187  In a broader context, the 
use of atrial - based pacing, 188,189  atrial overdrive 190 – 193  and a 
variety of AF suppression algorithms 194 – 199  has been 
assessed in patients with and without conventional indica-
tions for pacing. Results have been inconsistent but gener-
ally disappointing. A possible confounder in some of the 

studies is the potentially deleterious effect of inappropriate 
ventricular pacing, which may be increased by the use of 
atrial overdrive pacing algorithms and predispose to both 
tachycardia - related cardiomyopathy and the development 
of AF. The combination of atrial overdrive suppression 
algorithms with techniques to minimize ventricular pacing 
might attenuate these effects and this is currently being 
assessed. 115  Other techniques that have been assessed 
include biatrial pacing in patients with inter -  or intra - atrial 
conduction delay, 200 – 204  and dual - site 205 – 209  or alternative site 
pacing (on the interatrial septum or at the coronary sinus 
os) 210 – 215 . Once again, results have been inconsistent with no 
clear evidence of clinical benefi t. 

  Comment and  r ecommendations 
 The use of pacing as a primary antiarrhythmic strategy in 
the management of AF is not justifi ed by the available data. 
Interpretation of the data is confounded by variability in 
the pattern and frequency of arrhythmia, the clinical char-
acteristics of the patients, and the endpoints and outcome 
measures between the studies, many of which have been 
small and underpowered. In patients with conventional 
indications for pacing, the use of a device with preventive 
algorithms may be justifi ed in selected cases. These pacing 
modalities may be most effective when used as hybrid 
therapy with antiarrhythmic drugs. Indeed, it may be that 
much of the benefi t in some of the studies is attributable to 
the facilitation of increased antiarrhythmic drug therapy 
by pacing. Pacing is not indicated for the prevention of AF 
in patients without other indications for pacemaker implan-
tation (Class III, Level B).   

  Long  QT   s yndrome 

 Patients with the long QT syndrome are at high risk of 
syncope and sudden death, usually due to polymorphic 
ventricular tachycardia. There are compelling data from 
observational studies 216 – 218  and from the International Long 
QT Syndrome Registry 219,220  indicating that cardiac pacing, 
with concomitant beta - blockade, may reduce the rate of 
recurrent syncope and sudden death. The benefi t of pacing 
is thought to be due to the prevention of bradycardia and 
pauses, together with rate - related shortening of the QT 
interval. Unfortunately, for pacing to be effective, relatively 
high rates ( > 80/min) may be required 221  with the attendant 
disadvantage of reduced battery life and the potential risk 
of tachycardia - induced cardiomyopathy. 222  

 Careful attention to pacemaker programming is essen-
tial. 223  Features that allow slowing of the heart rate below 
the programmed lower rate limit, such as hysteresis and 
sleep functions, and algorithms that may favor the occur-
rence of pauses should be disabled. Specifi c rate - smoothing 
algorithms that are capable of preventing postextrasystolic 
pauses may be useful. 224  There is indirect experimental and 
clinical evidence to suggest that pacing might be of particu-
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lar value in patients with the LQT3 genotype, 225 – 227  which 
is particularly associated with increased dispersion of 
repolarization during bradycardia and with arrhythmia 
occurring during sleep, 228  but it should not be inferred that 
other genotypes will not benefi t from pacing. Further data 
are required to clarify the extent to which therapy in the 
long QT syndrome can be guided by genotype. Pacing 
should be considered as an adjuvant to beta - blockade in all 
patients with long QT syndrome and symptomatic brady-
cardia or high - grade AV block, and whenever there is evi-
dence of pause - dependent malignant arrhythmias (Class I, 
Level C). In high - risk patients, an ICD may also be 
indicated.  

  Postcardiac  t ransplantation 

 Bradycardia, usually due to transient sinus node dysfunc-
tion or AV block, may occur in almost two - thirds of patients 
in the fi rst few weeks following orthotopic cardiac trans-
plantation. 229  Recovery from transient AV block usually 
occurs within 16 days but transient sinus node dysfunction 
may persist for several weeks and the optimum time for 
consideration of permanent pacemaker implantation is 
uncertain. 230  In some cases, temporary treatment with oral 
theophylline may avert the need for permanent pacing. 231  
The proportion of transplant recipients receiving perma-
nent pacing for persistent bradycardia ranges from 2.8% to 
29% in different centers. 232  The variation may refl ect differ-
ences in the incidence of bradycardia and the criteria for 
permanent pacing although differences in surgical tech-
nique may also be relevant. 233  In paced transplant recipi-
ents, bradycardia often resolves and pacemaker usage 
decreases during the fi rst few months. 234  Deferring consid-
eration of permanent pacing until 3 weeks after transplan-
tation may mean that some patients with transient sinus 
node dysfunction are spared unnecessary pacemaker 
implantation. Deferral is also associated with a commensu-
rate increase in pacemaker usage in those paced. However, 
even with this strategy, less than half of those using their 
pacemakers at 3 months continue to do so at 6 months and 
there are no clear predictive factors to guide patient 
selection. 235  

 Following heterotopic cardiac transplantation, the 
donor and recipient hearts beat independently of one 
another, the denervated donor heart typically beating at a 
faster rate. Competitive contraction of the two hearts may 
be deleterious and LV function in the recipient heart is 
improved when the two hearts beat out of phase. Acute 
studies have shown that paced linkage of the two hearts to 
produce consistent counterpulsation may result in signifi -
cant functional improvement. 236  This technique has been 
evaluated in a chronic study using permanent dual - 
chamber pacemakers with the atrial channel connected to 
the donor atrium and the  “ ventricular ”  channel connected 

to the recipient atrium. 237  Paced linkage was associated 
with signifi cant improvements in symptoms, general 
health, energy, levels of activity and maximum cardiac 
output in the donor heart.  

  Sleep  a pnea 

 Sleep apnea with hypersomnolence is estimated to affect 
2 – 4% of middle - aged adults, although asymptomatic forms 
may be more frequent. 238  The condition is associated with 
an increased risk of hypertension and cardiovascular 
disease, including bradyarrhythmia. 239  It has been noted 
that treatment of the condition in patients with asymptom-
atic bradycardia occurring only during sleep may reduce 
the need for pacemaker implantation, provided that 
advanced disease of the sinus node or AV conducting 
system has been excluded. 240  Conversely, there have been 
reports of improvements in sleep - disordered breathing fol-
lowing pacemaker implantation in patients with sinus 
node dysfunction and AV block. 241  

 Following similar observations in patients receiving 
atrial overdrive pacing for the suppression of atrial 
tachyarrhythmia, the effi cacy of atrial overdrive was 
assessed in a randomized crossover trial. 242  A group of 15 
patients with sinus node disease and sleep apnea, identi-
fi ed on screening, showed improved apnea and hypopnea 
indices during atrial overdrive pacing, compared with 
intrinsic rhythm. The mechanism of benefi t is unclear but 
might relate to increased sympathetic activity during 
pacing. Surprisingly, both obstructive and central forms of 
sleep apnea were improved, suggesting a central mecha-
nism affecting both respiratory rhythm and pharyngeal 
motor neurone activity. 243  However, subsequent studies 
failed to show signifi cant benefi t from atrial overdrive 
pacing in patients with obstructive sleep apnea with 244 – 247  
or without 248 – 250  a bradycardia - related indication for 
pacing. A distinguishing feature of the earlier positive 
study, which might account for the discrepant fi ndings, 
was that more than half of the patients had central sleep 
apnea and all had a signifi cant number of central events. 
Improvements in apnea - hypopnea index and sleep quality 
have also been demonstrated after cardiac resynchroniza-
tion therapy but only in those who responded to resyn-
chronization, suggesting that the benefi ts are mediated by 
improved heart failure status rather than a specifi c effect 
of pacing. 251  

 Neither pacing nor cardiac resynchronization therapy is 
currently indicated in patients without conventional indi-
cations for device therapy (Class III, Level A). In patients 
with sleep apnea who have an implanted device, atrial 
overdrive pacing and cardiac resynchronization therapy 
may improve symptoms but other specifi c therapies such 
as continuous positive airway pressure are more effective 
and may also be required (Class IIb, Level A).   
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  Cardiac  r esynchronization  t herapy 

  Background 

 In the early 1990s, the use of dual - chamber pacing in patients 
with heart failure but no bradyarrhythmic indication for 
pacing was extensively explored. This was initially 
prompted by the suggestion that dual - chamber pacing with 
a short AV delay might improve cardiac function in dilated 
cardiomyopathy by improving the relationship between 
atrial and ventricular systole, thereby decreasing presys-
tolic, mitral and tricuspid regurgitation and increasing ven-
tricular fi lling time. 252  Initial hemodynamic and clinical 
studies yielded encouraging results 253,254  but others failed to 
show any signifi cant benefi t. 255,256  It might have been antici-
pated that patients with a prolonged PR interval and 
increased QRS duration would be most likely to benefi t and 
this was confi rmed in hemodynamic and short - term clinical 
studies. 257 – 259  Intraventricular conduction delay may be 
present in up to 40% of patients with severe heart failure. 260  
This results in asynchronous contraction of the left and right 
ventricles, which may adversely affect hemodynamic func-
tion. Cardiac resynchronization therapy (CRT) aims to 
reverse these changes by using biventricular pacing to 
resynchronize left and right ventricular activation and by 
ensuring AV synchrony with an optimal AV delay if sinus 
rhythm is preserved. Biatrial synchronization may also be 
used in the presence of interatrial conduction delay. 

 The potential hemodynamic benefi t of biventricular 
pacing was fi rst demonstrated in an acute study in humans 
in 1983 261  but it was not until 1994 that the clinical applica-
tion of the technique was reported in a patient with severe 
drug - refractory congestive heart failure. 262  Early case 
reports documented short - term clinical and hemodynamic 
improvement in patients with class III and IV heart failure 
using three -  or four - chamber atrio - biventricular pacing. 262 –

 264  Acute hemodynamic studies demonstrated decreased 
pulmonary capillary wedge pressure and increased peak 
LV dP/dt, systolic blood pressure and cardiac index during 
biventricular pacing. 264 – 268  Similar or greater improvements 
in some parameters were also reported with LV pacing 
alone. 265 – 268  The early studies of biventricular pacing used 
an epicardial pacing lead, implanted by limited thoracot-
omy or thoracoscopy, to pace the left ventricle, with a stan-
dard endocardial lead in the right ventricle. This approach 
has been superseded by the development of a technique 
for pacing the left ventricle by means of a lead introduced 
transvenously via the coronary sinus, with the tip located 
in one of the posterior or lateral cardiac veins overlying the 
LV free wall. 269  A coronary sinus angiogram is often used 
to create an anatomic map to guide placement of the spe-
cialized leads that have been developed for this type of 
pacing. 270  

 Encouraging preliminary data regarding the clinical 
utility of CRT were reported from two non - randomized 
studies: InSync 271,272  and the French pilot study. 273  Several 
randomized trials have subsequently been completed in 
Europe and the USA to further assess the effi cacy of CRT 
in ischemic and non - ischemic dilated cardiomyopathy. 
These include a number of short - term crossover and paral-
lel group studies assessing the impact of CRT on symp-
toms, functional capacity and ventricular remodeling, and 
two larger studies designed to assess the impact on mor-
bidity and mortality.  

  Randomized  t rials 

  The fi rst Pacing Therapy in Congestive Heart Failure (PATH -
 CHF) trial  was a single - blind randomized crossover trial, 
designed to evaluate the short -  and long - term effects of 
univentricular and biventricular pacing in patients with 
NYHA class III or IV heart failure despite optimal medical 
therapy. 274,275  Patients were required to have a QRS dura-
tion  ≥ 120   ms and a PR interval  ≥ 150   ms. Two dual - chamber 
pacemakers were implanted, one with endocardial leads in 
the right atrium and ventricle, the other with an endocar-
dial lead in the right atrium and a lead attached to the 
epicardial surface of the left ventricle via a limited thora-
cotomy. During the acute phase of the study, right and left 
univentricular pacing were compared with biventricular 
pacing, at preselected AV delays, using a randomized 
crossover design. Overall, biventricular and LV pacing had 
similar hemodynamic effects and increased LV dP/dt and 
pulse pressure more than right ventricular pacing. Pacing 
site had a greater infl uence on hemodynamics than the AV 
delay. During the chronic phase of the study, 41 patients 
were randomized to either atrio - biventricular pacing or the 
best atrio - univentricular mode (determined during the 
acute phase) for a 4 - week period. This was followed by a 
4 - week wash - out phase without pacing and a further 4 
weeks in the alternative mode. Compared with baseline, 
active pacing showed signifi cant benefi ts in terms of peak 
oxygen consumption and 6 - minute walk distance, with 
similar benefi ts in the univentricular and biventricular 
modes. Quality of life and NYHA functional class improved 
during the fi rst pacing period but there was evidence of a 
placebo or carry - over effect, in that improvements were not 
eliminated during the subsequent wash - out period. There 
was, however, a further signifi cant improvement during 
the second active pacing period, suggesting a genuine 
treatment effect. On completion of the crossover phase, 
patients were assigned to their best pacing mode and fol-
lowed for 1 year. During that time, the number of days 
spent in hospital for heart failure was signifi cantly lower 
than in the year before implantation. 

  The PATH - CHF II trial  assessed the effects of atrial - 
synchronized left univentricular pacing. This was a 
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randomized crossover study, in which 86 patients with 
NYHA class II – IV heart failure were stratifi ed according to 
QRS duration (120   ms to 150   ms v  > 150   ms) and outcomes 
were compared after 3 - month periods of either LV or inac-
tive pacing. 276  The long QRS group showed increased 
exercise tolerance and improved quality of life with active 
pacing, whereas the short QRS group showed no improve-
ment in either outcome. 

  The Multi - Site Stimulation in Cardiomyopathy (MUSTIC) 
trial  assessed the effi cacy of transvenous biventricular 
pacing using a randomized blinded crossover design to 
compare outcomes after 12 weeks each of active and inac-
tive pacing. 277  Patients had severe but stable heart failure 
due to idiopathic or ischemic LV systolic dysfunction 
(NYHA class III) despite optimal medical therapy, ejection 
fraction  < 35%, LV end - diastolic diameter (EDD)  > 60   mm, 
QRS duration  > 150   ms and no conventional indication for 
pacing. Sixty - seven patients in sinus rhythm were enrolled, 
of whom nine were withdrawn before randomization and 
10 failed to complete the two crossover periods. In the 48 
patients who completed the study, the 6 - minute walk 
distance improved by 23% ( P     <    0.001) after 3 months of 
biventricular pacing. Quality of life scores improved by 
32% ( P     <    0.001) and peak oxygen uptake by 8% ( P     <    0.03). 
Hospitalizations were decreased by two - thirds ( P     <    0.05). 
Active pacing was preferred by 85% of the patients 
( P     <    0.001). At the end of the crossover phase, patients were 
programmed to their preferred mode; the clinical benefi ts 
were maintained at 1 - year reassessment. 278,279  

 The MUSTIC study had a separate limb for patients in 
AF, which enrolled 64 patients in NYHA class III with LV 
systolic dysfunction, chronic AF, a slow ventricular rate 
requiring pacing, and a broad paced QRS ( ≥ 200 ms). 280  
There was a high drop - out rate and only 37 patients were 
successfully implanted and completed both crossover 
phases. An intention - to - treat analysis showed no benefi t 
from CRT on exercise capacity or quality of life compared 
with right univentricular pacing. However, an analysis 
excluding patients in whom delivery of effective therapy 
was unsuccessful due to a low percentage of ventricular 
pacing, showed modest but statistically signifi cant 
improvements. Eighty - fi ve percent of patients preferred 
biventricular pacing and hospitalizations were less fre-
quent during the CRT phase. 

  The Multicenter InSync Randomized Clinical Evaluation 
(MIRACLE)  was a double - blind, parallel - group, random-
ized trial to assess the benefi t of CRT in patients with 
NYHA class III or IV heart failure, on optimal and stable 
medical therapy, with ejection fraction  ≤ 35%, LV EDD 
 ≥ 55   mm and QRS duration  ≥ 130   ms. 281  After baseline evalu-
ation and successful implantation of a transvenous CRT 
pacing system, 453 patients were randomly assigned to 
receive active CRT or a control group with no pacing and 
followed for 6 months. In the CRT group, there were 12 

deaths. In the control group, 16 patients died, two received 
a transplant and fi ve missed the 6 - month visit. One patient 
in each group withdrew due to device - related complica-
tions. Amongst those who completed the study, patients 
assigned to CRT had signifi cant improvements in 6 - minute 
walk distance, quality of life, NYHA class, peak oxygen 
consumption, and a composite heart failure score and there 
were fewer hospitalizations for heart failure. Echocardiog-
raphy showed evidence of reverse LV remodeling, 
improved systolic and diastolic function, and decreased 
mitral regurgitation in the CRT group. 282  

  MIRACLE ICD  was a study of similar design in which 
369 patients with an indication for an ICD received an ICD 
with CRT capability (CRT - D) and were randomly assigned 
to CRT on or CRT off. 283  After 6 months follow - up, CRT 
was associated with improved quality of life, functional 
status, treadmill time and peak oxygen uptake, although 
there was no difference in the change in 6 - minute walk 
distance (a co - primary endpoint). In contrast to the earlier 
study in patients without an ICD indication, there were no 
signifi cant differences in changes in LV size or function, 
overall heart failure status or rates of hospitalization. The 
MIRACLE ICD investigators also enrolled 222 patients 
with NYHA class II heart failure into a parallel study 
reported separately as MIRACLE ICD II. 284  Of the 191 suc-
cessfully implanted patients, 186 were randomly assigned 
to CRT on or off. After 6 months follow - up, there was no 
signifi cant improvement in exercise capacity but there 
were signifi cant improvements in LV size and function, 
and a composite assessment of clinical status. 

  The CONTAK CD study  assessed the safety and effi cacy 
of CRT combined with an ICD in patients with NYHA class 
II – IV heart failure, ejection fraction  ≤ 35%, QRS duration 
 ≥ 120   ms and a conventional indication for an ICD. 285  The 
study began with a 3 - month crossover design (n   =   248) but 
later changed to a 6 - month parallel group study (n   =   333). 
The primary endpoint was also changed from peak oxygen 
consumption to a heart failure composite. The initial 
implants had an epicardial LV lead (11% of cases) but a 
transvenous lead was used subsequently (89% of cases). Of 
581 enrolled patients, 501 were successfully implanted and 
490 were randomly assigned to CRT on or CRT off. Three -
 month follow - up data from the crossover study were com-
bined with 6 - month data from the parallel study. CRT was 
associated with a non - signifi cant 15% reduction in heart 
failure progression. There was a signifi cant increase in 
peak oxygen consumption but only non - signifi cant changes 
in NYHA class and quality of life, except for the subgroup 
in NYHA class III or IV, in which all functional status out-
comes improved. CRT was associated with decreased LV 
dimensions and increased ejection fraction. Interpretation 
of the data is complicated by the change in study design 
and the power of the study was diminished by a lower than 
anticipated event rate, possibly due to improved medical 
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therapy during the course of the study, and the short fol-
low - up in the crossover phase. 

  The Comparison of Medical Therapy, Pacing and Defi brilla-
tion in Heart Failure (COMPANION) trial  included 1520 
patients with class III or IV heart failure due to ischemic or 
non - ischemic cardiomyopathy, ejection fraction  ≤ 35%, QRS 
width  ≥ 120ms and sinus rhythm, who were randomly 
assigned in a 1   :   2   :   2 ratio to optimal pharmacologic therapy 
alone or with the addition of a CRT pacing system (CRT - P) 
or a CRT pacing system with defi brillation capability (CRT -
 D). 286  The primary endpoint was death or hospitalization 
from any cause. As compared with optimal pharmacologic 
therapy, CRT - P reduced the primary endpoint (HR 0.81; 
95% CI 0.69 to 0.96;  P    =   0.014) and all - cause mortality (HR 
0.76; 95% CI 0.58 to 1.01;  P    =   0.06). CRT - D (HR 0.64; 95% 
CI 0.48 to 0.86;  P    =   0.003). CRT was associated with early 
and sustained improvements in NYHA class, 6 - minute 
walk distance, and quality of life. 286,287  

  The Cardiac Resynchronization - Heart Failure (CARE - HF) 
trial  enrolled 813 patients with class III or IV heart failure 
due to LV systolic dysfunction, ejection fraction  ≤ 35% and 
QRS  > 120   ms, who were randomly assigned to receive 
optimal medical therapy with or without CRT. 288  Echocar-
diographic evidence of dyssynchrony was also required in 
patients with QRS between 120   ms and 149   ms. Patients 
with atrial arrhythmias were excluded. The primary end-
point was a composite of death from any cause or unplanned 
hospitalization for a major cardiovascular event. After 
mean follow - up of 29.4 months, the incidence of the primary 
endpoint was signifi cantly lower in the group receiving 
CRT (HR 0.63; 95% CI 0.51 to 0.77;  P     <    0.001). There was 
also a signifi cant reduction in all - cause mortality (HR 0.64; 
95% CI 0.48 to 0.85;  P     <    0.002) accompanied by signifi cant 
improvements in symptoms, ejection fraction, NYHA class 
and quality of life. Echocardiography at 3 months and 18 
months showed evidence of reverse remodeling with a 
lower end - systolic volume index and decreased mitral 
regurgitation. N - terminal pro - brain natriuretic peptide was 
also reduced. Extended follow - up for a further 8 months 
showed reduced mortality (HR 0.60; 95% CI 0.47 to 0.77; 
 P     <    0.0001), sudden death (HR 0.54; 95% CI 0.35 to 0.84; 
 P    =   0.005) and death due to heart failure (HR 0.55; 95% CI 
0.37 to 0.82;  P    =   0.003). 289  In secondary analyses, no baseline 
characteristics or markers of response at 3 months emerged 
as useful predictors of the effect of CRT on mortality. 290,291  

 The accumulated data from the various trials of CRT 
have been summarized in several systematic reviews and 
meta - analyses. 292 – 297  The aggregated data suggest that in 
patients with class III or IV heart failure due to LV systolic 
dysfunction with prolonged QRS duration, CRT reduces 
all - cause mortality and major cardiovascular morbidity, 
and improves quality of life (Fig.  41.2 ). Overall implant 
success rates are estimated at 93% (95% CI 92.2 to 93.7%) 
with a periprocedural complication rate of 4.3% (95% CI 

3.6 to 5.1%), peri - implant mortality of 0.3% (95% CI 0.1 to 
0.6%) and no other signifi cant safety concerns. 295  Using 
currently accepted implant criteria, it is estimated that 
1 – 3% of patients discharged alive after hospital admission 
for heart failure and 15 – 20% of patients attending special-
ized heart failure clinics may be candidates for CRT. 298  
Economic analyses based on outcome data from the ran-
domized trials suggest that CRT is a cost - effective thera-
peutic option using currently accepted thresholds in 
Europe and the USA. 294,299 – 301     

  Unresolved  i ssues in  CRT  

 Notwithstanding the strong evidence base for CRT in 
patients meeting the enrolment criteria for the various ran-
domized trials, there are several areas of clinical practice in 
which the available data are inconclusive. 

  Atrial  fi  brillation 
 The benefi ts of CRT depend on the effective delivery of 
biventricular pacing. In the presence of AF, which is a 
common occurrence in advanced heart failure, spontane-
ous ventricular activation by intrinsic conduction through 
an intact AV node may result in a marked reduction in the 
percentage of biventricular paced beats. Long - term clinical 
outcome data on the effectiveness of CRT in AF are limited, 
as both the COMPANION and CARE - HF trials included 
only patients with sinus rhythm. Some data are available 
from the MUSTIC - AF study 280  and several observational 
studies 302 – 308  which suggest that CRT may be benefi cial, 
provided adequate biventricular pacing is achieved. Data 
from a European registry including 162 patients with per-
manent AF and 511 in sinus rhythm suggest that CRT in 
patients with AF results in similar improvements in ven-
tricular function and functional capacity to those observed 
in patients with sinus rhythm but only after AV node abla-
tion, which was performed when biventricular pacing 
occurred  ≤ 85% of the time. 304  Comparable benefi ts were not 
seen in the group of patients who continued with pharma-
cologic rate control, even though biventricular pacing was 
achieved for over 85% of the time. Further data from an 
extension of the same registry, including 243 patients with 
permanent AF and 1042 in sinus rhythm, showed similar 
mortality in both groups after a median follow - up of 34 
months. 307  In the patients with AF, survival was signifi -
cantly improved in those who underwent ablation and 
CRT compared with those who received CRT alone. There 
were imbalances in some important baseline characteristics 
between the groups and these fi ndings require verifi cation 
in a prospective randomized trial. It might be supposed 
that reversal of structural changes in the atria and ventri-
cles following CRT might favor spontaneous cardioversion 
and retention of sinus rhythm but observational data do 
not support that hypothesis. 303  Similarly, in patients in 
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     Figure 41.2     Effect of CRT on (a) mortality, 
(b) hospitalization for heart failure, (c) quality 
of life assessed by Minnesota Living with 
Heart Failure Questionnaire. All data from 
randomized trials.  (Reproduced with 
permission from Freemantle  et al . 292 )   
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sinus rhythm, CRT does not appear to infl uence the inci-
dence of AF. 309   

  Non -  r esponders to  CRT  
 A signifi cant minority of patients fulfi lling the criteria for 
CRT fail to benefi t fully or at all from the therapy. The 
response to CRT may be characterized in terms of symp-
tomatic or functional benefi t, morbidity, mortality or 
cardiac remodeling and hemodynamic improvement but 
there is no universally agreed defi nition of what constitutes 
therapeutic success. Rates of non - response of 20 – 30% are 
often quoted but even higher rates have been reported, 
particularly in studies using objective parameters of LV 
remodeling. 310  The difference may partly refl ect the well -
 recognized placebo effect of device implantation. Reasons 
for non - response include variability in the pattern and 
reversibility of intraventricular dyssynchrony, 311  subopti-
mal position of the LV lead 312  and factors related to the 
myocardial substrate, such as extensive scar tissue or trans-
mural scar tissue at the LV pacing site in ischemic patients. 313  
A wide variety of echocardiographic markers of dyssyn-
chrony have been assessed for their ability to predict the 
response to CRT but no ideal approach has been found. 314,315  
In the recently published Predictors of Response to CRT 
(PROSPECT) study, a wide range of conventional echocar-
diographic and tissue Doppler - based methods was evalu-
ated but no single measure was found to improve patient 
selection for CRT beyond current guidelines. 316  It remains 
to be seen whether newer echocardiographic techniques 
that have shown some promise, such as speckle tracking 317  
and three - dimensional imaging, 318  or cardiac magnetic 
resonance 319  will prove more successful. 

 Optimal positioning of the LV lead may be limited by 
the coronary venous anatomy. This is most often character-
ized by performing a coronary sinus venogram at the time 
of the CRT implant but non - invasive imaging by computed 
tomography has been shown to be feasible and may in the 
future enable anatomic limitations to be identifi ed in 
advance. 320  The use of targeted lead placement using echo-
cardiographic guidance has been evaluated in a random-
ized trial (the Investigating Non - Response to Cardiac 
Resynchronization: Evaluation of Methods to Eliminate 
Non - Response  &  Target Appropriate Lead Location 
(INCREMENTAL) study). Preliminary results have been 
presented and suggest that this approach may increase the 
responder rate in patients with ischemic cardiomyopa-
thy. 321  In non - responders, repositioning of a suboptimally 
located LV lead should be considered. Surgical placement 
of an epicardial lead may facilitate targeted therapy when 
a satisfactory lead position cannot be achieved transve-
nously. 322  The available surgical options include direct lead 
placement via a small left thoracotomy, video - assisted tho-
racoscopy or robotic surgery. 323  A recent innovation that 
may improve the response to CRT is the addition of a third 

ventricular lead in either the right or left ventricle to achieve 
multisite pacing. 324 – 326  Encouraging initial results have been 
reported from small studies but further evaluation is 
required to determine the utility of this approach in non -
 responders and as primary therapy. 

 After implantation of a CRT device, individualized 
adjustment of the programmed AV and interventricular 
delay may improve the effectiveness of cardiac resynchro-
nization. 327,328  Further complexity is added by the observa-
tion that the optimal settings may vary during exercise and 
over time during follow - up. 329,330  Techniques used to deter-
mine the optimal response include echocardiography, 
impedance cardiography, acoustic cardiography, surface 
or intracardiac electrocardiography and non - invasive 
hemodynamic monitoring. 331 – 333  The optimal method and 
the long - term impact of optimization on clinical outcomes 
have not yet been determined. Clinical trials are ongoing 
to assess the utility of the various approaches both at the 
time of the initial implant and during follow - up.  

   CRT  in  p atients with  n arrow  QRS   c omplexes 
 The fi nding that LV dyssynchrony is present in up to 43% 
of heart failure patients with narrow QRS complexes 
( < 120   ms) 334  has prompted the evaluation of CRT in this 
setting. Small observational studies showed improvements 
in symptoms, NYHA class, 6 - minute walk distance and 
ejection fraction, with echocardiographic evidence of 
reverse remodeling after 3 – 6 months follow - up. The 
changes were similar to those observed in CRT recipients 
with broad QRS complexes. 335 – 337  The results of two ran-
domized studies, however, were disappointing. 

 In the Resynchronization Therapy in Normal QRS 
(RethinQ) trial, 172 patients with standard indications for 
an ICD, NYHA class III heart failure, ejection fraction 
 ≤ 35%, QRS duration  < 130   ms and echocardiographic evi-
dence of mechanical dyssynchrony were implanted with 
an ICD with CRT capability and randomly assigned to CRT 
on or off. 338  After 6 months follow - up, there were no sig-
nifi cant differences between the groups in a primary end-
point based on peak oxygen uptake during cardiopulmonary 
exercise testing, except in a prespecifi ed subgroup with 
QRS duration  ≥ 120   ms. NYHA class was improved in the 
CRT group compared with the controls but there were no 
signifi cant differences in quality of life, 6 - minute walk dis-
tance, echocardiographic measures or heart failure events 
requiring intravenous therapy. The Evaluation of Screen-
ing Techniques in Electrically - Normal, Mechanically - 
Dyssynchronous Heart Failure Patients Receiving Cardiac 
Resynchronization Therapy (ESTEEM - CRT) trial was an 
unblinded single - arm feasibility study, in which 68 patients 
with NYHA class III heart failure, ejection fraction  ≤ 35%, 
QRS duration  < 120   ms and echocardiographic evidence of 
mechanical dyssynchrony were implanted with an ICD 
with CRT capability and assessed 1 month post - implant 
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and again after 6 months. 339  Patients ’  symptoms improved 
but there were no changes in exercise performance or echo-
cardiographic measures. The symptomatic improvement 
was attributed to bias from the unblinded assessment or a 
placebo effect. 

 It is unclear whether these negative fi ndings refl ect inef-
fectiveness of CRT in patients with a narrow QRS complex, 
the infl uence of confounding factors compromising the 
response in relatively small short - term studies or the limi-
tations of our current understanding and the available 
tools for assessing dyssynchrony, as demonstrated in the 
PROSPECT study. Some limited encouragement may be 
offered by the DESIRE study, which attempted to identify 
CRT responders on the basis of simple echocardiographic 
indices of dyssynchrony, regardless of QRS width, in a 
group of 64 patients with class III or IV heart failure, ejec-
tion fraction  ≤ 40%, LV EDD   ≥ 27   mm/m 2  and QRS 
 < 150   ms. 340  Patients were assigned to one of two groups 
after enrolment according to the presence or absence of dys-
synchrony on a baseline echocardiogram. After 6 months 
follow - up, 55% of the patients showed clinical improve-
ment, including 70% of those with dyssynchrony and 42% 
of those without ( P     <    0.04). Baseline QRS did not predict 
response to CRT. Unfortunately, the design of the study 
rendered it susceptible to a possible placebo effect and 
assessment bias, and the modest sensitivity and specifi city 
of the echocardiographic measures of dyssynchrony inevi-
tably limit their clinical utility. Further insights may come 
from the ongoing Echocardiography Guided Cardiac Resyn-
chronization Therapy (Echo - CRT) trial, which is examining 
the effect of CRT on mortality and hospitalization for heart 
failure in ICD recipients with advanced heart failure, ejec-
tion fraction  ≤ 35%, ventricular dyssynchrony on echocar-
diography and QRS duration  < 130   ms. 341  At present, CRT 
is not recommended in patients with a narrow QRS.  

   CRT  in  p atients with  c lass  I  or  II   h eart  f ailure 
 The favorable effects of CRT in patients with advanced 
heart failure invite speculation that patients with less 
severe symptoms might also benefi t and that earlier inter-
vention might prevent disease progression. Some support 
for this hypothesis comes from the MIRACLE ICD II trial, 284  
which assessed the effi cacy of CRT in 186 ICD recipients 
with NYHA class II heart failure, and similarly from the 
fi ndings in the subset of 263 patients with class I or II heart 
failure in the CONTAK CD study. 285  Both studies showed 
evidence of reverse remodeling after CRT although there 
was no improvement in exercise capacity or quality of life. 
Reverse remodeling and improved ejection fraction after 
CRT were also demonstrated in an observational study of 
50 patients with NYHA class II heart failure, the changes 
being similar to those observed in a parallel group in 
NYHA class III or IV. 342  Further evidence was provided by 
a subgroup analysis of data from the CARE - HF trial, which 

showed benefi cial effects on morbidity and mortality even 
in a group of 175 patients whose symptoms improved to 
NYHA class I or II after enrolment but prior to randomiza-
tion and delivery of CRT. 343  

 More recently, the REsynchronization reVErses Remod-
eling in Systolic Left vEntricular Dysfunction (REVERSE) 
trial assessed whether CRT could attenuate progression of 
heart failure and reverse LV remodeling in patients with 
mild or resolved symptoms (NYHA class I or II) and LV 
dysfunction.  344   Patients were enrolled in Europe and North 
America with QRS duration  ≥ 120   ms, ejection fraction 
 ≤ 40% and LV EDD  ≥ 55   mm. A total of 610 patients were 
successfully implanted with a CRT device, with ICD capa-
bility if indicated, and randomly assigned to CRT on or off. 
After 1 year, CRT had no signifi cant impact on the primary 
endpoint, a composite refl ecting clinical status.  345   There 
was, however, evidence of reverse remodeling, with 
decreased LV end - systolic and end - diastolic volumes and 
increased ejection fraction. Time to fi rst hospitalization for 
heart failure was increased in the CRT group but there was 
no difference in quality of life or 6 - minute walk distance. 
Two - year follow - up of the 262 European patients has 
recently been reported.  346   Worsening of the clinical com-
posite score was less frequent with CRT active than in the 
control group (19% vs 34%;  P    =   0.01). Echocardiographic 
improvements were sustained but again there was no dif-
ference in quality of life or functional status, possibly due 
to the mild initial symptoms. The study suggests that CRT 
may modify disease progression in patients with mild 
symptoms but fi rm conclusions must await the results of 
two larger ongoing trials comparing CRT - D with ICD 
alone in patients in NYHA class I and II (MADIT - CRT)  347   
or class II (The Resynchronization/ Defi brillation for 
Ambulatory Heart Failure Trial  –  RAFT).  348   These trials are 
powered for composite primary endpoints including mor-
tality and heart failure events or hospitalization.  

  Incremental  b enefi t of  c ombined  CRT  and 
 ICD   t herapy 
 There is substantial overlap between the current indica-
tions for CRT and those for a primary prevention ICD, as 
defi ned by MADIT II 349  and the Sudden Cardiac Death in 
Heart Failure Trial (SCD - HeFT). 350  In patients with indica-
tions for both devices, the implantation of a combined 
CRT - D system is a logical option although it cannot be 
assumed that the mortality benefi t of combined therapy 
will be greater than that of either device alone. The only 
trial to have randomly assigned patients to receive CRT - P 
or CRT - D was COMPANION, 286  which was not designed 
to make a direct comparison of the two options. The fi nding 
that the reduction in all - cause mortality with CRT - D was 
signifi cant whereas that with CRT - P was not must be inter-
preted with caution, as the follow - up was relatively short 
with a median of only 14 months. It is important also to 
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note that both COMPANION and CARE - HF 288  excluded 
patients with a conventional indication (at that time) for an 
ICD. A degree of complexity is added by the fact that 
improvement in NYHA class after initiation of CRT may 
move the patient into or out of a category for which ICD 
effi cacy has been demonstrated. The incremental benefi t of 
CRT - D is further called into question by the fi nding in the 
CARE - HF trial that CRT - P reduced not only death due to 
heart failure but also sudden death, and by observational 
data suggesting a reduction in susceptibility to ventricular 
arrhythmia after upgrading from ICD therapy to CRT - D. 351  
A provocative and concerning fi nding in COMPANION 
was that the need for ICD therapy in CRT - treated patients 
was associated with more advanced disease and predicted 
a number of major adverse outcomes, including risk of 
subsequent sudden death. 352  It is also noteworthy that a 
subgroup analysis in SCD - HeFT showed the benefi ts of 
ICD therapy to be limited to patients in NYHA class II, with 
no clear advantage to those in class III who comprise the 
main group for which CRT is currently indicated. 350  The 
incremental benefi t of CRT - D over CRT - P is currently 
uncertain 297,353  and a matter of ongoing debate. 354,355  Eco-
nomic analysis suggests that CRT - D is unlikely to be a 
cost - effective option compared with CRT - P in the treat-
ment of patients with class III and IV heart failure due to 
LV dysfunction but it is more likely to be so in younger 
patients ( < 60 years) or those with a high risk of sudden 
death ( > 7% per annum). 356  A trial directly comparing CRT - P 
and CRT - D would be of considerable value. Meanwhile, 
the decision as to whether or not to offer CRT - D rather than 
CRT - P to individual patients with indications for both CRT 
and an ICD must be made on an individual basis.   

  Comment and  r ecommendations 

 There is considerable evidence that CRT, with or without 
an ICD, can improve a wide range of hemodynamic and 
clinical outcomes, including mortality, in patients who 
have NYHA class III or IV heart failure despite optimal 
medical therapy, with LV ejection fraction  ≤ 35%, increased 
QRS duration ( ≥ 120   ms) and sinus rhythm (Class I, Level 
A). Patients in atrial fi brillation may also benefi t, provided 
a suffi ciently high proportion of biventricular paced beats 
can be achieved by AV node ablation or otherwise, although 
further studies are required in this area (Class IIa, Level 
B). Further data are also required to clarify the role of CRT 
in patients with mild or moderate symptoms. CRT cannot 
be recommended for patients with narrow QRS complexes 
(Class III, Level A).   

  Future  p erspectives 

 The role of pacemaker therapy in the treatment of symp-
tomatic bradycardia is now fi rmly established. Some ques-

tions remain regarding mode selection, particularly 
regarding the role of single - chamber atrial pacing in patients 
with isolated sinus node disease, and the optimal location 
of the atrial and ventricular leads. Further technologic 
developments will bring new device algorithms to mini-
mize ventricular pacing, new tools to facilitate selective site 
pacing, and pacing systems that are compatible with mag-
netic resonance imaging. 357  Future clinical trials are likely 
to enhance our understanding of the role of pacing in indi-
cations other than sinus node disease and AV block and to 
clarify the potential role of CRT in patients with conven-
tional indications for pacing and in those with less advanced 
disease. Techniques for achieving cardiac resynchroniza-
tion are likely to improve, as are methods to predict those 
who will respond. In the longer term, there is the promise 
of exciting new developments that may transform the way 
in which pacemaker therapy is delivered. The use of cardiac 
stimulation mediated by ultrasound energy, as an alterna-
tive to implanted leads, has recently been reported. 358  Bio-
logic therapies are evolving and there is hope that a biologic 
pacemaker, achieved using gene therapy or stem cell tech-
nology, might ultimately become a clinical reality. 359  A key 
message from the fi rst 50 years of cardiac pacing is that new 
technologies and innovations in pacemaker therapy must 
be critically evaluated in well - designed clinical trials to 
achieve a proper understanding of their clinical utility and 
to facilitate their further evolution.  
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  Introduction 

 Syncope is a symptom in which transient loss of conscious-
ness (TLOC) occurs as a consequence of a spontaneously 
self - limited period of cerebral hypoperfusion.  1 – 3   A wide 
range of conditions may be responsible for triggering 
syncope; in many instances the faint is relatively benign 
(e.g. vasovagal faint) but others (e.g. certain cardiac 
arrhythmias) may have more serious implications. In any 
case, whether the underlying problem is  “ innocent ”  or 
potentially life - threatening, syncope may lead to physical 
injury, accidents that put others at risk, and economic loss. 
Consequently, the management goals are to identify the 
specifi c causes(s) of the symptoms, and thereafter develop 
a treatment plan designed to prevent recurrences.  1   

 This chapter provides a brief summary of the major 
causes of syncope, including nomenclature concerns, but 
focuses principally on clinical management (diagnosis and 
treatment), particularly changing treatment concepts for 
neurally mediated refl ex syncope and orthostatic syncope. 
Whenever possible, the recommendations provided here 
are adapted from the European Society of Cardiology 
Syncope Task Force guidelines.  1   However, that was not 
always possible. In such cases, we have either elected not 
to provide a  “ level ”  of recommendation or, when it seemed 
reasonable, to indicate by means of an asterisk ( * ) that the 
recommendation is based on the authors ’  opinion.  

  Nomenclature 

  ” Syncope ”  must be distinguished from the many other 
forms of transient loss of consciousness (TLOC) or  “ TLOC/
syncope mimics ”  (Fig.  42.1 ). Unfortunately, physicians 

remain uncertain regarding this distinction. Despite the 
efforts of some,  1 – 4   the confusion continues to be exacer-
bated by imprecise writing in the medical literature.  5 – 7   For 
example, the recent scientifi c statement from the American 
College of Cardiology Foundation (ACCF) and the Ameri-
can Heart Association (AHA) confuses the defi nition of 
 “ true syncope ”  with the broader concept of TLOC.  5   Similar 
imprecise characterization of syncope may be found in a 
widely cited report from the Framingham Study  6   and in a 
relatively recent clinical review article in the  British Medical 
Journal .  7   Inaccurate advice from seemingly authoritative 
sources unnecessarily confounds the  “ syncope ”  evaluation 
and results in the undertaking of expensive but low - yield 
tests such as electroencephalograms (EEGs) and imaging 
studies of the head. In an effort to clarify matters, several 
groups have attempted to both address the vagaries of 
terminology  1 – 4   and develop more cost - effective ways to 
evaluate syncope patients.  1,8 – 14      

  Incidence,  n atural  h istory, and  p rognosis 

  Frequency in the  p opulation 

 Syncope has been variably reported to account for approxi-
mately 1 – 3 % of emergency department (ED) visits (the 1% 
is the more recent estimate) and 1 – 6% of general hospital 
admissions in the United States.  15 – 17   In numerical terms, the 
National Hospital Ambulatory Medical Care Survey of 
2006 in the United States noted that primary diagnoses of 
 “ syncope and collapse ”  (ICD - 9; 780.2) had increased from 
approximately 887   000   ED visits in 2001 to greater than 
1   125   000   ED visits in 2006. On the other hand,  “ syncope and 
collapse ”  listed among all US hospital discharge diagnoses 
in the 2006 National Hospital Discharge Survey remained 
relatively constant over this same time period: 405   000 in 
2001 and 411   000 in 2006. This suggests, perhaps, that ED 
physicians are becoming less hesitant to have such patients 
evaluated on an outpatient basis. 

Evidence-Based Cardiology, 3rd edition. Edited by S. Yusuf, J.A. Cairns, 
A.J. Camm, E.L. Fallen, and B.J. Gersh. © 2010 Blackwell Publishing, 
ISBN: 978-1-4051-5925-8.
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 In part, variations among published reports examining 
epidemiologic aspects of  “ syncope ”  may relate to the ter-
minology issues alluded to above. In any event, as pointed 
out by Sheldon and Serletis,  18   conventional clinical epide-
miologic terms such as  “ prevalence ”  (the proportion of 
people with the disease) and  “ incidence ”  (the proportion 
of people acquiring the disease in a sampling interval) are 
not readily applicable to the problem of understanding the 
epidemiology of  “ syncope ” . For instance, these authors 
argue quite insightfully that syncope prevalence must 
approach zero since at any point in time very few people 
are unconscious. Similarly, since syncope is a transient 
symptom that vanishes, its true  “ incidence ”  is diffi cult to 
assess. Sheldon and Serletis  18   suggest more meaningful 
indices such as cumulative proportion, cumulative event 
rate or cumulative incidence. 

 Given the limitations noted above, it is possible to obtain 
from the literature a rough sense of the  “ burden ”  of syncope 
in various population subsets. Thus, the Framingham Study 
(in which biennial examinations were carried out over a 26 -
 year period in 5209 free - living individuals) reported occur-
rence of at least one syncope event in approximately 3% of 
men and 3.5% of women in a relatively broad - based free -
 living population sample.  19   The fi rst syncope occurred at an 
average age of 52 years (range 17 – 78 years) for men and 50 
years (range 13 – 87 years) for women. Further, while syncope 
occurred at virtually all ages, syncope burden tended to 
increase with advancing age from 8/1000 person - exams in 
the 35 – 44 year old age group to approximately 40/1000 
person - exams in the  ≥ 75 year age group. 

 In more selected populations, syncope has been esti-
mated to occur in 15% of children  < 18 years of age, 25% of 
the young military population, and in up to 23% of a 
nursing home population  > 70 years of age.  15,16,18 – 24   However, 

with respect to the elderly patient, the reported frequency 
may well be an underestimate since up to 20% of these 
individuals are believed to be forgetful for such episodes 
(i.e. retrograde amnesia). 

 Two reports provide the most up - to - date assessment of 
syncope burden among free - living persons. Ganzeboom 
 et al   22   surveyed medical students in The Netherlands and 
found that 39% had fainted at least once by about age 25 
(women 47% versus men 24%). A Canadian report indi-
cated that the likelihood of at least one faint was 37% by 
age 60, and almost all fi rst spells occurred by age 40.  24   
Combined, these studies suggest that 40% of people faint 
at least once in their lives.  

  Recurrence  r ates 

 Among patients who have experienced syncope, it has 
been estimated that syncope recurrences occur in about 
30%.  19,22,24   About one - third of patients have recurrences of 
syncope by 3 years of follow - up, with most recurrences 
occurring within the fi rst 2 years. Predictors of recurrence 
of syncope include: 
   •      age  < 45 years  
   •      a psychiatric diagnosis, and  
   •      a long history of prior syncope recurrences; in particular, 
patients with more than six syncope spells and a positive 
tilt - table test (i.e. suggestive that syncope is of neurally 
mediated refl ex origin) have a high risk of syncope recur-
rence ( > 50% over 2 years).     

  Mortality 

 The presence and severity of co - existing structural heart 
disease are the most important predictors of mortality risk 

     Figure 42.1     Schematic illustrating the 
relationship of  “ syncope ”  to other conditions 
that cause real or apparent transient loss of 
consciousness (TLOC). Syncope is 
characterized by causing TLOC as a result of 
a self - limited inadequacy of cerebral 
perfusion.  
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in syncope patients. Thus, among individuals with cardiac 
syncope (i.e. primary cardiac arrhythmia, an ischemic 
episode or severe valvular heart disease), the 1 - year mor-
tality is high (ranging between 18% and 33%) compared to 
that for patients with either non - cardiac (including  “ vaso-
vagal ” ) causes of syncope (0 – 12%) or unexplained syncope. 
The risk of death differences are even more striking when 
considering  “ sudden cardiac death ”  events: the 1 - year inci-
dence of sudden death is approximately 24% in patients 
with a cardiac cause versus about 3% in the other two 
groups.  6,19   

 Although patients with cardiac syncope have higher 
mortality rates compared with those of non - cardiac or 
unknown causes, cardiac syncope patients do not as a rule 
appear to exhibit a higher mortality when compared 
with matched controls having similar degrees of heart 
disease.  25 – 29   There are, however, some important exceptions 
to this rule. These include severe aortic stenosis (average 
survival without valve replacement of 2 years), hypertro-
phic cardiomyopathy in which syncope at diagnosis is a 
predictor of increased sudden death risk, and possibly 
patients with heart failure and severe left ventricular dys-
function.  29   The mortality risk associated with syncope in 
the setting of one of the channelopathies (e.g. Brugada 
syndrome, long QT syndrome (LQTS)) or in the presence 
of arrhythmogenic right ventricular dysplasia (ARVD) may 
reasonably be considered to fall into this exception as well, 
if the syncope is known to be due to ventricular 
tachyarrhythmias. 

 A number of subgroups of syncope patients can be iden-
tifi ed who have an excellent prognosis. These include 
young healthy individuals without heart disease and 
normal electrocardiogram (ECG), individuals with the 
most common forms of neurally mediated refl ex syn-
dromes (i.e. vasovagal faint, most situational faints) and 
syncope of unknown cause (5% fi rst - year mortality). 
Patients with carotid sinus syndrome (CSS) may be 
expected to have a more worrisome prognosis given the 
close association of CSS with underlying atherosclerotic 
cardiovascular disease. However, syncope may result in 
injury. Major morbidity such as fractures and motor vehicle 
accidents are reported in 6% of patients, and minor injury 
such as laceration and bruises in 29%. Recurrent syncope 
is associated with fractures and soft tissue injury in approx-
imately 12% of patients.  

  Prognostic  i ssues  r emaining to  b e  r esolved 

 Failing to distinguish the additional risks associated with 
recurrent syncope from the risks accompanying any under-
lying co - morbidity (especially heart disease) is a common 
error. The result is that physicians may overlook the need to 
address syncope risk directly as they focus on the treatment 
of the underlying heart disease (or occasionally vice versa). 

For instance, implantable cardioverter - defi brillator (ICD) 
therapy is often recommended in patients with syncope 
and left ventricular ejection fraction (LVEF)  < 30%. Clearly, 
an ICD may well be indicated, but it would be indicated 
even in the absence of syncope. On the other hand, while 
the ICD may prevent sudden death, it takes time to detect 
an arrhythmia and initiate treatment; consequently, it may 
not protect the patient from injury due to recurrent syncope 
(even if the syncope is due to ventricular tachyarrhyth-
mias). Further assessment of the patient is needed. 

 The impact of syncope has been a particular concern in 
 “ channelopathy ”  patients, specifi cally in LQTS or Brugada 
pattern.  30 – 33   With regard to LQTS, in one large prospective 
observational trial in  > 800 patients,  30   cardiovascular end-
points including apparent syncope, cardiac arrest and 
sudden death occurred in 23% of patients. Syncope was 
associated with a fi vefold increased risk of cardiac arrest or 
sudden death, but it was not a sensitive predictor of death 
risk. Similarly, in patients with the so - called Brugada 
pattern on ECG who have a history of syncope, the obser-
vation has been made that syncope is not a sensitive predic-
tor of or risk factor for sudden death. In a multicenter 
study, 40% of 220 Brugada patients implanted with an ICD 
had a history of syncope, but the patients with syncope 
were not at a higher risk of appropriate ICD discharge than 
those who had been asymptomatic.  31   Similarly, in a large 
meta - analysis encompassing 1140 patients (262 of them 
(23%) with a history of syncope), the patients with syncope 
had the same risk of ventricular tachyarrhythmias as those 
who had been without syncope, and a signifi cantly lower 
risk than those presenting with documented cardiac 
arrest.  33     

  Pathophysiology 

 The syncope victim is usually in the upright position at the 
onset of the attack. Syncope in the supine position should 
raise the possibility of marked bradycardia or very rapid 
tachyarrhythmias. Supine syncope due to neural refl ex 
hypotension has also been reported, but is believed to be 
uncommon. 

 The relationship of upright posture to increased suscep-
tibility to transient cerebral hypoperfusion is readily under-
standable since in humans, upright posture substantially 
reduces the safety factor for cerebral perfusion. Upon 
arising from being seated or supine, approximately 500 –
 1000   mL of blood moves relatively rapidly from the central 
circulation to the venous system below the diaphragm. 
Physiologic adaptive countermeasures, including periph-
eral vaso -  and venoconstriction, enhanced muscle pump 
activity, thoracic respiratory pump action, and moderate 
tachycardia, automatically come into play to prevent an 
otherwise inevitable drop in cerebral blood fl ow. Addition-
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ally, the  “ autoregulatory ”  nature of the cerebrovascular 
circulation helps to maintain fl ow despite fl uctuation of 
perfusion pressure. Thus, the healthy well - hydrated human 
is usually able to cope quite effectively with even very 
abrupt positional change. On the other hand, despite built -
 in compensatory mechanisms, many individuals (even 
those in good health) may experience transient symptom-
atic hypotension when moving quickly from the supine or 
seated to upright posture. In the vast majority, this scenario 
is typically abrupt in onset, occurs promptly after posture 
change (i.e.  “ immediate ”  hypotension), is brief in duration, 
and is manifest only as a temporary loss of vision (so - called 
 “ gray - out ” ).  34   The immediate hypotensive event is rarely a 
cause for concern. However, of a more serious nature, in 
some patients frank syncope may occur after movement to 
upright posture (so - called postural or  “ orthostatic ”  faints). 
In these cases, the faint is usually somewhat delayed after 
the postural change, suggesting that the mechanism is 
more than just the  “ immediate ”  hypotensive response.  35   In 
some of these patients there appears to be a more complete 
failure of physiologic adaptation mechanisms, due to dis-
eases of the autonomic nervous system. In the majority of 
cases, however, more commonly encountered conditions 
are the cause, including: 
   •      drug therapy (e.g. diuretics, vasodilators)  
   •      generalized frailty in a chronically ill individual  
   •      dehydration  
   •      recent exposure to extended periods of bedrest or grav-
itation - reduced environment.    
 Quite often, hypotension leading to syncope is the result of 
neurally mediated refl ex disturbances of blood pressure 
control (e.g. vasovagal faint, situational faints, carotid sinus 
syndrome, etc.). Vasovagal and situational faints (e.g. post-
micturition syncope) are among the most frequent causes 
of syncope in all age groups, and are the most common of 
the so - called neurally mediated refl ex syncope syndrome 
(Box  42.1 ). In some of these cases the predominant outcome 
of inappropriate neural refl ex activity is parasympathetic -
 induced bradycardia or asystole (so - called cardio - inhibi-
tory syncope). In others, symptomatic hypotension is due 
primarily to inappropriate vasodilation (i.e. vasodepressor 
syncope). In most cases, however, both phenomena 
contribute.  1,36,37     

 Primary cardiac arrhythmias are a less frequent cause of 
syncope in the general population than are the conditions 
noted above. Nonetheless, when at fault (usually in indi-
viduals with structural heart disease) they are important to 
identify since they may have a worrisome prognosis, and 
they can usually be treated effectively whether by drugs, 
ablation or implantable devices. 

 Paroxysmal supraventricular and ventricular tachycar-
dias (SVT, VT), intermittent atrioventricular (AV) block or 
sinus node pauses are among the most common primary 
cardiac arrhythmias associated with syncope. However, the 

basis for syncope in the setting of these arrhythmias may 
be complex. By way of example, an abrupt blood pressure 
decrease starting immediately after tachyarrhythmia onset 
occurs even in patients with normal hearts. Certainly, the 
rapid heart rate plays an important role in this phenome-
non. However, other factors may contribute. Sudden atrial 
distension and vigorous atrial contraction against closed 
AV valves (in tachycardias with AV dissociation) may 
cause not only a reduced forward fl ow but also a neurally 
mediated refl ex vasodilation that may undermine the effec-
tiveness of adaptive vaso -  and venoconstrictive mecha-
nisms. Further, in elderly or infi rm patients, muscle pump 
and respiratory pump activity may be compromised, 
thereby increasing the chance that perfusion pressure may 
fall below the autoregulation capability of the cerebrovas-
cular bed. 

 In patients with cardiac disease such as hypertrophic 
cardiomyopathy (HCM) or aortic stenosis, both SVT and 
VT may cause cardiac syncope. However, neurally 
mediated refl ex hypotension may also contribute; the 
triggers are believed to come from the heart itself, presum-
ably via excessive stretch on ventricular and atrial 
mechanoreceptors.  

  Diagnosis 

 The European Society Task Force on Syncope guidelines,  1   
the American College of Cardiology Task Force report on 
tilt - table testing,  38   the American Academy of Emergency 
Medicine practice guidelines  39   and the ACC/AHA Scien-
tifi c Statement on Syncope  5   provide recommendations 
regarding the appropriate strategy for diagnosis and treat-
ment of syncope (Fig.  42.2 ), including risk - stratifi cation 
advice regarding the need for hospitalization. For the most 
part these recommendations have been primarily  “ expert ”  
consensus - based documents. However, recently several 
observational studies and randomized clinical trials have 
begun to contribute to our better understanding of how 
syncope management practices might be improved.   

  Classifi cation of the  c auses of  s yncope 

 Box  42.1  provides a classifi cation of the principal causes of 
syncope likely to be encountered in general internal medi-
cine or family practice. However, it should be borne in 
mind that a single diagnosis may not be suffi cient; more 
than one cause may contribute to the clinical picture (espe-
cially in the older patient). 

  Neurally  m ediated  r efl ex  s yncope 
 The vasovagal (or  “ common ” ) and situational faints occur 
in virtually all age groups, and may be triggered by any of 
a variety of factors, including prolonged standing (particu-
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     Figure 42.2     Algorithm, modifi ed from that 
proposed by the European Society of 
Cardiology Syncope Task Force guidelines,  1   
depicting an approach to the clinical 
evaluation of syncope. As discussed in the 
text, a careful initial evaluation by an 
experienced clinician can often provide a 
 “ certain ”  diagnosis of the cause of syncope. 
In such cases, no further evaluation is 
needed, and treatment as needed may begin. 
However, in many instances the outcome of 
the initial assessment is only a  “ suspected ”  
diagnosis or even an  “ unexplained ”  cause. In 
such cases, further selective testing is needed. 
An appropriate pathway is indicated here. See 
text for details. ILR, implantable or insertable 
loop recorder; NMS, neurally mediated refl ex 
syncope; OH, orthostatic hypotension; TLOC, 
transient loss of consciousness.  
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BOX 42.1  Syncope and syncope mimics: a classifi cation 

  Syncope 
     •      Neurally mediated refl ex syncope 

    �      Vasovagal faint  
   �      Carotid sinus syncope  
   �      Situational faints (e.g. cough syncope, post micturition, 

defecation, etc.)  
   �      Pain triggered    

   •      Orthostatic syncope 
    �      Chronic blood/plasma loss (e.g. hemorrhage, diarrhea)  
   �      Primary autonomic failure syndromes (e.g. pure 

autonomic failure, multiple system atrophy, Parkinson ’ s 
disease with autonomic failure)  

   �      Secondary autonomic failure syndromes (neuropathies: 
diabetic, alcohol, amyloid)  

   �      Drugs (vasodilators, diuretics)    
   •      Primary cardiac arrhythmias 

    �      Sinus node dysfunction (including bradycardia/
tachycardia syndrome)  

   �      AV conduction system disease  
   �      Paroxysmal supraventricular and ventricular tachycardias  
   �      Channelopathies (LQTS, Brugada, etc.)  
   �      Implanted device (pacemaker, ICD) malfunction    

   •      Structural cardiovascular or cardiopulmonary disease 
    �      Severe aortic stenosis  
   �      Acute myocardial infarction/ischemia  
   �      Cardiac valvular disease/ischemia infarction  
   �      Atrial myxoma, ball - valve thrombus  
   �      Obstructive cardiomyopathy  
   �      Pericardial disease/tamponade  
   �      Prosthetic valve malfunction  
   �      Pulmonary embolus  
   �      Pulmonary hypertension  
   �      Subclavian steal syndrome    

   •      Cerebrovascular 
    �      Vascular steal syndromes  
   �      Acute hypoxemia  
   �      Migraine       

  Syncope  m imics  –   d isorders  r esembling  s yncope 
     •      Seizures  
   •      Psychogenic  “ syncope ”  (conversion reaction)  
   •      Hyperventilation (hypocapnia)  
   •      Intoxications  
   •      Accidental falls (usually in elderly/infi rm persons)     

larly in warm, emotionally charged environments), 
unpleasant sights, and pain. The diagnosis is most often 
suspected from the medical history; however, the history 
is not always defi nitive, especially in the elderly.  40   In such 
cases, the accounts of eye - witnesses become crucial and 
tilt - table testing (Class IIa, Level C) and use of implantable 
loop recorders (Class I, Level B) become important diag-
nostic tests.  1,41 – 45   The ATP test, although controversial 

(Class IIb * , Level C), may also prove helpful to the clini-
cian, especially in the older patient in whom pacemaker 
therapy is a consideration.  46 – 49   

 Carotid sinus syndrome is one form of neurally medi-
ated refl ex syncope that tends to occur in older male 
patients, probably related to higher predilection to athero-
sclerotic cardiovascular disease in that population. Pub-
lished experience suggests that CSS may be a more 
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important cause of non - accidental  “ falls ”  or  “ spells ”  in 
older individuals than had previously been appreciated.  50   
The condition is suspected by careful history taking, but its 
presence is confi rmed when symptoms are reproduced 
during carotid sinus massage (best undertaken with the 
patient in the upright position secured on a tilt - table), par-
ticularly if there is concomitant induction of an asystolic 
pause, paroxysmal AV block, and/or a marked drop in 
systemic arterial pressure (Class I, Level B). In the absence 
of symptom reproduction, a pause of  ≥ 5 seconds is often 
considered suffi cient to support the diagnosis (assuming 
other etiologies of syncope have been excluded). An 
implantable loop recorder (ILR) may also prove helpful in 
suggesting the diagnosis of CSS, but limitations include 
absence of direct correlation of syncope with carotid stimu-
lation, and the possibility of  “ missing ”  a major vasodepres-
sor hypotension episode since it is not yet possible to 
monitor systemic pressure with these devices.  

  Orthostatic ( p ostural)  s yncope 
 Frank syncope induced by moving from supine or seated 
to upright posture is an important problem in elderly or 
less physically fi t individuals, or patients who are volume 
depleted. Iatrogenic factors such as excessive diuresis or 
aggressive prescription of antihypertensive drugs may be 
important contributors. Inadequate fl uid intake, especially 
by older persons who have diminished thirst drive or who 
purposely avoid fl uids due to genitourinary system issues, 
is another important contributor. Less often, primary forms 
of autonomic nervous system dysfunction are the underly-
ing predisposing cause, including pure autonomic failure, 
multiple system atrophy, and Parkinson ’ s disease.  51 – 53   

 In most clinical practices overt primary autonomic dys-
function is relatively rare. Nevertheless, becoming familiar 
with its presentations may be of value in determining the 
cause of orthostatic symptoms in some patients, and 
perhaps better understanding symptoms in a much larger 
group of patients who have less well - defi ned disorders, 
such as postural orthostatic tachycardia syndrome (POTS). 
Furthermore, as the features of autonomic dysfunction 
become more widely appreciated, subtly affected patients 
will be identifi ed more often. For instance, Low  et al   54   
reviewed an experience in 155 patients referred for assess-
ment of suspected orthostatic hypotension. Findings in this 
referral population revealed that among the most severely 
affected symptomatic patients (n   =   90, mean age 64 years), 
pure autonomic failure accounted for 33%, multisystem 
atrophy for 26%, and autonomic/diabetic neuropathy for 
31%. Finally, secondary autonomic dysfunction due to neu-
ropathies associated with chronic diseases (e.g. diabetes 
mellitus), toxic agents (e.g. alcohol) or infections (e.g. Guil-
lain – Barr é  syndrome) are relatively common in medical 
practice, and may also cause syncope in association with 
orthostatic hypotension.  

  Primary  c ardiac  a rrhythmias 
 Primary cardiac arrhythmias (i.e. those rhythm distur-
bances arising as a result of cardiac conduction system 
disturbances, anomalous electrical connections, myocar-
dial disease or  “ channelopathies ” ) are less frequent causes 
of syncope than either the neurally mediated or orthostatic 
triggers, but they are of importance due to their more wor-
rying prognostic implications. In general terms, the arrhyth-
mias most often associated with syncope or near - syncope 
are the bradyarrhythmias accompanying sinus node dys-
function or AV block, and the tachyarrhythmias of ven-
tricular origin. Only a very brief overview is provided here 
as these conditions are discussed in detail elsewhere in this 
volume. 

  Sinus  n ode  d ysfunction     Sinus node dysfunction (SND) com-
prises various sinus node and/or atrial arrhythmias that 
may result in persistent or intermittent periods of inap-
propriate slow (sinus bradycardia, sinus pauses, sinoatrial 
exit block) or, on the other hand, excessively fast heart 
beating (most often atrial fi brillation or atrial fl utter), or 
both manifestations at different times in the same indi-
vidual.  55,56   SND may be considered to be  “ intrinsic ”  or 
 “ extrinsic ” . Intrinsic SND is closely associated with struc-
tural disturbances in the atria (e.g. fi brosis, chamber 
enlargement) resulting from aging, disease or prior cardiac 
surgery. Extrinsic SND may be due to autonomic nervous 
system infl uences, cardioactive drugs, and/or metabolic 
disturbances.  57 – 59   In terms of syncope, bradyarrhythmias 
associated with SND appear to be the more important cul-
prits than tachyarrhythmias.  56    

  Disturbances of  a trioventricular  c onduction     Disturbances of 
AV conduction range from relatively innocent abnormali-
ties (e.g. fi rst - degree AV block) to complete conduction 
failure (third - degree AV block).  60 – 62   As a rule, however, it is 
the more severe forms of acquired AV block (that is, Mobitz 
type II block,  “ high - grade ”  and complete AV block) that are 
most closely associated with syncope. In contrast to 
acquired forms of AV block, congenital complete AV block 
was for a long time considered to be relatively benign. 
However, it is now known that syncope is more common 
and mortality greater in congenital AV block patients than 
had previously been suspected.  60   

 Whether syncope occurs in patients with various forms 
of bundle branch block or fascicular conduction system 
disease depends both on the risk of developing high - grade 
or complete AV block and on the risk of occurrence of 
ventricular tachyarrhythmias.  62   Diagnostic electrophysio-
logic testing may be useful in such cases.  

  Ventricular  t achyarrhythmias     Ventricular tachyarrhythmias 
(VT) have been reported to be responsible for syncope in 
up to 20% of patients referred for electrophysiologic assess-
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ment. Risk factors favoring VT as a cause of syncope 
include underlying structural heart disease, underlying 
conduction system disease, congenital or drug - induced 
LQTS or other so - called  “ channelopathies ” . The latter con-
ditions present special risks of both syncope and sudden 
death.  63 – 68   Syncope in channelopathy patients may be due 
to any cause (including vasovagal faints), but the specifi c 
and most critical risk is syncope due to polymorphic VT, 
including torsades de pointes. The mere presence of a 
 “ history of syncope ”  is not suffi cient reason to implicate a 
VT as the cause and consequently, while ICD therapy in 
such a situation (i.e. no evidence of a VT) is recommended 
by guidelines (Class IIb, Level B), there continues to be 
room for debate.  68   In any case, the assumption that VT is 
the cause of syncope should not be taken lightly even if an 
ICD has been placed. An ICD may prevent premature 
death, but may act too late to prevent syncope (or, as 
alluded to already, may not even be relevant to the cause 
of syncope in a particular individual).  25,28,29    

  Supraventricular  t achyarrhythmias     Supraventricular tachy-
cardias are relatively infrequent causes of syncope.  1,69,70   
Tachycardia rate, the volume status and posture of the 
patient at time of onset of the arrhythmia, the presence of 
associated structural cardiopulmonary disease, the integ-
rity of refl ex peripheral vascular compensation, and the 
promptness with which normal cardiac activity resumes 
after termination of the tachycardia are key factors deter-
mining whether hypotension of suffi cient severity to cause 
syncope occurs.  70     

  Structural  c ardiovascular or 
 c ardiopulmonary  d isease 
 Structural cardiac or cardiopulmonary disease is often 
present in syncope patients, particularly those in older age 
groups. However, in these cases it is usually arrhythmias 
associated with structural disease, rather than the abnor-
mal structure itself, that are more often the cause of symp-
toms. In terms of syncope directly attributable to structural 
disease, the most common is that which occurs in conjunc-
tion with acute myocardial ischemia or infarction, pulmo-
nary embolism and pulmonary hypertension. The basis of 
syncope in these conditions is multifactorial, including 
both the hemodynamic impact of the specifi c lesion as well 
as neurally mediated refl ex effects. 

 Syncope may also occur and be a presenting feature in 
conditions in which there is fi xed or dynamic obstruction 
to left ventricular outfl ow (e.g. aortic stenosis, hypertrophic 
obstructive cardiomyopathy (HOCM)). In such cases 
symptoms are often provoked by physical exertion, but 
may also develop if an otherwise benign arrhythmia should 
occur (e.g. atrial fi brillation). The basis for the faint is in 
part inadequate blood fl ow due to the mechanical obstruc-
tion. However, especially in the case of valvular aortic ste-

nosis, ventricular mechanoreceptor - mediated bradycardia 
and vasodilation is thought to be an important contributor. 
In obstructive cardiomyopathy, neural refl ex mechanisms 
may also play a role in causing syncope, but atrial tachyar-
rhythmias (particularly atrial fi brillation) or ventricular 
tachycardia (even at relatively modest rates) can also 
trigger hypotension.  71 – 74    

  Cerebrovascular,  n eurologic, and 
 p sychiatric  d isturbances 
 Cerebrovascular disease and neurologic disturbances are 
rarely the cause of true syncope.  1   However, these condi-
tions may result in a clinical picture that can be mistaken 
for syncope even by experienced practitioners. For example, 
temporal lobe epilepsy may closely mimic (or induce) neu-
rally mediated refl ex bradycardia and hypotension. In such 
cases, neurologic consultation becomes essential. 

 Fixed cerebrovascular disease is almost never responsi-
ble for syncope due to the redundancy of the cerebral cir-
culation (multiple vessels accessing the circle of Willis).  75   
Consequently, searching for carotid artery disease in 
syncope patients by Doppler studies or angiography is 
rarely useful. On the other hand, global cerebrovascular 
spasm (possibly as part of a migraine syndrome) could 
trigger syncope. However, as well as can be determined, 
the frequency with which this mechanism occurs is vanish-
ingly small; most faints in  “ migraineurs ”  are of vasovagal 
origin.  75   

 Psychiatric conditions do not cause syncope, but may 
result in syncope mimics. Thus, conversion reactions may 
be responsible for symptoms that are diffi cult to distin-
guish from loss of consciousness events. Similarly, anxiety 
attacks may be associated with severe hyperventilation 
resulting in hypocapnia and transient alkalosis that cause 
 “ syncope - like ”  symptoms. Considerable effort (including 
multiple consultations to various specialists) is often 
expended before a pseudo - syncope diagnosis is comfort-
ably established. When these conditions are suspected, 
psychiatric consultation is needed.   

  Strategy for the  d iagnostic  e valuation 

  Structure of the  s yncope  e valuation 
 The ultimate goal of the diagnostic evaluation is to estab-
lish a suffi ciently strong correlation between symptoms 
and detected abnormalities to permit both an assessment 
of prognosis and initiation of an appropriate treatment 
plan. Care must be taken to avoid assuming that the mere 
presence of an abnormality provides a basis for the patient ’ s 
symptoms. 

 A careful history and physical examination form the 
basis for the initial assessment of the syncope patient (see 
Fig.  42.2 ). Alone, these fi rst steps provide a diagnosis in a 
substantial proportion of patients, especially in younger 
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individuals in whom vasovagal faints predominate and the 
history is clear - cut. However, in many other cases even an 
experienced history - taker cannot be certain of the diagno-
sis, and further testing is needed. In this regard, the front -
 line physician must determine whether such testing 
requires hospitalization or if outpatient evaluation is safe 
(i.e. minimal chance of mortality or syncope recurrence 
with either injury or necessitating hospitalization within 
the next few weeks to months). Thus, patients who may be 
safely evaluated outside hospital include those  “ low - risk ”  
individuals who exhibit any of the following features: 
absence of evident structural heart disease and a normal 
ECG, history of recurrent syncope over many years or sus-
picion that the presentation is that of a  “ syncope mimic ”  
(e.g. psychogenic pseudo - syncope). Unfortunately, 
however, apart from these very low - risk patients, it is dif-
fi cult to  “ risk stratify ”  moderate -  to high - risk TLOC/
syncope patients.  76,77   

 Although, as noted earlier, ED practice patterns in the 
US may be changing, hospital admission for syncope man-
agement remains very frequent despite the fact that in 
many instances outpatient assessment would be just as safe 
and far less expensive. Potentially, greater availability of 
 “ syncope management units ”  (SMU),  “ rapid access black-
out clinics ”  (best illustrated by that in Manchester, UK) or 
 “ TLOC/syncope clinics ”  may reduce inappropriate hospi-
tal admissions. 

  Medical  h istory  t aking     The fi rst step in the assessment of the 
patient with presumed syncope is to obtain a detailed 
medical history of the events, including interviewing 
bystanders and relatives.  1,40,78 – 82   Throughout the history 
taking, it is important to bear in mind that co - morbidities 
may contribute to syncope susceptibility. Consequently, it 
is essential to pay attention to other disease conditions that 
may be present. 

 Unfortunately, the utility of history taking is limited by 
the practitioner ’ s clinical experience. Consequently, the 
availability of a more structured history - taking instrument 
may prove helpful. Several reports have provided insight 
into this aspect of the clinical care pathway.  40,80   

 In the most recent of the structured history - taking 
approaches, a quantitative method was applied by the 
Calgary Syncope Symptom Study in assessing whether 
vasovagal syncope could be distinguished from epilepsy 
and if vasovagal syncope could be distinguished from 
other causes of syncope.  80   With regard to the syncope 
versus seizures question, the fi ndings in 539 patients in 
whom the cause of loss of consciousness was known 
(various types of epilepsy, vasovagal syncope, and cardiac 
arrhythmias) were assessed. A point score to differentiate 
syncope from seizures was derived, and proved to have a 
sensitivity of 94% and a specifi city of 94%. Historical 
aspects suggestive of seizure activity included preceding 

emotional stress,  “ d é j à  vu ”  sensation, unusual posturing or 
motor activity during an event, confusion upon awakening 
or tongue injury. Conversely, syncope was favored by sepa-
rate episodes of pre - syncope, diaphoresis or an event pre-
cipitated by prolonged standing or sitting. 

 In terms of the second issue, the causes of syncope were 
known in 323 patients. The point score correctly classifi ed 
90% of patients, diagnosing vasovagal syncope with 89% 
sensitivity and 91% specifi city.  80   Factors favoring vasovagal 
syncope included pre - syncope or syncope with orthostatic 
stress, pain or medical settings, and a prodrome of warmth 
or diaphoresis. Elements suggesting causes other than 
vasovagal syncope included a history of cardiac conduc-
tion system disease, supraventricular tachycardia, diabetes 
or fi ndings such as cyanosis during syncope or having a 
fi rst syncope at age  > 35 years. 

 The medical history is not equally valuable in all age 
groups. Del Rosso  et al   81   found that the medical history was 
only one - fi fth (5% v 25%) as effective for defi ning a cause 
of syncope in individuals  > 65 years compared to younger 
patients. Further, recollection of prodromal symptoms was 
also less in older versus younger individuals. Conse-
quently, the evaluation of the elderly  “ fainter ”  inevitably 
will require greater reliance on ancillary tests.  

  Physical  e xamination     Physical fi ndings that suggest a basis 
for syncope include: 
   •      orthostatic hypotension: the frequency of orthostatic 
fainting is low in young patients; it has been reported to 
account for 30% of faints in patients  > 75 years of age  82    
   •      abnormal response to carotid sinus massage (CSM): this 
is unusual in younger fainters, but becomes an important 
condition as individuals age. CSM is usually recommended 
as part of the syncope evaluation in all syncope patients 
 > 55 years of age. A CSM - induced pause  > 3 seconds dura-
tion is considered abnormal and, while not defi nitive, 
raises the possibility of carotid sinus syndrome as a cause 
of symptoms  
   •      upper extremity differences in blood pressure/pulse 
suggesting subclavian steal or aortic dissection  
   •      pathologic cardiac murmurs (e.g. aortic stenosis, HCM) 
or vascular bruits  
   •      evidence of pulmonary hypertension (often supported 
by echocardiographic fi ndings).    
 The 12 - lead ECG is part of the initial evaluation, although 
it only infrequently ( < 5% of cases) identifi es a specifi c cause 
of syncope. However, 12 - lead ECG fi ndings such as a 
Q - wave, left ventricular hypertrophy, a prolonged QT 
interval, Brugada syndrome pattern or ventricular pre -
 excitation pattern may suggest the presence of organic 
heart disease or electrophysiologic abnormality, that helps 
to direct further testing. Similarly, echocardiography is 
increasingly considered to be an element of the initial eval-
uation (especially in North America), although its use may 
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be best reserved for instances when the status of underly-
ing cardiac disease is unclear based on history or prior 
studies. For the most part, the value of the echocardiogram 
is in assessing left ventricular function and occasionally 
evaluating the severity of suspected structural abnormali-
ties such as aortic or mitral valvular stenosis, or pulmonary 
hypertension. 

 If the initial evaluation (history, physical examination, 
12 - lead ECG, and echocardiogram) provides a  “ defi nite ”  
diagnosis, no further testing is needed and if warranted, 
treatment may be started. However, the initial evaluation 
is often only suggestive of a basis for loss of consciousness 
or is non - diagnostic. In such cases the investigation must 
be continued, but can be directed more effectively based on 
the  “ initial evaluation ”  fi ndings (see Fig.  42.2 ).  

  Additional  t esting     As a rule, if structural heart disease is 
deemed absent by initial evaluation and there is no history 
of  “ palpitations ” , then neurally mediated refl ex syncope or 
orthostatic hypotension is by far the most likely cause of 
syncope. In this setting, tilt - table testing in conjunction 
with related assessment of autonomic nervous system 
function (e.g. carotid sinus massage, response to cough, 
etc.) is the most useful diagnostic approach. However, it 
may be reasonably argued that an ILR might be an even 
more cost - effective strategy at this stage.  41 – 44   

 If abnormal cardiac fi ndings were identifi ed on the initial 
evaluation, then the next step should be determining 
their functional signifi cance by hemodynamic and/or angi-
ographic assessment. In addition, since cardiac arrhyth-
mias are a common cause of syncope in patients 
with structural cardiac disease, assessing the patient ’ s sus-
ceptibility to tachy -  and bradyarrhythmias becomes a pri-
ority. The strategy for this latter step will depend on an 
estimate of the immediate mortality risk. In low - risk set-
tings, non - invasive techniques (for example, ambulatory 
ECG) or ILRs may be reasonable (see below). On the other 
hand, if the risk is assessed to be higher (e.g. low LVEF, 
clinically relevant valvular heart disease), then invasive 
electrophysiologic testing is warranted. Such testing may 
be helpful even in patients with low LVEF and criteria for 
ICD therapy, for reasons explained earlier. Tilt - table testing 
would follow if the diagnosis remains in doubt.  1   Only 
infrequently should specialized neurologic studies be 
ordered early in the evaluation (for example, if the history 
was suggestive of a seizure disorder rather than 
syncope).  1,83,84   

  Electrocardiographic ( ECG )  r ecordings     Documenting the 
cardiac rhythm (and, if possible, the corresponding arterial 
blood pressure) during a spontaneous episode is perhaps 
the single most valuable observation in the evaluation of 
syncope. However, most syncope patients have a symptom 
frequency (i.e. interval between events) measured in weeks 

or months, but not days. Consequently, syncope – ECG cor-
relation is rarely achieved with 24 - hour or 48 - hour Holter 
monitoring (yield is variably reported as 6% and 20%, but 
may in fact be much less). Longer term ambulatory ECG 
recording is usually needed. 

 Both wearable and implantable long - term (weeks to 
months) ECG monitor systems are available. Unfortu-
nately, conventional event recorders often have limited 
diagnostic utility in syncope if the patient has to apply the 
recorder to the chest just prior to or immediately following 
the period of unconsciousness. In the absence of a very 
prolonged premonitory warning period or the presence of 
a very astute bystander, such use is often impossible. To 
circumvent these latter limitations, a continuously attached 
event recorder system using wireless telemetry (so - called 
mobile cardiac outpatient telemetry, MCOT) has recently 
been introduced. These devices not only permit the record-
ing of transient events, but also offer the ability for critical 
data to be transmitted without need for patient interaction. 
In a recent report, MCOT (Cardionet Inc, San Diego, CA) 
provided a signifi cantly higher diagnostic yield when com-
pared with a conventional patient - activated external 
looping event monitor (LOOP) in a 17 - center prospective 
clinical trial with patients randomized to either LOOP or 
MCOT for up to 30 days.  85   A total of 266 patients who 
completed the monitoring period were analyzed. A diag-
nosis was made in 88% of MCOT subjects compared with 
75% of LOOP subjects ( P    =   0.008). Currently, MCOT is only 
available in the USA.  85,86   

 Implantable loop recorders (ILRs) such as the Reveal ®  
family (Medtronic Inc, Minneapolis, MN) and Confi rm ®  
(St Jude Medical Inc, St Paul, MN) have become important 
tools for capturing transient arrhythmias.  41 – 45,87,88   On the 
downside, although remote downloading of stored data is 
now available (e.g. Carelink ® , Medtronic Inc), these ILRs 
still require manual interaction by the patient or other indi-
vidual in order to initiate transmission. A newer generation 
ILR (Sleuth ® , Transoma Inc, St Paul, MN) overcomes this 
latter limitation by providing wireless download capability 
that operates without need for human interaction. 

 ILRs have been the subject of several important studies 
that illustrate their value in the diagnosis of the causes of 
syncope. In the ISSUE 2 diagnosis study,  45   343 patients with 
suspected refl ex syncope underwent tilt - table testing (posi-
tive in 164, 48%). In addition, 180 patients underwent an 
adenosine triphosphate (ATP) test (positive in 53, 29%). All 
patients also had an ILR placed. Syncope was documented 
by the ILR in 106 (26%) patients at a median of 3 months 
follow - up. An asystolic pause was more frequently found 
during spontaneous syncope than during tilt - testing (45% 
v 21%,  P    =   0.02), although there was a trend for those with 
an asystolic response on tilt - test also to have an asystolic 
response during spontaneous syncope (75% v 37%,  P    =   0.1). 
Patients with positive ATP test responses showed syncope 
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recurrence rates and apparent mechanism of syncope 
similar to those with negative ATP tests. 

 In the Eastbourne Syncope Assessment (EaSyAS) trial,  88   
201 patients (median age 74) with recurrent unexplained 
syncope were randomized to receive an ILR or conven-
tional diagnostic strategy. During follow - up (median dura-
tion, 17 months), an ECG diagnosis was obtained in 42 
(43%) ILR patients compared to eight (6%) patients in the 
conventional diagnosis group (hazard ratio (HR) 6.53, 95% 
confi dence interval (CI) 3.73 – 11.4,  P     <    0.001). 

 Exercise testing is usually of limited utility in assessing 
the basis of syncope unless the medical history indicates 
that the events are clearly related to physical exertion. 
Thus, when selectively employed, exercise testing may 
permit detection of rate - dependent AV block, exercise -
 induced tachyarrhythmias or the exercise - associated 
variant of neurally mediated syncope.  89,90   Finally, although 
the signal - averaged ECG (SAECG) cannot provide direct 
evidence for the cause of syncope, such testing may be 
helpful in patients with ischemic heart disease if  “ normal ” ; 
a normal SAECG tends to exclude susceptibility to ven-
tricular tachyarrhythmias.  91 – 94   Similarly, a negative T - wave 
alternans (TWA) test tends to reduce the likelihood of a 
life - threatening tachyarrhythmia being the cause of the 
patients ’  symptoms.  95,96   

 In summary, the basis of infrequent but recurring syncope 
episodes is unlikely to be established by either conven-
tional 24 -  or 48 - hour ambulatory ECG recording, or by 
conventional external  “ event ”  recorders. The longer moni-
toring capabilities of MCOT systems provide some distinct 
advantages. Nevertheless, even MCOT may be diffi cult for 
patients to tolerate for more than 2 – 3 weeks. Consequently, 
in such a setting, consideration should be given to utilizing 
an ILR. ILRs have proved to be cost - effective, with the 
majority of ILR patients providing symptom – ECG correla-
tion within a year of device placement.  

  Imaging  t echniques     Echocardiography is the most widely 
employed imaging technique in the syncope evaluation, 
but it rarely provides a defi nitive basis for symptoms. 
Nonetheless, the echocardiogram is invaluable in many 
syncope evaluations given the importance of identifying 
underlying structural heart disease in these patients. 
Further, in some cases the echocardiogram may provide 
direct clues to the cause if, for example, HOCM, severe 
valvular aortic stenosis, intracardiac tumor (e.g. myxoma) 
or anomalous origin of one of the coronary arteries is 
detected.  

  Head - up  t ilt -  t able  t esting and  e lectrophysiologic  t esting     To 
date, the head - up tilt - table test is the only diagnostic tool 
to have been subjected to suffi cient clinical scrutiny to 
assess its effectiveness in the diagnostic evaluation of vaso-
vagal syncope. The evidence supporting its utility in this 

setting is suffi ciently convincing, and both the ESC Syncope 
Task Force and an ACC  “ expert ”  task force have provided 
recommendations regarding indications for and methodol-
ogy of appropriate use of the tilt - table laboratory  1,38   (Class 
II, Level B). Such testing, especially when undertaken in 
the absence of drugs, appears to discriminate well between 
symptomatic patients and asymptomatic control subjects; 
this remains true even when nitroglycerin (so - called 
 “ Italian protocol ” ) or isoproterenol is used. Tilt - table testing 
at 60, 70, and 80 degrees exhibited specifi cities of 92%, 92%, 
and 80% respectively with low - dose isoproterenol provoca-
tion.  97   On the other hand, equally strong evidence indicates 
that head - up tilt is not useful to predict treatment effective-
ness (Class III, Level B). The ISSUE study clearly demon-
strated that the physiologic observations on the tilt - table 
do not reliably correspond to those obtained when sponta-
neous faints are recorded.  44,45,98   Thus, tilt - table tests may 
demonstrate susceptibility to vasovagal faints, but do not 
provide insight into whether the spontaneous events are 
cardio - inhibitory, vasodepressor or  “ mixed ”  in nature. On 
the other hand, recordings made by ILRs during spontane-
ous faints are highly reproducible and therefore predictive 
of mechanism of subsequent events.  99   

 Although there are no large randomized studies, there is 
reasonably strong evidence to indicate that electrophysio-
logic testing (EPS) is most likely to be diagnostic in indi-
viduals with underlying structural heart disease  100 – 104   
(Class II, Level B). For example, in a review by Camm and 
Lau,  69     testing was clearly more successful in patients with 
structural cardiac disease (71%) than in patients without 
(36%). However, care must be taken in interpreting EPS 
fi ndings in syncope patients. Fujimura  et al   105   found that 
among 21 syncope patients with known symptomatic sinus 
pauses or AV block, EPS only correctly identifi ed 3/8 of the 
former (sensitivity 37.5%) and 2/13 of the latter patients 
(sensitivity 15.4%). On the other hand, although fi rm evi-
dence is lacking, the induction of sustained re - entry supra-
ventricular or ventricular tachycardia in a syncope patient 
is highly likely to be signifi cant. These arrhythmias are 
rarely inconsequential bystanders. 

 The combination of tilt - table testing and invasive EPS 
has been evaluated in syncope patients, but the reports are 
few, date from the pre - ILR era (i.e. a true  “ gold standard ”  
was not available to confi rm fi ndings), and were not con-
trolled. By way of example, Sra  et al   104   reported EPS results 
in conjunction with head - up tilt testing in 86 consecutive 
patients referred for evaluation of unexplained syncope. 
EPS was abnormal in 29 (34%) of patients, with the majority 
of these (21 patients) exhibiting inducible sustained mono-
morphic VT. Among the remaining patients, head - up tilt 
testing proved positive in 34 (40%) cases, while 23 patients 
(26%) remained undiagnosed. In general, patients exhibit-
ing positive electrophysiologic fi ndings were older, more 
frequently male, and had lower LVEFs and more structural 
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heart disease than patients with positive head - up tilt tests 
or patients in whom no diagnosis was determined. Using 
a similar approach, Fitzpatrick  et al   106   analyzed fi ndings in 
322 syncope patients. Conventional EPS provided a basis 
for syncope in 229 of 322 cases (71%), with 93 patients 
having a normal study. Among the patients with abnormal 
EPS fi ndings, AV conduction disease was diagnosed in 
34%, sinus node dysfunction in 21%, CSS in 10%, and an 
inducible sustained tachyarrhythmia in 6%. In the 93 
patients with normal EPS, tilt - table testing was undertaken 
in 71 cases, and resulted in syncope consistent with a vaso-
vagal faint, in 53/71 (75%) of this subset.  

  Neurologic  s tudies     Conventional neurologic laboratory 
studies (EEG, head CT and MRI) have a low diagnostic 
yield in unselected syncope patients. For instance, among 
the 433 syncope evaluations reviewed by Kapoor,  107   the 
EEG proved helpful in only three cases. Consequently, 
these studies should be restricted to those situations in 
which other clinical observations suggest nervous system 
disease (see discussion earlier). On the other hand, given 
the importance of dysautonomic causes of syncope and 
related syndromes (i.e. orthostatic syncope, POTS, inap-
propriate sinus tachycarda),  108 – 111   tilt - table testing and other 
tests of autonomic function have an increasingly important 
role to play (see earlier discussion).    

  Syncope  m anagement  u nits 
 The ineffectiveness of conventional approaches to evalua-
tion of the suspected syncope patient is widely recognized, 
and has been highlighted by two major studies from Italy, 
OESIL and EGSYS.  9,112,113   Both illustrated the ineffi ciency of 
the standard approach. Further, in each case a follow - up 
study (OESIL - 2, EGSYS - 2) demonstrated that a more stan-
dardized guideline - based care pathway (such as could be 
provided in a structured multidisciplinary syncope man-
agement unit (SMU), as recommended by the ESC Syncope 
Task Force) signifi cantly improved diagnostic yield and 
reduced hospital admissions, resource consumption, and 
overall costs.  114 – 116   Two different models of syncope facili-
ties have been developed, one primarily centered within 
emergency departments (ED)  117   and the other within the 
cardiology or medicine department.  116   

 The SMU operating primarily within an ED usually has 
risk stratifi cation (i.e. identifying those individuals who 
can be sent for outpatient assessment versus those needing 
hospital admission) as its principal goal. In this regard, the 
prospective single - center SEEDS study  115   evaluated the 
hypothesis that a designated syncope unit in the ED 
improves diagnostic yield and reduces hospital admission 
for patients with syncope who were considered to be at 
intermediate risk for an adverse cardiovascular outcome. 
Patients were randomly allocated to one or other of two 
treatment arms: syncope unit evaluation or standard care. 

The study enrolled 103 individuals, with 51 patients ran-
domized to SMU care. Comparing SMU versus standard 
care patients, a presumptive diagnosis was established in 
34 (67%) and fi ve (10%) patients respectively, and hospital 
admission was required for 22 (43%) and 51 (98%) patients, 
respectively. The SMU care pathway reduced total patient -
 hospital days from 140 to 64. Thus, the SMU appeared to 
improve diagnostic yield and cost - effectiveness of care 
signifi cantly. 

 In another ED - based study, a previously developed rule 
set (the so - called  “ San Francisco Syncope Rule ” ) was 
applied.  116   This strategy combined the presence of any of 
the following observations to risk stratify patients: an 
abnormal ECG, symptoms of shortness of breath, a 
hematocrit  < 30%, systolic blood pressure  < 90   mmHg or a 
history of congestive heart failure. The rule was 98% sensi-
tive and 56% specifi c to predict serious outcomes (defi ned 
as death, myocardial infarction, arrhythmia, pulmonary 
embolism, stroke, subarachnoid bleed, signifi cant hemor-
rhage or any condition resulting in a return ED visit and 
hospitalization) in 791 patients referred to a teaching hos-
pital. However, in one external validation cohort,  117   the San 
Francisco Syncope Rule had a lower sensitivity and speci-
fi city (89% and 42%). 

 The SMU model adopted in some Italian hospitals is a 
functional or  “ virtual ”  unit managed inside the depart-
ment of cardiology. Where appropriate, patients are jointly 
managed with other specialists. The patients may be 
referred to the unit from any of several sites, including the 
ED, inpatient services or outpatient clinics. 

 In the context of the more structured approach to the 
syncope evaluation, EGSYS - 2  9 – 11   provided a prospective, 
controlled, multicenter study designed to determine if a 
 “ standardized ”  method of care is superior to the usual 
care.  10   There were 929 patients in the usual care pathway 
and 745 patients in the standardized care group. At the end 
of the evaluation, the standardized care group had a 17% 
lower hospitalization rate (39% v 47%), 11% shorter in -
 hospital stay (7.2  ±  5.7 v 8.1  ±  5.9 days) and 26% fewer tests 
performed per patient (median 2.5 v 3.4). Additionally, 
standardized care patients had 75% fewer discharges with 
 “ unexplained syncope ”  (standardized 5% v usual care 
20%). The mean cost per patient was 19% lower ( € 1127 v 
1394), and the mean cost per diagnosis was 29% lower 
( € 1240 v 1753) in the standardized care group. 

 SMUs of the type discussed here, while strongly advo-
cated by the ESC Syncope Task Force,  1   are only infrequently 
found in either North America or Europe. In 2005, a 
survey of United States and Canadian medical centers 
revealed that only four of 28 reporting centers (4/28, 14%) 
had organized an SMU.  118   Of the centers with an SMU, the 
unit was described as a  “ physical space ”  in one case and 
as a  “ virtual unit ”  (i.e. not a defi ned physical entity) in the 
others.    
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  Treatment 

 The effectiveness of syncope prevention varies, depending 
upon the specifi c diagnosis. Thus, susceptibility to syncope 
due to a well - documented, inducible, and ablatable SVT 
should be entirely eliminated (Class I, Level B). Similarly, 
although effectiveness of treatment is not likely to be as 
outstanding as the ablation example, the evidence support-
ing the utility of cardiac pacing in CSS and acquired AV 
block is substantial (Class IIa, Level B). On the other hand, 
evidence favoring the effectiveness of pharmacologic man-
agement in vasovagal syncope is much weaker (Level C, 
with the possible exception of midodrine  –  Level B). 

  Neurally  m ediated  r efl ex  s yncope 

 The initial treatment of most patients with neurally medi-
ated syncopal syndromes comprises reassurance and edu-
cation. The education component must focus on avoidance 
of triggering events (e.g. hot crowded environments, dehy-
dration, effects of cough, etc.), recognition of premonitory 
symptoms, and maneuvers to abort the episode (e.g. leg 
crossing, muscle tensing, supine posture). 

 Acute intervention by medical personnel is rarely pos-
sible in the case of the vasovagal fainter. However, affected 
individuals can be taught physical counter - maneuver tech-
niques that may prove useful for aborting evolving epi-
sodes if there is enough warning. For instance, leg crossing 
with leg and thigh muscle tensing can abruptly increase 
blood pressure and potentially avert an imminent faint 
(Class IIa, Level B).  119   Arm tensing (tugging), squatting or 
lowering the head to a more dependent position are other 
useful maneuvers. 

 The multicenter, prospective, randomized Physical 
Counter - pressure Maneuver (PCM) trial  119   assessed the 
effectiveness of physical counter - pressure maneuvers 
(PCM) in 223 patients (38  ± 15 years) with recurrent vaso-
vagal syncope and recognizable warning symptoms: 117 
patients were randomized to standardized conventional 
therapy alone and 106 patients received conventional 
therapy plus training in counter - pressure maneuvers (i.e. 
leg crossing, arm tensing). The median yearly syncope 
burden during follow - up was signifi cantly lower in the 
group trained in PCM than in the control group ( P     <    0.004); 
overall, 51% of the patients with conventional treatment 
and 32% of the patients trained in PCM experienced a 
syncope recurrence ( P     <    0.005). 

 In the case of vasovagal syncope, when symptoms are 
recurrent or severe or threaten lifestyle or occupation, a 
prevention strategy is needed. In this context, and given a 
highly motivated patient with recurrent vasovagal symp-
toms, the prescription of progressively prolonged periods 

of enforced upright posture (so - called  “ tilt - training ”  or 
 “ standing training ” ) or other physical maneuvers may be 
useful for reducing syncope susceptibility (Class IIb * , 
Level B).  120,121   The goal of tilt - training (more accurately 
termed standing training) is to normalize neurovascular 
response to orthostatic stress  32  . Initially the  “ tilt - training ”  
concept used repeated in - hospital exposure to postural 
stress by tilt - table tests until syncope was no longer induc-
ible. However, this approach is impracticable. Currently, 
the method entails home  “ standingtraining ”  for progres-
sively longer periods of time over 10 – 12 weeks. At the 
beginning, the recommended standing duration is 3 – 5 
minutes twice daily; standing duration is then gradually 
lengthened every 3 – 4 days to as much as 30 – 40 minutes 
twice daily. 

 The value of tilt - training remains controversial. Non -
 randomized studies suggest that it reduces susceptibility 
to recurrent vasovagal syncope if undertaken consis-
tently.  120,121   However, compliance is a limitation and ran-
domized observations have been less encouraging.  122,123   A 
randomized study using a hard clinical endpoint (i.e. 
syncope recurrence or syncope burden) is needed before 
we can derive any solid conclusion regarding effi cacy of 
the tilt - training approach. 

 Despite the safety, portability, and inexpensive nature of 
most physical treatments for reducing susceptibility to 
vasovagal faints, their inconvenience is a problem. Conse-
quently, many vasovagal fainters (and their doctors) 
still search for a pharmacologic approach. In this regard, 
so - called  “ volume expanders ”  (e.g. electrolyte - containing 
drinks, fl udrocortisone, salt tablets) are safest. However, 
with rare exceptions,  124   their effectiveness is largely anec-
dotal (Class IIb * , Level B). A controlled trial with fl udro-
cortisone in adults is currently ongoing (the POST2 study). 

 Beta - adrenergic blocking drugs were among the fi rst 
agents proposed for use in preventing vasovagal syncope. 
Early small studies suggested benefi t but more recent 
observations, including the placebo - controlled, double -
 blind POST trial,  125   raise doubts (Class IIb * , Level B+). 

 Other agents that have been used in diffi cult - to - treat 
vasoavgal fainters include midodrine (a vasoconstrictor), 
disopyramide, and serotonin reuptake inhibitors. However, 
for any of these only a small experience currently exists.  126 –

 134   Midodrine may be an exception in that several single -
 center studies, including a controlled trial in which 
instruction regarding maintenance of hydration served as 
a control, tend to support its effectiveness  132 – 134   (Class IIa, 
Level B). 

 Cardiac pacing is highly successful in CSS (Class IIa, 
Level B) when bradycardia has been documented  135   but 
is less effective in other forms of neurally mediated 
faints. In this regard, early trials provided strong support-
ive evidence of effi cacy of cardiac pacing in vasovagal 
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syncope.  136 – 138   However, in these studies the control group 
did not receive a pacemaker. More recent reports, in which 
pacemakers were placed in both the treatment and control 
groups, have tended to downplay the value of cardiac 
pacing in this setting.  139,140   

 The value of establishing the specifi c characteristic of the 
neurally mediated faint for determining treatment strategy 
has recently been addressed in the ISSUE - 2 study.  45   This 
trial used a strategy of early ILR use, with therapy delayed 
until documentation of syncope was obtained. In ISSUE - 2, 
53 patients received ILR - based specifi c therapy, mostly 
pacemaker therapy (n   =   47), and 50 patients received coun-
seling (education and reassurance). The 1 - year recurrence 
rate in patients assigned to a specifi c therapy was 10% 
compared with 41% in the patients without specifi c therapy 
(80% relative risk reduction for patients, and 92% for 
burden). The 1 - year recurrence rate in patients with pace-
makers was 5%.  

  Orthostatic  s yncope 

 Reducing susceptibility to symptomatic orthostatic hypo-
tension necessitates multiple strategies. Education focusing 
on predisposing factors such as abrupt posture change, 
dehydration or concomitant illness is important. Thereaf-
ter, whenever possible, non - essential offending medica-
tions (e.g. diuretics, vasodilators) should be eliminated. 

 Patients should also be taught about physical counter -
 maneuvers (see earlier) designed to ameliorate problems 
associated with upright posture. However, care must 
be taken to alert older or infi rm patients to risks of 
falling when applying maneuvers such as leg crossing.  141   
Thereafter, longer - term prevention may include 
 “ tilt - training ” .  120,121   

 Other physical maneuvers designed to diminish dis-
placement of central volume to the lower extremities during 
upright posture include use of anti - gravitational hose and/
or abdominal binders, elevation of the head of the bed at 
night, and (currently in investigation) a portable breathing 
device that increases impedance during inspiration 
(ITD).  142,143   With regard to the latter, Melby  et al   143   utilized 
the ITD in a short - term acute intervention study in normal 
controls and patients with a history of orthostatic hypoten-
sion. Both groups were studied after abrupt movement 
from a gravitationally neutral position to upright standing. 
Findings indicated that the reduced intrathoracic pressure 
associated with breathing through the ITD was accompa-
nied by a lesser fall of systemic pressure upon assuming the 
upright posture. More recently, van Thijs  et al   144   employed a 
similar approach and observed essentially the same poten-
tial benefi t. A longer term controlled trial is needed. 

 In terms of pharmacologic treatment, increased dietary 
salt and/or use of salt - retaining steroids (i.e. principally 

fl udrocortisone) is usually the fi rst step (Class IIb, Level 
C), followed if needed by judicious dosing with the arterial 
and venous constrictor midodrine. Additional benefi t has 
been reported with the use of agents such as erythropoietin 
in order to increase circulating blood volume. Unfortu-
nately, however, often the older orthostatic hypotension 
patient is also susceptible to supine hypertension. This 
combination results in an obvious therapeutic dilemma 
requiring very careful individualized manipulation of the 
various treatment options.  

  Cardiac  a rrhythmias 

 Evidence supports cardiac pacemaker therapy in patients 
with syncope due to bradyarrhythmias (Class I, Level 
B).  145,146   In the case of paroxysmal supraventricular tachyar-
rhythmias (PSVT) with syncope, there is little in the way 
of long - term follow - up studies examining the effi cacy of 
conventional antiarrhythmic drug treatment. However, 
transcatheter ablation has become a very safe and cost -
 effective treatment option. 

 In the case of syncope due to VT, the almost ubiquitous 
presence of underlying left ventricular dysfunction 
increases proarrhythmic risk associated with most antiar-
rhythmic drug therapy. In these cases, despite early consid-
eration of class 3 agents (particularly amiodarone), there 
remains the diffi culty of assuring effective prophylaxis; 
consequently, transcatheter ablation and ICDs are increas-
ingly important considerations. Currently, ablation tech-
niques are appropriate fi rst choices in only a few forms of 
VT, specifi cally symptomatic patients with right ventricu-
lar outfl ow tract tachycardia and bundle branch re - entry 
tachycardia (Class IIb, Level B). 

 With regard to implantable devices for symptomatic VT, 
several prospective treatment trials provide evidence 
favoring ICD effi cacy (Class I, Level A) compared to phar-
macologic approaches, especially in the setting of dimin-
ished left ventricular function.  63,147 – 151   Although these 
studies did not directly target syncope patients, it is reason-
able to extend the observations to those syncope patients 
in whom ventricular tachyarrhythmias and poor left ven-
tricular function are identifi ed.  152   

 In the subset of patients in whom structural cardiovas-
cular or cardiopulmonary disease is the cause of syncope, 
treatment is best directed at amelioration of the specifi c 
structural lesion. However, it may be impossible to elimi-
nate the underlying problem adequately. For instance, 
modifying outfl ow gradients in HOCM is not readily 
achieved by pharmacologic or surgical therapies. There-
fore, although controversial, cardiac pacing continues to be 
employed (often as an ICD) in individuals who have expe-
rienced syncope or who have a worrisome family history 
(Class IIb, Level B).  153 – 156     
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  Cost -  e ffectiveness  i ssues 

 Syncope occurs in all age groups and can be responsible 
for considerable morbidity and lifestyle distur-
bance.  1,9,12 – 14,157 – 159   Consequently, lost productivity, economic 
derangement, and loss of vocation are important consider-
ations when assessing the manner in which syncope is to 
be evaluated and treated.  43,160 – 163   Currently, in contrast to 
earlier reports,  162,163   given availability of ILRs, better under-
standing of the limitations of previously used testing strat-
egies, and evidence favoring the structured SMU approach 
to syncope management, there is the potential to markedly 
improve the frequency with which a specifi c diagnosis is 
obtained, thereby reducing the cost per specifi c diagnosis.  

  Conclusion 

 Syncope is a common medical problem with many poten-
tial causes and a tendency to recur. Assessment of each 
patient must be thorough, with particular attention paid to 
recognition and evaluation of structural cardiac and/or 
vascular disease. Box  42.2  summarizes the key steps that 
need to be addressed.   

 When structural cardiovascular disease is thought likely, 
hemodynamic and angiographic studies are often needed 
to address severity and direct appropriate treatment strat-
egy. On the other hand, syncope in the absence of structural 
cardiovascular disease is more often either neurally medi-

ated refl ex in origin or the result of orthostatic hypotension 
(often drug induced). In such cases, without the diagnosis 
being clear from the medical history and physical examina-
tion alone, autonomic function testing (particularly tilt -
 table testing) is warranted to confi rm the diagnostic 
suspicion. 

 The treatment of syncope has been the subject of rela-
tively few clinical trials and consequently treatment recom-
mendations are based principally on  “ expert consensus ” . 
Given this important limitation, when structural cardiovas-
cular disturbances or primary cardiac arrhythmias are the 
cause, appropriately directed therapy is likely to be highly 
effective. On the other hand, in neurally mediated refl ex 
faints and orthostatic hypotension leading to syncope, 
documentation of pharmacologic treatment effi cacy (with 
the possible exception of midodrine) is less convincing, and 
physical counter - maneuvers have become increasingly 
important; this is the case for both acute intervention (e.g. 
leg crossing and muscle tensing) and long - term benefi ts 
(i.e. tilt - training). 

 A small but increasing number of clinical observational 
reports and randomized placebo - controlled trials have 
recently improved our understanding of the TLOC/
syncope complex. However, not every element of syncope/
TLOC management can be subjected to such intense evalu-
ation. The role of expert consensus opinion, both in day - to -
 day care as well as in practice guideline development, 
remains essential. 
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  Introduction 

 Cardiac arrest may complicate any type of heart disease, 
but is particularly common in coronary heart disease; one 
half of all deaths caused by the condition present as sudden 
cardiac death.  1   Approximately 400   000 – 460   000 individuals 
in the USA  2   and 700   000 in Europe  3   experience sudden 
cardiac arrest each year, making the condition a major 
health problem (Level C).  2,3   Unexpected cardiac arrest also 
remains an important problem in hospital with an inci-
dence of 0.174    ±    0.087 per bed per year reported in one 
recent large American multicenter cohort study.  4   

 The modern era of resuscitation began with the develop-
ment of defi brillators suitable for clinical use  5,6   and the 
demonstration of the effectiveness of expired air ventila-
tion and closed chest compression that extended the time 
available for successful defi brillation.  7,8   The development 
of the portable defi brillator made resuscitation outside hos-
pital a practical proposition. Particular credit goes to Pan-
tridge in Belfast who recognized that hospital - based 
coronary care units would have limited impact on mortal-
ity in a condition where 60% of deaths occurred within one 
hour of the onset of symptoms.  9   He developed the fi rst 
mobile coronary care unit in the world and the report of 10 
patients admitted alive to hospital following defi brillation  10   
acted as a stimulus to the development of similar strategies 
for managing cardiac arrest worldwide.  

  Establishing an  e vidence  b ase for 
 r esuscitation  p ractice 

 The development of effective resuscitation strategies led to 
a demand for standardized guidelines for clinical practice. 

A commitment to foster an international evidence base for 
resuscitation practice and publish consistent guidelines for 
practice led to the foundation of the International Liaison 
Committee on Resuscitation (ILCOR). A regular fi ve - year 
cycle of evidence review and publication of guidelines is 
now well established.  11 – 14      

 The ILCOR methodology is based on a rigorous evalua-
tion of  all  the available evidence relating to a specifi c topic 
using standardized worksheets,  15,16   which remain accessi-
ble at  www.c2005.org .  17   In 2005, guidelines for practice 
were published with only minor differences between those 
of the European Resuscitation Council  18,20   and the Ameri-
can Heart Association.  19,21   

 In this chapter, the basis for the practice of resuscitation 
of adult subjects is reviewed in the light of the evidence 
evaluation process described above. Common to nearly all 
resuscitation attempts is the application of basic life support 
to maintain breathing and a circulation until defi nitive 
treatment with defi brillation or other advanced techniques 
can be implemented. It is one of the few strategies proved 
to improve outcome from cardiac arrest and is the subject 
of the fi rst section. 

 The remainder of the chapter is concerned with advanced 
life support topics. Defi brillation is considered in detail in 
the second section; it is the only defi nitive treatment for the 
majority of patients with cardiac arrest, and one of the few 
techniques with an unequivocal evidence base for its effec-
tiveness. The third section is concerned with other advanced 
life support techniques that aim to maintain breathing and 
the circulation while treatment to restore the circulation is 
given.  

  Adult  b asic  l ife  s upport 

  Recognition of  c ardiac  a rrest 

 The prompt recognition of cardiac arrest is the key to start-
ing resuscitation with the minimum of delay; recent studies 
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have helped clarify the most accurate methods for diagnos-
ing cardiac arrest. The traditional method of palpating the 
carotid pulse has now been shown to be unreliable  22,23   
(Level B) although there is no convincing evidence that 
checking for movement, breathing or coughing is supe-
rior  24   (Level C). Agonal gasps are common after the onset 
of cardiac arrest and bystanders often report that such sub-
jects are breathing when interrogated by ambulance call 
takers. This can result in CPR being withheld or delayed  25   
(Level C). It is recommended therefore that rescuers should 
start CPR in an unresponsive (unconscious) victim who is 
not moving or breathing. Even if the victim is taking occa-
sional gasps, cardiac arrest should be suspected and CPR 
started (Class IIa).  

  Airway and  v entilation 

  Opening the  a irway 
 Several prospective studies using clinical or radiologic 
indicators of airway patency have shown that the head 
tilt – chin lift method is practicable, safe and effective  26 – 28   
(Level C). This was confi rmed in a case series  29   (Level C). 
It is recommended that rescuers should use this method to 
open the airway (Class Ila). No study has evaluated the 
use of routine fi nger sweeps to clear the airway in the 
absence of an obvious obstruction; fi nger sweeps should 
only be employed if a visible obstruction is present in the 
oropharnyx (Class IIb).  

  Ventilation 
 Manikin studies  30   and one human study  31   showed that 
when no advanced airway (e.g. a tracheal tube) was present 
a tidal volume of 1 L produced signifi cantly more gastric 
distension than 500   mL (Level C). In anethetized patients 
with no advanced airway in place, ventilation with 455   mL 
of room air was associated with acceptable although 
reduced oxygen saturation when compared with 719   mL. 
There was no difference in oxygen saturation between 
volumes of 624   mL and 719   mL  32   (Level C). Another study 
compared patients in cardiac arrest mechanically venti-
lated with oxygen at 12   L per minute. Smaller volumes of 
500   mL were associated with a higher arterial PCO 2  and 
worse acidosis but no differences in PaO 2  than with volumes 
of 1   L  33   (Level B). 

 Small case series  34   and an animal study  35      showed that 
hyperventilation is associated with increased intrathoracic 
pressure, decreased coronary and cerebral perfusion and 
(in the animal study) decreased return of spontaneous cir-
culation (ROSC). A case series of patients showed that ven-
tilation rates of  > 10   min  − 1  and inspiratory times of  > 1 s were 
associated with poor survival  37   (Level C). In summary, 
larger tidal volumes and higher ventilation rates may be 
detrimental while the adverse consequences of smaller 
volumes appear acceptable. 

 The recommended technique for mouth - to - mouth venti-
lation using exhaled air or bag - valve - mask ventilation 
using room air or oxygen is to give one breath within an 
inspiratory time of 1   s (Class Ila) suffi cient to make the 
chest rise (Class Ila). After an advanced airway is in place 
(e.g. tracheal tube, Combitube ™ , laryngeal mask airway, 
etc.), the patient should be ventilated with supplementary 
oxygen suffi cient to make the chest rise. In such patients 
the lungs should be ventilated at a rate of 8 – 10 ventilations 
min  − 1  without pausing during chest compressions to 
deliver ventilations (Class Ila). There were insuffi cient data 
to recommend for or against the use of mechanical 
ventilators.   

  Chest  c ompressions 

 The crucial importance of chest compressions has been 
increasingly recognized in recent years (for review of the 
subject see Chamberlain, Handley and Colquhoun).  36   
Unfortunately there is increasing evidence that compres-
sions are performed particularly badly in practice. In recent 
treatment recommendations, particular emphasis is placed 
on ways of increasing the number and quality of chest 
compressions during resuscitation attempts. 

  Hand  p osition 
 There is insuffi cient evidence to recommend any one spe-
cifi c hand position when performing chest compressions in 
adults. Based on manikin studies in healthcare profession-
als demonstrating shorter pauses between ventilations and 
compressions  37   and improved performance  38   it is recom-
mended that the hands should be placed  ‘ in the centre of 
the chest ’  with the dominant hand in contact with the 
sternum (Class IIa, Level C).  

  Rate and  d epth 
 Studies in humans have given confl icting results; in one 
study a rate of 120   min  − 1  provided improved hemodynam-
ics over standard cardiopulmonary resuscitation (CPR)  39   
(Level C). Studies that employed mechanical compression, 
however, have showed no improvement with rates of up 
to 140   min  − 1  compared to 60   min  − 1   40,41   (Level C). Observa-
tional studies show that hospital healthcare providers  42,43   
and emergency medical services (EMS) personnel  44,45   give 
fewer compressions than currently recommended (Level 
C). These studies  43,44   also showed that compression depth 
is often inadequate. 

 In animal models of cardiac arrest, deeper compressions 
correlated with increased ROSC and 24 - hour survival than 
standard compression depths  46 – 48   (Level C).  

  Decompression of the  c hest 
 In one animal study incomplete chest recoil was associated 
with increased intrathoracic pressure, decreased venous 
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return and decreased coronary and cerebral perfusion.  49   
There are no comparable human data. Lifting the hands 
slightly but completely off the chest between compressions 
allowed full recoil of the chest in a manikin study  50   (Level 
C). Observational studies in human CPR  35   and manikin 
studies  50   have shown that incomplete chest recoil is 
common during CPR (Level C).  

  Duty  c ycle 
 This term describes the time spent in compression as a 
proportion of the time between the start of one compres-
sion and the next. Coronary blood fl ow is determined in 
part by duty cycle (reduced when  > 50%) and the extent of 
chest relaxation at the end of each compression  51   (Level C). 
There is a lack of clinical evidence from human studies, but 
data from animal or mathematical models suggest a cycle 
of 20 – 50% is optimal  46,52 – 55   (Level C). 

 A duty cycle of 50% is much easier to achieve than cycles 
where compressions constitute a smaller percentage of the 
time,  56   an important practical issue for both performance 
and training (Level C). 

 Following analysis of this evidence, it is recommended 
that chest compressions should be performed with the 
hands placed in the center of the chest (Class Ila) at a rate 
of at least 100   min  − 1  (Class Ila), compressing the sternum 
to a depth of at least 4 – 5   cm. Rescuers should allow com-
plete recoil of the chest between compressions (Class Ilb). 
It is reasonable to use a duty cycle of 50% (Class Ilb). Res-
cuers should minimize interruption of chest compressions 
for checking the pulse, analyzing rhythm or performing 
other activities (Class IIa). 

 A manikin study showed that compression depth dete-
riorated within one minute, but rescuers only became 
aware of fatigue after fi ve minutes  57   (Level C). In conse-
quence, it is recommended that where feasible, rescuers 
should rotate the duties of compression regardless of 
whether they feel fatigued (Class Ilb).  

  Compression  v entilation  s equence 
  Interrupting  c ompressions     Observational studies and sec-
ondary analysis of randomized trials have shown that 
interruption of chest compressions is commonplace  42,44,58   
(Level C). Animal studies consistently show that interrup-
tions in chest compression are associated with reduced 
ROSC, survival and postresuscitation myocardial 
dysfunction  59 – 61   (Level C). One retrospective study that 
employed ventricular fi brillation (VF) waveform analysis 
to predict the probability of defi brillation showed that 
interruptions in chest compression were associated with a 
reduced chance of conversion to another rhythm  62   (Level 
C). 

 On the basis of this evidence it is recommended that 
rescuers should minimize interruptions to chest compres-
sion (Class Ila).  

  Compression/ v entilation  r atio  d uring  CPR      The number of 
compressions delivered per minute is determined by the 
compression rate, the compression/ventilation ratio and 
the time required to provide ventilation. Evidence from 
clinical studies shows that rescuers tend to ventilate too 
quickly and perform too few chest compressions when 
observed in actual resuscitation attempts. One observa-
tional study showed that paramedics perform ventilation 
at excessive rates in intubated patients and the same was 
found in a study of hospital responders both with and 
without an advanced airway in place  35,42,44   (Level C). A 
study of downloads from automated external defi brillators 
(AEDs) used by EMS personnel showed that chest com-
pressions are frequently delivered at rates other than those 
recommended in guidelines. Adherence to recommended 
rates appeared to be associated with improved outcome  45   
(Level C). A comparable study in trained lay responders in 
public access defi brillation (PAD) schemes showed widely 
differing rates of compression, often given too quickly, but 
pauses were also commonplace.  63   The compression/venti-
lation ratios employed also varied considerably. The AED 
algorithms (that require a  “ hands - off ”  period during 
rhythm analysis) were responsible for some of the pauses, 
but many were prolonged and unexplained. The outcome 
was that the number of compressions given was very much 
lower than recommended in guidelines (Level C). 

 Animal studies consistently show that hyperventilation 
is associated with lower coronary and cerebral perfusion 
and poorer survival while chest compressions given con-
tinuously or with minimal interruptions are associated 
with improved hemodynamics and improved sur-
vival  59,60,64 – 66   (Level C). 

 Various compression/ventilation ratios have been 
applied in animal models of cardiac arrest but without a 
consistent outcome on which to recommend any one par-
ticular ratio.  67 – 69   There are no adequate data from human 
studies. A mathematical analysis suggested that a ratio of 
30/2 would provide the best blood fl ow and oxygen deliv-
ery  70   (Level C). 

 To optimize the number of compressions delivered, to 
reduce interruptions and simplify instruction (and skill 
retention), it is recommended that a single compression/
ventilation ratio of 30/2 be used by the lone rescuer of 
infants, children and adults (Class Ila). Compressions should 
be delivered at a rate of at least 100 per minute (Class Ila). 

 Initial steps in the resuscitation sequence may include: 
   •      opening the airway while assessing the patient  
   •      giving 2 – 5 breaths while initiating resuscitation  
   •      continuing resuscitation with a compression/ventilation 
ratio of 30/2.      

  Chest  c ompression -  o nly  CPR  
 There have been no prospective human studies of 
compression - only CPR. A randomized prospective trial of 
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compression - only CPR prior to EMS arrival in Seattle (a 
city with a very rapid EMS response time) showed a 
trend towards improved survival in those receiving com-
pressions only, but the difference was not statistically 
signifi cant  71   (Level B). Animal studies have shown com-
pression - only CPR to be as effective as conventional CPR 
with ventilation in the fi rst few minutes after the onset of 
cardiac arrest.  64 – 66   A compression/ventilation ratio of 30/2 
maintained arterial oxygen saturation at two - thirds of 
normal whereas compressions only resulted in oxygen 
desaturation within two minutes.  69   

 In observational studies of adult cardiac arrest treated by 
lay persons trained in standard CPR, survival with com-
pression - only CPR was better than when victims received 
no CPR, but not as good as when victims received both 
compressions and ventilations  72,73   (Level C). 

 On the basis of this evidence, the recommendation is that 
rescuers should provide compression - only CPR if they are 
unwilling to perform airway and breathing maneuvers or 
if they are untrained and uncertain how to undertake CPR 
(Class Ila).    

  Advanced  l ife  s upport:  d efi brillation 

  Procedures  b efore  d efi brillation 

  The  p recordial  t hump 
 There are no prospective studies of the precordial thump. 
Case series have reported VF or pulseless ventricular 
tachycardia (VT) converted to a perfusing rhythm follow-
ing a precordial thump.  74 – 76   The likelihood of success was 
higher in VT  74 – 78   but decreased rapidly with time.  76   Obser-
vational studies also report that other arrhythmias includ-
ing unstable supraventricular tachycardia (SVT) were 
terminated by a precordial thump  79,80   (Level C). 

 Observational studies show that an effective precordial 
thump is delivered by a closed fi st from a height of 
5 – 40   cm.  75,76,78   Adverse events include acceleration of the 
rate of VT, conversion of VT into VF, the production of 
complete heart block and asystole.  75,77,78,81 – 84   Current data do 
not allow these events to be reliably predicted (Level C). 

 The recommendation for practice is that one immediate 
precordial thump may be considered after a monitored 
arrest if a defi brillator is not immediately available (Class 
Indeterminate).  

   CPR   b efore  d efi brillation 
 One study that employed a retrospective control group  85   
(Level C) and one prospective study  86   (Level B) showed 
that 1.5 – 3 minutes of CPR before attempted defi brillation 
improved ROSC and survival in adults with out - of - hospi-
tal VF or VT when the response interval was  ≥ 4 – 5   min. 
Another randomized trial reported that adults with VF or 

VT outside hospital did not benefi t from 1.5   min of CPR  87   
(Level B). Animal studies of VF of  ≥ 5   min duration report 
that CPR before defi brillation (very often with concomitant 
adrenaline) improved survival rates  88 – 91   (Level C). 

 The ILCOR recommendation refl ects this evidence: 1.5 –
 3   min of CPR before attempted defi brillation may be con-
sidered in adults with out - of - hospital VF or VT where EMS 
response times are greater than 4 – 5   min (Class Ilb). There 
was no evidence to support or refute the strategy in 
hospital.   

  Defi brillator  e lectrode –  p atient  i nterface 

 No studies have investigated the infl uence of electrode 
position on the outcome of human cardiac arrest. The 
subject has been investigated during conversion of stable 
atrial fi brillation or by the use of surrogate endpoints such 
as transthoracic impedance (TTI). Cardioversion of per-
fused myocardium in stable atrial fi brillation (AF) may not 
be the same as defi brillation of ischemic myocardium and 
caution is required when extrapolating from such studies. 
Many studies in AF have investigated the infl uence of elec-
trode position and have lead to current recommendations. 
For references see   92   (Level B or C). 

 One human study documented higher success with 
larger electrodes  93  ; 12.8   cm pads were superior to 8   cm 
(Level B). Several studies have confi rmed lower TTI with 
increased electrode size (Level B or C). One animal study 
reported increased myocardial damage in dogs with 
smaller electrodes (4.3   cm compared with 8 or 12   cm)  94   
(Level C). 

 The recommendation is that electrodes should be placed 
on the exposed chest in an anterolateral position (Class 
Ila). Acceptable alternatives are the anteroposterior and 
apex - posterior position (Class Ila). Placing the electrode on 
the female breast increased TTI  95   and in consequence the 
electrode should be placed underneath or lateral to the left 
breast (Level C). 

  Self -  a dhesive  d efi brillation  p ads  v ersus  p addles 
 One randomized trial  96   and two retrospective series  97,98  

 showed that the TTI was similar with both types of elec-
trode (Level B, C). One randomized study showed similar 
effectiveness in converting AF  99   (Level C). 

 Self - adhesive pads are safe and effective and are an 
acceptable alternative to standard defi brillation paddles 
(Class Ila). There are important practical advantages with 
pads for routine monitoring and for perioperative or pre-
hospital use.   

  Waveform  a nalysis 

 Analysis of the VF waveform has the potential to improve 
the timing and effectiveness of countershocks. Evidence 
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comes from retrospective analysis of human series and 
animal models (Level C). The technology is advancing 
rapidly but is not yet available in routine clinical practice. 

  Defi brillator  s hock  w aveform 
 A major advance in defi brillator technology in recent years 
has been the introduction of biphasic waveforms. Random-
ized clinical studies in human cardiac arrest  100 – 102   (Level B), 
reanalysis of the data in one study,  103   two observational 
studies  104,105   (Level C) and many animal studies show that 
biphasic waveforms using equal or lower energy levels are 
superior to or at least as effective as monophasic wave-
forms for terminating VF. A meta - analysis of seven ran-
domized trials in patients in the electrophysiology 
laboratory  105   concluded that biphasic waveforms defi bril-
late with similar effi cacy at lower energies than monopha-
sic 200 J shocks, and greater effi cacy than monophasic 
shocks of the same energy (Level A). No specifi c biphasic 
waveform has yet been demonstrated to be superior. One 
retrospective study  106   showed a higher hospital discharge 
rate with a monophasic truncated exponential (MTE) 
waveform compared to a biphasic truncated exponential 
(BTE) waveform. Survival was a secondary endpoint, 
however, and there were many confounding factors, not 
least the higher incidence of bystander CPR in the MTE 
group. 

 The recommendation for practice is that biphasic shocks 
are safe and effective for the termination of VF when com-
pared with monophasic defi brillators (Class Ila).   

  First  s hock  e nergy  l evels 

 Many clinical studies have compared initial biphasic shock 
energies of 100 – 200   J without clearly showing an advantage 
for either  100 – 102,104,106,107   (Level B, C). These studies also 
investigated subsequent energy levels ranging from 
150   J to 300   J for VF refractory to the initial shock but 
without clearly demonstrating an optimal level. Other 
laboratory studies of stable patients evaluated termination 
of induced VF by energy levels of 115 – 200   J No clinical 
or laboratory study has convincingly shown greater 
benefi t or harm from any currently used energy level. 
A hospital study compared fi rst shock effi cacy of mono-
phasic damped sinusoidal (MDS) waveforms of low (100 –
 240   J), intermediate (300 – 320   J) and high (400 – 440   J) without 
demonstrating a statistically signifi cant benefi t for any 
level.  108   

 There is currently insuffi cient evidence to recommend a 
specifi c energy level for the fi rst or subsequent biphasic 
shock. ILCOR recommend that with a biphasic defi brillator 
it is reasonable to use 150 – 200   J with a BTE waveform or 
120   J with a rectilinear waveform (Class Ila). For a mono-
phasic defi brillator an initial shock of 360   J is considered a 
reasonable option (Class IIa).  

  Second and  s ubsequent  s hocks 

  Fixed  v ersus  e scalating  e nergy  l evels 
 Only one small human study compared fi xed energy with 
escalating energies for subsequent shocks from a biphasic 
defi brillator. There was no clear benefi t for either strategy  109   
(Level C). No recommendation for either strategy could 
therefore be made.  

  One  s hock  v ersus  t hree  s hock  s equence 
 No clinical or animal studies have compared a protocol that 
employs a single shock with one that employs three suc-
cessive shocks before the resumption of chest compres-
sions. Many studies have investigated the effi cacy of fi rst 
or subsequent shocks; success is defi ned as the termination 
of VF for  ≥ 5s after the shock. This is an assessment made 
on the ECG, however, and does not necessarily indicate the 
return of the circulation. 

 The effi cacy of the fi rst shock given by a variety of wave-
forms and energy levels has been investigated in several 
trials of out - of - hospital VF.  92   A summary of the results is as 
follows. 
   •      With a 200   J MDS waveform fi rst shock success was 
77 – 91%.  
   •      With a 200   J MTE waveform, the rate was 54 – 63%.  
   •      With a 150   J BTE waveform (four studies) and one using 
a 200   J BTE waveform, fi rst shock success was 86 – 98%.  
   •      With a 120   J rectilinear biphasic waveform fi rst shock 
success rate was 85%.    
 Although the fi rst shock success at converting the rhythm 
was relatively high, the average rate of ROSC with the fi rst 
shock for all three waveforms was only 21% (range 
13 – 23%).   

  Second and  t hird  s hock  s uccess  r ate 

 Where the patient remained in VF after the fi rst shock: 
   •      with the MDS waveform with increasing energy levels 
(200   J to 200 – 300   J to 360   J), the combined success of the 
second and or third shocks was 68 – 72%  
   •      with the MTE waveform with increasing energy levels 
(200   J to 200 – 360   J) the combined success of the second and/
or third shocks was 27 – 60%  
   •      with the fi xed (non - escalating) 150   J BTE waveform, the 
combined success of the second and or third shocks was 
50 – 90%.    
 The single study that used a rectilinear escalating wave-
form (120   J to 150 – 200   J reported combined success of 
second and/or third shocks of 85%. 

 In the absence of any evidence for a clearly superior 
strategy, ILCOR recommended that practice should con-
centrate on procedures that optimize the chances of suc-
cessful defi brillation regardless of the precise energy, 
waveform or shock sequence. These priorities were to rec-
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ognize the potential need for defi brillation as soon as pos-
sible, provide CPR until a defi brillator is available and 
minimize interruptions to chest compressions (Class I). 

 A one - shock strategy may improve outcome by reducing 
interruptions in chest compressions. A stacked sequence of 
three shocks can be optimized by the immediate resump-
tion of effective chest compressions after each shock (irre-
spective of the rhythm) and by minimizing the  “ hands - off ”  
periods for rhythm analysis or other procedures.   

  Advanced  l ife  s upport:  o ther 
 c onsiderations 

  Airway and  v entilation 

 Methods to secure and maintain the airway and the differ-
ent strategies and devices used to provide ventilation 
during resuscitation attempts are evaluated in detail during 
the ILCOR evidence evaluation process. Detailed consider-
ation of these topics is outside the scope of this chapter and 
the reader is referred to the original ILCOR documents.  110    

  Drugs  u sed in the  m anagement of 
 c ardiac  a rrest 

  Vasopressors 
 Despite the widespread use of vasopressors, principally 
adrenaline/epinephrine during resuscitation attempts, and 
several trials involving vasopressin, there is no placebo -
 controlled trial showing that the routine use of any vaso-
pressor during human cardiac arrest increases survival to 
hospital discharge. 

  Vasopressin     Despite promising preliminary data and 
numerous animal studies, two large randomized trials of 
cardiac arrest in humans did not show a benefi t (in terms 
of ROSC or survival) for vasopressin 40   U (repeated in one 
trial) compared with adrenaline 1   mg (repeated) as the 
initial vasopressor whether in hospital  111   or out of hospi-
tal  112   (Level A). In one of the trials,  112    post hoc  analysis sug-
gested an improvement to hospital discharge for the subset 
of patients initially in asystole in patients receiving vaso-
pressin compared to adrenaline, but neurologically intact 
survival was not different in the two groups. Subsequently, 
meta - analysis of fi ve randomized trials  113   showed no statis-
tically signifi cant differences between vasopressin and 
adrenaline for ROSC, death within 24 hours or death before 
hospital discharge. Subgroup analysis based on presenting 
cardiac rhythm did not show any benefi t in terms of death 
before hospital discharge (Level A).  

  Alpha -  m ethyl  n oradrenaline     When vasopressors like adrena-
line that possesses both alpha -  and beta - adrenergic effects 

are administered during cardiac arrest, the beta effects 
increase myocardial oxygen consumption with the risk of 
increased myocardial ischemia. Alpha - 1 but not alpha - 2 
receptors have been identifi ed in the ventricular myocar-
dium, and it has been suggested that the selective alpha - 2 
agonist alpha - methyl noradrenaline may offer advantages 
by producing vasoconstriction (with attendant increase in 
coronary perfusion) while avoiding the positive inotropic 
and chronotropic effects of adrenaline. Animal work has 
been encouraging but no human study has been reported 
(Level C).  114 – 116    

  Endothelin     Several animal studies have demonstrated 
improved coronary or cerebral perfusion pressure with 
endothelin - 1. This did not result in improved myocardial 
blood fl ow, however. No human trial has been reported.  

  Conclusions     Despite the lack of placebo - controlled trials, 
adrenaline has been the standard vasopressor and remains 
the drug of choice. It is considered appropriate to 
administer a 1   mg dose of epinephrine IV/IO every 3 – 5 
minutes during adult cardiac arrest (Class IIb). Current 
evidence does not support or refute the use of any other 
vasopressor or combination during human cardiac arrest. 
There is insuffi cient evidence to support the use of vaso-
pressin either alone or in combination with adrenaline in 
any cardiac arrest rhythm (Class III).   

  Antiarrhythmic  d rugs 
 There is no evidence that the administration of any antiar-
rhythmic drug during resuscitation increases survival to 
hospital discharge.  

  Amiodarone 
 Two randomized clinical trials in adults have shown that 
the administration of of amiodarone by paramedics 
to adult patients in out - of - hospital cardiac arrest with 
shock - refractory VF/pulseless VT improved survival to 
hospital admission (but not to hospital discharge) when 
compared to placebo  117     or lidocaine  118   (Level A). Other 
lower level studies in humans or animals document a con-
sistent improvement in the response to defi brillatory shocks 
in VF or VT. 

 Despite the lack of long - term outcome data, it is deemed 
reasonable to use amiodarone for VF/VT refractory to 
initial shocks (Class Ilb).  

  Other  d rugs and  fl  uids 
 There is no evidence that buffers, aminophylline, atropine, 
calcium or magnesium given routinely during human 
cardiac arrest increase survival to hospital discharge (Class 
III). There are reports that fi brinolytic agents may have a 
role when the arrest is caused by pulmonary embolism 
(Class Ila). 
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  Aminophylline     Ischemia is a potent stimulus for the release 
of adenosine which may slow the heart and possibly 
produce or maintain asystole. Methylxanthines like amino-
phylline block adenosine receptors and on this basis a role 
for the use of aminphylline in the management of bradya-
systolic arrest has been proposed. In a small case series, 15 
consecutive patients with cardiac arrest due to asystole or 
to non - perfusing bradyarrhythmias, who failed to respond 
to intravenous atropine and epinephrine, were treated with 
aminophylline (rapid intravenous injection of 250   mg). 
Establishment of a stable heart rhythm with suffi cient 
blood pressure to allow discontinuation of closed - chest 
cardiac massage was achieved in 11 of 15 (73%) patients. 
All 11 patients were alive 60 minutes after resuscitation. 
One patient survived, without neurologic damage  119   (Level 
C). Subsequently, three randomized trials of its use were 
unable to show any increase in ROSC  120 – 122   but the numbers 
recruited into the trial were small. No trial has shown an 
effect on survival to hospital discharge. There is no evi-
dence of harm following its use, but overall there is insuf-
fi cient evidence to advocate a role for its routine use (Class 
IIb, Level B).  

  Atropine     Five prospective but non - randomized studies in 
adults  123 – 127   and one retrospective case  128   series failed to 
show any consistent benefi t following the use of atropine 
(Level C). The use of atropine has not been associated with 
harm, however, and there have been anecdotal reports of 
survival following its use in asystolic cardiac arrest. In the 
absence of agents with more evidence to support their use, 
atropine maintains a role in the management of asystole 
(Class Indeterminate). Atropine remains the fi rst - line 
drug treatment for acute symptomatic bradycardia (Class 
Ila).  

  Buffers     Sodium bicarbonate has been widely used in the 
past in the management of cardiac arrest. There are no 
randomized controlled trials to support its use and recent 
resuscitation guidelines have curtailed its unrestricted use. 
Retrospective reports of its uncontrolled use are largely 
inconclusive although one study reported that EMS systems 
that gave sodium bicarbonate earlier and more frequently 
had increased rates of ROSC, hospital discharge and better 
long - term neurologic survival  129   (Level C). Animal studies 
are also inconclusive. The drug has been used successfully 
to treat hypotension and arrhythmias complicating tricyclic 
overdosage, but only one report described the successful 
treatment of VF arrest  130   (Level C). 

 The routine use of sodium bicarbonate during cardiac 
arrest (especially outside hospital) or after ROSC is not 
recommended (Class III). It may be considered for life -
 threatening hyperkalemia or cardiac arrest associated with 
hyperkalemia, tricyclic overdosage or pre - existing meta-
bolic acidosis (Class IIb).  

  Magnesium     Randomized trials of magnesium in adult 
cardiac arrest   131 – 4   (Level B) and lower degrees of evidence 
including animal studies have not shown an increased rate 
of ROSC when magnesium was given during CPR. One 
small case series reported benefi t in patients in shock - 
resistant and adrenaline/lidocaine - resistant VF.  135   

 There are insuffi cient data to recommend or refute the 
use of magnesium in cardiac arrest. It should be given in 
hypomagnesemia and retains a place in the management 
of torsades de pointes (Class Ila).  

  Fibrinolytic  d rugs     Up to 70% of patients with sudden 
cardiac arrest have underlying acute myocardial infarction 
or pulmonary embolism. Both conditions are potentially 
responsive to fi brinolytic therapy. Adult patients have been 
successfully resuscitated following the administration of 
fi brinolytic drugs after the initial failure of standard resus-
citation procedures, particularly when the cause has been 
pulmonary embolism. One large clinical trial, however, 
failed to show a signifi cant treatment effect when admin-
istered to patients with pulseless electrical activity (PEA) 
outside hospital.  136   Other small studies or case reports were 
inconclusive with regard to improving outcome, but did 
not report an increase in bleeding complications (Level C). 

 In the Thrombolysis in Cardiac Arrest (TROICA) trial 
1050 patients suffering from witnessed out - of - hospital 
arrest of presumed cardiac origin were randomly assigned 
to tenecteplase (TNK) or placebo, plus standard therapy. 
Interim data analysis showed that the addition of TNK to 
standard CPR did not increase the 30 - day survival rate 
(18.2% vs 20.2%,  P    =   NS) nor the hospital admission rate 
(59.0% vs 59.5%,  P    =   NS). The symptomatic intracranial 
hemorrhage (1% vs 0%) and major bleeding (8.9% vs 7.4%) 
rates were not signifi cantly different between groups. This 
preliminary data analysis showed that the probability that 
the study would demonstrate overall superiority of 
tenecteplase over placebo was low and the recruitment was 
suspended  137   (Level B). 

 Thrombolysis should be considered in cardiac arrest 
caused by proven or suspected pulmonary embolism 
(Class Ila). The data do not support its routine use in other 
situations.     

  Techniques and  d evices to  a ssist the 
 c irculation  d uring  c ardiac  a rrest 

 Because CPR is often of poor quality and deteriorates with 
time, and because interruptions of chest compressions are 
common, a variety of approaches has been adopted to 
improve the quality of CPR by the use of prompt devices 
or by other techniques. A separate approach is to use 
mechanical methods to undertake chest compressions, 
thereby eliminating dependence on rescuers. 
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  Transcutaneous  p acing for  a systole 

 Three randomized trials  138 – 140   have failed to demonstrate an 
improvement in the rate of hospital admission or survival 
to discharge when pacing was attempted in asystolic 
patients in the prehospital arena or the emergency depart-
ment (Level A). Pacing is therefore not recommended for 
this group of patients (Class III). It retains its established 
role in the treatment of bradycardia (Class I).  

   CPR   p rompt  d evices 

 Unprompted CPR is often of poor quality and interrup-
tions to chest compressions are frequent  42,44,45,63   (Level C). 
Studies in adults, children or experimental animals or with 
manikins have consistently shown improvement in end -
 tidal CO 2  or quality of CPR when feedback is provided to 
guide the rescuer  141 – 151   (Level C). Several such aids are now 
available either as stand - alone devices or incorporated into 
the AED or electrodes. Further studies are required to 
investigate the effect on patient outcomes resulting from 
the introduction of these devices into practice. In the mean-
time, it is considered that CPR prompt devices may be 
useful in both out - of - hospital and in - hospital settings 
(Class IIb).  

  Active  c ompression  d ecompression ( ACD )  CPR  

 ACD devices are designed to adhere to the chest (usually 
by a suction cup) so that after chest compression is com-
plete, lifting the device actively expands the chest. This 
causes a greater reduction in intrathoracic pressure than 
would result from passive expansion and thereby increases 
venous return and cardiac output during subsequent chest 
compressions. Initial studies were promising, reporting 
improved survival  152 – 4   (Level A, B). 

 However, subsequent Cochrane meta - analysis of 10 
trials (in 4062 patients) comparing ACD with standard CPR 
outside hospital did not show an improvement in either 
short - term survival or hospital discharge  155   (Level A). Sim-
ilarly, analysis of two hospital - based trials (826 patients) 
comparing ACD with standard CPR after arrest in hospital 
did not show improvement in either short - term survival or 
hospital discharge  155   (Level A). At present there is insuffi -
cient evidence to recommend for or against the use of ACD.  

  Load -  d istributing  b and  CPR  

 This chest compression device features a backboard and a 
band that is placed circumferentially around the chest. The 
band is constricted pneumatically to produce chest com-
pression. Case control  156,157   and laboratory studies  158,159   with 
encouraging results prompted the conduct of two larger 
clinical studies of the device. One study, comparing results 
before and after the introduction of the device into an EMS 

system, reported improvements in ROSC, hospital admis-
sion and discharge rates  160   (Level C). The second study, a 
randomized multicenter trial, was stopped prematurely as 
patients in the device group showed worse neurologic out-
comes and a trend toward worse survival than with manual 
CPR  161   (Level A). An accompanying editorial  162   tried to 
reconcile the apparently contradictory results. Further ran-
domized trials of the device are planned and until more 
data are available, the device cannot be recommended for 
routine practice. At present it is recommended that prop-
erly trained personnel may use the device as an adjunct to 
CPR for patients with cardiac arrest in the out - of - hospital 
or in - hospital setting (Class IIb).  

  Mechanical ( p iston)  CPR  

 Although this method of providing mechanical CPR has 
been around for several years, published evidence to 
support its use is scanty. Prospective randomized studies 
in humans have demonstrated improvement in surrogate 
outcomes like end - tidal CO 2  or mean arterial blood pres-
sure when it has been employed both in and outside hos-
pital.  163 – 6   The device has proved capable of performing 
chest compressions that adhere more closely to guidelines 
than manual compressions, particularly during the trans-
port of patients. Reports of its effect on immediate resusci-
tation or ultimate survival when used in clinical practice 
are lacking. At present the recommendation is that mechan-
ical piston CPR may be considered for patients in cardiac 
arrest in circumstances that make manual resuscitation dif-
fi cult (Class IIb).  

  Lund University Cardiac Arrest System 
( LUCAS )  CPR   d evice 

 This is a gas - driven device that incorporates a suction cup 
to apply chest compressions and to achieve active decom-
pression. Promising improvements in hemodynamics were 
reported in pigs when compared to manual CPR.  167,168   A 
small case series reported promising results  169   although 
outcome data were incomplete (Level C). The device has 
been used successfully during the transport of severely 
hypothermic patients to a center with cardiopulmonary 
bypass  170,171   and during prolonged resuscitation from PEA 
complicating anaphylaxis  172   (Level C). 

 A prospective randomized clinical trial comparing the 
device with manual CPR in out - of - hospital cardiac arrest 
reported no signifi cant difference in ROSC, hospital admis-
sion or discharge  173   (Level B). The LUCAS device was 
applied late, however (18   min after arrest) and the trial 
highlighted the complexity of conducting such evaluation. 
Further trials are planned and will help establish the place 
of the device. Important injuries have been noted in a small 
number of patients in whom the device was used.  174     
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  Conclusion 

 The principles of evidence - based medicine are increasingly 
applied to the management of cardiac arrest. International 
collaboration to agree upon the scientifi c basis of practice 
is well established. The formulation of sound guidelines for 
practice is limited, however, by a lack of robust scientifi c 
evidence in many areas. There are additional problems 
with the conduct of clinical trials that might help this 
process: the population studied is heterogeneous, different 
treatment strategies are common, recording data is diffi cult 
under the circumstances and many confounding factors are 
usually present. The design and conduct of trials with suf-
fi cient statistical power to evaluate potentially small ben-
efi ts present further challenges. The low levels of evidence 
often quoted in this chapter attest to these problems but by 
critically examining the evidence base in this way, areas of 
ignorance and potentially poor practice may readily be 
identifi ed. That is a necessary stage toward obtaining better 
evidence and providing more effective management.  
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  Introduction 

 Monogenic diseases are caused by single genetic defects, 
follow Mendelian inheritance, and are classifi ed as autoso-
mal dominant, autosomal recessive or X - linked. Over 5000 
monogenic diseases have been identifi ed, and more than 
1000 genes responsible for these disorders are known. The 
prevalence of monogenic diseases ranges from 1 in 1000 
individuals in the most common forms to 1 in 200   000 in 
the rarest. The identifi cation and study of the genetic sub-
strates of these diseases are important not only because 
they contribute to the development of diagnostic tests for 
affected individuals but also because they promote under-
standing of the function of different proteins in humans. 
Consequently, genetic testing is currently applied not only 
for diagnostic evaluation, but also as a research tool for the 
study of pathophysiology of inherited arrhythmia syn-
dromes. In cardiology, there are two major clusters of 
monogenic disorders: the cardiomyopathies due to altera-
tions in sarcomeric and in cytoskeletal proteins, and the 
arrhythmogenic diseases that are caused by mutations in 
ion channels and ion channel - controlling proteins, e.g. the 
congenital long QT syndromes (LQTS), the Brugada syn-
drome, catecholaminergic polymorphic ventricular tachy-
cardia (CPVT), Andersen – Tawil syndrome, conduction 
system disease, and atrial fi brillation (AF).  

  What  w e  h ave  l earned from the  g enetics 
of  m onogenic  a rrhythmia  s yndromes 

 The identifi cation of genes responsible for the inherited 
arrhythmia syndromes has contributed greatly to our 
understanding of the substrate for arrhythmia develop-

ment. More importantly, it has provided practical informa-
tion when managing affected patients with these disorders. 
The identifi cation of a mutation allows us to suspect the 
diagnosis independent of the clinical features of the syn-
drome. When screening family members of a genotyped 
proband, an unexpectedly large number of carriers is iden-
tifi ed among relatives initially considered unaffected based 
on clinical phenotyping. For example, up to 32% of carriers 
of LQTS - related mutations can have a normal QTc.  1   As 
silent carriers have a 50% probability of transmitting LQTS 
to their offspring and they are more likely to develop 
cardiac arrhythmias compared to an age - matched popula-
tion,  2   knowing the genotype status of an individual has 
practical implications. In addition, silent carriers of a LQTS -
 related genetic defect still have a 20% risk of becoming 
symptomatic.  2   Thus, the most immediate contribution of 
genetic information to clinical practice is that of providing 
a novel and useful parameter for risk stratifi cation that can 
be used alone or in combination with other clinical vari-
ables. Currently, only in the congenital LQTS do we have 
data on hundreds of genotyped patients with long clinical 
follow - up but emerging data for other diseases such as 
CPVT are becoming available. As progress is made in our 
understanding of the links between DNA defects and clini-
cal phenotype, genotyping patients with inherited arrhyth-
mia disorders is even more likely to contribute to the 
clinical management of patients.  

  Complexity  b eyond  m onogenic 
 a rrhythmia  d isorders 

 Since the initial discovery of mutations in  KCNQ1 ,  KCNH2 , 
and  SCN5A  cardiac ion channel genes by Keating and col-
leagues over a decade ago,  3 – 5   hundreds of mutations have 
been identifi ed in various ion channel subunits and in pro-
teins important for the proper functioning of cardiac 
ion channels. Although it was initially assumed that 
all carriers of pathogenic mutations would manifest the 
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corresponding phenotype, it soon became apparent that 
the clinical consequences of genetic defects are far more 
variable than expected. Some of this variability is related 
to incomplete penetrance and variable expressivity. The 
penetrance of a monogenic disease is defi ned as the per-
centage of individuals with a mutant allele who develop 
the phenotype of the related disease and it can vary from 
10% to 100%. The expressivity of a disease is defi ned as the 
different phenotypical manifestations that can be observed 
among carriers of the same genetic defect. Consequently, 
the combination of variable penetrance and expressivity 
dictates that carriers of a DNA mutation may manifest 
either no clinical phenotype or phenotypes that are not the 
classic  “ textbook ”  type. Thus, genotyping patients affected 
by  “ simple ”  monogenic diseases is more complicated than 
initially envisioned. 

 Another important concept when considering mono-
genic diseases is genetic heterogeneity. Analogous to the 
genetics of inherited cardiomyopathies, in arrhythmia dis-
orders the  “ same ”  phenotype is associated with multiple 
genetic defects. At present, nine genes are known to cause 
the phenotype of the congenital LQTS and explain 60 – 75% 
of the clinically diagnosed cases. Similarly, two genes have 
been associated with CPVT and they account for half of the 
patients with the phenotype.  6   Two genes are known to 
cause the Brugada syndrome, but several other genes are 
likely to be implicated because so far only 20% of clinical 
diagnoses result in positive results at genetic testing.  7   
Perhaps an obvious question that stems from these consid-
erations is whether we should refer to all genetic variants 
with the same name, such as LQTS. Should all individuals 
with the same ECG marker, e.g., prolonged QT interval, ST 
segment elevation in the right precordial leads, adrenergi-
cally driven polymorphic ventricular tachycardia (VT), be 
grouped under the same diagnosis, when we know that 

each genetic variant has a distinguishing clinical pheno-
type? This may be more than semantics as there are emerg-
ing data that the genetic substrate is a major determinant 
of prognosis in patients harboring different genetic 
mutations.  2   

 In the future we may consider each genetic variant as a 
separate disease based on the specifi c defect as this would 
avoid the diffi culty of trying to fi t the complex and overlap-
ping phenotypes into clinical categories. This would not 
only simplify the categorization of overlapping syndromes 
but also the clinical profi les: Brugada syndrome with con-
duction defects, Brugada syndrome with atrial arrhyth-
mias, conduction defects with sinus abnormalities, Brugada 
syndrome with prolonged QT interval, etc. All these condi-
tions could be grouped in the category of sodium channel 
disease and its full spectrum of abnormalities. This is com-
plicated even further as it is now established that muta-
tions in one gene may lead not only to variable phenotypes 
within the same disease, but also to profoundly different 
diseases. The most emblematic example of this diversity is 
represented by mutations in the lamin A/C gene, which 
are known to cause at least eight phenotypes (allelic dis-
eases) as different as dilated cardiomyopathy, Emery – Dre-
ifuss muscular dystrophy, familial partial lipodystrophy, 
Charcot – Marie – Tooth disease, mandibuloacral dysplasia, 
Hutchinson – Gilford progeria, lipoatrophy with diabetes, 
and hepatic steatosis hypertrophic cardiomyopathy. In 
inherited arrhythmia disorders, three diseases have been 
associated with mutations of the cardiac sodium channel 
gene (LQTS, Brugada syndrome, and progressive conduc-
tion disturbances)  4,8   and three diseases (LQTS, short QT 
syndrome and familial AF) have been associated with 
mutations in the  KCNQ1  gene encoding for the alpha - 
subunit of the potassium channel conducting the slow 
component of the delayed rectifi er (I Ks ).  5,9,10   It is therefore 

 Table 44.1     Atrial arrhythmias due to monogenic disorders 

   Phenotype     Rhythm     Inheritance     Locus     Ion channel /protein     Gene  

  AF    AF    AD    10q22 – 24     –      –   

  11p15    I 
Ks

      KCNQ1   

  6q14 – 16     –      –   

  21q22    I 
Kr

      KCNE2   

  17q23    I 
K1

      KCNJ2   

  12p13    I 
Kur

      KCNA5   

  AF    AR    5p13          

  SND    Sinus bradycardia, AF    AD        HCN4     HCN4   

  Atrial standstill    SND, AF    AD    3q21    I 
Na

      SCN5A   

  WPW syndrome    AVRT    AD             PRKAG2   

  Progressive conduction disease    AVB    AD    19q13 3q21    I 
Na

      SCN5A   

   AD, autosomal dominant; AF, atrial fi brillation; AR, autosomal recessive; AVRT, atrioventricular re - entrant tachycardia; AVB, atrioventricular block; 

SND, sinus node dysfunction; WPW, Wolff – Parkinson – White.   
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obvious that the identifi cation of a mutation in a given gene 
cannot establish the diagnosis of a single disease and the 
identifi cation of a mutation in an individual with a known 
disease is not enough to predict the phenotype of that 
individual.   

 We will now discuss individual inherited monogenic 
arrhythmia disorders.  

  Atrial  fi  brillation 

 Atrial fi brillation (AF), the most common cardiac arrhyth-
mia in clinical practice, affects approximately 2% of the 
United States population and results in substantial morbid-
ity and mortality.  11   The increasing prevalence of AF paral-
lels the increasing age of the general population.  12   AF is 
also the most common arrhythmia requiring drug therapy. 
The limited success of current interventions for AF is par-
tially the result of heterogeneity of the underlying electrical 
substrate and incomplete understanding of fundamental 
mechanisms in disease pathogenesis. Although some of the 
risk factors associated with AF have been identifi ed, rela-
tively little is known about the underlying molecular 
events leading to the arrhythmia.  13   One approach to unrav-
eling the molecular pathogenesis of AF is through the iden-
tifi cation of genes responsible for familial forms of the 
disease. Evidence for the heritability of AF has come from 
several sources including the study of AF kindreds who 
exhibit the arrhythmia as a primary disease, the analysis of 
AF presenting in the setting of another familial cardiac 
disease, and the analysis of common population genetic 
variants, i.e. DNA polymorphisms, that may predispose to 
AF. 

  Monogenic  f orms of  l one  AF  

 Monogenic familial AF was fi rst reported in 1943  14   and 
while it may be uncommon, there has been no attempt to 
determine the prevalence of familial AF. Heritability of AF 
is further suggested by two recent population - based studies 
demonstrating that AF in fi rst - degree relatives was associ-
ated with an increased risk of developing AF.  12,15   One study 
showed that 5% of patients with AF and up to 15% of indi-
viduals with lone AF may have a familial form of the 
disease.  16,17   

 A gene locus for AF was fi rst reported in 1997, based on 
genetic mapping in three Spanish families.  18   However, the 
gene responsible for AF in these kindreds has not yet 
been identifi ed, but resides within a relatively large chro-
mosomal region spanning 14 centiMorgans (cM). In 
addition, three other loci on chromosomes 6q14 – 16,  19   5p13  20   
and 10p11 - q21  21   have been reported, with no genes 
yet identifi ed. In 2002, a novel AF locus on chromosome 
5p15 was identifi ed by genome - wide linkage analysis of a 

four - generation kindred.  22   Importantly, this study 
established an abnormally prolonged P - wave ( > 155   ms) 
determined by signal - averaged ECG analysis as an 
 “ endophenotype ”  that improved statistical power of the 
linkage study in this family. Collectively, these reports 
support the idea that familial AF is a genetically heteroge-
neous disease much like many other inherited arrhythmia 
syndromes.  16   

 Recently, the fi rst genes for AF have been identifi ed, pro-
viding a link between ion channelopathies and the arrhyth-
mia. In a four - generation Chinese family in which LQTS 
and early - onset AF co - segregate, a mutation (S140G) in 
 KCNQ1  gene on chromosome 11p15.5 has been reported.  10   
Functional analysis of the S140G mutant revealed a gain -
 of - function effect in KCNQ1/KCNE1 and KCNQ1/KCNE2 
currents, which contrasts with the dominant negative or 
loss - of - function effects of  KCNQ1  mutations previously 
associated with LQTS. More recently, the same group 
established a link between  KCNE2  and AF by identifi cation 
of a mutation in two families with AF.  23   The mutation R27C 
also caused a gain - of - function when co - expressed with 
 KCNQ1  but had no effect when expressed with  KCNH2 . 
Recently, a truncating mutation in  KCNA5  encoding a volt-
age - gated potassium channel (K V 1.5) underlying the ultra-
rapid delayed rectifi er current (I Kur ) was associated with 
familial AF.  24   These studies fi rmly establish the role of 
potassium channels in the pathogenesis of some forms of 
familial AF, but resequencing studies in large cohorts 
suggest that mutations in these channels are a rare cause 
of the arrhythmia.  25    

   AF   a ssociated with  o ther  m onogenic  d iseases 

 Studies of other cardiac monogenic disorders have also 
provided evidence for the genetic contribution to the etiol-
ogy of AF. These include diseases such as hypertrophic 
cardiomyopathy, skeletal myopathies, familial amyloido-
sis, and atrial myopathies. It is likely that AF in these 
cases is related at least in part to non - specifi c structural 
changes in the atria caused by the underlying cardiac 
pathology, but AF is uniquely prominent in some kindreds 
with each of these conditions.  26   AF can also present in 
other ion channelopathies like congenital LQTS type 4,  27   
Brugada syndrome  28   and short QT syndrome.  29   The high 
incidence of atrial arrhythmias in patients with short QT 
syndrome and gain of function mutations in  I  Ks   30   point to 
an important role for shortening of the action potential in 
the development of AF. Sodium channel gene ( SCN5A ) 
defects have also been associated with a syndrome of early -
 onset dilated cardiomyopathy and AF.  31   Moreover, muta-
tions in the gene for the nuclear membrane protein lamin 
A/C (LMNA) have pleiotropic non - cardiac and cardiac 
manifestations including dilated cardiomyopathy, AF, and 
conduction system disease.  32   Collectively, these studies 
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attest to the heterogeneous nature of AF and strongly 
suggest that defects in many more genes remain to be 
identifi ed.  

   AF   a ssociated with  c ardiac or  s ystemic  d iseases 

 Most patients with AF have one or more identifi able risk 
factors, but many or even most patients with these same 
risk factors do not develop AF. Thus, it is likely that genetic 
determinants favor AF in some individuals with identifi -
able risk factors. Studies comparing cases of non - familial 
AF to age -  and gender - matched controls (association 
studies) have provided insight into the genetic basis of 
 “ acquired ”  AF. One study evaluated a polymorphism in 
 KCNE1  and AF and identifi ed an association with the 38G 
allele. While the 38G allele appears to reduce  I  Ks   ,   33   mice 
lacking  KCNE1  are prone to AF due to an unexpected 
increase in  I  Ks,   34   suggesting that the consequences of ion 
channel mutations are not always straightforward. In addi-
tion, common DNA polymorphisms in  GNB3 ,  35    KCNE5 ,  36   
and  SCN5A  have all been associated with AF.  37   Over the 
last several years increasing evidence has arisen that renin -
 angiotensin - aldosterone (RAAS) activation may be an 
important risk factor for the development of AF. Retrospec-
tive analyses suggest that angiotensin - converting enzyme 
(ACE) inhibitor therapy is associated with a lower inci-
dence of AF and a placebo - controlled trial found a similar 
benefi cial effect of adding the angiotensin receptor blocker 
(ARB) irbesartan to amiodarone.  38   Additionally, a case –
 control study of 250 Taiwanese subjects with AF and 250 
controls identifi ed polymorphisms in this pathway as risk 
factors for AF.  39   Added support for the role of RAAS activa-
tion in the pathophysiology of AF comes from a recent 
study which demonstrated a pharmacogenetic interaction 
between the ACE  I/D  polymorphism and effi cacy of antiar-
rhythmic drug therapy in patients with lone AF.  40     

 The above studies in aging patients with non - familial AF 
in the presence of underlying heart disease suggest some 
form of heritable contribution to the pathogenesis of the 
more common forms of AF. These data are promising and 
may help clarify why some people develop AF under spe-
cifi c circumstances while others may not.  

  Uncovering  c ommon  g enes for  AF  

 A logical consequence of the availability of comprehensive 
genomic maps is the advent of high - density genome - wide 
searches for modest gene effects using large - scale testing 
of single nucleotide polymorphisms (SNPs). Such an 
approach has been suggested to tackle complex human 
diseases such as AF. Early proponents suggested the study 
of coding or promoting variants with potential functional 
signifi cance. Collins  et al  subsequently proposed that non -
 coding or evenly spaced SNPs with high density could be 

used to track disease loci through linkage disequilibrium.  41   
The availability of high - density mapping of marker SNPs 
and assessment of genomic structure, together with emerg-
ing information on functional pathways, have begun to 
provide powerful means of identifying genetic susceptibili-
ties to AF. In the fi rst genome - wide association study of AF, 
a novel locus on chromosome 4q25 has recently been iden-
tifi ed which confers a 1.6 – 2.0 (95% confi dence interval) -
 fold increased risk of the arrhythmia across multiple 
different populations.  42     

  Atrial  fl  utter 

 While there is signifi cant overlap among the risk factors for 
AF and atrial fl utter, in general these arrhythmias exhibit 
quite distinct biology and electrophysiology.  13   Atrial fl utter 
is commonly associated with the later stages of a broad 
range of congenital heart disease (CHD). There is extensive 
heterogeneity particularly in the most profound structural 
disorders, but increasing evidence of a heritable compo-
nent to many forms of CHD is accumulating. The associa-
tion of CHD with atrial fl utter has been attributed to 
abnormal atrial patterning, which may range from the 
extreme to the subtle, often with no other obvious manifes-
tations. Interestingly, atrial fl utter was found to be more 
strongly associated with the locus on chromosome 4q25 
than AF, at least suggesting that there may be common 
factors underlying the clinical presentation of some forms 
of these two arrhythmias.  42   Given the intrinsic biases of 
genome - wide association studies, these links might be far 
downstream of the primary causation, but nevertheless 
may have substantial effects on a population basis.  

  Sinus  n odal  f ailure 

 Classic Mendelian genetics have revealed several distinc-
tive mechanisms for sinus nodal disease. Mutations in the 
cardiac transcription factors Nkx 2.5 and Tbx 2.5 both cause 
defects in the differentiation and maintenance of special-
ized conduction tissues (particularly those of the AV node) 
and each causes subtle abnormalities of sinus impulse gen-
eration.  8,43 – 45   Similarly, several primary arrhythmic syn-
dromes including some forms of the LQTS also result in 
perturbations of sinus rhythm.  46   While in many instances 
potential mechanisms have been framed in terms of effects 
on transmembrane ion currents, data from genetic models 
of  SCN5A  and AnkB disease suggest that subtle trophic 
effects on myocardial structures may also play a role.  47,48   
Genetic models may also inform human studies at an 
earlier stage. Murine null alleles of the pacemaker channels 
 HCN2  and  HCN4  fi rst directly implicated these channels in 
normal sinus rhythm, and subsequent human genetic 
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 Table 44.2     Genetic arrhythmia syndromes associated with ventricular arrhythmias 

   Syndrome     Inheritance     Locus     Ion channel/protein     Gene  

  LQT syndrome (RW)    AD    11p15    I 
Ks

      KCNQ1   

     LQT1            I 
Kr

      KCNH2   

     LQT2            I 
Na

      SCN5A   

     LQT3            ankyrin B     ANK2   

     LQT4            I 
Ks

      KCNE1   

     LQT5            I 
Kr

      KCNE2   

     LQT6            I 
K1

      KCNJ2   

     LQT7            I 
Ca - L

      CACNA1C   

     LQT8            Caveolin - 3     CAV3   

     LQT9            I 
Na

      SCN4B   

     LQT10                  

     LQT syndrome (JLN)    AR    11p15    I 
Ks

      KCNQ1   

  21q22    I 
Kr

      KCNE1   

  Catecholaminergic polymorphic VT    AD    1q42         RYR2   

  AR    1p13 - p11         CASQ2   

  7p14 - p22          

  Brugada syndrome    AD    3p21    I 
Na

      SCN5A   

  3p22 – 25    I 
Na

      GPDL - 1   

  Short QT syndrome    AD    21q22    I 
Kr

      KCNH2   

  21q22    I 
Ks

      KCNQ1   

  17q23    I 
K1

      KCNJ2   

  Arrhythmogenic RV Cardiomyopathy    AD    14q23 – 24          

     ARVC1        1q42    Ryanodine receptor 2     RYR2   

     ARVC2        14q11 - q12          

     ARVC3        2q32          

     ARVC4        3p23          

     ARVC5        10p12 - p14          

     ARVC6        10q22          

     ARVC7        6p28    Desmoplakin     DSP   

     ARVC8        12p11    Plakophilin - 2     PKP2   

     ARVC9         18q12.1 - q12.2     Desmoglein - 2     DSG2   

   18q12.1     Desmocollin - 2     DSC2   

  Naxos disease    AR    17q21    Plakoglobin     JUP   

   JLN, Jervell – Lange - Nielsen; LQT, long QT; RV, right ventricular; RW, Romano – Ward; VT, ventricular tachycardia. See Table  44.1  for remaining 

abbreviations.   

studies have identifi ed mutations in the  HCN4  gene in 
sinoatrial disease.  49 – 52    

  Other  a trial  a rrhythmias 

 Virtually every known myocardial disease has been associ-
ated with some form of atrial arrhythmia. However, there 
are some rare associations which appear to be considerably 
more specifi c. A number of metabolic disorders, including 
mitochondrial diseases, glycogen or other storage disor-
ders, are strongly associated with prominent evidence of 
AV conduction disease, often with overt ventricular preex-
citation as well as frequent macro re - entrant and other 

atrial arrhythmias. For example, dominant mutations in the 
AMP - activated protein kinase gamma subunit (PRKAG2) 
have been shown to result in massive myocardial thicken-
ing, AV conduction system disease and ventricular pre -
 excitation.  53   These families had previously been included 
under the rubric of hypertrophic cardiomyopathy on the 
basis of their inheritance patterns, adult - onset and echocar-
diographic features. AF and atrial fl utter are common, but 
high - grade AV block is the dominant clinical arrhythmia in 
these kindreds. Clinical studies suggest that in many cases 
asymptomatic individuals are maximally pre - excited at 
rest, and therefore probably dependent on accessory AV 
connections from an early age.  54   These data defi ned a novel 
subset of  “ hypertrophic cardiomyopathy ”  illustrating the 
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potential utility of molecular nosology for cardiac disease, 
but also offer some unique insights into the mechanisms of 
normal AV electrical development.  53    

  Ventricular  a rrhythmias 

  Congenital  l ong  QT   s yndromes 

 The congenital LQTS are a group of genetic disorders that 
affect cardiac ion channels, characterized by prolongation 
of the QT interval, and risk for the life - threatening ven-
tricular tachycardia torsades de pointes. Shortly after the 
autosomal recessive syndrome of congenital deafness, pro-
longation of the QT interval, and sudden death was 
described by Anton Jervell and Fred Lange - Nielsen in 
1957,  55   Romano and Ward each independently described an 
 “ autosomal dominant ”  form without congenital deaf-
ness.  56,57   In the late 1990s the fi rst fi ve LQTS genes were 
identifi ed, all of which encode ion channel subunits that 
underlie the cardiac action potential.  3 – 5,58   The most com-
monly affected genes,  KCNQ1  and  KCNH2  (underlying 
LQT1 and LQT2 respectively), encode proteins that form 
the alpha - subunits of two major repolarizing potassium 
currents,  I  Ks  and  I  Kr . Two other LQTS genes encode for the 
corresponding beta - subunits ( KCNE1  and  KCNE2  underly-
ing LQT5 and LQT6, respectively). The other major LQTS 
gene,  SCN5A  (underlying LQT3), encodes the alpha - sub-
unit of the cardiac sodium channel. It is now accepted that 
patients with  “ Romano – Ward syndrome ”  carry a single 
mutation, while homozygous mutations (or compound 
heterozygotes) of  KCNQ1  or  KCNE1  cause Jervell – Lange -
 Nielsen (JLN) syndrome.  59,60   The extracardiac fi nding of 
congenital deafness requires the presence of two mutant 
alleles, and results from lack of functioning  I  Ks  in the inner 
ear.  61   JLN syndrome patients are also highly susceptible to 
arrhythmias; thus arrhythmia risk seems partly dependent 
on  “ gene dosage. ”   62   These fi ve classic forms of congenital 
LQTS result from mutations which reduce outward cur-
rents (I Ks  or I Kr ) or enhance inward current (I Na ), thereby 
prolonging action potential duration and, in turn, prolong-
ing the QT interval. 

 Additional ion channel mutations have been associated 
with rare arrhythmia syndromes (Andersen – Tawil syn-
drome,  KCNJ2 , and Timothy syndrome,  CACNA1C ) which 
may include QT prolongation, as well as signifi cant 
extracardiac phenotypes.  63,64   Andersen – Tawil syndrome 
patients do not uniformly display prolonged QT intervals, 
and due to clinical features that differ from LQTS, 
this syndrome is better termed ATS1 rather than LQT7.  65   
The previously termed LQT4 has been linked to mutations 
in  ANK2 , encoding the structural protein ankyrin - B, 
which when mutated results in altered localization and 
expression of ion channels.  27   Patients with  ANK2  mutations 

do not uniformly have prolonged QT intervals, and it has 
been suggested that LQT4 be renamed  “ sick sinus syn-
drome associated with bradycardia ”  or  “ ankyrin - B 
syndrome. ”   66   

 The incidence of congenital LQTS has been estimated at 
1 in 5000, and the incidence of JLN syndrome estimated as 
1 in 500 congenitally deaf individuals. Without treatment, 
13% of LQTS patients will suffer cardiac arrest or sudden 
death prior to 40 years of age; when syncopal events are 
included, 36% will have symptoms by age 40.  2   The JLN 
syndrome is more severe, with 90% experiencing syncope, 
cardiac arrest or sudden death by age 18, and mortality 
exceeding 25% even with therapy.  62   Important clinical dif-
ferences among affected patients depending on the under-
lying affected gene have been observed  –  so - called 
genotype - phenotype correlation. As the majority ( > 90%) of 
genotyped LQTS patients have LQT1, LQT2 or LQT3,  67   
most of the differences are observed among these geno-
types and include different ECG T - wave patterns,  68   clinical 
course,  69   triggers of cardiac events,  70   response to sympa-
thetic stimulation,  71,72   and effectiveness and limitations of 
beta - blocker therapy.  73   

  Pharmacologic  t herapy for  LQTS  
 Despite the genotype - specifi c aspects mentioned above, 
evidence - based therapeutic recommendations, for the most 
part, disregard the underlying genotype.  74   This is practical, 
as approximately one - third of patients with an unambigu-
ous clinical diagnosis of LQTS do not have mutations in 
any of the known LQTS genes. Beta - blockers and lifestyle 
modifi cations, including restriction from vigorous exercise 
and avoidance of drugs which prolong the QT interval, are 
recommended for all patients with a clinical diagnosis of 
LQTS  73   (Class I, Level B). While there are no placebo -
 controlled clinical trials of beta - blockers in LQTS, the data 
from retrospective comparisons of cohorts with and 
without therapy, event rates before and after beta - blocker 
therapy, and data from the International Registry provide 
convincing evidence (60% reduction in risk for cardiac 
events, and LQTS - related death).  73,75,76   Aside from beta -
 blockers no pharmacologic intervention has been sup-
ported by enough data to warrant evidence - based 
recommendations. Sodium channel blockers seem a logical 
choice for patients with LQT3, and mexiletine has been 
shown to shorten the QT interval both in  in vitro  models of 
LQT3 and in a small cohort of LQT3 patients.  77,78   Concerns 
about the safety of fl ecainide were raised when intravenous 
fl ecainide elicited a Brugada syndrome phenotype in six 
out of 13 LQT3 patients.  79   However, in eight LQT3 patients 
with a specifi c  SCN5A  mutation, oral fl ecainide shortened 
the QT and was safely tolerated chronically.  80   Elevating 
serum potassium, both acutely  81   and chronically with oral 
potassium and spironolactone, shortens the QT interval in 
LQT2.  82   Despite these potentially benefi cial effects on repo-
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larization, a reduction in cardiac events has yet to be dem-
onstrated with any drug other than beta - blockers.  

  Non -  p harmacologic  t herapy for  LQTS  
 Patients who have suffered a cardiac arrest should receive 
an implantable cardioverter - defi brillator (ICD), as 14% of 
those individuals will experience cardiac arrest or sudden 
death within 5 years, even with beta - blocker therapy  73   
(Class I, Level B). Patients with recurrent syncope on beta -
 blocker therapy also should undergo ICD implantation, as 
19% will have subsequent cardiac arrest, appropriate ICD 
shock or death  83,84   (Class IIa, Level B). Patients who do not 
meet the above criteria may be considered for prophylactic 
ICD implantation if they are in a category associated with 
a higher risk of cardiac arrest  74   (Class IIb, Level B). A 
combination of risk factors, including age, gender, geno-
type, history of syncope, and QT duration, contributes to 
an individual ’ s risk.  2   

 The largest LQTS study to date investigates predictors of 
life - threatening events during the high - risk period of ado-
lescence (2772 patients between age 10 and 20 years).  85   In 
this group, male gender (between age 10 and 12), QTC 
 ≥ 530, and recent syncope increased the risk for cardiac 
arrest or sudden death, while genotype was not predictive. 
In a recent large study of adults (812 patients  > 18 years), 
female gender, QTc  ≥ 500, and interim syncope increases the 
risk of life - threatening events.  75   Genotype did not increase 
risk of cardiac arrest or sudden death, but LQT2 patients 
were at increased risk of any cardiac event. Previous studies 
suggested that patients with LQT2 or LQT3 had a higher 
risk of symptoms or death on beta - blockers compared to 
LQT1 patients.  2,70,73   The JLN syndrome would be consid-
ered a high - risk category, with 27% suffering cardiac arrest 
or sudden death    on beta - blocker therapy, and 51% remain-
ing or becoming symptomatic on therapy  63   (Class IIb, 
Level B). Timothy syndrome (LQT8), associated with syn-
dactyly and multiorgan dysfunction, is perhaps the most 
severe form of LQTS, with 10 of the fi rst 17 described chil-
dren dead at an average age of 2.5 years.  64   Left cardiac 
sympathetic denervation (LCSD) may be considered for 
patients with LQTS and syncope or cardiac arrest despite 
beta - blocker therapy, those intolerant to beta - blockers or 
those with ICDs to reduce appropriate shocks (Class IIb, 
Level B). The published experience with LCSD is from 147 
 “ high - risk ”  patients  –  75% with cardiac events despite 
beta - blockers, nearly half with a history of cardiac arrest, 
and an average QTc of 543    ±    65   ms.  86   LCSD was highly 
effective in reducing the frequency and occurrence of 
syncope and cardiac arrest in this high - risk group, with a 
91% reduction in cardiac events. The 5 - year survival was 
95%, and 65% were asymptomatic or had only a single 
episode of syncope during 7 years of follow - up. Protection 
was not complete, however, as 34% had cardiac arrest or 
sudden death after LCSD.   

  Short  QT   s yndrome 

 Just as abnormally long QT intervals increase the risk of 
sudden death, it has been recognized since the 1990s that 
excessively short QT intervals are also associated with 
increased mortality.  87   In 2000, a new genetic arrhythmia 
syndrome was suggested when persistently short QT inter-
vals were noted in a family with atrial fi brillation and in 
an unrelated patient who suffered sudden death.  88,89   Sub-
sequently, two other families with short QT intervals, short 
atrial and ventricular effective refractory periods and 
inducible ventricular fi brillation (VF) at electrophysiology 
study were reported.  30   The ECG in these patients with 
 “ short QT syndrome ”  reveals not only a short QT interval, 
but an absence of the ST segment and abnormally tall 
T - waves in many. In short QT syndrome patients, identifi -
cation of  “ gain - of - function ”  mutations in  KCNH2 ,  KCNQ1 , 
and  KCNJ2  followed only 4 – 5 years after the initial descrip-
tion of the syndrome.  29,90,91   

 The true prevalence of short QT syndrome is unknown, 
but it appears to be exquisitely rare. In two separate popu-
lation studies of 10 – 12   000 subjects, a QTc  < 320 was observed 
rarely (0 – 0.1%), and those with the shortest QT values did 
not have higher mortality than the rest of the popula-
tion.  92,93   No ECGs with QTc  < 300 were observed in a hos-
pital - based study of  > 100   000 patients.  94   The rarity of the 
syndrome, and the fact that it is relatively newly recog-
nized, results in a small cohort of published cases (29 in the 
largest study).  95   The reported cases of short QT syndrome 
have absolute QT intervals between 210 and 320   ms, and 
corrected QT intervals between 250 and 340   ms, as well as 
a personal or family history of sudden death or aborted 
sudden death.  95,96   Cardiac arrest is the most frequent 
symptom (31%) and, unfortunately, is often the fi rst clinical 
presentation. As with any new syndrome, the initially rec-
ognized cases are the most severe, therefore the high inci-
dence of sudden death in these patients is not terribly 
surprising. The risk for VF in short QT syndrome may 
stem from an increased transmural dispersion of repolar-
ization.   97   Other symptoms include presyncope, syncope, 
palpitations, and atrial fi brillation. Electrophysiology study 
may be useful to confi rm the diagnosis, as short atrial and 
ventricular refractory periods accompany the syndrome; 
however, the predictive value of inducible VF is poor (only 
three of six patients with a history of VF had inducible VF 
at electrophysiology study).  95   Defi brillator therapy has 
been recommended for these patients, but is complicated 
by the potential for frequent inappropriate shocks due to 
oversensing of the high - amplitude T - waves in this disor-
der  98   (Class IIa, Level C). As more patients with short QT 
syndrome are identifi ed, clinical heterogeneity will likely 
be uncovered and risk stratifi cation may become possible. 
Multiple drugs, including fl ecainide, sotalol, ibutilide, and 
quinidine, have been tested in a few short QT syndrome 
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patients.  99   Quinidine signifi cantly prolonged the QT inter-
val and ventricular refractory period, and prevented induc-
ibility of VF. Interestingly, quinidine seems to prolong the 
QT to greater degrees in patients with  KCNH2  mutations.  95   
At this time, there are no data on the effi cacy of quinidine 
to reduce symptoms or clinical events, but the effects in 
patients and in  in vitro  models suggest that quinidine may 
be useful to reduce appropriate ICD shocks or in those who 
refuse an ICD  100   (Class IIb, Level C).  

  Catecholaminergic  p olymorphic 
 v entricular  t achycardia 

 Catecholaminergic polymorphic ventricular tachycardia 
(CPVT) is a genetic arrhythmia syndrome that may lead to 
syncope or sudden death in young children with normal 
hearts.  101   Linkage of CPVT to chromosome 1q42 - q43  102   was 
followed by identifi cation of mutations in the cardiac 
ryanodine receptor (RYR2).  103   Mutations in calsequestrin 2 
( CASQ2 ) have also been identifi ed in an autosomal reces-
sive form of CPVT.  104,105   A third locus has been linked to 
chromosome 7p14 - p22 in a family with autosomal reces-
sive CPVT, but the gene has not yet been identifi ed.  106   
Abnormal calcium release from the SR seems to be a 
common mechanism underlying CPVT mutations. Experi-
mental studies simulating adrenergic stimulation in the 
setting of abnormal calcium release reveal epicardial origin 
of ectopic beats increasing transmural dispersion of repo-
larization, providing the substrate for catecholaminergic 
VT. Furthermore, bidirectional VT results as a consequence 
of alternation in the origin of ectopic activity between 
endocardial and epicardial regions.  107   

 The familial transmission, risk of physical or emotional 
stress, and benefi ts of beta - blocker therapy have been rec-
ognized since the early reports of CPVT.  101,108   Swimming -
 triggered events, previously thought to be specifi c for 
LQT1, have been associated with CPVT as well.  109   The inci-
dence of CPVT is unknown, but it is likely underdiag-
nosed. A high index of suspicion is necessary, with exercise 
testing often required to make the diagnosis. In contrast to 
LQTS, the baseline ECG is normal, although resting sinus 
bradycardia has been noted.  110   Exercise induces a charac-
teristic bidirectional VT, which may be asymptomatic; 
however, polymorphic VT and ventricular fi brillation may 
also occur.  111   Electrophysiology study with programmed 
ventricular stimulation usually does not provoke any 
arrhythmias. The disease is highly lethal, with a mortality 
rate in untreated individuals of 30 – 50% by age 40.  112   Beta -
 blockers are recommended for all patients with CPVT  74   
(Class I, Level C). In one series, 98% of patients were 
symptom free for 2 years on beta - blockers  110   but a second 
study with longer follow - up (40 – 50 months) revealed 
arrhythmias in 18/39 CPVT patients on beta - blockers.  111   
Defi brillator therapy is recommended for CPVT patients 

who have survived cardiac arrest (Class I, Level C) and 
for those with syncope or sustained VT on beta - blockers  74   
(Class IIa, Level C).  

  Brugada  s yndrome 

 Brugada syndrome refers to a typical ECG pattern (ST 
elevation in the right precordial or, rarely, inferior leads) 
associated with a risk of ventricular arrhythmias and 
sudden death.  113   With improved recognition of the syn-
drome, it is now apparent that most, if not all cases of 
sudden unexplained nocturnal death syndrome (SUNDS)  114   
and some sudden infant death syndrome (SIDS) cases are 
due to Brugada syndrome.  115,116   

 The fi rst Brugada syndrome gene to be identifi ed was 
 SCN5A , the same gene underlying LQT3.  9   Brugada syn-
drome  SCN5A  mutations result in reduced sodium current, 
as opposed to augmented late sodium current in LQT3. 
Experimental studies have revealed that loss of sodium 
current leaves the transient outward current (I to ) unop-
posed, resulting in the characteristic ECG as well as an 
increased risk for ventricular tachycardia and fi brillation.  117   
Interestingly, fever has been reported to unmask the ECG 
fi ndings and elicit storms of ventricular tachycardia in 
Brugada syndrome.  118,119   Correspondingly, some mutations 
have temperature - dependent functional consequences.  120   
Only 20% of Brugada syndrome patients have  SCN5A  
mutations, suggesting that other genes are also important. 
In one large Brugada syndrome family, a mutation in glyc-
erol - 3 - phosphate dehydrogenase 1 - like gene ( GPD1L ), 
which also affects sodium current, has been identifi ed.  121   
Additionally, mutations in  CACNA1C  have been identifi ed 
in patients with Brugada syndrome and shorter than 
normal QT intervals.  122   

 The electrocardiographic fi ndings in Brugada syndrome 
are dynamic and may be concealed, but can be unmasked 
by sodium channel - blocking drugs such as fl ecainide, 
ajmaline or procainamide.  123   This makes determination of 
the true prevalence diffi cult. Large population studies from 
Japan estimate the prevalence at between 0.1% and 0.7%, 
but it is likely lower in North America and Europe.  124,125   The 
prevalence is lower among schoolchildren (0.02%), who 
may not yet manifest ECG changes.  126   The disease expres-
sion is signifi cantly affected by gender as well, as 90% of 
diagnosed patients are male. An ICD is the only proven 
effective therapy and is recommended for patients with 
Brugada syndrome and a previous cardiac arrest as they 
are at the highest risk for a recurrence (69% at 54 months 
of follow - up)  74,127   (Class I, Level B). A single randomized 
controlled trial comparing an ICD to beta - blockers was 
performed in survivors of SUNDS, most of whom had 
Brugada syndrome. In total there were seven deaths (18%) 
in the beta - blocker group and no deaths in the ICD group 
but there were a total of 12 ICD patients who received ICD 
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discharges due to recurrent ventricular fi brillation.  128   An 
ICD is also recommended for patients with a spontaneous 
Brugada - pattern ECG who have a history of syncope, as 
these patients have a recurrence rate of 19% at 26 months 
of follow - up  129   (Class IIa, Level C). Patients with no history 
of syncope, and who require drug challenge to elicit the 
Brugada ECG are at minimal risk, and may be clinically 
monitored (Class IIa, Level C). Although quinidine, likely 
by blocking I to , has demonstrated some protective 
effects,  130,131   recommended use in Brugada syndrome is an 
adjunct to ICD or for the treatment of electrical storm  74   
(Class IIb, Level C). The role of electrophysiology study 
for risk stratifi cation is controversial, with differing results 
in separate large cohorts.  132 – 134   The negative predictive 
value in asymptomatic individuals appears high, while the 
positive predictive value is poor in all cohorts studied. At 
this time, an electrophysiology study may be considered in 
asymptomatic individuals with a spontaneous Brugada 
ECG, as they have an intermediate risk of sudden death  74   
(Class IIb, Level C).  

  Hypertrophic  c ardiomyopathy 

 Hypertrophic cardiomyopathy (HCM) represents a geneti-
cally diverse group of disorders associated with a variety 
of cardiac arrhythmias. HCM typically displays an autoso-
mal dominant pattern of inheritance, with most cases 
attributable to defects in various components of the cardiac 
sarcomere.  135   Mutations in PRKAG2 underlie a specifi c 
phenotype consisting of HCM, Wolff – Parkinson – White 
(WPW) syndrome, premature conduction disease, and the 
presence of glycogen vacuoles in myocytes.  136   Various 
arrhythmias are observed in HCM, including atrial fi bril-
lation and fl utter, ventricular tachycardia and ventricular 
fi brillation. HCM is covered in detail in Chapter  50   ; here 
we will limit our discussion to risk stratifi cation and treat-
ment of ventricular arrhythmias and sudden death. 

 It is important to recognize that treatment strategies for 
relief of left ventricular outfl ow obstruction and associated 
symptoms such as exercise intolerance and chest pain are 
independent of arrhythmia and SD management. The SD 
risk in HCM varies with age (2 – 4% per year in children, 1% 
per year in adults), and HCM is the leading cause of sudden 
death in young athletes in the United States.  137   Various 
major risk factors for sudden death have been identifi ed, 
including prior cardiac arrest (ventricular fi brillation), 
spontaneous sustained ventricular tachycardia, family 
history of SD, history of syncope, septal thickness  > 3   cm, 
abnormal blood pressure response to exercise, and non -
 sustained ventricular tachycardia.  138   An ICD is indicated 
for patients with a history of sustained ventricular fi brilla-
tion or tachycardia, as these patients have a high rate of 
appropriate ICD discharge (11% per year)  74,139   (Class I, 
Level C). Additionally, an ICD is recommended for patients 

with two or more major risk factors, and should be consid-
ered for patients with one major risk factor (Class IIa, 
Level C). Amiodarone has shown survival benefi t in non -
 randomized studies  140   but is likely inferior to ICD, and is 
therefore indicated only when an ICD is not feasible  74   
(Class IIa, Level C). Patients with symptoms suggestive of 
arrhythmias such as palpitations or syncope or presenting 
with sustained supraventricular arrhythmias should 
undergo comprehensive invasive electrophysiology testing, 
as should patients with WPW on ECG. Electrophysiology 
testing for risk stratifi cation is controversial, with one 
group presenting data suggesting poorer outcome in 
patients with inducible VT  141   (Class IIb, Level C). Many 
feel that the electrophysiology study adds little to non -
 invasive means of risk stratifi cation.  142    

  Arrhythmogenic  r ight 
 v entricular  c ardiomyopathy 

 Arrhythmogenic right ventricular cardiomyopathy (ARVC) 
is a genetic cardiomyopathy characterized by ventricular 
arrhythmias and structural abnormalities of the right ven-
tricle, resulting from progressive fi brofatty infi ltration of 
right ventricular myocardium.  143   It may be a relatively 
common cause of ventricular tachycardia in young patients 
with previously unrecognized heart disease, and accounts 
for up to 10% of unexpected sudden death,  144   though its 
prevalence may vary by geographic location.  145   The diag-
nosis of ARVC is based on clinical criteria including struc-
tural abnormalities, tissue characterization, abnormalities 
in depolarization or repolarization, arrhythmias, and 
family history.  146   These criteria are often subjective and 
may be too stringent, especially for family members of 
patients with known ARVC.  147   Familial occurrence of ARVC 
is well recognized, most commonly with autosomal domi-
nant inheritance. 

 Genetic heterogeneity has been fi rmly established, and 
linkage analysis has identifi ed nine distinct genetic loci. To 
date, fi ve genes have been identifi ed in autosomal - domi-
nant ARVC: the cardiac ryanodine receptor ( RYR2 ) in 
ARVC2,  148   desmoplakin ( DSP ) in ARVC8,  149   plakophilin - 2 
( PKP2 ) in ARVC9,  150   desmoglein - 2 ( DSG2 )  151   and desmocol-
lin - 2 ( DSC2 ).  152   ARVC2 is a rare and atypical form, with 
only mild structural abnormalities and a characteristic bidi-
rectional VT very similar to CPVT. It is still unclear whether 
such patients fulfi l the diagnostic criteria for ARVC. Muta-
tions in the non - coding region of the transforming growth 
factor  β 3 have been identifi ed in one kindred with ARVC1.  153   
One form of ARVC, inherited in an autosomal - recessive 
fashion, is associated with wooly hair and palmoplantar 
keratoderma (Naxos disease) and caused by mutations in 
plakoglobin (JUP).  154   Five of the seven identifi ed genes 
encode key components of the desmosome  –  protein com-
plexes which provide structural and functional integrity to 
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adjacent cells, suggesting that ARVC is a disease of the 
desmosome. 

 Management is problematic in patients with ARVC. 
Patients may simultaneously be at risk for lethal arrhyth-
mias, yet experience frequent, short episodes of minimally 
symptomatic arrhythmias. The annual incidence of sudden 
death ranges from 0.08% to 9%, and ARVC is the top cause 
of SD in athletes in one Italian series.  155   Patients with ARVC 
who have a history of aborted sudden cardiac death or 
sustained ventricular tachycardia warrant placement of an 
ICD  74   (Class I, Level B). Otherwise, there is currently little 
information available to help decide which patients merit 
placement of a prophylactic ICD. Several clinical features 
have been proposed as markers of an increased risk of 
sudden death, including disease severity, history of 
syncope, family history of sudden death, and left ventricu-
lar involvement; an ICD can be considered in these 
patients  74   (Class IIa, Level C). Adjunctive medical or 
attempted ablation therapy is often necessary to limit the 
frequency discharges, especially for minimally symptom-
atic arrhythmias. Response to beta - blockers is variable, but 
sotalol or amiodarone can be effective for prevention of 
VT  74,156   (Class IIa, Level C). Catheter ablation may be used 
as adjunctive therapy, but remains unproven as long - term 
therapy in this condition (Class IIb, Level C). The role of 
electrophysiology testing is unclear at this time, but had 
excellent negative predictive value in one study among 
individuals with  “ probable ARVC ”  (three Task Force crite-
ria), suggesting that low - risk individuals may be identi-
fi ed  157   (Class IIb, Level C).   

  Conclusion 

 In the last decade the identifi cation of gene defects in a vast 
array of monogenic disorders has revolutionized our 
understanding of the basic mechanisms underlying numer-
ous disease processes. Mutations in cardiac ion channels 
have been identifi ed as the basis of a wide range of inher-
ited arrhythmia syndromes, including congenital long and 
short QT syndromes, Brugada syndrome, Lenegre syn-
drome, Andersen – Tawil syndrome, and familial atrial 
fi brillation. More recently, it has been observed that not 
only transmembrane cardiac ion channels cause cardiac 
arrhythmias, but also intracellular channel and non - ion 
conduction proteins that may be pathophysiologically 
linked to inherited arrhythmias. The identifi cation of genes 
underlying the inherited arrhythmia syndromes has greatly 
contributed to our understanding of the substrates for 
arrhythmia development but an unexpected complexity 
has emerged in the genotype/phenotype relationship. Phe-
notypic expression of a given mutation does not always 
appear to be uniform in patients, implying a contribution 
from environmental factors and/or presence of other 

genetic modifi ers. The marked clinical heterogeneity asso-
ciated with these inherited arrhythmia syndromes has led 
to the development of a multifactorial ( “ multiple hits ” ) 
concept of arrhythmogenesis in which causal gene muta-
tions have a major effect on disease that is further modifi ed 
by factors such as age, gender, autonomic tone, and envi-
ronmental triggers.  
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   Introduction 

 Arrhythmogenic right ventricular cardiomyopathy (ARVC) 
is a disorder characterized clinically by ventricular arrhyth-
mia, heart failure and sudden death, and histologically by 
cardiomyocyte loss and replacement with fi brous or fi bro -
 fatty tissue. The estimated prevalence of ARVC is 1 in 5000 
of the population. It is an important cause of sudden 
cardiac deaths in athletes and in people under 35 years. In 
many individuals, the disease is caused by mutations in 
genes that encode different components of the intercalated 
disc of cardiomyocytes. Clinically, ARVC is diffi cult to 
diagnose, usually requiring integration of data from family 
members, electrocardiography and a range of imaging 
techniques. Management of ARVC focuses on treatment of 
symptomatic arrhythmia, prevention of sudden cardiac 
death and, in the later stages of the disease, heart failure 
management.  

  History 

 In 1952 Dr Henry Uhl described a case of  “ almost total 
absence of the myocardium of the right ventricle ”  in an 
8 - month - old girl.  1   The case was characterized by complete 
heart block and right ventricular failure. At post mortem 
the myocardium of the left ventricle was normal and there 
was a sharp demarcation line between this and the very 
abnormal right ventricle in which there was virtually com-
plete loss of the myocardium. There was no evidence of 
ischemic change or infl ammation and the cause was 
assumed to be a maldevelopment or dysplastic process. 

 The fi rst description of an ARVC was in 1978, when 
detailed electrocardiography readings of four French 

patients with right ventricular dysplasia associated with 
arrhythmia were reported.  2   In the same journal there was 
a report of two French patients in their sixth decade of life 
presenting with recurrent ventricular tachycardia of left 
bundle branch bock (LBBB) morphology resistant to 
medical therapy. Clinical examination, angiography and 
ultimately post - mortem examination identifi ed what was 
described as  “ the parchment right ventricle syndrome of 
the adult. ”   3   

 A case series of 24 patients published 4 years later identi-
fi ed the characteristics of the typical patient with what is 
now called arrhythmogenic right ventricular cardiomyopa-
thy. The mean age at presentation (in those who had symp-
toms) was 39 years, and the male/female ratio was 2.7:1. 
Almost 90% of the patients had T - wave inversion in the 
right precordial leads. Ventricular postexcitation waves 
(epsilon waves) were present in one - third of patients. All 
but one of the patients had spontaneously occurring ven-
tricular tachycardia with a LBBB confi guration. In those 
who underwent echocardiography, the ratio of right to left 
ventricular size was increased, and wall motion abnormal-
ity of the right ventricle was seen in the majority. One 
patient had a wall motion abnormality of the posterior wall 
of the left ventricle. Morphologic fi ndings were confi rmed 
in 13 patients during surgical intervention. The right ven-
tricle was invariably enlarged and there were discrete areas 
of segmental dilation associated with dyskinetic wall 
motion and aneurysms. The authors reported the most 
common location of these right ventricular aneurysms to 
be the anterior surface of the right ventricular outfl ow tract, 
apex and inferior wall, and coined the term  “ the triangle 
of dysplasia. ”  There was frequently an increase in subepi-
cardial fat over these areas and depletion in the numbers 
of muscle fi bers. The amount of fi brosis was variable. On 
microscopy some hypertrophy of the remaining myofi bers 
was noted, and there was a varying degree of lymphocytic 
infi ltration.  4   One of the patients came from a family 
reported 4 years earlier in a description of seven cases of 
familial ventricular tachycardia.  5   
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 The fi rst gene mutation to be associated with ARVC was 
identifi ed in patients with a recessive cardiocutaneous syn-
drome characterized by wooly hair, palmoplantar kerato-
derma and ARVC common on the Greek island of Naxos.  6   
The locus for Naxos disease was mapped to chromosome 
17 (17q21), and subsequently a deletion in the gene encod-
ing plakoglobin was identifi ed as the disease - causing 
mutation.  7,8   Plakoglobin is a constituent protein in both 
adherens and desmosomal cell – cell junctions. Subsequent 
evaluation of other related desmosomal genes in ARVC 
patients with more typical autosomal dominant disease has 
identifi ed disease - causing mutations in a further four genes 
encoding other desmosomal proteins. 

 The structure of the right ventricle renders it inherently 
more diffi cult to image than the left ventricle, but improve-
ments in imaging techniques over the past decade have 
broadened the clinical spectrum of the disease by identify-
ing patients at an earlier, often asymptomatic stage. Cardiac 
magnetic resonance imaging in particular has demon-
strated a high prevalence of left ventricular involvement in 
many patients, illustrating the heterogeneity in disease 
expression.  9 – 13    

  Epidemiology 

 In most populations the prevalence of ARVC is unknown. 
An apparent cluster of disease is reported in the Veneto 
region of Italy, with a frequency of 1 per 5000, but it is 
unclear whether this is a true clustering or a refl ection of 
local interest and expertise in the disease. Nevertheless, the 
limited information available suggests that ARVC is an 
important cause of premature sudden cardiac death. A ret-
rospective review of a French post - mortem series identifi ed 
ARVC as a likely cause of death in 10% of the population 
aged 1 – 65 years.  14   Prospective studies of an Italian cohort 
aged 12 – 35 years found evidence of ARVC in 12% of those 
who suffered a sudden cardiac death.  15   A population - based 
study from the USA identifi ed pathologic changes of ARVC 
in 17% of sudden death victims under 40 years of age.  16   
Other authors report that up to 25% of sudden deaths in 
athletes are due to ARVC.  17    

  Pathology 

 In the early stages, abnormal pathologic fi ndings are local-
ized to the apical, infl ow and infundibular areas of the right 
ventricle.  4   With disease progression, the left ventricle, par-
ticularly the posterolateral wall, is often involved, with 
relative sparing of the interventricular septum. In some 
cases, the pathologic abnormalities may be confi ned to the 
left ventricle.  18,19   

 Macroscopic examination of the heart shows diffuse or 
focal thinning of the right ventricular wall, affecting the 
subepicardium more than the subendocardium, with aneu-
rysm formation in up to 50% of cases.  18,20   Histologically, 
there is myocardial atrophy and fi bro - fatty replacement. 
Islands or strands of surviving myocytes exhibit a combi-
nation of degenerative change with myocyte vacuolation, 
often associated with focal mononuclear infl ammatory cell 
infi ltrates.  21 – 24   In some cases, typical histologic fi ndings 
may be present in the absence of any macroscopic fea-
tures.  25   A second histologic pattern, characterized by trans-
mural infi ltration of adipose tissue without fi brous 
replacement or wall thinning, has been considered to be an 
earlier stage of the condition  22,26   but this can be a normal 
fi nding, particularly in older women.  20   

 A number of studies have reported evidence of apoptosis 
in ARVC which is not found in normal controls, patients 
undergoing post - transplant surveillance or in patients with 
structurally normal hearts and VT arising from the RV 
outfl ow tract.  27 – 30   Apoptosis is more common in patients 
with a short (less than 6 months) clinical history and acute 
symptoms and signs.  27   Apoptosis is present to an equiva-
lent degree in children and adults with ARVC.  28   

 Endomyocardial biopsies from some ARVC patients 
have been found to contain enteroviral RNA with homol-
ogy to Coxsackie virus type B. In one study similar propor-
tions of patients with myocarditis or dilated cardiomyopathy 
were positive for viral RNA but none of the control patients 
with non - infl ammatory cardiac disorders.  31   Other studies 
have failed to confi rm these fi ndings, which may refl ect 
patient selection and differences between inherited and 
sporadic, non - familial forms of ARVC.  32 – 37    

  Genetics 

 Systematic family studies have shown that ARVC is inher-
ited in up to 50% of cases.  38   Numerous genetic loci have 
been identifi ed (Table  45.1 ). The mode of transmission is 
usually autosomal dominant with variable penetrance, but 
autosomal recessive forms are well recognized and pro-
vided the fi rst insights into the genetic basis of ARVC. In 
1986, an autosomal recessive syndrome characterized by 
cardiomyopathy, wooly hair and palmoplantar kerato-
derma was described in families from the Greek island of 
Naxos.  6   The cardiac phenotype of this syndrome replicates 
the clinical and histopathologic characteristics of typical 
ARVC.  39   Subsequent molecular genetic investigations in 
families with Naxos disease revealed a homozygous muta-
tion in the gene encoding plakoglobin, a member of the 
armadillo protein family found in adherens and desmo-
somal junctions between cardiomyocytes. Families with a 
similar cardiocutaneous phenotype are reported from other 
Mediterranean areas,  40 – 43   India  44   and South America.  45   The 
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  Table 45.1     Genetic loci identifi ed in association with  ARVC  

   Subtype     Loci     Reference  

  ARVC 1    14q23 – 24    Rampazzo, 1994  53    

  Transforming growth factor  β 3 (?)    Beffagna, 2005  54    

  ARVC 2    1q42 – 43    Rampazzo, 1995  107    

  Ryanodine 2 receptor    Tiso, 2001  52    

  ARVC 3    14q12 – 22    Severini, 1996  108    

  ARVC 4    2q32    Rampazzo, 1997  109    

  ARVC 5    3p23    Ahmad, 1998  110    

  ARVC 6    10q22.3    Melberg, 1999  111    

  ARVC 7    10p12 – 14    Li, 2000  112    

  ARVC 8    6p24    Rampazzo, 2002  11   3   

  Desmoplakin  

  ARVC 9    12p11    Gerull, 2004  46    

  Plakophilin 2  

  ARVC 10    18q12.1 – 12.2    Pilichou, 2006  94    

  Desmoglein 2  

  ARVC 11    18q12.1    Syrris, 2006  114    

  Desmocollin 2  

cause in many of these families is an autosomal recessively 
inherited mutation in the gene encoding desmoplakin.   

 The intercalated discs are end - to - end connections 
between cardiomyocytes that maintain mechanical and 
electrical integrity between cells. They consist of three main 
components: the adherens junction, the desmosome, and 
gap junctions. Desmosomes are the secondary mechanical 
intercellular junctions, present in abundance in epithelial 
tissues and the myocardium. Plakoglobin links the inter-
mediate fi lament network to the cytoplasmic tails of the 
cadherin proteins which extend into the intercellular space 
and have adhesive functions, although the precise mecha-
nism by which they achieve this function is unknown. Des-
moplakin is a protein of the plakin family of cytolinkers 
and is located deeper in the cytoplasmic plaque of the 
desmosome. It appears to be an obligate component of the 
desmosomal junction.  37   

 The involvement of plakoglobin and desmoplakin genes 
in these recessive forms of ARVC led to the examination of 
these and other desmosomal protein genes in the more 
common dominant ARVC phenotype. Plakoglobin has 
only been associated with autosomal recessive ARVC to 
date. Desmoplakin, on the other hand, accounts for 16% of 
dominant ARVC cases. Genes implicated only in autoso-
mal dominant disease include plakophilin 2 (PKP2) 
accounting for 25 – 43% of cases,  46 – 48   desmoglein (DSG2) 
(10% of cases), and desmocollin (DSC2). 

 The discovery that many cases of ARVC are  “ desmo-
somal ”  diseases has led to a simplistic theory of pathogen-
esis in which disruption of desmosomal integrity causes 
separation of myocardial cells under conditions of mechan-

ical stress. Detached myocytes die and are replaced by 
fi bro - fatty tissue. The predilection for the right ventricle 
can be explained by the relative thinness of the RV walls in 
comparison with the left ventricle; the tendency for lesions 
to develop in the  “ triangle of dysplasia ”  is explained by the 
fact that the RV infl ow, apex and outfl ow are the regions of 
maximal mechanical stress. 

 While this theory may explain the ultrastructural changes 
associated with ARVC and, indeed, the apparently aggres-
sive form of the disease in those who partake in endurance 
training,  49   it does not account for the disproportionate ten-
dency to arrhythmia. Evaluation of a small number of 
patients with Naxos disease has shown that expression of 
connexin 43, a major gap junction protein, is markedly 
reduced in both the left and right ventricles, even at an 
early age of disease development. A reduction in the 
number and size of the gap junctions may result in an 
electrical coupling defect which increases the propensity to 
arrhythmia and may explain the occurrence of sudden 
death in patients without marked morphologic changes.  50   

 Two non - desmosomal genes have been associated with 
ARVC. Mutations in the ryanodine receptor gene (RYR2) 
were reported in association with a localized form of ARVC, 
but mutations in this gene more typically cause catechol-
aminergic polymorphic VT (CPVT) and are no longer clas-
sifi ed as a subtype of ARVC.  51,52   A mutation in the 
transforming growth factor beta 3 (TGF β 3) gene has also 
been described, but the mutation occurs in an intronic 
region of the gene and only one of the three originally 
described ARVC1 families has a TGF β 3 mutation. Func-
tional studies have shown an alteration in the expression of 
the TGF β 3 gene resulting in increased fi brosis. Whether this 
represents true ARVC or not remains controversial.  53,54    

  Natural  h istory 

 The natural history of ARVC can be divided into four 
phases.  38   In phase one (the  “ concealed ”  phase) patients are 
asymptomatic with few if any morphologic abnormalities. 
In the absence of systematic post - mortem evaluation of the 
right ventricle, the diagnosis may be missed at this stage 
and so the incidence of sudden death in this phase may be 
underestimated. In the second (electrical) phase, symptoms 
of arrhythmia occur and morphologic structural and func-
tional abnormalities are easier to identify. The third phase 
is marked by the classic right ventricular functional abnor-
malities that can progress to right ventricular failure with 
relatively preserved left ventricular function. The fi nal or 
end - stage is associated with the development of biven-
tricular systolic impairment. Although a useful disease 
paradigm, it is not inevitable that affected persons will 
progress through all phases as described. Moreover, mul-
tiple (mostly unknown) factors infl uence the clinical mani-
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festations and natural history of the condition. It is generally 
thought that physical training and exercise both increase 
the risk of arrhythmic events in affected individuals and 
result in more aggressive disease progression.  17,49,55 – 57   Some 
patients demonstrate left ventricular involvement early in 
the disease, and may have predominant left ventricular 
disease.  58 – 60    

  Clinical  f eatures 

 The fi rst presentation of the disease is often sudden cardiac 
death in previously asymptomatic individuals, including 
young children and teenagers.  14,55,61,62   Occasionally, patients 
will have experienced syncope in the months preceding 
their death.  14,56,63   An imbalance of adrenergic activity has 
been suggested as a possible factor in the genesis of lethal 
ventricular arrhythmias; thus exposure to catecholamines 
(particularly during exercise) may increase the risk of 
sudden death.  64   

 Patients usually present with symptoms between the 
second and fi fth decades of life. Syncope, palpitations and 
chest pain are common, but family studies have shown that 
most affected individuals are asymptomatic, particularly in 
the early stages.  65,66   With disease progression, features of 
right and later biventricular failure may be present.  

  Diagnosis 

 Accurate diagnosis of ARVC is notoriously diffi cult at post 
mortem and in living patients. The gold standard for 
making the diagnosis is the demonstration of transmural 
fi bro - fatty replacement of right ventricular myocardium. 
However, endomyocardial biopsy has a substantial false -
 negative rate caused by the patchy distribution of the 
disease and the fact that the interventricular septum, which 
is the site of choice for endomyocardial biopsy, is often 
relatively spared. In an attempt to address this diffi culty, a 
task force of international experts was convened, under the 
auspices of the Scientifi c Council of the International 
Society and Federation of Cardiology (ISFC) and the Euro-
pean Society of Cardiology Working Group on Myocardial 
and Pericardial Diseases. The Task Force reviewed the evi-
dence available at the time in order to agree a set of clinical 
diagnostic criteria. They grouped clinical criteria into 
six categories, and assigned either major or minor status to 
each criterion depending on the degree of specifi city for the 
diagnosis. A cumulative scoring system was devised 
with agreed thresholds for making a clinical diagnosis. The 
presence of two major criteria from different categories, or 
one major and two minor, or four minor criteria, all from 
different categories, is considered diagnostic of ARVC  67   
(Box  45.1 ).   

  Imaging 

 Morphologic abnormalities of the right ventricle are chal-
lenging to identify  in vivo , particularly when they are rela-
tively subtle. At the time of publication of the Task Force 
criteria the most commonly used imaging modality was 
cine - angiography of the right ventricle. This has been 
largely replaced by transthoracic echo which, in addition 
to the detection of ARVC, has a major role in the exclusion 

BOX 45.1  Criteria for diagnosis of  ARVC    (adapted from 
McKenna  et al   67  )   

       1.      Family history   
   Major   

   •      Familial disease confi rmed at necropsy or surgery    
   Minor  

    •      Family history of premature sudden death ( < 35 years) 
due to suspected right ventricular cardiomyopathy  

   •      Family history of clinical diagnosis based on the 
present criteria      

  2.      Tissue characterization of walls  
    Major   

   •      Fibro - fatty replacement of myocardium demonstrated 
on endomyocardial biopsy      

  3.      Global and/or regional dysfunction and structural 
alterations  

    Major   
   •      Severe dilation and reduction in systolic function of 

RV with no (or only mild) impairment of LV  
   •      Localized RV aneurysms (akinetic or dyskinetic areas 

with diastolic bulging)  
   •      Severe segmental dilation of the RV    

   Minor  
    •      Mild global RV dilation and/or reduction in ejection 

fraction with normal LV  
   •      Mild segmental dilation of RV  
   •      Regional RV hypokinesia      

  4.      Depolarization/conduction abnormalities  
    Major   

   •      Epsilon waves or localized prolongation of the QRS 
complex in V1 – V3 ( > 110   ms)    

   Minor  
    •      Late potentials demonstrated on signal - averaged ECG      

  5.      Repolarization abnormalities  
    Minor   

   •      Inverted T - waves in right precordial leads (V2 and V3)  
   •      (individuals  > 12 years of age; in the absence of right 

bundle branch block)      
  6.      Arrhythmias  
    Minor   

   •      Sustained and non - sustained ventricular tachycardia 
with LBBB morphology (documented on ECG, Holter 
or exercise testing)  

   •      Frequent ventricular extrasystoles ( > 1000 over 24 - hr 
Holter monitoring)         
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of congenital heart disease such as partial anomalous 
venous drainage, Ebstein ’ s anomaly and other causes of 
isolated right ventricular abnormalities.  68,69   The major chal-
lenge when using echo to assess the right ventricle is the 
chamber ’ s complex three - dimensional structure. Together 
with the segmental nature of the disease, this means that 
structure and function should be assessed using multiple 
views.  70   The echocardiographic features of ARVC include: 
right ventricular dilation and hypokinesia; aneurysms; 
regional wall motion abnormalities, including dyskinesia 
of the inferobasal right ventricular segment; increased 
echogenicity of the moderator band; and right ventricular 
apical hypertrabeculation.  63,68,71 – 73   Tricuspid annular early 
diastolic velocities are reduced  70,74   but strain rate imaging 
has not yet been found to be a reliable diagnostic tool in 
ARVC. Three - dimensional echo may be a more accurate 
method of assessing right ventricular systolic function  75   but 
larger studies are needed to validate the technique. 

 Cardiac magnetic resonance imaging is generally consid-
ered to be the imaging modality of choice in ARVC, but 
unfamiliarity with normal right ventricular morphology 
and function has led to high interobserver error and poor 
reproducibility in some series.  76,77   The presence of intra-
myocardial fat deposition in the right ventricle must also 
be interpreted with caution, as fat in the right ventricle is 
present in a large proportion of  “ normal ”  individuals (up 
to 85%), and the frequency and severity increase with age, 
body weight and female gender.  20,23,78   Diagnostic accuracy 
can be improved by using standardized acquisition and 
analysis protocols. Using genetic status as the gold stan-
dard, a single - center experience has suggested that mag-
netic resonance imaging has a sensitivity of 96% and a 
specifi city of 78%.  13   

 In the current Task Force criteria, right ventricular abnor-
malities were only considered signifi cant in the absence of 
signifi cant left ventricular disease. However, gadolinium -
 enhanced cardiac MR imaging has reported evidence of LV 
involvement in 84% of patients.  79   It is likely that the next 
iteration of the Task Force guidelines will be modifi ed to 
take into account the biventricular nature of disease in 
patients with ARVC.  

   ECG  

 The most frequent electrocardiographic marker of ARVC is 
the presence of precordial T - wave inversion. Studies have 
reported a very wide range in prevalence (19 – 94%),  80 – 83   
with the lowest prevalence rates in evaluations of large 
families, refl ecting incomplete penetrance, and the highest 
rates in case series of probands where selection bias may 
lead to an overestimation of the true prevalence of this 
disease marker.  66,82   

 The presence of epsilon waves on the ECG (any electrical 
potential in V1 – V3 occurring after the QRS complex where 

the Q – epsilon interval exceeds the QRS duration in V6 by 
more than 25   ms)  72   may be highly specifi c for a diagnosis 
of ARVC but they are found in only one - quarter to one -
 third of patients.  81,84   A modifi ed method of lead placement 
may enhance detection of epsilon waves.  72   

 Localized QRS prolongation (in excess of 110   ms) in the 
right precordial leads is considered a major criterion for 
ARVC. More recently, investigators have looked at QRS 
dispersion (the numeric difference in QRS duration between 
the right precordial leads and V6) which is a strong inde-
pendent predictor of sudden death if the value is greater 
than 40   ms.  84   

  Signal -  a veraged  ECG  
 The presence of late potentials on signal - averaged ECG is 
consistent with ARVC, but they are also found frequently 
after myocardial ischemia. The prevalence in case series 
varies which may refl ect a wide range of disease severity 
as late potentials have a positive correlation with the extent 
of ventricular fi brosis, reduced right ventricular systolic 
function and signifi cant morphologic abnormalities on 
imaging.  85,86     

  Ventricular  a rrhythmia 

 The occurrence of VT with left bundle branch morphology 
is a non - specifi c fi nding, but in the context of other diag-
nostic features, it is supportive of the diagnosis. In addition 
to ARVC, left bundle morphology VT occurs in myocardial 
ischemia, dilated cardiomyopathy and right ventricular 
outfl ow tract VT. The presence of ventricular ectopy above 
a threshold of 1000 ectopics in 24 hours should raise sus-
picion of ARVC in an appropriate clinical scenario, but 
merits minor status only as a result of low specifi city.  

  Diagnosis in  r elatives 

 In the early years following the fi rst description of the 
disease, ARVC was thought to be almost always sporadic. 
Case reports emerged subsequently describing families 
with clinical evidence of ARVC with wide variation in 
disease characteristics and severity between family 
members.  57,87 – 90   In a later series of seven families, over 50% 
of evaluated relatives were affected with a slight male pre-
dominance (63% of men and 53% of women affected), auto-
somal dominant transmission with incomplete penetrance 
and variable clinical expression.  91   

 Systematic evaluation of relatives of 67 index cases found 
evidence of familial disease in 28% of cases using the Task 
Force criteria. A further 11% of families had non - diagnostic 
abnormalities on ECG, ambulatory ECG monitoring or 
echocardiography. The authors proposed a modifi cation of 
the diagnostic criteria to be applied to fi rst - degree relatives 
of an index case where ARVC is proven. In this scheme, the 
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presence of late potentials on signal - averaged ECG or a 
single minor criterion on ECG, echocardiography or ambu-
latory monitoring should be considered diagnostic. The 
authors also proposed that, in the setting of a positive 
family history, a threshold of 200 ventricular ectopics over 
a 24 - hour monitoring period is suffi ciently sensitive to 
diagnose ARVC (Box  45.2 ).  92   These criteria have been tested 
in a small number of studies in genetically characterized 
families, where application of the Task Force criteria would 
identify 54 – 66% of gene carriers. Use of the proposed mod-
ifi ed criteria increased this fi gure to between 70% and 
almost 100%.  59,93     

 Genetic testing was not possible at the time of the Task 
Force review. DNA screening for desmosomal gene muta-
tions identifi es disease - causing mutations in over 40% of 
probands who have a clinical diagnosis of ARVC.  94   In the 
setting of familial disease, with 50% risk of mutation inheri-
tance and variable age - related penetrance which mandates 
repeated clinical evaluation of all adult relatives, mutation 
analysis in the proband and predictive testing in relatives 
is probably cost - effective if a disease - causing mutation is 
identifi ed. Co - existence of two distinct desmosomal gene 
mutations within families has been reported, although the 
frequency of this occurrence has not yet been clarifi ed.  94   
Screening of all desmosomal genes in all probands is there-
fore required, rather than concentrating on  “ hotspot ”  genes 
or exons. As with any inherited condition, the potential 
clinical, psychologic and fi nancial implications of mutation 
identifi cation in an asymptomatic individual mean that 

formal genetic counseling and informed consent are man-
datory prior to gene testing.   

  Management 

 Patients with proven or suspected ARVC are discouraged 
from active sports participation or endurance training. 
Other simple measures include avoidance of stimulants 
and abstention from recreational drug usage, although 
there are no data to prove an association between either 
activity and sudden death. 

 Pharmacologic therapy is generally recommended in 
patients with well - tolerated VT or symptomatic ventricular 
ectopy. The only comparative study of pharmacologic 
agents in spontaneously occurring and inducible VT 
identifi ed sotalol as the most effi cacious agent  95   (Class IIB, 
Level C). In practice, both sotalol and amiodarone are 
widely used, although long - term side effects of amioda-
rone therapy in relatively young patients are a cause for 
concern. These agents may also be useful in patients with 
implantable cardioverter defi brillators (ICD) who have had 
recurrent therapies. 

 Before the advent of radiofrequency and cryoablation 
therapies, surgical disarticulation of the RV and surgical 
resection of segments of RV myocardium were advocated 
for the suppression of recurrent or incessant arrhythmia.  96,97   
In the modern era, success rates of 60 – 90% for catheter 
ablation of re - entry circuits have been reported, although 
up to 60% of patients relapse, probably due to the develop-
ment of new arrhythmic foci.  98   The number of lesions 
required for successful therapy may be up to 38 per patient, 
which is a cause for concern in patients with thinned and 
fi brosed RV myocardium.  99   Catheter ablation has a more 
accepted role in patients with ICDs who experience recur-
rent appropriate therapies (Level C). 

 Current joint ACC/AHA/ESC guidelines for ICD 
implantation are summarized in Box  45.3 .  100   Much of the 
information on risk identifi cation is provided by retrospec-
tive analysis of discharge rates from ICDs implanted for 
primary and secondary prophylaxis in patients with 
advanced disease. Data from three separate populations 
identify a prior cardiac arrest, a history of VT with hemo-
dynamic compromise, major morphologic abnormalities of 
the right ventricle and left ventricular involvement as inde-
pendent risk predictors. Programmed ventricular stimula-
tion has also been advocated as a risk predictor, but results 
vary. In one study, electrophysiology testing had poor posi-
tive and negative predictive accuracy, was the only inde-
pendent predictor of rapid ( > 240 beats/min) VT in another, 
and was predictive of appropriate ICD therapy in patients 
with a history of sustained ventricular arrhythmia in a 
third. None of the patients in these studies were genetically 
characterized.  101 – 104     

BOX 45.2  Proposed modifi cation of Task Force 
criteria for the diagnosis of familial  ARVC    (adapted from 
Hamid  et al   92  )   

    Proven ARVC in a fi rst - degree relative plus one of the 
following: 
  1.      Structural or functional abnormality of the right 

ventricle:   
   •      Mild global RV dilation of the RV and/or reduction in 

ejection fraction with normal LV  
   •      Mild segmental dilation of the RV  
   •      Regional RV hypokinesia    

  2.      Arrhythmia:  
    •      Ventricular tachycardia with LBBB morphology 

(documented on ECG, Holter monitoring or during 
exercise testing)  

   •       > 200 ventricular extrasystoles over 24 hours (Holter 
monitor)    

  3.      ECG:  
    •      T - wave inversion in the right precordial leads (V2 and 

V3)    
  4.      Signal - averaged ECG:  

    •      Demonstration of late potentials       
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 One small study has identifi ed QRS dispersion on stan-
dard ECG as a predictor of risk. ARVC patients in whom 
the difference between maximum and minimum QRS 
duration in any ECG leads was    >    40   ms had a higher risk 
of sudden death.  84   The presence of late potentials on signal -
 averaged ECG has not yet been found to identify a higher 
risk population. The use of three - dimensional voltage 
mapping during EP studies may become a useful tool for 
risk stratifi cation. In one study, a borderline association 
between the occurrence of signifi cant arrhythmia and 
reduced and fractionated voltage signals has been demon-
strated. The location of these areas of altered signal inten-
sity correlated well with endomyocardial biopsies.  105   
Defi nite or probable indications for ICD implantation in 
ARVC are summarized in Box  45.3 . 

 Patients with symptomatic arrhythmia may be managed 
differently in North America compared with European 
centers, with a lower threshold for device implantation in 
the former. Whether the common practice of ICD implanta-
tion in all those diagnosed clinically with ARVC can or will 
be extended to those with a genetic diagnosis in the future 
is uncertain. In addition to the usually encountered device 
complications at implant and revision, progressive fi brosis 
and wall thinning can make it diffi cult to achieve satisfac-
tory lead position and may increase the risk of perforation. 

The incidence of inappropriate device therapy in patients 
with ARVC ranges from 10% to 23%.  101,102,106   The use of 
cardiac resynchronization has not been evaluated specifi -
cally in ARVC. Cardiac transplantation may be necessary 
in patients with advanced heart failure, and occasionally 
for intractable arrhythmia.  

  Future  d irections 

 Research is ongoing to improve our ability to diagnose and 
risk stratify ARVC patients. Advanced imaging techniques, 
electrical mapping technologies and identifi cation of new 
genes are likely to provide new insights. Stem cell therapy 
does not look promising, not least because cells that dif-
ferentiate into contracting myocardial cells have not been 
able to generate gap junctions, which is already a funda-
mental problem in ARVC. Disease - modifying therapy may 
be a promising area for progress, particularly if we can gain 
better understanding of the various genetic, infective, envi-
ronmental and lifestyle factors that currently infl uence 
disease penetrance and progression.        
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  Epidemiology of  h eart  f ailure 

 Despite the considerable burden of heart failure (HF), its 
epidemiology is still poorly defi ned, especially in primary 
care.  1   A precise analysis of the epidemiology must take into 
account the diffi culty in defi ning the syndrome itself, par-
ticularly in a predominantly elderly population in whom 
symptoms and signs are less specifi c. An ideal estimate of 
the true epidemiology would be based on surveys in 
random samples of the general population, using validated 
questionnaires and targeted physical examinations in con-
junction with objective measures of left ventricular systolic 
dysfunction (LVSD) such as imaging and possibly sup-
ported by validated biomarkers. Broadly speaking, con-
temporary studies can be divided into those analyzing the 
prevalence and incidence of  “ symptomatic ”  HF (further 
divided into those with preserved and reduced LV ejection 
fraction [LVEF]) and those investigating the prevalence of 
LVSD (of which a signifi cant proportion of patients will be 
asymptomatic). 

  Prevalence of  s ymptomatic  HF   (Table  46.1 )  

 Studies utilizing a range of designs suggest that the preva-
lence of HF is around 2 – 5% of the population of the devel-
oped world, increasing considerably with age. Whilst 
age - adjusted incidence has remained stable in the last two 
decades, prevalence may be increasing.  2   Furthermore, 
approximately half of all patients with symptomatic HF 
have preserved LVEF.  3   Prevalence varies widely from 0.4% 
to 19% in older age groups based on general practice (GP) 

studies in the UK. The GP Research Database, involving 
211 general practices in England and Wales (representing 
2.6% of the national population), reported an overall preva-
lence (physician diagnosis) of 12.2/1000 in men and 
15.8/1000 in women, increasing to 190/1000 in those over 
85 years.  4   The substantial increase in prevalence with aging 
has been confi rmed in additional UK primary care studies.  5,6     

 Several population - based observational studies have 
been undertaken in North America and continental Europe 
(see Table  46.1 ). The prevalence of symptomatic HF in the 
USA is reported to be of the order of 2.2% and similarly 
increases considerably with age.  7,8   The European EPICA 
study of 5434 individuals attending general practices 
in Portugal reported that prevalence was 44.6/1000 in 
those  > 25 years and increased noticeably in the elderly.  9   
These data are supported by contemporary data from 
across Northern and Southern Europe.  10 – 14   A signifi cant 
proportion of patients with symptomatic HF have pre-
served LVEF. In the Olmsted County Study, 55% of symp-
tomatic patients had preserved LVEF, an observation 
which is consistent with several other epidemiologic 
studies (Fig.  46.1 ).  3      

  Prevalence of  LVSD   (Table  46.2 )  

 A number of studies have used an objective measure of 
LVEF to estimate the population prevalence of LVSD. The 
Glasgow MONICA Study included 1640 subjects aged 
25 – 74 who were assessed by questionnaire, electrocardiog-
raphy and transthoracic echocardiography (TTE).  15   Preva-
lence of LVSD (LVEF  < 0.30) was 2.9% and increased with 
age. A cohort of 2267 subjects from the Rotterdam Study 
(which used a combination of clinical criteria and prescrib-
ing patterns to defi ne HF) underwent echocardiography.  10   
Prevalence of LVSD (defi ned by fractional shortening 
 < 25%) was 5.5% in men and 2.2% in women. Similar data 
come from the UK, USA and Australia.  7,16,17      
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 Table 46.1     Reported prevalence of symptomatic heart failure 

   Type of study     Location     No. patients     Mean age (yrs)     Overall prevalence (%)     Prevalence 
in older 
age groups  

   Male     Female     All  

   Surveys of treated patients   

  General practice research database 

(1998)  4    

  UK  –  national data    698 467     –     1.2    1.6     –     19 ( > 85   y)  

  Mair  et al  (1996)  5      UK  –  regional primary care    17 400     –      –      –     1.5    8.5 ( > 65   y)  

  Clarke  et al  (1995)  6      UK  –  regional primary care    993 872     –      –      –     0.8 – 1.6    4 – 6 ( > 70   y)  

                                           Proportion with 
preserved LVEF (%)  

   Male     Female     All  

   Population screening using echocardiography   

  Olmsted County (2003)  7      USA  –  regional data    2042    63    2.7    1.7    2.2    4.4 ( > 75   y)     –      –     44  

  EPICA (2002)  9      Portugal  –  regional data    5434    68    4.3    4.4    4.4    12.8 (70 – 79   y) 

 16.7 ( > 85   y)  

  20    55    40  

  Cardiovascular Health Study (2001)  8      USA  –  national data    4842    74     –      –     8.8    14 – 18 ( > 85   y)    42    67    55  

  Helsinki Ageing Study (1997)  11      Finland  –  regional data    501     –     5.2    9.3    8.2     –      –      –     72  

  Asturias (2001)  12      Spain  –  regional data    391    60    6.6    3.3    4.9    18 ( > 80   y)     –      –     59  

  V ä steras (2001)  13      Sweden  –  regional data    433    75    4.0    9.5    6.7     –      –      –     46  

  Rotterdam Study (1999)  10      Netherlands  –  regional data    1698    65    3.7    4.0    3.9    13.0 ( > 85   y)     –      –     71  

  Poole (1999)  14      UK  –  regional data    817    76    12.8    2.9    7.5    12.1 ( > 80   y)     –      –     68  

     Figure 46.1     Prevalence of heart failure in cross - sectional, population - based and echocardiographic studies. Black bars show percentage prevalence; 
lower portion of bars shows the proportion of cases associated with preserved systolic function. LV, left ventricular.  (Reproduced with permission from 
Hogg  et al.   3  )   
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  Incidence of  s ymptomatic  HF   (Table  46.3 )  

 An estimate of the incidence of HF is more diffi cult to 
defi ne, but there are considerable data, particularly from 
large population - based studies. In the Framingham Heart 
Study, at 34 years follow - up, incidence was approximately 
2/1000 person - years in subjects aged 45 – 54, increasing to 
40/1000 in men aged 85 – 94.  18   Similar rates are reported 
from the Olmsted County Study and UK and Finnish pop-

ulation studies.  4,19,20   In the UK, Cowie and colleagues 
reported incidence in referrals from primary care. They 
identifi ed new cases from a population of 151 000 in 
London, through surveillance of hospital admissions and 
through referrals to a rapid - access HF clinic.  21   Diagnosis of 
HF was determined by a panel of cardiologists and sup-
ported by echocardiography. Incidence was 1.3/1000 
overall for those  ≥ 25 years. Incidence increased with age 
and was higher in men than women. Overall, only 29% of 
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 Table 46.2     Reported population prevalence of  LVSD  

   Study     Location     Type of 
study  

   Defi nition 
of LVSD  

   No. 
patients  

   Mean 
age  

   Overall prevalence (%)     Proportion 
in older 
age group 
(%)  

   Proportion 
with 
asymptomatic 
LVSD (%)  

   Male     Female     Overall  

  Glasgow 

MONICA  15    

  Glasgow, UK    Cross -

 sectional 

survey  

  LVEF  ≤  

30%  

  1640    50    2.9    4.0    2.9    6.4 men 

 4.9 women 

 (65 – 74   y)  

  48  

  Rochester 

Epidemiology 

Project  7    

  Olmsted 

County, 

Minnesota, 

USA  

  Cross -

 sectional 

survey  

  LVEF  ≤  

40%  

  2042    63    3.6    1.0    2.0    4.4 ( > 75   y)    55  

  Rotterdam 

Study  10    

  Rotterdam, 

Netherlands  

  Prospective 

cohort 

study  

  FS  ≤  25%    2267    66    5.5    2.2    3.7    10.3 

(85 – 94   y)  

  60  

  Canberra 

Study  17    

  Canberra, 

Australia  

  Cross -

 sectional 

survey  

  LVEF  ≤  

50%  

  1275    69    8.7    3.1    5.9    14.4 ( > 80   y)    59  

  ECHOES  12      West Midlands, 

UK  

  Cross -

 sectional 

survey  

  LVEF  ≤  

40%  

  3960    61    3.0    0.7    1.8    3.6 ( > 75   y)    50  

   LVEF, left ventricular ejection fraction; FS, fractional shortening.   

 Table 46.3     Reported population incidence of heart failure 

   Study     Location     Type of study     Year of 
study  

   No. 
patients  

   Age 
(years)  

   Overall incidence (per 1000 
per year)  

   Proportion 
in older 
age group 
(per 1000 
per year)  

   Male     Female     Overall  

  Framingham  18      Framingham, 

USA  

  Prospective 

cohort study  

  1948 – 88    9504    70    NA    7.2    4.7    27 men 

 22 women 

 (80 – 89   y)  

  Rochester 

Epidemiology 

Project  19    

  Olmsted County, 

Minnesota, 

USA  

  Cross - sectional 

survey  

  1981 – 1991    2042    All ages    2.8    3.4    2.4    60 both 

sexes 

 ( > 79   y)  

  Cowie  et al   21      Hillingdon, 

London, UK  

  Cross - sectional 

study 

(rapid - access 

HF clinic)  

  1995 – 6    151 000     > 25    1.3    1.4    1.2    11.6 both 

sexes 

 16.8 men 

 9.6 women 

 ( > 85   y)  

  REACH Study  22      Michigan, USA    Retrospective 

study of 

administrative 

databases  

  1989 – 99    29 686    All ages    NA    3.7    4.2    46 men 

 40 women 

 ( > 85   y)  

  General Practice 

Research 

Database  4    

  England and 

Wales, UK  

  Retrospective 

cohort study 

using national 

data  

  1996    698 467    40 – 84    4.2    4.4    3.9    15 – 19 

 (75 – 79   y)  

  Remes  et al   20      Four rural 

communities 

in Finland  

  Population -

 based 

surveillance 

study  

  1986 – 88    11 000    45 – 74    2.3 – 2.7    4.0    1.0    4.4 – 4.8 

 (64 – 74   y)  
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patients referred had an adjudicated fi nal diagnosis of HF, 
illustrating the diffi culty of classifi cation on the basis of 
clinical assessment alone.   

 The age - adjusted incidence of HF appears to be stable. 
In the Resource Utilization Among Congestive Heart 
Failure (REACH) Study, which was a retrospective study 
using administrative databases of outpatient visits and 
hospitalizations in Michigan, USA, the incidence of HF in 
1999 was 3.7/1000 person - years in men and 4.2/1000 
person - years in women of all ages with no changes 
between 1989 and 1999.  22   In a similar analysis of the Fram-
ingham Heart Study, incidence was examined in four 
periods: 1950 – 69, 1970 – 79, 1980 – 89 and 1990 – 99.  18   When 
compared with the rate for the period from 1950 to 1969, 
incidence remained virtually unchanged among men in the 
three subsequent periods but declined by 31 – 40% among 
women.  

  Incidence of  HF  with  p reserved  e jection  f raction 

 The body of evidence suggests that approximately 40 – 50% 
of patients have preserved EF (HF - PEF). An analysis of the 
Olmsted County Study identifi ed 6076 patients with inci-
dent HF identifi ed from the general population between 
1987 and 2001 and suggested that about half had preserved 
EF (47%) whereas studies in patients hospitalized with 
HF suggest lower proportions (e.g. 31% in a study under-
taken in Ontario, Canada).  23,24   The EuroHeart Failure 
Survey reported on the characteristics and outcome of 6806 
patients admitted to 115 European hospitals with HF 
between March 2000 and May 2001.  25   Forty - six percent of 
patients had HF - PEF (LVEF  ≥ 40%); these patients were 
more likely to be older, hypertensive and have a history of 
chronic atrial fi brillation, whereas coronary artery disease 
(CAD) was more prevalent in the systolic HF group 
( P     <    0.001). The observed variations in the reported propor-

tion of HF - PEF in these studies are partly explained by the 
differing thresholds for differentiating HF - PEF from sys-
tolic HF and the proportion of patients undergoing quan-
titative assessment of LVEF. Nevertheless, these data 
indicate that a signifi cant proportion of patients have 
HF - PEF.  

   HF   m orbidity:  h ospitalizations 

 Despite the limitations of administrative databases, there 
is evidence that age - adjusted hospitalization rates have sig-
nifi cantly increased in the developed countries over the last 
two decades (Fig.  46.2 ), emphasizing the growing global 
nature of this problem.  1   In the USA and UK, HF is the most 
common cause of hospitalization in people aged  ≥ 65 
years.  26,27   In Scotland, the number of hospital admissions 
for HF increased by 16% in men and 12% in women 
between 1990 and 1996, with some apparent plateauing by 
1993 – 94.  28   Similar data have been reported in The 
Netherlands.  29     

 Men tend to be younger than women at index admission, 
but because of greater female longevity, overall admission 
numbers are roughly equal. The NHS Heart Failure Survey 
determined that 50% of patients with admissions for HF 
were male but that female patients were older (mean 80 v 
75 years,  P     <    0.001).  30   Overall, the typical HF patient is 
getting older. In The Netherlands between 1985 and 1995, 
mean age rose from 71.2 to 72.9 years in men and from 75.0 
to 77.7 years in women.  30   Elderly patients are more likely 
to have prolonged admissions, be managed by non - special-
ists, and be burdened by co - morbid conditions prolonging 
their admission.  31   An admission to hospital with HF is fre-
quently prolonged and in many cases followed by readmis-
sion within a relatively short time, particularly amongst the 
very elderly. In England and Wales, mean length of stay is 
7 (   IQR [interquartile range] 4 – 14) and 8 (IQR 4 – 14) days 

     Figure 46.2     Comparison of heart failure 
admissions rates per annum (recorded 
hospital admission/10 000 population at risk) 
in Western developed countries, 1978 – 1993. 
 (Adapted with permission from data in 
McMurray  et al , Heart 2000;83:596 – 602.)   
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for men and women respectively.  31   Transfer to a non - spe-
cialist unit adds another 2 days. Readmission to hospital is 
both common and costly. In Scottish hospitals in 2002, the 
average 30 - day readmission rate was 5.3% (lowest 3.3%, 
highest 7.3%) and may be even higher in the USA.  26,32    

   HF   m ortality 

 HF prognosis remains poor despite considerable therapeu-
tic advances. However, offi cial statistics continue to specifi -
cally attribute only a small proportion of deaths to HF. This 
refl ects a common policy of coding the cause of death as 
the underlying etiology (e.g. CAD) rather than as HF itself. 
Population level data suggest that HF - related mortality is 
comparable to that of cancer; in the Framingham Heart 
Study the 5 - year mortality was as high as 75% in men.  33   
Similarly, in a UK study, 1 -  and 5 - year mortality following 
a fi rst hospitalization was 43% and 73% respectively, with 
increasing relative risks with increasing age.  34   In Scotland 
between 1986 and 1995, crude mortality rates in incident 
HF were 19.9% at 30 days, 44.5% at 1 year and 76.5% at 5 
years.  35   Median survival was 1.47 years in men and 1.39 
years in women. 

 In the Rotterdam Study, survival rates from  prevalent  
cases of HF were more favorable, with 1 -  and 5 -  year sur-
vival rates of 89% and 59% respectively.  36   This still, however, 
represents a threefold increase in the age -  and gender -
 matched risk of death compared to the general population. 
However, prognosis appears to be improving. In 2000, 
MacIntyre  et al  demonstrated a fall in 30 - day case fatality 
rates by 26% in men and 17% in women between 1986 and 
1995.  35   Similar reductions were seen with longer term mor-
tality. In the Framingham Study, 1 -  and 5 - year mortality 
rates in men declined from 30% to 70% in 1950 – 69 and to 
28% and 59% in 1990 – 99, with similar decreases in women.  33   
In the Olmsted County Study, age - adjusted 5 - year survival 
improved from 43% in 1979 – 84 to 52% in 1996 – 2000. Similar 
compeling reductions in mortality were identifi ed in data 
from nearly 300 000 hospitalizations from the Swedish 
Hospital Registry between 1988 and 2000.  37   These improve-
ments in outcome temporally correlate with the emergence 
of evidence - based therapies offering potential incremental 
benefi ts.  

  Prognosis of  HF  -  PEF  

 With respect to hospitalization rates, in the Olmsted County 
Study, 24% of patients with HF - PEF were never hospital-
ized, 51% hospitalized once, and 25% hospitalized more 
than twice over a 5 - year period.  38   Patients with systolic HF 
had signifi cantly more hospitalizations (41% once and 49% 
more than twice over the same 5 - year period). In hospital 
cohort studies, the reported rates of rehospitalization are 
similar between those with low and preserved EF. In the 

aforementioned Canadian EFFECT Study, there was no 
signifi cant difference in either 30 - day (4.5% v 4.9% for 
HF - PEF and systolic HF respectively,  P    =   0.66) or 1 - year 
readmission rates (13.5% v 16.1% for HF - PEF and systolic 
HF respectively,  P    =   0.09) in patients who survived the 
index HF admission.  39   

 Similarly, in the EuroHeart Failure Survey, rates of early 
(within 12 weeks) readmission were almost identical (and 
impressively high) between both groups (22% and 21% 
for HF - PEF and systolic HF respectively,  P    =   0.47), indicat-
ing that, regardless of LV EF, approximately one in fi ve 
patients may experience an early (and costly) readmission 
to hospital.  25   

 In terms of mortality, in the Framingham Study, patients 
with systolic HF had an annual mortality rate of 18.9% 
compared to 4.1% in age -  and sex - matched controls with 
HF - PEF (over 6.2 years follow - up).  40   Median survival was 
4.3 years in those with systolic HF and 7.1 years in those 
with HF - PEF. A contemporary insight into comparative 
prognosis comes from the Candesartan in Heart Failure 
Reduction in Mortality (CHARM) Study which enrolled 
7601 patients with symptomatic HF (over 25% of whom 
had preserved LVEF). The CHARM investigators related 
baseline LVEF to outcome in 7599 patients with symptom-
atic HF (of whom 55% were receiving a beta - blocker) ran-
domized to receive candesartan or placebo.  41   Over a median 
follow - up of 38 months, the hazard ratio (HR) for all - cause 
mortality increased by 39% for every 10% reduction in 
LVEF below 45% (HR 1.39; 95% confi dence interval (CI) 
1.32 – 1.46). 

 In contrast to the aforementioned population - based and 
clinical trial data, two contemporary hospital - based cohort 
studies suggest that there is little difference in outcome 
between these patient groups. In the Canadian EFFECT 
Study, both 30 - day (7.1% v 5.3%,  P    =   0.08) and 1 - year mor-
tality (25.5% v 22.2%,  P    =   0.07) rates were broadly similar 
between systolic HF and HF - PEF respectively.  39   Similarly, 
5 - year survival rates were only marginally better in those 
with HF - PEF in the Olmsted County Study (HR 0.96, 95% 
CI 0.93 – 1.00,  P    =   0.03).  23   It is diffi cult to accurately explain 
the differences between these data and those observed in 
the CHARM population which may suggest the need for 
care in extrapolating clinical course from trials to the 
general population.  

  Epidemiology of  HF  in the  d eveloping  w orld 

 Data describing the epidemiology of HF in the developing 
world are scarce and are somewhat limited to single - center 
hospital - based studies. This refl ects the relative diffi culty 
of conducting large - scale studies in communities with 
fi nite resources. Furthermore, studies often lack objective 
measures of LV function and accurate determinants of eti-
ology principally because of inaccessibility to specialist 
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tests. Whereas cardiovascular disease is the principal cause 
of death in the developed world, it represents only around 
a quarter of deaths in the developing nations. In contrast, 
whereas mortality rates have generally declined in the 
developed world, cardiovascular events are accelerating 
elsewhere (particularly Asia), in parallel with the emer-
gence of industrialization,  “ Western ”  lifestyle and greater 
longevity.  42   This is often referred to as  “ epidemiologic tran-
sition ” . Current projections predict that in the next two 
decades, cardiovascular disease (and undoubtedly associ-
ated HF) will emerge as the dominant cause of death in 
these regions. 

 In the early 1980s a case series of 315   HF patients admit-
ted to a regional hospital in Nigeria suggested that HF 
accounted for 7% of all admissions.  43   Almost half were 
deemed attributable to  “ cardiomyopathy ”  (in many cases 
undefi ned) and 10% due to rheumatic heart disease. There 
was also regional variation between Northern and South-
ern Nigeria, where hypertension accounted for 13% and 
35% of cases respectively. Accurate analyses of the contri-
bution of coronary disease were lacking. In contrast, in a 
small single - center case series undertaken in Kenya in 1999, 
HF accounted for only 3.3% of hospital admissions.  44   Rheu-
matic heart disease was attributed in 32% of cases followed 
by undefi ned cardiomyopathy in 25%. Only 2.2% of cases 
were attributed to coronary disease (the assumption made 
in the presence of ECG features of previous myocardial 
infarction). 

 The Heart of Soweto Study mapped the emergence of 
cardiovascular disease in a geographically stable impover-
ished population in South Africa.  45   A total of 1593 cases of 
newly diagnosed cardiovascular disease were identifi ed 
during 2006. HF was the most common primary diagnosis 
(44%), of whom 53% had moderate - to - severe LVSD. 
Approximately one - third (35%) were attributed to cardio-
myopathy, a further third (33%) to hypertension and only 
9% to ischemic etiology and 8% to primary valvular disease 
(predominantly rheumatic heart disease). Nevertheless, 
59% of all patients had modifi able cardiovascular risk 
factors, which could infl uence future risk and illustrates the 
changing epidemiology in this region. 

 Profound epidemiologic transitions have taken place in 
many parts of the Middle East, Central and Southern 
America and Asia with a resultant increase in the burden 
of cardiovascular disease. In Oman between 1992 and 1994, 
the prevalence of HF was 5.17/1000.  46   Ischemic heart 
disease was the most commonly attributed cause (51.7%) 
followed by hypertension (24.9%) and idiopathic cardio-
myopathy (8.3%). Overall, only 15.7% of patients had 
HF - PEF (defi ned as LVEF  ≥ 50%). 

 In Central and Southern America several case series indi-
cate that the incidence of HF is higher (up to 9.4% of 
medical admissions in one Brazilian study) and often 
attributed to modifi able causes, particularly CAD (around 

a third) and hypertension (around 20%).  47,48   The relative 
contribution of Chagas ’  disease varied between 4% and 
20%. In Asian countries such as China, India and Malaysia, 
cardiovascular disease is now the leading cause of death 
and in a similar fashion to the West, CAD and hypertension 
have now replaced rheumatic valve disease as the domi-
nant cause of HF which accounts for up to 6% of medical 
admissions.  49 – 51     

  Epidemiology of  a symptomatic  l eft 
 v entricular  s ystolic  d ysfunction 

  Prevalence of  a symptomatic  l eft  v entricular 
 s ystolic  d ysfunction ( ALVSD ) 

 In a systematic review, Wang and colleagues identifi ed 11 
studies estimating the prevalence of ALVSD.  52   After adjust-
ment for factors including the defi nition of LVSD, they 
suggested 3 – 6% as a reasonable estimate. Prevalence 
appears to be 2 – 8 - fold greater in men than in women, and 
increases signifi cantly with age. Therefore, the prevalence 
of ALVSD is at least twice that of symptomatic HF.  

  Prognosis of  ALVSD  

 Randomized controlled trials provide the largest source of 
data on prognosis in ALVSD but are limited by their under -
 representation of the  “ average ”  patient. In the Survival and 
Ventricular Enlargement (SAVE) trial of post - myocardial 
infarction (MI) LVSD, 13% of patients developed overt HF 
during median follow - up of 37 months.  53   Similarly, during 
a median 3 - year follow - up, 16% of the placebo - treated 
patients in the Study of Left Ventricular Dysfunction - Pre-
vention (SOLVD - P) died, with 5% dying within the fi rst 
year following randomization.  54   Nearly one - third pro-
gressed to overt HF and 5% died suddenly. Mortality and 
HF risk were associated with the degree of baseline systolic 
dysfunction (mean LVEF was 28%). Several population -
 based observational studies have confi rmed that ALVSD is 
associated with an increased risk of cardiovascular mortal-
ity, all - cause mortality and non - fatal cardiovascular events, 
including the development of symptomatic HF.  55     

  Etiology of  h eart  f ailure 

 Heart failure is a classic illustration of the cardiovascular 
disease continuum, where multiple overlapping mecha-
nisms are involved in disease progression and the disease 
progressively worsens, providing the opportunity to infl u-
ence the process. The greatest opportunity for reducing the 
incidence and excessive mortality and morbidity of HF is 
through preventive strategies. The ACC/AHA staged 
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approach recognizes that there are established risk factors 
and behaviors known to be associated with increased risk 
(Fig.  46.3 ). Interventions designed to interrupt these pro-
cesses could slow or halt disease progression and are there-
fore potential preventive targets. Table  46.4  illustrates the 

common risk factors identifi ed as preventive targets in the 
ACC/AHA and CCS guidelines.     

 LVSD progresses gradually, often beginning with an 
index myocardial injury (such as MI) which leads to a 
progressive loss of functioning myocytes. The loss of 

     Figure 46.3     ACC/AHA guidelines for the evaluation of chronic HF: evolution of HF by stage. EF, ejection fraction; FHx CM, family history of 
cardiomyopathy; LVH, left ventricular hypertrophy.  (Reproduced with permission from the American College of Cardiology Foundation.)   

e.g., Patients with:
-hypertension
-atheroscleratic disease
-diabetes
-obesity
-metabolic symptoms
                or
Patients
-using cardiotoxing
-with FHx CM

e.g., Patients
who have marked
symptoms at rest
despite minimal
(e.g., those who are
recurrently
hospitalized or
cannot be safely
discharged from the
hospital without
specialized
interventions)

e.g., Patients with
-known structural
heart disease
             and
-shortness of
breath and fatigue,
reduced exercise
toleronce

e.g., Patients with:
-Previous MI
-LV remodeling
including LVH and
low EF
-asymptomatic
valvular disease

Structural
heart

disease

Development
of symptoms

of HF

Refractory
symptoms of

HF at rest

At Risk for Heart Failure

STAGE A
At high risk for HF but

without structural
heart disease or
symptoms of HF.

STAGE B
Structural heart

disease but without
signs or symptoms of

HF.

Heart Failure

STAGE C
Structural heart disease

with prior or current
symptoms of HF.

STAGE D
Refractory HF

requiring specialized
interventions.

 Table 46.4     Risk factors for the development of heart failure 

   ACC/AHA Stage A ( “ at risk ” )     ACC/AHA Stage B ( “ structural heart disease ” )  

  Hypertension  *      Previous myocardial infarction  

  Atherosclerotic disease  *   (especially coronary artery disease) 

 Diabetes mellitus  *   

 Hyperlipidemia  *   

 Smoking  *   

 Obesity  

  LV remodeling 

    Left ventricular hypertrophy 

    Left ventricular systolic dysfunction (asymptomatic) 

 Asymptomatic valvular heart disease (especially mitral and aortic regurgitation)  

  Older age      

  Male sex      

  Physical inactivity      

  Heavy alcohol use 

 Valvular heart disease (especially rheumatic valve disease) 

 Chronic arrhythmia 

 Infection 

    Chagas ’  disease 

    HIV 

    Enteroviruses (especially Coxsackie B) 

 Thyroid dysfunction 

 Drug induced 

    Anthracyclines 

    Cyclophsophamide 

    Mitoxantrone 

    Paclitaxel 

    Trastuzumab 

    Amphetamine abuse 

    Cocaine abuse  

    

    *    Most important targets for prevention.   
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cardiac function occurs as a consequence of ventricular 
remodeling, a process by which ventricular shape, dimen-
sion and function are altered. Remodeling consists of a 
multitude of maladaptive pathophysiologic processes 
including myocyte hypertrophy, necrosis and apoptosis 
and myocardial interstitial fi brosis and is exacerbated by 
activation of neurohormonal and infl ammatory path-
ways.  56   The remodeling process may persist despite any 
further discrete myocardial injury and is accelerated in the 
face of ongoing risk factors such as hypertension, diabetes 
mellitus, cigarette smoking and elevated cholesterol. 

 In the developed world, CAD, either alone or in combi-
nation with hypertension, appears to be the dominant 
cause of HF.  1,57   It is, however, diffi cult to defi nitively deter-
mine the primary etiology in a patient with multiple risk 
factors. Earlier studies which relied on non - invasive 
methods may have been unable to precisely determine the 
etiology (CAD in particular). In the Bromley Heart Failure 
Study, the percentage with unknown cause declined from 
42% to 10% after cardiac catheterization and nuclear perfu-
sion scanning.  57   Variations in the frequencies of causes of 
HF can also be explained by differences in the study popu-
lation and in the methods used to allocate HF diagnosis 
and underlying precipitant. 

  Coronary  a rtery  d isease and 
 m yocardial  i nfarction 

 In the original Framingham cohort, monitored until 1965, 
hypertension appeared to be the most common cause of HF 
(in 30% of men and 20% of women, and as co - factor in a 
further 33% and 25% respectively). However, in subse-
quent years, CAD emerged as the dominant etiology 
(increasing from 22% in the 1950s to almost 70% in the 
1970s).  58   Similarly, in the Glasgow MONICA Study, 95% of 
symptomatic individuals had evidence of CAD.  15   Those 
with symptomatic HF were also more likely to have a past 
history of MI and ongoing angina pectoris. In asymptom-
atic individuals, 71% had evidence of CAD. As such, pre-
ventive strategies for CAD are also likely to be effective in 
preventing HF. 

 There are surprisingly few data describing the epidemi-
ology of HF following acute MI. This again refl ects the 
heterogeneous characteristics of the population. Clinical 
trials may provide a comprehensive data source but are 
confounded by bias related to inclusion criteria. Multivari-
able analyses from the Argatroban in Acute Myocardial 
Infarction (ARGMI) - 2 trial suggest that risk of post - MI HF 
increases with age, anterior and Q - wave infarcts and in 
those with prior history of MI.  59   Those with signifi cant 
LVSD were also more likely to have symptomatic HF on 
presentation and have associated co - morbid conditions. 
The Worcester Heart Attack Study (MA, USA) has system-
atically evaluated the community incidence of MI and sub-

sequent HF in a stable population over a 26 - year period    
(1975 – 2001).  60   Over this period the incidence of fi rst MI 
decreased although the proportion of HF complicating MI 
rose from 40.1% in the mid 1970s, peaking in the early 1980s 
at 45.5%. Since then, there has been a gradual reduction in 
the proportion of HF, with a rate of 39.9% in 2001. Whilst 
the risk of death from HF declined in a parallel fashion, the 
adjusted odds ratio (OR) in the 2001 cohort was signifi -
cantly higher (OR 1.37, 95% CI 1.13 – 1.64 compared with 
1975 – 8). This has been confi rmed by the most recent analy-
ses, refl ecting an MI population that is typically older and 
more often burdened by co - morbid conditions, particularly 
diabetes, and thus refl ecting the evolution of the epidemi-
ology of HF as a whole.  

  Hypertension 

 The measurable contribution of hypertension appears to 
have declined; Kannel and colleagues demonstrated a 
decline in the contribution of hypertension per decade 
through 1950 – 87 of approximately 5% in men and 30% in 
women.  61   This may refl ect the parallel introduction of effi -
cacious antihypertensives, as well as improved diagnostic 
discrimination in the assessment of suspected CAD (with 
the advent of coronary angiography). Nevertheless, whilst 
the risk of HF associated with hypertension is measurably 
smaller than that associated with CAD, hypertension con-
tributes considerably to the epidemiology of HF as it occurs 
more frequently.  59   Additionally, ECG evidence of left ven-
tricular hypertrophy in the presence of hypertension carries 
an approximate 15 - fold increased risk of HF.  62    

  Diabetes  m ellitus 

 Dysglycemia is directly implicated in HF pathophysiology 
with accumulating evidence that diabetes is associated 
with accelerated myocardial fi brosis, hypertrophy and pro-
gressive dysfunction.  63   Diabetes confers a twofold increased 
risk of HF, and this may be proportionately greater in 
younger individuals and in women.  64   Those most at risk 
are generally older, with higher baseline HbA1 c  and Body 
Mass Index (BMI), established diabetic microvascular com-
plications, longer duration of disease and on insulin, and 
experiencing coronary disease.  65 – 67   

 In an analysis of the Randomized Evaluation of Strate-
gies for Left Ventricular Dysfunction (RESOLVD) Study, 
27% of patients had documented diabetes, 8% had undiag-
nosed diabetes, and a further 9% had abnormal fasting 
glucose levels.  68   Further compeling evidence of the nega-
tive contribution of diabetes comes from the CHARM 
program. Diabetes emerged as one of the most powerful 
predictors of outcome, with an approximate doubling of 
risk of death or the composite outcome of cardiovascular 
death or HF hospitalization.  69   Recent evidence indicates 
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that elevated fasting glucose alone is an independent pre-
dictor of future HF hospitalization, suggesting that 
impaired glucose tolerance and insulin resistance is prog-
nostically signifi cant even without overt diabetes.  70    

  Obesity and  c ardiometabolic  r isk  f actors 

 Cardiometabolic risk factors include: abdominal adiposity, 
hypertriglyceridemia, high total cholesterol, low HDL cho-
lesterol, hypertension and fasting hyperglycemia. The rela-
tionship between lipid abnormalities and atherosclerosis is 
well established. Similarly, both elevated triglycerides and 
high ration of total to high - density lipoprotein (HDL) cho-
lesterol have been found to be associated with increased 
risk of HF.  71   In an analysis of the Framingham Heart Study, 
each incremental increase in BMI of 1   kg/m 2  was associated 
with a 5% and 7% increased risk of HF in men and women 
respectively, with 11% of cases of HF in men and 14% in 
women being directly attributed to obesity.  72   Similarly, the 
NHANES - I follow - up study suggested that obesity was 
associated with a 30% higher risk of incident HF.  62    

  Tobacco  s moking 

 Multivariable analyses from epidemiologic studies and 
clinical trial registries indicate that tobacco smoking is an 
independent risk factor for the future development of HF. 
A prior history of cigarette smoking was found in 42% of 
men and 24% of women who developed HF from the Fram-
ingham Study and approximately 17% of all incident cases 
could be attributed to cigarette smoking in the NHANES - I 
survey.  18,62   There is both a direct and independent relation-
ship between smoking and the development of ALVSD as 
well as a dose – response relationship strongly supporting 
causality.  73    

  Special  c ircumstances 

  Valvular  h eart  d isease 
 Although the measurable contribution of valvular heart 
disease has decreased (secondary to the decreased inci-
dence of rheumatic heart disease in the developed nations), 
patients with HF frequently have valvular abnormalities. 
In the Glasgow MONICA Study, 25% of patients with 
symptomatic LVSD had abnormalities on echocardiogra-
phy which may contribute to morbidity.  15   Nevertheless, as 
discussed above, even in the developed world, atheroscle-
rotic disease now dominates.  

  Other  c auses of  c ardiomyopathy 
 Long - term heavy alcohol consumption ( > 11 units per day) 
is a particularly important (and largely preventable) cause 
of dilated cardiomyopathy, especially in men in their late 
forties.  74   An ever increasing list of candidate drugs (both 
therapeutic and recreational) is implicated in HF etiology.  75   

 Special attention should be given to individuals receiv-
ing anthracycline and immunotherapy - based cancer treat-
ment. In survivors of childhood cancer, the relative risk of 
HF is 15.1 times greater than siblings and is greatest with 
previous anthracycline - based chemotherapy or thoracic 
irradiation. Trastuzumab is a monoclonal antibody directed 
against the HER - 2 receptor (expressed in around 25% of 
breast cancers). Although very effective in the management 
of these cancers (which are often more aggressive) trastu-
zumab has been linked with an increased risk of cardiomy-
opathy (prevalence of up to 11% in some studies).  76   With 
broadening clinical indications for its use, we may see more 
reports of trastuzumab - related cardiotoxicity (particularly 
when used in combination with other cardiotoxic agents). 

 Recently, concern has been directed towards the thiazoli-
dinediones (TZDs), insulin - sensitizing agents used in the 
management of type - 2 diabetes, with both case report and 
clinical trial data suggesting an increased incidence of fl uid 
retention and possibly decompensation of HF.  77   

 In Latin America, Chagas ’  disease is an important and 
preventable cause of HF. Chagas ’  is caused by the proto-
zoan parasite  Trypanosoma cruzi,  and transmitted through 
its principal vector, the triatomine bug, which is endemic 
in Latin America. Infection is closely linked to socio - eco-
nomic status, with the impoverished and those in rural 
communities being most at risk. It is estimated that 25 
million people worldwide are infected or at risk of Chagas ’ , 
with seroprevalence rates as high as 40%.  78   These estimates 
may underestimate the true prevalence and the population 
at risk (which includes up to 500 000 immigrants in the 
USA). Dilated cardiomyopathy occurs in up to 30% of 
infected individuals between 10 – 20 years after initial infec-
tion and is associated with a typically worse prognosis than 
 “ idiopathic ”  cardiomyopathies.  79    

  Renal  d isease 
 Renal impairment is strongly associated with the develop-
ment of cardiovascular disease and death. End - stage renal 
disease is associated with a CVD risk 20 – 30 times that of 
the general population. In particular, microalbuminuria is 
a well - characterized risk factor for HF in diabetics, in 
whom the presence of elevated urine albumin excretion 
increases risk by 3 – 5 - fold.  67   In the Heart Outcomes Preven-
tion Evaluation (HOPE) trial, microalbuminuria was a pre-
dictor of HF and other cardiovascular events in both 
diabetics and non - diabetics.  80      

  Preventive  s trategies 

 Preventive strategies include public health policy, the spe-
cifi c targeting of high - risk individuals and secondary pre-
vention in those with established cardiovascular disease 
(ACC/AHA Stage A). Many patients have more than one 
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risk factor; therefore, optimal treatment of all risk factors 
may produce benefi ts that are at least additive, if not syn-
ergistic. Interpretation of clinical trial data may be diffi cult. 
Whilst some treatment strategies may appear to be intui-
tively effective (e.g. reperfusion therapy following MI), 
direct evidence of reduction of HF risk may be lacking and 
therefore, assigning appropriate evidence recommenda-
tions may be diffi cult. Tables  46.5  and  46.6  summarize the 
best available clinical trial data directly supporting treat-
ments for the prevention of HF and supporting evidence 
recommendations for these strategies.   

  Treatment of  h ypertension 

 Treatment of both systolic and diastolic hypertension is 
associated with a considerable reduction in the incidence 
of HF with several randomized controlled trials and meta -
 analyses demonstrating reductions of the order of 30 – 50% 
across the spectrum of disease severity and in all age 
groups (see Table  46.6 ).  81 – 85   Indeed, the elderly may have 
most to gain, with considerable reductions in cardiovascu-
lar events; particularly HF.  86   Is there a difference between 
antihypertensive agents or is adequate BP reduction 
enough? The most compeling data support the use of 
diuretics, inhibitors of the renin - angiotensin - aldosterone 
system (RAAS) and beta - blockers, whereas calcium channel 
blockers appear somewhat less effective and alpha - antag-
onists may be potentially detrimental. 

 The International Nifedipine GITS (INIGHT) Study com-
pared long - acting nifedipine with the thiazide diuretic co -
 amilozide.  87   There was a signifi cantly higher rate of HF 
amongst patients treated with nifedipine (0.8% v 0.3%, 
 P    =   0.028) although again there was no signifi cant differ-

ence in other cardiovascular outcome measures. The 
Nordic Diltiazem trial (NORDIL) randomized patients to 
diltiazem or  “ conventional ”  beta - blocker or thiazide - based 
therapy.  88   Incidence of HF was approximately 20% higher 
in those treated with diltiazem (2.5/1000 per year v 
2.1/1000 per year) although this difference was not statisti-
cally signifi cant. 

 The Antihypertensive and Lipid - Lowering Treatment to 
Prevent Heart Attack Trial (ALLHAT) remains the largest 
randomized controlled antihypertensive trial conducted to 
date and allowed direct comparison of several regimens 
(see Table  46.6 ).  89   The doxazosin arm of the study was 
terminated early because of an increased incidence of car-
diovascular events, particularly HF, relative to chlorthali-
done (relative risk (RR) 2.04, 95% CI 1.79 – 2.32). This 
differential effect on HF was consistently observed amongst 
all subgroups. Previous smaller trials have suggested that 
alpha - antagonists increase plasma volume and plasma nor-
epinephrine levels, adding biologic plausibility to the 
potential detrimental effects of doxazosin.  90   The remaining 
arms of the ALLHAT study included 33 357 patients 
assigned to chlorthalidone, lisinopril or amlodipine.  91   At 5 
years, systolic BP was signifi cantly lower in the chlorthal-
idone - treated group. The amlodipine group had a 35% 
higher risk of hospitalized and fatal HF compared with 
chlorthalidone (RR 1.35, 95% CI 1.21 – 1.50,  P     <    0.001) and a 
23% higher risk compared with the lisinopril group (RR 
1.23, 95% CI 1.09 – 1.38,  P     <    0.01). There was no signifi cant 
difference between lisinopril and chlorthalidone. 

 These fi ndings are supported by the Blood Pressure 
Lowering Treatment Trialists ’  Collaboration (BPLTCC) 
meta - analysis of 29 trials involving over 162 000 patients 
which demonstrated superiority of ACE inhibitor, beta -

 Table 46.5     Evidence - based practice recommendations for the prevention of heart failure 

   Preventive strategy     ACC/AHA     HFSA  *       Australian  *       Canadian     ESC  

  Treatment of hypertension    I - A    I - A    I - A    I - A    I - A  

  Treatment of atherosclerosis and secondary prevention of coronary artery disease  

     ACE inhibitor    I - A    I - A    I - B    I - A    I - B  

     Beta - blocker (post MI)    I - A    I - A    I - B     –      –   

     Lipid - lowering therapy    I - C    I - A   ¶       I - B    I - A    I - A   ¶     

  Optimizing treatment of diabetes  

     Glycemic control    I - C    I - A   ¶        –      –      –   

     ACE inhibitors    IIa - A    I - A   ¶        –      –     I - A  

     Angiotensin receptor blockers (in patients with microalbuminuria)    IIa - C    I - A   ¶        –      –     I - A  

  Treatment of obesity     –     I - C     –      –      –   

  Smoking cessation    I - C    I - A     –     I - C     –   

    *     ” Is recommended ”  (HFSA) and  “ should be treated with  “ (Australian) are considered equivalent to Class I recommendation.  

   ¶    Heart failure guidelines refer specifi cally to relevant national clinical practice guidelines for diabetes or secondary prevention of atherosclerosis which 

make the reported recommendations.   
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 blocker or diuretic - based regimens over calcium channel 
blockers in reducing the risk of HF, despite almost identical 
BP reductions.  92   Indeed, for every outcome other than HF, 
the differences in the observed risk were directly related to 
degree of blood pressure reduction. 

 The newest class of antihypertensive drug showing effi -
cacy in prevention of HF are the angiotensin receptor 
blockers (ARBs). This group has shown particular effi cacy 
in reducing major cardiovascular events in diabetics with 
established nephropathy (and in many cases, associated 
hypertension). The Losartan Intervention for Endpoint 
reduction in hypertension (LIFE) study compared losartan 
and atenolol in 9193 patients with signifi cant hypertension 
(BP 160 – 200/95 – 115   mmHg).  93   After mean follow - up of just 
under 5 years the primary composite endpoint of cardio-
vascular morbidity and death was lower in the losartan 
group (HR 0.87, 95% CI 0.77 – 0.98,  P    =   0.021) with a trend 
towards a reduction in HF admissions. The Valsartan Anti-
hypertensive Long - term Use Evaluation (VALUE) trial ran-

domized 15 235 high - risk patients to a regimen based on 
the ARB valsartan or CCB amlodipine, with the addition 
of hydrochlorothiazide to each as necessary.  94   Primary 
outcome was time to fi rst cardiac event (a composite which 
included hospitalization or death due to HF). Whilst there 
was no difference in the primary outcome between either 
group, in a subsequent analysis of the 46% receiving mono-
therapy, valsartan emerged as superior in reducing inci-
dent HF (HR 0.63, 95% CI 0.461 – 0.962.  P    =   0.004). 

 These studies illustrate the substantial benefi ts of antihy-
pertensive therapy across a spectrum of hypertension 
severity, with even modest reductions in BP among patients 
with stage 1 and 2 hypertension producing tremendous 
benefi ts. Amongst diabetics and patients with established 
atherosclerosis, inhibitors of the RAAS have been particu-
larly effective.  92,95 – 97   It is estimated that only 52% of Ameri-
cans with established hypertension are receiving treatment, 
and only 23% are adequately controlled.  98   Similarly almost 
half of patients with previous MI have uncontrolled 

 Table 46.6     Clinical trials providing evidence for prevention of heart failure 

   Study     Inclusion criteria     Intervention     HF event relative risk 
reduction  

   Antihypertensive agents  

 STOP  82   

 SHEP  83   

 Syst - Eur  84   

 ALLHAT  89,91   

 VALUE  94   

 JIKEI  85    

 

 Hypertension  –  70 – 84   y 

 Isolated systolic hypertension 

 –  > 60   y 

 Isolated systolic hypertension 

 –  > 60   y 

 Hypertension  –  > 55   y 

 Hypertension  –  > 50   y 

 Hypertension  –  20 – 79   y  

 

 Beta - blocker v placebo 

 Chlorthalidone 12.5 mg (plus atenolol 25   mg) v placebo 

 

Nitrenidipine 10 – 40   mg (plus enalapril 

5 – 10   mg   +   hydrochlorothiazide 12.5 – 25   mg) v 

placebo 

 Chlorthalidone 12.5 – 25   mg v amlodipine 2.5 – 10   mg v 

lisinopril 10 – 40   mg v doxazosin 2 – 8   mg 

 Valsartan 80 – 160   mg v amlodipine 5 – 10   mg 

 Valsartan 40 – 160   mg v   +    “ conventional ”  treatment v 

 “ conventional ”  treatment alone  

 

 53% ( P    =   0.031) 

 51% ( P     <    0.01) 

 29% ( P    =   0.12) 

 See text 

 37% ( P    =   0.004) 

 47% ( P    =   0.0293)  

   Secondary prevention of 

coronary artery disease  

 HOPE  80   

 EUROPA  101   

 PEACE  102   

 CURE  112    

 

 Vascular disease or diabetes   +   risk 

factors 

 Acute coronary syndromes  

 

 Ramipril 10   mg v placebo 

 Perindopril 8   mg v placebo 

 Trandalopril 2 – 4   mg v placebo 

 Clopidogrel 75   mg v placebo  

 

 23% ( P     <    0.01) 

 39% ( P    =   0.002) 

 25% ( P    =   0.02) 

 18% ( P    =   0.03)  

   Optimizing diabetic care  

 UKPDS  65   

 RENAAL  97   

 IDNT  95    

 

 Type 2 diabetes (T2DM) 

 T2DM, hypertension, nephropathy 

 T2DM, hypertension, nephropathy  

 

 Glycemic control 

 Losartan 50 – 100   mg v placebo 

 Irbesartan 300   mg v amlodipine 10   mg v placebo  

 

 See text 

 32% ( P    =   0.005) 

 28% ( P    =   0.048)  

   Hyperlipidemia  

 4S  104   

 TNT  107   

 CARE  105   

 VA - HIT  106   

 PROVE - IT  108    

 

 Stable coronary artery disease 

 Acute coronary syndromes  

 

 Simvastatin 20 – 40   mg v placebo 

 Atorvastatin 10   mg v atorvastatin 80   mg 

 Pravastatin 40   mg v placebo 

 Gemfi brozil 1200   mg v placebo 

 Atorvastatin 80   mg v pravastatin 40   mg  

 

 21% ( P     <    0.015) 

 26% ( P    =   0.01) 

 21% ( P    =   0.10) 

 22% ( P    =   0.04) 

 45% ( P    =   0.008)  
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hypertension.  99   There is therefore, considerable room for 
improvement and prevention in such high - risk individu-
als. Optimal BP control in line with contemporary guide-
lines should be the primary goal, the choice of drugs 
guided by concomitant medical problems (e.g. CAD, dia-
betes or renal disease) (Class I, Level A).  

  Treatment of  a therosclerosis and  p revention of 
 m yocardial  i nfarction 

   ACE   i nhibitors 
 ACE inhibitors play a pivotal role in the secondary preven-
tion of MI and in patients with chronic stable atherosclero-
sis. The ACE Inhibitor Myocardial Infarction Collaborative 
Group undertook a systematic review of trials of ACE inhi-
bition in the early (0 – 36 hours) phase of acute MI.  100   Data 
were available from four randomized controlled trials 
involving nearly 100 000 patients. Results were consistent, 
with a signifi cant 7% relative risk reduction in 30 - day mor-
tality and a signifi cant but small 1.4% absolute risk reduc-
tion in the incidence of non - fatal HF. 

 In patients with established cardiovascular disease, long -
 term treatment with an ACE inhibitor may decrease the risk 
of death and further major cardiovascular events, including 
HF, although studies have yielded variable results. The 
aforementioned HOPE trial randomized 9297 patients aged 
55 years or older with diabetes mellitus or established vas-
cular disease (but without evidence of HF) to receive ramipril 
or placebo.  80   Ramipril decreased the incidence of HF by 23% 
(OR 0.77, 95% CI 0.67 – 0.97,  P     <    0.001). This benefi t appeared 
independent of blood pressure. Similar results were observed 
with perindopril in the EURopean trial On reduction of 
cardiac events with Perindopril in stable coronary Artery 
disease (EUROPA) Study.  101   Perindopril was associated with 
a signifi cant 20% relative risk reduction in the primary end-
point (OR 0.8, 95% CI 0.09 – 0.29,  P    =   0.0003) with a 39% rela-
tive risk reduction in HF hospitalizations (OR 0.69, 95% CI 
0.17 – 0.56,  P    =   0.002). In contrast to HOPE and EUROPA, the 
Prevention of Events with Angiotensin Converting Enzyme 
inhibition (PEACE) trial failed to show any incremental 
benefi t of adding ACE inhibitor (trandolapril) to otherwise 
optimal therapy on the composite endpoint of cardiovascu-
lar death, MI or coronary revascularization.  102   There was, 
however, a signifi cant reduction in the composite rate of 
death or hospitalization due to HF (OR 0.75, 95% CI 0.59 –
 0.95,  P    =   0.02). To control for apparent differences in risk 
profi les, baseline therapies and follow - up between the dif-
ferent trials, two comprehensive meta - analyses have com-
bined the fi ndings of these and smaller studies and 
persuasively demonstrate a signifi cant reduction in all - cause 
mortality, cardiovascular mortality and hospitalization for 
HF (OR 0.77, 95% CI 0.67 – 0.90,  P    =   0.0007).  96,103   As such, all 
patients with stable CAD should be considered for treatment 
with an ACE inhibitor (Class I, Level A).  

  Lipid -  l owering  t herapy 
 The Scandinavian Simvastatin Survival Study (4S) random-
ized 4444 patients (mean age 60 years) with known CAD 
and serum cholesterol 5.5 – 8.0   mmol/L, and without clinical 
evidence of HF, to receive simvastatin (20   mg initially, 
increased to 40   mg if cholesterol remained  > 5.2   mmol/L) or 
placebo.  104   Primary endpoint was total mortality. After 
5 - years follow - up there was a signifi cant 30% reduction in 
total mortality ( P     <    0.0003) with a 21% relative risk reduction 
in the incidence of HF ( P     <    0.015). The relative risk reduction 
for major coronary events was independent of baseline cho-
lesterol and similar across all subgroups. Risk of HF was 
closely related to ischemic events, particularly MI and co -
 morbid diabetes. The Cholesterol and Recurrent Events 
(CARE) trial randomized 1283 elderly patients aged 65 – 75 
years (mean 69 years) with prior history of MI and total 
cholesterol  < 6.2   mmol/L to receive pravastatin 40   mg or 
placebo.  105   There was a signifi cant reduction in the primary 
composite endpoint of non - fatal MI or CAD death (39% rela-
tive risk reduction,  P    =   0.001) and a trend towards reduc-
tions in incident HF (23% relative risk reduction,  P    =   0.10). 

 The Veterans ’  Affairs Co - operative Studies Program 
High - density Lipoprotein Cholesterol Intervention trial 
(VA - HIT) randomized 2531 male patients with established 
CAD, low HDL cholesterol and no more than moderately 
elevated LDL cholesterol to receive either the fi brate gem-
fi brozil 1200   mg or placebo.  106   Primary endpoint was non -
 fatal MI or death from CAD. After 5.1 years follow - up 
gemfi brozil was associated with a signifi cant reduction in 
the primary endpoint and a 22% relative risk reduction in 
HF hospitalization (OR 0.78, 95% CI 0.62 – 0.98,  P    =   0.04). 

 In a meta - analysis of six recently conducted randomized 
controlled trials comparing intensive with moderate lipid -
 lowering therapy (with a statin) in patients with recent 
acute coronary syndrome (ACS) and stable CAD, intensive 
therapy showed greater effi cacy in reducing total mortality, 
although this was restricted to patients with recent ACS.  107   
Nevertheless, intensive therapy was associated with a sig-
nifi cant reduction in risk of HF hospitalization in both 
patient groups (RR 0.63, 95% CI 0.46 – 0.86 and OR 0.77, 95% 
CI 0.64 – 0.092 respectively). These substantial reductions in 
heart failure admission rates may be independent of isch-
emic events. In the Pravastatin or Atorvastatin Evaluation 
and InfecTion (PROVE - IT) trial, 4162 patients with low 
baseline rates of HF were randomized to receive intensive 
(atorvastatin 80   mg) or moderate (pravastatin 40   mg) statin 
therapy following stabilization for a recent ACS.  108   Hospi-
talization rates for HF were signifi cantly reduced in the 
intensive therapy group (HR 0.55, 95% CI 0.35 – 0.85, 
 P    =   0.008) and this benefi t appeared independent of recur-
rent ischemic events. Consequently, lipid - lowering therapy 
(in accordance with local primary and secondary preven-
tion guidelines) is strongly recommended in all patients 
with CAD to prevent HF (Class I, Level A).  
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  Antiplatelets 
 Antiplatelet drugs, notably aspirin, have been shown to 
produce short - term benefi ts in preventing mortality and 
cardiovascular events after MI and in patients with cardio-
vascular disease.  109   Aspirin is universally accepted as fi rst -
 line treatment of CAD. However, two prospective outcome 
trials, including patients with HF, have failed to demon-
strate signifi cant benefi cial effects on mortality specifi cally 
related to HF.  110,111   

 Clopidogrel exerts its antiplatelet effects through antago-
nism of adenosine diphosphate - induced platelet aggrega-
tion. Combination of clopidogrel with aspirin, which acts 
via the thromboxane - mediated aggregation pathway, may 
have an additive effect, producing incremental clinical ben-
efi ts, particularly in high - risk patients. The Clopidogrel in 
Unstable Angina to Prevent Recurrent Events trial investi-
gators randomized 12 562 patients who had presented 
within 24 hours of onset of ACS (excluding ST elevation 
MI) to receive aspirin and clopidogrel (loading dose of 
300   mg followed by 75   mg daily) or placebo for 12 months.  112   
Clopidogrel was associated with a signifi cant 20% relative 
risk reduction in the primary composite outcome measure 
of death from cardiovascular causes, non - fatal MI or stroke 
(HR 0.80, 95% CI 0.72 – 0.90,  P     <    0.001). There was also a 
signifi cant reduction in incidence of in - hospital HF (HR 
0.82, 95% CI 0.69 – 0.98,  P    =   0.03). This was of a similar 
magnitude to the reduction in ischemic events, suggesting 
that through prevention of recurrent ischemia, intensive 
antiplatelet therapy can prevent heart failure following 
ACS (Class IIa, Level B).   

  Optimizing  t reatment of  d iabetes 

 Considering diabetes as an integral part of the cardiovas-
cular risk continuum, strategies to prevent HF should 
largely focus on optimal treatment of hypertension, reduc-
ing ischemic events and optimizing diabetes care as a 
whole. It is diffi cult, however, to determine if improving 
glycemic control reduces heart failure incidence  per se,  
largely due to a paucity of good data from large trials. In 
the UK Prospective Diabetes Study Group (UKPDS), every 
1% reduction in HbA1 c  was associated with a 16% reduc-
tion in risk of incident HF (95% CI 3 – 26,  P    =   0.016).  65   Whilst 
several observational and interventional studies have dem-
onstrated a linear relationship between percentage HbA1 c  
and subsequent risk of HF, the converse, that aggressive 
reduction in HbA1 c  modifi es risk of heart failure, remains 
largely unproven.  66,113   Nevertheless, glycemic control in 
patients with diabetes is recommended to reduce future 
heart failure risk (Class I, Level A).  

  Treatment of  o besity 

 Effective weight reduction strategies have been shown to 
improve many of the adverse effects of obesity. Some small 

studies specifi cally investigating bariatric surgery in the 
management of morbid obesity have demonstrated mea-
surable reductions in LV mass with tandem improvements 
in LV systolic and diastolic function.  114,115   Nevertheless, 
there is no fi rm evidence on which to base recommenda-
tions for weight loss targets as a preventive strategy for HF. 
Contemporary practice guidelines suggest a BMI of  < 30 as 
a clinical target (Class I, Level C).  

  Smoking  c essation 

 There is considerable evidence that smoking cessation pre-
vents subsequent cardiovascular events in those with 
established coronary disease.  116,117   Similarly, smoking cessa-
tion appears to have substantial benefi ts on decreasing 
morbidity and mortality in patients with established heart 
failure.  73   In the SOLVD study, non - smokers or former 
smokers showed improved outcome when compared with 
current smokers. These and other observational data 
suggest that smoking cessation may positively impact on 
HF outcome, particularly in those with established cardio-
vascular disease (Class I, Level A).  

  Others 

 In patients at risk of  “ cardiomyopathy ” , clinical vigilance 
and early treatment of asymptomatic LVSD is the key. Pre-
cipitating causes should be sought and corrected. Drug -
 induced LVSD may be responsible for only a small 
proportion but may be easily overlooked and relies on a 
thorough history and clinical awareness of potential cul-
prits. In those receiving high - dose anthracycline chemo-
therapy regimens, a variety of cardioprotectant strategies 
have been attempted but without much success.  118   The 
most promising is the free radical scavenger dexrazoxane 
which may reduce the incidence and severity of cardiomy-
opathy associated with doxorubicin.  118   

 In 2007 the WHO launched a  “ Global Network for 
Chagas ’  Elimination ”  with the primary goal of eliminating 
Chagas ’  disease by 2010. This complements national pro-
grams to control Chagas ’  such as the  “ Southern Cone Ini-
tiative ”  which, through a combination of housing 
improvements and insecticide spraying, have resulted in 
signifi cant reductions in transmission.  119   The use of anti-
parasitic therapy (principally benzidazole) has been evalu-
ated in several small randomized and non - randomized 
controlled trials. These studies have been evaluated by the 
Cochrane Collaboration which suggests potential for 
asymptomatic patients.  120   Large - scale randomized con-
trolled trials are indicated, with one under way.  121   

 The prevention of rheumatic heart disease relies on accu-
rate diagnosis and effective administration of secondary 
prophylaxis. The WHO recommends a program based 
upon monthly injections of penicillin after a fi rst episode 
of acute rheumatic fever, and continued until the third 
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decade as an effective (and affordable) strategy to prevent 
rheumatic heart disease.  122   Despite this, many impover-
ished nations have no national secondary prophylaxis 
program. The prevention of these infectious causes of HF 
is perhaps more closely tied to national public health policy 
than specifi c therapeutic interventions.   

  Management of  a symptomatic  l eft 
 v entricular  s ystolic  d ysfunction 

 Neurohormonal activation is evident in ALVSD and there-
fore, therapeutic manipulation may provide clinical benefi ts. 
ALVSD is more often managed in primary care and by non -
 specialists, and therefore, may go unrecognized or untreated. 
Patients with ALVSD may also be reluctant to commit to 
a lifetime of medication in the absence of symptoms, 
especially when faced by side effects and prescription costs. 
Most of the existing evidence comes from studies in patients 
with CAD incidentally found to have ALVSD. There are 
only limited data for non - ischemic etiologies. Table  46.7  
summarizes the evidence - based recommendations.   

   ACE   i nhibitors 

 The milestone trials in the treatment of ALVSD using ACE 
inhibitors are the SOLVD - P and the SAVE trials.  53,54   The 
SOLVD - P trial randomized 4228 asymptomatic or mildly 
symptomatic patients with LVEF  ≤ 35%, primarily with 
CAD (83%), to receive enalapril or placebo. After median 
follow - up of 37 months, patients receiving enalapril 
showed a trend toward increased survival and a signifi cant 
reduction in the risk of development of HF. Extended 12 -
 year follow - up demonstrated a statistically signifi cant 14% 

reduction in mortality.  123   The SAVE trial randomized 2231 
patients with ALVSD (LVEF  ≤ 40%) following MI to receive 
placebo or captopril. Mean baseline LVEF was 31%. After 
median follow - up of 19 months there was a signifi cant 22% 
relative risk reduction in HF hospitalization and a 36% 
relative risk reduction in death due to worsening HF. 

 Finally the Trandolapril Cardiac Evaluation (TRACE) 
study randomized 1749 patients with MI and LVEF  < 35% 
(31% of whom were asymptomatic) to trandolapril or 
placebo for up to 50 months.  124   Trandolapril produced a 
22% relative risk reduction in total mortality and a 29% 
relative risk reduction in death due to worsening HF. 

 Taken together, these trials unequivocally support the 
use of ACE inhibitors in ALVSD, particularly in patients 
with CAD. Consequently, ACE inhibitors are indicated in 
all patients with ALVSD post MI (Class I, Level A) and in 
patients with ALVSD even if they have not experienced MI 
(Class I, Level A).  

  Beta  b lockers 

 Treatment with beta - blockers has been shown to provide 
signifi cant incremental benefi ts in symptomatic patients 
treated with an ACE inhibitor. Moreover, beta - blockers 
have been demonstrated to induce reverse remodeling, 
reducing LV dimensions and increasing LVEF. In a  post hoc  
analysis of the SOLVD - P trial, the benefi t of adding beta -
 blockers to ACE inhibitors in ALVSD became apparent.  125   
Those patients receiving both agents (25%) had signifi -
cantly lower rates of mortality and hospitalization for HF. 
Similarly, a retrospective analysis of the SAVE trial found 
that the 35% of patients who were receiving both agents 
had a 30% lower risk of death and a 21% lower risk of 
progression to symptomatic HF that was independent of 

 Table 46.7     Evidence - based recommendations for the management of  ALVSD  

        ACC/AHA     HFSA  *       Australian  *       Canadian     ESC  

  ACE inhibitors    I - A    I - A    I - A    I - A (LVEF  < 35%) 

 I - B (LVEF 45 – 40%)  

  I - A  

  Beta - blockers  

     Prior MI    I - A    I - B    I - B    I - B    I - B  

     No prior MI    I - C    I - C     –     IIa - C     –   

  Angiotensin receptor blockers  

     Prior MI (intolerant of ACE inhibitor)    I - B    I - C   †        –      –     I - A   §     

     No prior MI (intolerant of ACE inhibitor)    IIa - C     –      –      –   

  Implantable cardioverter defi brillator  

     Prior MI (LVEF  ≤ 30%)    IIa - B     –      –      –     IIa - B  

     No prior MI (LVEF  ≤ 30%)    IIb - C     –      –      –     IIb - C  

    *     “ Is recommended ”  (HFSA) and  “ should be treated with ”  (Australian) are considered equivalent to Class I recommendation.  

    †     No specifi c distinction made between prior MI and no prior MI.  

    §      “ In acute MI with signs of heart failure  or  LVSD ” .   
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captopril use.  126   The Australia - New Zealand Heart Failure 
trial randomized 415 patients with LVSD (LVEF  < 45%) due 
to CAD (30% of whom were asymptomatic) to carvedilol 
or placebo.  127   Most patients were concurrently treated with 
an ACE inhibitor (86%). After a median 19 - month follow -
 up there was a 26% relative risk reduction in mortality or 
HF hospitalization with carvedilol. Carvedilol also pro-
duced signifi cant improvements in LVEF. 

 The Carvedilol Post - Infarct Survival Control in LV Dys-
function (CAPRICORN) trial randomized 1959 patients 
with LVEF  ≤ 40% (mean 33%) post MI to receive carvedilol 
or placebo.  128   Fifty - three percent of patients were asymp-
tomatic and nearly all received ACE inhibitors (98%). 
Although there was no difference in the primary composite 
endpoint of all - cause mortality or cardiovascular hospital 
admission, there was a signifi cant 23% relative risk reduc-
tion in all - cause mortality with carvedilol. In a subgroup 
analysis of the asymptomatic patients, carvedilol treatment 
produced a 31% relative risk reduction in all - cause mortal-
ity. In an echocardiographic substudy of the same study, 
carvedilol resulted in statistically signifi cant reductions in 
LV volumes and superior improvements in LVEF indicat-
ing a reversal of LV remodeling.  129   

 The more specifi c effects of ACE inhibitors and beta -
 blockers on LV remodeling were evaluated in the Carve-
dilol ACE Inhibitor Remodelling Mild CHF Evaluation 
(CARMEN) trial which assigned 572 patients with heart 
failure (LVEF  ≤ 40%) to enalapril, carvedilol or combination 
of both;  130   8% of patients were asymptomatic. Primary end-
point was change in LV end - systolic volume at 6 and 8 
months. Carvedilol alone and the combination of both 
drugs appeared to be most effi cacious. Patients who were 
treated with ACE inhibitor alone had no change in LV 
dimensions and a small, late increase in LVEF. The recently 
published Reversal of Ventricular Remodelling with Top-
rol - XL (REVERT) trial has extended these data, demon-
strating that beta - blocker therapy can ameliorate LV 
remodeling.  131   When considering that initiation of a beta -
 blocker is better tolerated in asymptomatic or mildly symp-
tomatic individuals, an early approach to combined 
beta - blocker and ACE inhibitor therapy in these patients 
seems most appropriate. Consequently, beta - blockers are 
indicated in all patients with ALVSD post MI (Class I, 
Level B) and in patients with ALVSD without history of 
MI (Class I, Level C).  

  Angiotensin  r eceptor  b lockers ( ARB s) 

 Clinical trial evidence supporting the use of ARBs in 
ALVSD is currently limited to the post - MI population. The 
Valsartan in Acute Myocardial Infarction (VALIANT) trial 
randomized 14 703 patients with LVSD (mean LVEF 35%) 
0.5 to 10 days post MI to receive the ARB valsartan (target 
dose 160   mg bd) the ACE inhibitor captopril or a combina-

tion of both.  132   Twenty - eight percent had no symptoms 
of HF. After a median follow - up period of nearly 25 months, 
valsartan was as effective as captopril in reducing 
the primary endpoint of total mortality, even in asymptom-
atic patients. The combination of both drugs conferred no 
additional benefi t, whilst increasing the risk of adverse 
events. 

 The Optimal Trial in Myocardial Infarction with the 
Angiotensin II Antagonist Losartan (OPTIMAAL) trial ran-
domized 5477 patients 50 years of age or older with either 
clinical HF or echocardiographic evidence of LVSD post 
MI to receive the ARB losartan (at target dose 50   mg once 
daily) or captopril (at target dose 50   mg three times daily).  133   
The primary endpoint was all - cause mortality. Approxi-
mately one - third of the study population were asymptom-
atic. There was a non - signifi cant trend in mortality favoring 
captopril, although losartan was better tolerated. 
These results suggest that the effi cacy of an ARB in post - MI 
LVSD either varies depending on agent used (valsartan 
being effi cacious and losartan not) or by dosing. In 
the VALIANT trial, valsartan was more rapidly titrated 
and reported equivalent non - inferior reductions in 
events when compared with captopril. In contrast, the 
OPTIMAAL investigators observed a signifi cantly higher 
early event rate in this high - risk population, suggesting 
that the dosing regimen of losartan may have been 
suboptimal. 

 Consequently, ARBs are indicated in patients with 
ALVSD post MI who are intolerant of ACE inhibitors (Class 
I, Level B) and may be benefi cial in ALVSD in patients 
without a history of MI who are intolerant of ACE inhibi-
tors (Class IIa, Level C).  

  Aldosterone  a ntagonists ( AA ) 

 The Eplerenone Post - Acute Myocardial Infarction Heart 
Failure Effi cacy and Survival Study (EPHESUS) random-
ized 6632 patients LVEF  ≤ 40% and clinical or radiologic HF 
(or diabetes mellitus) after MI to receive the selective AA 
eplerenone 50   mg once daily or placebo (in addition to 
standard therapy).  54,134   There was a signifi cant 15% relative 
risk reduction in all - cause mortality with further benefi ts 
in reducing hospital admissions. These benefi ts were 
achieved despite high baseline use of ACE inhibitors and 
beta - blockers, demonstrating the incremental advantage 
for these high - risk patients; 10% of patients were asymp-
tomatic (all diabetics). In a recent cardiac magnetic reso-
nance imaging study, eplerenone signifi cantly reduced LV 
remodeling (assessed by LV systolic volume index) over a 
6 - month period compared with placebo in 100 patients 
with ALVSD post MI (RAP Weir, presentation at the Ameri-
can Heart Association Scientifi c Congress, Orlando, 2007). 
These patients were otherwise optimally treated in accor-
dance with contemporary guidelines. 
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 Consequently, the AA eplerenone should be considered 
in diabetic patients with ALVSD post MI although a level 
of recommendation cannot be made on the basis of the 
available evidence. Further adequately powered clinical 
endpoint studies are indicated to explore the broader appli-
cation of aldosterone antagonists in ALVSD, particularly in 
such high - risk groups.  

  Implantable  c ardioverter -  d efi brillators ( ICD s) 

 Despite advances in pharmacologic treatment, patients 
continue to experience signifi cant mortality. In the SOLVD -
 P trial, 5% of patients suffered sudden cardiac death that 
was not preceded by worsening HF and in the Framing-
ham population, 43% of patients with ALVSD died sud-
denly.  54,55   It is presumed that a signifi cant proportion of 
these sudden deaths are arrhythmic in etiology. This has 
led to the investigation of ICDs as a preventive strategy in 
high - risk patients. Early studies targeted therapy to those 
considered most at risk on the basis of electrophysiologic 
testing, and confi rmed a signifi cant reduction in mortality. 
Subsequently,  “ primary prevention ”  devices have been 
proven to be effi cacious in preventing sudden cardiac 
death in patients without electrophysiologic testing and in 
patients with both ischemic and non - ischemic LVSD. A 
considerable proportion of asymptomatic patients were 
included in the landmark studies. 

 The Multicenter Automatic Defi brillator Implantation 
Trial II (MADIT - II) randomized 1232 patients with past 
history of MI (at least 1 month) and LVEF  ≤ 30% to receive 
conventional medical therapy or medical therapy plus 
ICD.  135   Median follow - up was 20 months. Approximately 
one - third of each group were asymptomatic. ICD was asso-
ciated with a 31% relative risk reduction in death compared 
with medical therapy alone. Asymptomatic patients were 
conferred the same survival benefi ts as those with overt 
symptoms. The Defi brillators in Non - ischemic Cardiomy-
opathy Treatment Evaluation (DEFINITE) Study investi-
gated the role of ICD in patients with non - ischemic 
cardiomyopathy.  136   Four hundred and fi fty - eight patients 
(22% of whom were asymptomatic) with LVEF  ≤ 36% were 
randomized to receive conventional medical therapy or 
medical therapy plus ICD. Device implantation produced 
a non - signifi cant 35% relative risk reduction in total mor-
tality ( P    =   0.08). In contrast to the MADIT - II population, 
only symptomatic NYHA III patients received mortality 
benefi t. 

 Consequently, ICD implantation should be considered in 
patients with ALVSD and LVEF  ≤ 30% post MI on optimal 
medical therapy and in whom a reasonable survival with 
good functional status of more than 1 year can be expected 
(Class IIa, Level B). Implantation may be considered in 
patients with non - ischemic cardiomyopathy with LVSD 
but this remains an area of debate (Class IIb, Level C).   

  Conclusion 

 Heart failure affects approximately 2 – 5% of the population 
and is associated with considerable morbidity and mortal-
ity. Whilst the age - adjusted incidence appears to have 
remained stable, prevalence is thought to be increasing, 
principally as a consequence of aging of the population and 
improved survival from CAD. The prevalence of ALVSD 
may be even greater, indicating that many patients go 
unrecognized and untreated. Therapies aimed at modify-
ing the abnormal neurohormonal activation that is charac-
teristic of LVSD have been proven to prevent progression 
of ALVSD to overt HF, particularly post MI. 

 Early identifi cation of those at risk and modifi cation of 
risk factors is critical to reduce the population burden. 
Future strategies may include the use of devices and novel 
therapeutic agents as well as screening for asymptomatic 
patients. Together with effective preventive measures, this 
may decelerate this growing epidemic.  
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  Introduction 

 The heart may be exposed to various forms of injury 
brought about by ischemic, hemodynamic, metabolic or 
toxic insults. Progression to the clinical syndrome of con-
gestive heart failure (CHF) occurs through a complex series 
of neurohormonal and hemodynamic interactions that 
results in a common cardiovascular phenotype, character-
ized by fl uid overload, low cardiac output syndrome or a 
combination of both. Treatment paradigms developed over 
the past 20 years have increasingly focused on the attain-
ment of long - term survival benefi t rather than on improve-
ments in presumptive surrogates for survival such as the 
hemodynamic profi le. While symptom improvement is a 
goal of therapy, the relationship between symptom relief 
(for example, with diuretic therapy) and longevity is often 
non - linear; that is, interventions that may improve symp-
toms can have a negative or neutral effect on survival, 
while those that improve survival (for example, the beta -
 adrenergic receptor antagonists) may have neutral effects 
on important clinical markers like exercise tolerance. 

 Since the publication of the last edition of this chapter, 
the advent of device therapy (in particular implantable 
cardioverter defi brillators and biventricular pacemakers) 
has shifted the focus of management. However, the 
approach to the patient with heart failure must continue to 
be seen as multidimensional, multidisciplinary and pre-
dominantly pharmacologic. Given the morbidity and mor-
tality associated with the condition, and its increasing 
prevalence, the need to defi ne evidence - based medical 
therapies has become even more urgent. In this chapter 
we review contemporary standard - of - care approaches 
for both chronic and acute overt CHF with a focus on 
pharmacology, and offer an overview of new challenges 
ahead.  

  Pharmacologic  t herapy 

  Cardiac  g lycosides 

 Digitalis is the oldest of the drugs used in the treatment of 
CHF today. The main action of the drug is thought to be 
exerted by inhibition of the plasma membrane Na + /K +  -
 ATPase, increasing intracellular concentrations of Na +  and 
Ca + . A variety of autonomic effects have been shown in 
acute experimental studies and sympatholytic effects have 
been described. 

  Acute  e ffects in  CHF  
 Older uncontrolled studies have suggested that digitalis 
produces benefi cial hemodynamic effects in patients with 
decompensated heart failure, expressed as a decrease in 
pulmonary capillary wedge pressure, an increase in cardiac 
output, and a fall in heart rate.  1,2   It appears that the effect 
of digitalis on hemodynamics is dependent on the hemo-
dynamic state of the patient. Whereas positive effects have 
been observed in decompensated heart failure, the effects 
in normal subjects are largely negligible.  3,4   Although the 
slowing of heart rate would be of benefi t in diastolic heart 
failure without systolic dysfunction, there are limited data 
about this effect.  5   Acute administration of digitalis restores 
baroreceptor function and causes a decrease in sympathetic 
activity  6,7   though not all fi ndings have been reproduced.  8    

  Chronic  d igitalis  t herapy 
 The fi rst double - blind placebo - controlled trial with chronic 
digoxin treatment was published in 1977.  9   Subsequently a 
series of small short - term trials provided confl icting data 
about digoxin effi cacy,  10 – 13   with some studies suggesting 
favorable effects of digoxin on clinical heart failure symp-
toms, echocardiographic parameters, and exercise capacity, 
in particular in patients with more advanced left ventricu-
lar dysfunction. 

 In the fi rst large study, the Captopril - Digoxin Multi-
center Research Group trial, 300 patients with relatively 
mild heart failure were compared using captopril, digoxin 
or placebo. Digoxin and captopril were equally effective in 
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preventing hospitalization or an increase in diuretic 
dosages. Although digoxin - treated patients showed a sig-
nifi cant increase in ejection fraction, in contrast to the cap-
topril group, digoxin did not improve exercise capacity as 
much as captopril. The German and Austrian Xamoterol 
Study Group investigated the effect of digoxin together 
with xamoterol and placebo. Digoxin improved clinical 
indices of heart failure but not exercise capacity.  14   

 Several trials have used a withdrawal design to evaluate 
digoxin effi cacy. In the PROVED trial a randomized dou-
ble - blind withdrawal of digoxin was investigated in 88 
patients with stable NYHA class II – III maintained on 
digoxin and diuretics.  15   More placebo patients had worsen-
ing heart failure with an increase in the need for diuretics 
and hospitalization, and an impairment in exercise capac-
ity and LV function. In a similar study, the RADIANCE 
trial, 178 patients with CHF were investigated during 
digoxin withdrawal compared with maintained digoxin 
therapy;  16   both groups were also on angiotensin - converting 
enzyme (ACE) inhibitors. The results were similar to those 
of the PROVED trial, with placebo patients showing a sta-
tistically signifi cant deterioration in cardiac function, hos-
pitalization, quality of life and exercise capacity. 

 It should be noted that the withdrawal study design is 
inferior to prospective treatment studies and provides only 
inferential data about effi cacy. In contrast, the Digitalis 
Investigators Group (DIG) study, the only survival study 
of digoxin, was a multicenter, prospective, randomized, 
placebo - controlled, double - blind trial in 7788 patients with 
mild to moderate heart failure and sinus rhythm.  5   Among 
the investigated patients, 6800 had signs of systolic dys-
function expressed as ejection fraction of  < 45%. The remain-
ing patients might be considered to have had only diastolic 
dysfunction. There was no effect on the primary endpoint 
of all - cause mortality but digoxin signifi cantly reduced the 
number of hospitalizations from worsening heart failure. 

 In clinical practice, the use of digoxin appears to be 
declining  17   as part of a secular trend as opposed to a reac-
tion to the publication of the DIG trial results. However, 
other factors may be contributing. One substudy has gar-
nered attention because of a putative increase in mortality 
in women assigned to receive digoxin.  18   Subsequently, data 
from the DIG trial supporting the relationship between 
serum digoxin concentration (measured at 4 hours post 
dose) and outcomes were published. A survival benefi t was 
observed for serum digoxin concentrations of 0.5 – 0.8   ng/
dL compared to a neutral effect for concentrations between 
0.9 and 1.1   ng/dL and an increase in mortality for higher 
concentrations (greater than 1.1   ng/dL).  19   In an analysis 
that synthesized these two important observations, Adams 
 et al  determined that the increased mortality observed 
in women was likely an effect of higher serum digoxin 
concentrations, given that women tend to have smaller 
volumes of distribution of the drug than men.  20   

 Taken together, present data on digoxin suggest that this 
drug induces small but benefi cial effects on cardiac func-
tion, morbidity, and symptoms. There is a neutral effect on 
all - cause mortality. However, the therapeutic window is 
narrow, and the potential risk for serious arrhythmias 
cannot be ignored. The need to monitor serum drug levels 
appears to be heightened by recent analyses and in that 
context practitioners must be vigilant about the possibility 
that drug – drug interactions may elevate digoxin concen-
tration. Further, the applicability of the data derived from 
digoxin withdrawal trials to contemporary practice that 
includes beta - blockers is unclear; the effi cacy of digoxin in 
stable patients with mild heart failure on combined ACE 
inhibition and beta - blocker has not been established.     

  Diuretics 

 Fluid retention is a consistent fi nding in patients with CHF. 
The need for reduction of blood volume in patients with 
edema was recognized several hundred years ago. Histori-
cally, drugs with mild diuretic effects, such as mercury 
salts, carbonic anhydrase inhibitors, and thiazides, have 
been used. 

 A more substantial and conventional way to achieve 
diuresis is the use of loop diuretics.  21   Compensatory fl uid 
retention, as a response to lower cardiac output and 
reduced kidney perfusion,  22   might be of short - term benefi t 
in restoring optimal preload in the earlier states of CHF. 
However, a further increase in intracavitary pressure 
increases wall stress in the myocardium with a parallel 
increase in oxygen consumption and energy expenditure. 

BOX 47.1  Documented value of digoxin 

   Proven indication: always acceptable  Level A 
 Symptomatic left ventricular systolic heart failure and sinus 
rhythm on maximal medical therapy: symptomatic 
improvement, improved exercise capacity and decreased 
hospitalization for heart failure  *    

   Acceptable indication but of uncertain effi cacy and may be 
controversial  Level B 
 CHF with atrial fi brillation: heart rate control  

   Acceptable indication but of uncertain effi cacy and may be 
controversial  Level A 
 Symptomatic heart failure due to diastolic dysfunction  

   Not proven: potentially harmful (contraindicated)  Level A 
 Bradycardia and atrioventricular block 
 Signifi cant ventricular arrhythmias 
 Renal dysfunction 
 Electrolyte disturbances, hypokalemia in particular  

  *    Target serum digoxin level less than 1.0   ng/dL (see text for 
details) 
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In the classic physiologic description, the elevation of 
venous pressure shifts the hydrostatic balance across the 
capillary wall toward a net fi ltration of fl uid to the extracel-
lular space, and fi nally to the formation of edema. The 
decrease in renal blood fl ow that commonly accompanies 
heart failure stimulates the renin system, which leads to 
secretion of angiotensin and aldosterone. Other neurohor-
mones that promote retention of sodium and water include 
vasopressin, norepinephrine, and prostaglandins.  23   In con-
trast, endogenous sodium excretion is promoted by natri-
uretic peptides and prostacyclin. 

  Neurohormonal and  h emodynamic  e ffects of 
 l oop  d iuretics 
 In patients with pulmonary edema, intravenous furosemide 
is normally followed by a prompt response and relief of 
symptoms. However, fi ndings are not consistent regarding 
the mode of action of loop diuretics in the acute phase of 
decompensated heart failure. A reduction in fi lling pressures 
occurs even before diuresis is initiated  24 – 26   and has been 
attributed to vasodilation. However, acute arterial vasocon-
striction has also been found, alone or in combination with 
venodilation,  27 – 29   potentially related, at least in part, to acute 
upregulation of neurohormones such as aldosterone. Simi-
larly, cardiac output may increase, remain unchanged or 
decrease. Although furosemide is the most thoroughly tested 
loop diuretic, there are others available and commonly used, 
including bumetanide  30   and torsemide.  31   

 Most long - term studies have involved a small number of 
patients and used a variety of drugs and doses; chronic 
neuroendocrine effects are less well studied. Oral furose-
mide treatment has been associated with a reduction in 
norepinephrine concentration and a profound increase in 
plasma renin activity, angiotensin, and plasma aldosterone 
concentration.  32,33    

  Effects on  c linical  o utcomes and  s urvival 
 No prospective randomized study has been performed in 
the ACE inhibitor era examining the effect of diuretics on 
long - term survival. One meta - analysis of (small) random-
ized trials with active controls suggests that diuretics 
improve exercise capacity and the risk of worsening 
disease.  34   Further, despite concerns regarding the potential 
neurohormonal activation by diuretics, it should be kept in 
mind that studies showing positive survival effects of ACE 
inhibitors, beta - blockers or vasodilators in heart failure 
have all permitted diuretics as background treatment.  

  Clinical  m anagement 
 Diuretics reduce symptoms in CHF. The effect on symp-
toms has been formally tested in trials with furosemide and 
torsemide.  35   Further, it has been observed that the effects 
of ACE inhibitors may require the co - administration of 
diuretics.  36,37   Diuretics are also more effective in relieving 

edema and congestive symptoms than ACE inhibitors 
when given as single therapy.  38   

 Through an increase in urinary excretion of electrolytes, 
diuretics are prone to induce metabolic abnormalities such 
as hypokalemia, hyponatremia, hypocalcemia, hypomag-
nesemia, and metabolic alkalosis.  39   The need for potassium 
supplements can be diminished by using potassium - spar-
ing diuretics, such as amiloride or triamterine. However, 
ACE inhibitors act synergistically with potassium - sparing 
diuretics, which may produce hyperkalemia; diabetic 
patients with proteinuria and renal tubular acidosis are at 
particularly high risk. The addition of a potassium - sparing 
diuretic to a loop diuretic may further increase diuresis but 
in the case of spironolactone, the therapeutic effects seen 
in heart failure are likely mediated by aldosterone blockade 
rather than direct diuresis. Additionally, the diuretic effect 
of a loop diuretic can be augmented by other diuretics 
acting at different sites in the nephron, especially if clini-
cally apparent diuretic resistance has developed. In par-
ticular, the combination of a loop diuretic with a thiazide 
enhances the diuretic effect, when the former is adminis-
tered slightly after (e.g. 30 minutes) the latter.  

  Alternative to  d iuretic  t herapy:  u ltrafi ltration 
 It is diffi cult to foresee a future situation when diuretics are 
no longer needed in the treatment of CHF. However, recent 
data using ultrafi ltration show promise, albeit with an 
invasive approach that is likely to be limited to patients 
with signifi cant or refractory edema or diuretic resistance. 
Specifi cally, the UNLOAD trial demonstrated that ultrafi l-
tration led to greater weight loss (5.0    ±    3.1   kg) than diuretics 
alone (3.1    ±    3.5,  P    =   0.001) in a cohort of 200 patients hos-
pitalized with symptomatic heart failure. Reductions in 
patient - reported dyspnea were the same. There were fewer 
subsequent heart failure hospitalizations at 90 days though 
it is important to highlight the fact that the trial had an 
open - label design. Mitigating this confounder to some 
degree was the companion fi nding of fewer unscheduled 
visits for heart failure during extended follow - up.  40    

  Diuretics  s ummary 
 The need for relief of edema and fl uid retention and the 
generic status of most diuretics will prevent the initiation 
and completion of a classic placebo - controlled randomized 
long - term survival study. However, given concerns about 
the metabolic and neurohormonal effects of the diuretics 
and recognizing that peripheral edema is more a cosmetic 
nuisance than a life - threatening condition, it is advisable to 
keep the diuretic dosages as low as possible.     

  Aldosterone  r eceptor  b lockers 

 Aldosterone plays an important role in the pathophysiol-
ogy of heart failure, facilitating sodium retention and 
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potassium loss. Further, it activates the sympathetic 
nervous system, stimulates myocardial and vascular fi bro-
sis, and is a component of the circulating renin – angioten-
sin – aldosterone system.  41 – 44   

 Although aldosterone antagonists have diuretic effects, 
they differ from other diuretic agents in that they are neu-
roendocrine antagonists and thereby have a potential to be 
effective in the long - term treatment of patients with CHF. 
In particular, spironolactone was evaluated in the RALES 
study in which 1663 patients in NYHA class III or IV were 
randomized to active drug or placebo.  45   Spironolactone 
was initiated at 25   mg/day with adjustments to 12.5 or 
50   mg depending on serum potassium. Ninety - fi ve percent 
of the patients were on ACE inhibitors but only 11% had a 
background therapy of beta - blockers. The trial was discon-
tinued early after a mean follow - up period of 24 months 
because of benefi cial effect of spironolactone. There were 
386 (46%) deaths in the placebo group and 284 (35%) in the 
spironolactone group; the relative risk attributed to spi-
ronolactone was 0.70 (95% confi dence interval (CI) 0.60 –
 0.82,  P     <    0.001) attributed mostly to a lower risk from 
sudden cardiac death. The RALES trial demonstrates that 
improved antagonism of the renin – angiotensin system by 
spironolactone reduces the risk of both morbidity and mor-
tality in CHF. However, shortly after the publication of the 
RALES trial results, there was an apparent increase in 
admissions for hyperkalemia attributed to initiation of the 
drug,  46   highlighting the challenges of translating RCT data 
into sound clinical practice (e.g. appropriate patient selec-
tion and protocol - based monitoring of potassium levels). 

 Subsequently, in a different population (early post myo-
cardial infarction (MI) with left ventricular dysfunction or 
heart failure), the selective aldosterone receptor blocker 
eplerenone was shown to reduce all - cause mortality and 
cardiovascular deaths, with effects most noticeable within 
the fi rst 30 days following MI. This early effect suggests 
that the benefi t may be mediated more by protection 
against hypokalemia than through inhibition of aldoste-

rone. In fact, while cases of serious hyperkalemia were 
more common with study drug compared with placebo 
(5.5% versus 3.9%), the incidence of hypokalemia was 
decreased by more than half (from 8.4% to 3.1%).  47,48      

  Vasodilators:  a cute  t herapy 

 Vasodilation reduces left ventricular afterload and preload 
and these benefi cial effects were observed as early as 
1956,  49,50   but it was not until the 1970s that the concept was 
widely accepted.  51,52   The fi rst drugs used were pure vaso-
dilators, such as nitroprusside, nitroglycerin, and phentol-
amine. Later, agents with combined effects were developed. 
Examples of combination therapies are the inotropic drugs 
with simultaneous vasodilation, such as milrinone, and the 
ACE inhibitors, both of which are reviewed in other sec-
tions of this chapter. 

 Reduction of afterload and preload in CHF improves left 
ventricular performance according to the Frank – Starling 
relation with less myocardial oxygen demand and increased 
cardiac output.  53,54   Further, vasodilation might theoretically 
reduce valvular regurgitation by means of afterload reduc-
tion and may improve organ dysfunction by acting directly 
on selected vascular beds, such as the coronary and renal 
vasculature. 

 Nitroglycerin, nitroprusside and, in the United States, 
nesiritide have been used for acute short - term vasodilation 
therapy in heart failure. However, the clinical trials data for 
these drugs are either limited or controversial. 

  Nitroglycerin 
 Nitroglycerin causes smooth muscle cell relaxation and 
vasodilation of arterial and venous vessels through action 
on guanylate cyclase and the generation of cyclic guano-
sine monophosphate.  55   Nitrates are conventionally used 

BOX 47.2  Documented value of diuretics 

  Proven indication: always acceptable Level A 
 Symptomatic improvement in case of congestion. Improve-
ment of exercise capacity  

  Acceptable indication but of uncertain effi cacy and may 
be controversial Level B 
 Long - term treatment in conjunction with other drugs for 
heart failure, such as ACE inhibitors, vasodilators and 
beta - blockers  

  Not proven: potentially harmful (contraindicated) 
Level C 
 Heart failure without congestion or edema 
 Uncorrected pronounced hypokalemia or hyperuricemia  

BOX 47.3  Documented value of aldosterone antagonists  *   

  Proven indication: always acceptable Level A 
 Improvement of survival in severe CHF 
 Reduction of morbidity in severe heart failure 
 Improvement in survival with left ventricular dysfunction 
or heart failure early after myocardial infarction $   

  Acceptable indication but of uncertain effi cacy and may 
be controversial Level B 
 Reduction of morbidity in mild to moderate heart failure 
 Reduction of mortality in mild to moderate heart failure  

  *    Careful monitoring in patients at risk for hyperkalemia 
including diabetes, high - dose ACE inhibition and renal 
failure is required. 
 $   This recommendation applies to eplerenone; all others 
apply to spironolactone. 
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topically or as an intravenous infusion; administration 
causes reduction in left ventricular fi lling pressures within 
3 – 5 minutes, mainly by venodilation and lowering of 
preload.  56 – 61   Further, nitroglycerin reduces systemic vascu-
lar resistance and afterload, with ensuing improvement in 
cardiac output. It is also conceivable that nitrate therapy 
favorably affects myocardial perfusion and oxygen supply/
demand ratio.  62,63   However, tolerance occurs early and may 
limit effectiveness.  

  Nitroprusside 
 Nitroprusside generates nitric oxide and nitrosothiols, 
which stimulate guanylate cyclase to increase intracellular 
cGMP. Smooth muscle cell relaxation is rapidly induced 
after administration. Sodium nitroprusside is converted to 
cyanide and is metabolized to thiocyanate, which may 
accumulate and lead to thiocyanate toxicity during pro-
longed nitroprusside therapy. Toxicity is rare during short -
 term administration ( < 3    μ g/kg/min for less than 72 hours) 
in the absence of renal failure. As compared to nitroglyc-
erin, nitroprusside is more potent and causes a more pro-
nounced arterial vasodilation; there are minor effects on 
the renal and hepatosplanchnic vasculature.  59   In contrast to 
nitroglycerin, nitroprusside may induce a coronary steal 
phenomenon.  64   Owing to its potent vasodilation property, 
nitroprusside may cause adverse hypotension, especially 
in cases of inadequate fi lling pressure.  

  Nesiritide 
 Brain natriuretic factor, or nesiritide, was shown in early 
studies to lower fi lling pressures and improve patient report 
of symptoms. Colucci and investigators demonstrated a 
dose - dependent reduction in pulmonary capillary wedge 
pressure at 6 hours in a double - blinded placebo - controlled 
study.  65   Subsequently, the VMAC trial demonstrated 
improvements in PCWP at 3 hours compared to placebo 
(and comparable to nitroglycerin), with greater reductions 
compared to nitroglycerin (TNG)   seen at 24 hours, perhaps 
refl ecting tachyphylaxis to the nitrate therapy. Patient 
self - report of dyspnea also favored nesiritide.  66   

 Following approval by the Food and Drug Administra-
tion in the United States, a series of controversial papers 
that included retrospectively reanalyzed published and 
unpublished data suggested that the drug might exacerbate 
renal dysfunction and worsen 30 - day mortality rates.  67,68   
The mechanism by which these effects occur was not clearly 
delineated but the impact on clinical practice was swift, 
leading to a marked decrease in use.  69   As a result, a panel 
of experts and the FDA reiterated that the major benefi t is 
relief of dyspnea and the dose used to achieve this benefi t 
is 0.01    μ g/kg/min. In response to the concerns raised by 
the studies, a large randomized double - blinded outcomes 
clinical trial has been initiated. At the same time, other 
natriuretic peptides are either in clinical use (caperitide in 
Japan) or in clinical trials (ularitide, CD - NP). 

 It is important to note that data are lacking to support 
the use of nesiritide as an intermittent outpatient therapy  70   
and in that context the data parallel what is known about 
the use of intermittent inotropic therapy.  

  Newer  v asodilators 
 A number of other novel agents are in clinical trials for use 
in the acute phase including adenosine antagonists  71,72   and 
relaxin,  73   a naturally occurring peptide that modulates car-
diovascular responses to pregnancy.  73   In addition, a direct 
myosin activator, CK1827452, will be studied both acutely 
using intravenous delivery and then, on conversion to oral 
formulation, chronically upon discharge, following the 
paradigm established in the EVEREST trial.  

  Effects of  l ong -  t erm  v asodilator  t herapy 
  Nitrates and  h ydralazine     Oral nitroglycerin and hydralazine 
have been studied, either alone or in combination. The effects 
on left ventricular function and hemodynamics are similar to 
the acute effects of vasodilators described above.  74,75   

 Hydralazine was available as an antihypertensive agent 
when vasodilator therapy was adopted as a therapeutic 
strategy in CHF. Hydralazine acts as a dominant arterial 
vasodilator but has probably also mild inotropic properties, 
which might be due to a refl ex activation of sympathetic 
activity.  76,77   This inotropic action might be responsible for a 
less favorable effect on myocardial oxygen consumption 
counteracting the unloading effects of vasodilation.  78,79   

 The addition of a nitrate to hydralazine causes a greater 
effect on the reduction in fi lling pressures than can be 
achieved by hydralazine alone.  80   In view of the benefi cial 
action of nitrates on coronary dynamics, a nitrate should 
be added to hydralazine therapy in patients with signifi -
cant coronary artery disease.  81   However, despite the focus 
on direct venous and arterial vasodilation, current thinking 
about mechanism has focused on the nitrate component as 
a nitric oxide donor and hydralazine as an agent that miti-
gates nitrate tolerance through a complex mechanism 
mediated by NADH oxidase.  82   This mechanism has been 
used to explain the possible race - based differential clinical 
effect seen among African Americans compared with Cau-
casians, inferred from the fi rst two V - HeFT trials. 

 V - HeFT - I was the fi rst placebo - controlled clinical trial to 
study the effect of any vasodilator on survival in patients 
with chronic heart failure. The study randomized 642 
patients with mild to moderate heart failure to placebo, 
prazosin or the combination of hydralazine and isosorbide 
dinitrate. Two years after randomization, the survival in 
the hydralazine - isosorbide treated group was signifi cantly 
better than the placebo group ( P     <    0.028); for the entire 
follow - up, the difference trended toward signifi cance 
( P    =   0.093). Of note, the mortality rate in the prazosin group 
was not different from the placebo group.  83   

 The second V - HeFT study compared the effi cacy of 
hydralazine and isosorbide with that of enalapril. Two 
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years after randomization, the all - cause mortality was 18% 
in the enalapril group as compared with 25% in the hydral-
azine - isosorbide group ( P    =   0.016). For the total follow - up, 
the difference was not signifi cant ( P    =   0.08).  84   

 A retrospective analysis of both V - HeFT - 1 and V - HeFT - 2 
suggested that African Americans derived benefi t from the 
hydralazine - nitrate combination, whereas Caucasians, pre-
sumably most of European descent, did not.  85   Conceptu-
ally, this analysis was based on a series of observations that 
suggested a relative defi ciency of nitric oxide in African 
Americans, though the exact nature of the defect(s) has not 
been established. 

 To test this hypothesis, 1050 self - identifi ed African 
Americans with NYHA class III or IV heart failure were 
randomized in a survival trial with a three times daily 
formulation of hydralazine and nitrate.  86,87   A composite 
endpoint was used, combining mortality, quality of life as 
measured on the Minnesota Living with Heart Failure 
Questionnaire and time to fi rst hospitalization; each com-
ponent was statistically signifi cant in favor of the combina-
tion therapy. Most pronounced was the impact on mortality, 
which declined from 10.2% in placebo - treated patients to 
6.2% in patients on active therapy. The cohorts were well 
managed, with high percentages on conventional treat-
ment with ACE inhibitor, angiotensin receptor blocker and 
beta - blocker. The magnitude of this change parallels or 
exceeds almost all other double - blinded placebo - controlled 
trials and as such represents a signifi cant achievement. 
However, while providing an opportunity to advance 
medical therapy for CHF, the controversial approval based 
on race by the US Food and Drug Adminstration and other 
factors such as three times daily therapy have negatively 
impacted its adoption by practitioners.  

  Calcium  c hannel  b lockers     The role for calcium channel block-
ers remains very limited in patients with CHF. With the 
fi rst - generation calcium channel blocker nifedipine, vaso-
dilatory effects are counterbalanced by negative inotropy 
and additional deleterious effects on hemodynamics, neu-
rohormonal activation and, not surprisingly, disease pro-
gression.  88,89   The effects of diltiazem were unfavorable in 
patients with CHF in conjunction with myocardial infarc-
tion in a large placebo - controlled trial in 1237 patients.  90   
Second - generation calcium channel blockers have not been 
extensively studied in patients with heart failure, but there 
are indications of a risk for clinical deterioration with drugs 
such as nisoldipine and nicardipine.  91,92   The second - gener-
ation calcium channel blocker felodipine caused vasodila-
tion and an increase in cardiac output during 8 weeks of 
treatment in a placebo - controlled trial  93   but the effect on 
survival was neutral.  94   

 Amlodipine, a third - generation calcium channel blocker, 
was investigated in the PRAISE trial.  95   Among more than 
1100 patients with NYHA III – IV heart failure, the overall 

effect on mortality as well as on the combined endpoint 
mortality and hospitalization was neutral but there were 
signifi cantly fewer endpoints in the non - ischemic group 
treated with amlodipine as compared to patients on placebo 
(22% vs 35%,  P     <    0.001). As a consequence, patients with 
non - ischemic etiology in NYHA class IIIb or IV heart failure 
(n   =   1652) were randomized to placebo or amlodipine 10   mg/
day.  96   There was no signifi cant difference in all - cause or 
cardiac mortality and cardiac event rates between the two 
groups. The data from PRAISE and the felodipine trials 
suggest therapeutic neutrality; however, it is likely that both 
amlodipine and felodipine may be used safely to treat con-
comitant angina or hypertension in patients with CHF, if 
other proven drugs such as ACE inhibitors and beta - blockers 
are ineffective or not tolerated. All other drugs in this class 
are not indicated in any treatment algorithm for heart failure.  

  Other  v asodilators     Other potent vasodilators, such as pra-
zosin and minoxidil, are not indicated in the short -  or long -
 term management of CHF. Several other drugs with 
multiple effects including vasodilation have failed in clini-
cal trials. For example, fl osequinan, a vasodilator with a 
combined venous and arterial effect and possible positive 
inotropic and chronotropic effects, was associated with 
increased mortality in a large multicenter trial (PROFILE).  97   
Additionally, the prostacyclin epoprostenol, which might 
improve hemodynamics, has been shown to have an 
adverse effect on mortality in severe heart failure.  98        

  Drugs  a ffecting the  r enin –  a ngiotensin  s ystem 

   ACE   i nhibitors 
 ACE inhibitors were introduced for the treatment of heart 
failure within the last 25 years. Their potential value was 

BOX 47.4  Documented value of vasodilators 

  Proven indication: always acceptable Level A 
 Short - term reduction of afterload in cases with acute heart 

failure 
 The combination hydralazine - isosorbide dinitrate can be 

used for long - term treatment in patients who do not 
tolerate ACE inhibitors or ARBs as add - on therapy in 
African American patients  

  Acceptable indication but of uncertain effi cacy and may 
be controversial Level B 
 Third - generation calcium channel blockers may be used for 

symptomatic treatment of concomitant conditions such as 
angina pectoris or hypertension  

  Not proven: potentially harmful (contraindicated) Level C 
 Vasodilators other than hydralazine - isosorbide dinitrate 

and third - generation calcium channel blockers may 
increase mortality during long - term treatment 

 Treatment of patients with concomitant signifi cant aortic or 
mitral stenosis  
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suggested by studies showing attenuated LV remodeling 
after myocardial infarction  99,100   and improved symptoms,  101   
hemodynamics  102,103   and survival.  104   Multiple landmark 
studies have reported effects of ACE inhibitors on survival 
in patients at risk for heart failure and those with clinically 
manifest disease. In a similar way, these trials have dem-
onstrated benefi t across NYHA classes I – IV.  105   As a conse-
quence, the use of ACE inhibitors is supported by all 
contemporary published clinical practice guidelines. 

  Effects on  e xercise  c apacity and  h emodynamics     An extensive 
review of these data  106   suggested that ACE inhibitors 
improve exercise capacity, consistent with changes in 
symptoms. In addition, ACE inhibitors were documented 
in early studies to induce benefi cial hemodynamic 
responses. These effects included a vasodilatory effect and 
an increased cardiac output, increased stroke volume, and 
reduced pulmonary wedge pressure.  102,103    

  Survival  t rials     The fi rst major trial, CONSENSUS, included 
253 patients in NYHA class IV randomized to receive 
placebo or enalapril. After a follow - up of 6 months (primary 
objective), the overall mortality was reduced by 27% 
( P    =   0.003). The number of days of hospital care was 
reduced and NYHA classifi cation signifi cantly improved 
with enalapril.  104   In the Studies of Left Ventricular Treat-
ment (SOLVD) trial, 2569 patients with symptomatic heart 
failure NYHA class II – III received placebo or enalapril 
besides conventional heart failure therapy.  107   After an 
average follow - up of 41.4 months, mortality was signifi -
cantly reduced from 40% to 35% ( P    =   0.0036), most notably 
reducing deaths attributed to progressive heart failure. 
Hospitalizations for heart failure were also reduced and 
symptoms and quality of life assessed by questionnaire 
were improved.  108   

 The early post infarct cohort was examined in the Sur-
vival and Ventricular Enlargement (SAVE) trial, in which 
2231 patients with ejection fraction of 40% or less, but 
without overt heart failure or symptoms of myocardial 
ischemia, were randomly assigned treatment with capto-
pril or placebo.  109   Mortality from all causes was 20% in the 
captopril group and 25% in the placebo group (relative risk 
(RR) 19%,  P    =   0.019). In a similar evaluation (the TRACE 
study) with trandolapril, 1749 patients with left ventricular 
dysfunction were randomly assigned to treatment with 
placebo or active study drug.  110   Treatment was initiated 3 – 7 
days from the onset of myocardial infarction. All - cause 
mortality in the placebo group was 42.3% and 34.7% in the 
trandolapril group, a 22% relative reduction of mortality 
( P    =   0.00065). Finally, in the AIRE study, 2006 patients with 
clinical evidence of heart failure any time after the index 
infarction were randomly allocated to treatment with 
ramipril or placebo on day 3 – 10 from the onset of infarc-
tion.  111   Mortality from all causes at the end of the study was 

17% in the ramipril group and 23% in the placebo group 
(RR 27%,  P    =   0.002) with a mean follow - up of 15 months. 
Taken together, these studies provide incontrovertible 
support for the use of ACE inhibitors in post - MI patients 
with left ventricular dysfunction.  

  Dose and  c lass  e ffects:  c linical  q uestions  r emain     Uncertainties 
about the importance of dose of ACE inhibitor and class 
effects have stimulated debate and clinical evaluation. 
Two dose ranges of lisinopril were compared in the ATLAS 
trial. Patients with CHF (n   =   3164) and ejection fraction 
 < 30% were randomized to a low dose of lisinopril (2.5 –
 5.0   mg/day) or a high dose (32.5 – 35   mg/day) for a median 
of 45.7 months.  112   There were 717 deaths in the low - dose 
group versus 666 in the high - dose group (hazard ratio (HR) 
0.92;  P    =   0.128) for the high dose. The combined endpoint 
of all - cause mortality or hospitalization for any reason 
showed a hazard ratio of 0.88 (95% CI 0.82 – 0.96,  P    =   0.002). 
The side effects and tolerability were similar in the two 
groups. 

 These fi ndings indicate that patients with heart failure 
should generally be titrated up from low doses of an ACE 
inhibitor, but suggest that a difference in effi cacy between 
intermediate and high doses of an ACE inhibitor is likely 
to be small. Thus, patients should be titrated to dose levels 
achieved in the clinical trials. The value of additional dose 
levels such as greater than 20   mg per day of lisinopril 
remains uncertain but can be viewed as supported in part 
by the results of the ATLAS trial. 

 With regard to the relative benefi ts of different ACE 
inhibitors, there are no large comparative studies that 
provide defi nitive evidence of the superiority of one ACE 
inhibitor over another. Nevertheless, it is widely acknowl-
edged that these drugs differ in a number of fundamental 
respects: the ability to bind to tissue ACE, chemical struc-
ture, pharmacodynamics, pharmacokinetics and the sup-
porting clinical trials data.  113   In an attempt to address the 
clinical relevance of different ACE inhibitors, Pilote and 
investigators compared 1 - year survival among elderly 
post - MI patients using data from hospital discharge records 
and pharmacy databases in the province of Quebec, 
Canada.  114   Attempts were made to correct for the propen-
sity to receive a particular ACE inhibitor and to the extent 
accomplished, the data suggest a signifi cant difference 
among the seven options for ACE inhibitors available on 
the provincial formulary, favoring ramipril. These data 
support the concept but do not provide absolute confi rma-
tion that the different ACE inhibitors have different long -
 term clinical benefi ts.  

  Trials on  p revention     A reduced incidence of heart failure by 
ACE inhibitors has been demonstrated in several trials. In 
the prevention arm of the SOLVD study,  107   the incidence of 
heart failure and the number of hospitalizations were 
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reduced and similar fi ndings were reported in SAVE.  109   In 
an overview of ACE inhibitor trials,  108   the preventive 
potential of ACE inhibitors is clearly demonstrated. 

 Three landmark studies have been performed among 
patients at risk for heart failure: HOPE,  115   EUROPA  115   and 
PEACE.  116   These trials, when considered together, suggest 
a role for ACE inhibitors in heart failure prevention,  117   a 
topic covered in more detail elsewhere in this book. 

 Overall, it is clear that the number needed to treat to save 
one life in a year is signifi cantly higher when heart failure 
prevention is the goal rather than treatment of established 
disease. Nevertheless, while the exact role for ACE inhibi-
tors as a component of contemporary primary prevention 
is not absolutely clear, use of this class of drug in defi ned 
subgroups is highly justifi ed. Those most at risk, including 
diabetics and hypertensives not at goal, should be strongly 
considered for ACE inhibitors as part of a comprehensive 
approach to risk factor modifi cation.  

  Cost    e ffectiveness       In asymptomatic patients with left ven-
tricular dysfunction after an acute myocardial infarction 
(SAVE), captopril was cost - effective in patients aged 50 – 80 
years compared to other interventions.  119   Ramipril therapy 
for patients with clinical heart failure after acute myocar-
dial infarction appears highly cost effective when assessed 
using data from the AIRE study.  120   ACE inhibitor treatment 
was also considered cost - effective in an economic evalua-
tion of fi ve independent studies.  121   For example, enalapril 
therapy for patients with heart failure was cost - effective 
in SOLVD. Given the fact that many of the ACE inhibitors 
are available in lower cost generic formulations, the cost 
effectiveness now even more strongly favors this class of 
drug.    

  Clinical  p erspective     All patients with documented left ven-
tricular systolic dysfunction (ejection fraction  < 35 – 40%) 
should be treated with an ACE inhibitor unless contraindi-
cations exist (including systolic blood pressure less than 
80   mmHg, pronounced renal dysfunction, history of angio-
neurotic edema and important valve stenosis). Treatment 
should be continued long term. The dosage to be used 
should be titrated from a low dose and increased to the 
levels employed in clinical trials. If no hypotension or renal 
dysfunction develops, titration up to enalapril 10   mg 2 × /
day, captopril 50   mg 3 × /day, ramipril 10   mg/day, trandol-
april 4   mg/day and quinapril 10   mg 2 × /day will be most 
effective.      

  Angiotensin  II   r eceptor ( AT  1 )  a ntagonists 

 As ACE inhibition does not provide complete blockade 
from the synthesis of angiotensin II, a more effective block-
ade has been postulated by specifi c antagonism at the 

receptor (AT 1 ) level. One of the early ARB trials was ELITE -
 II, conducted in 3152 class II – IV patients with ejection 
fractions (EF) of  < 40%, randomized to losartan 50   mg/day 
or captopril 50   mg 3 × /day.  122   There was no signifi cant 
difference in all - cause mortality or sudden death (hazard 
ratio 1.13; 95% CI 0.95 – 1.35,  P    =   0.16). Signifi cantly fewer 
patients in the losartan group discontinued study treat-
ment because of adverse effects (9.7 vs 14.7%;  P     <    0.001). 
In the small RESOLVD trial, there were no differences 
between groups receiving candesartan and enalapril in 
exercise tolerance, ventricular function or symptomatic 
status over 43 weeks.  123   However, combined therapy 
with candasartan plus enalapril markedly reduced ven-
tricular volumes and improved EF compared to either 
agent alone. 

 The major series of ARB trials began with Val - HeFT, a 
study of 5010 patients in class II – IV and EF of  < 40% ran-
domized to placebo or valsartan.  124   Dose levels were 
increased to 160   mg twice a day. Background therapy with 
an ACE inhibitor was present in 93%. There was no effect 
on all - cause mortality (484 in the placebo group vs 495 in 
the valsartan group; RR 1.02, 95% CI 0.90 – 1.15,  P    =   0.8). In 
the other primary endpoint, mortality or hospitalization, 
there was a signifi cant reduction from 801 (32.1%) to 723 
(28.8%) (RR 0.87, 95% CI 0.79 – 0.96,  P    =   0.009). 

 The CHARM Program was designed to study the effects 
of candesartan in a broad spectrum of patients with CHF. 
Three component trials included patients with reduced 

BOX 47.5  Documented value of ACE inhibitors 

  Proven indication: always acceptable Level A 
 Symptomatic chronic heart failure and documented systolic 

myocardial dysfunction. Improved survival and reduced 
morbidity have been demonstrated. Symptoms will be 
attenuated and exercise capacity improved 

 Following acute myocardial infarction with clinical signs of 
heart failure or systolic dysfunction (ejection fraction 
 < 40%). Improved survival and reduced morbidity have 
been demonstrated 

 Prevention of cardiovascular events, including heart failure, 
in patients with atherosclerotic disease or in patients 
with diabetes mellitus and additional risk factors  

  Acceptable indication but of uncertain effi cacy and may 
be controversial Level A 
 Heart failure from diastolic dysfunction  

  Not proven: potentially harmful (contraindicated) Level C 
 Treatment of patients with signifi cant aortic or mitral 

stenosis 
 Treatment of patients with hypotension (systolic blood 

pressure  < 80   mmHg) 
 Treatment of patients with pronounced renal dysfunction  
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systolic LV function (EF   <  40%) in two (CHARM - Alterna-
tive and CHARM - Added) and patients with preserved LV 
(EF  > 40%) in one (CHARM - Preserved). The primary 
outcome in each component trial was cardiovascular death 
or hospital admission for heart failure. In CHARM - Overall, 
the trials were combined and the effect on all - cause mortal-
ity was assessed. 

 Symptomatic patients with CHF intolerant to ACE inhib-
itors because of cough, symptomatic hypotension or renal 
dysfunction were included in CHARM - Alternative 
(n   =   2028). Candesartan signifi cantly reduced cardiovascu-
lar death or hospital admission for heart failure by 23% 
( P    =   0.0004), whereas the rate of discontinuation of the 
study drug was similar to placebo.  125   In CHARM - Added 
(n   =   2548), candesartan on top of ACE inhibitors signifi -
cantly reduced the primary outcome of cardiovascular 
death or hospital admission for heart failure by 15% 
( P    =   0.011). Hospitalizations for heart failure were also 
reduced signifi cantly ( P    =   0.014).  126   In CHARM - Preserved 
(n   =   3023), there was a non - signifi cant effect on mortality. 
Hospitalizations for heart failure as reported by the inves-
tigators were reduced by 15% ( P    =   0.017).  127   

 In all patients with symptomatic heart failure (n   =   7599), 
irrespective of background ACE inhibitor or beta - blocker 
therapy, candesartan reduced all - cause mortality by 9% 
( P    =   0.055), particularly among those with left ventricular 
systolic dysfunction (HR 0.88;  P    =   0.018).  128   Among these 
patients, the effects on mortality were seen early; the HRs 
were 0.67 and 0.82 (both  P     <    0.001) at 1 and 2years respec-
tively. Further, hospital admissions for heart failure were 
reduced signifi cantly by 21% ( P     <    0.001). 

   ARB  and  b ackground  t herapy 
 In the Val - HeFT trials, a  post - hoc  analysis suggested that the 
treatment effect with valsartan was attenuated by back-
ground beta - blocker therapy. This could not be confi rmed 
in CHARM - Added where a similar effect of candesartan 
was observed regardless of background beta - blocker. In a 
meta - analysis, the effect of ARBs may be attenuated by 
background beta - blocker treatment.  129   In contrast, based on 
Val - HeFT and in particular CHARM - Added, the effect of 
valsartan and candesartan was additive on top of back-
ground ACE - inhibitor therapy with reduction of the com-
posite primary outcome in both trials.  

   ARB   s ummary 
 The trials with ARBs provide defi nitive proof that this class 
of drug can be used for treatment of patients with symp-
tomatic heart failure who do not tolerate ACE inhibitors. 
The treatment effect is at least of similar magnitude as that 
achieved by ACE inhibitors. There is also an added, albeit 
modest effect on morbidity and mortality on top of ACE 
inhibitor therapy.     

  Non -  d igitalis  i notropic  d rugs:  s hort -  t erm 
 t herapy  b ut  n o  l ong -  t erm  r ole 

 Vast efforts have been expended to develop drugs that 
might increase contractility or the state of inotropy. 
However, it has become increasingly evident that these 
drugs are associated with important negative effects in 
both the short and long term. 

 Inotropic agents differ according to their mode of 
action.  130   Several of these drugs increase the intracellular 
level of cyclic adenosine monophosphate (cAMP), either by 
receptor stimulation (beta - adrenergic agonists) or by 
decreasing cAMP breakdown (phosphodiesterase inhibi-
tors). One class of agents affects intracellular calcium mech-
anisms by release of sarcoplasmic reticulum calcium or by 
increasing the sensitivity of contractile proteins to calcium. 
Further, there are inotropic drugs with multiple mecha-
nisms of action. 

  Dobutamine 
 Drugs with beta - receptor agonist properties induce an 
increase in intracellular cAMP activity by stimulation of cel-
lular receptors. Nearly 50 years ago, patients with cardio-
genic shock were treated with beta - receptor agonists 
isoproterenol and norepinephrine.  131   It was realized that 
both drugs had potential negative effects, such as an 
increased risk for arrhythmias or, in the case of norepineph-
rine, untoward vasoconstriction. Dobutamine, a drug that is 
a modifi cation of the isoproterenol molecule, has beta - 1, 
beta - 2 and alpha - 1 adrenergic activity.  132   Dobutamine 
induces vasodilation in combination with an increase in 
contractility, leading to an increase in stroke volume and 
cardiac output.  133 – 135   An enhancement of contractility is 
usually associated with an increase in myocardial oxygen 
consumption.  136   Side effects, such as arrhythmias or an unfa-
vorable blood pressure response, are usually modest. Dobu-
tamine can only be administered intravenously, in doses 
from 2    μ g/kg/min up to 20 – 25    μ g /kg/min.  137   It has been 
noticed that dobutamine may decrease beta - receptor sensi-
tivity,  138,139   and prolonged infusion over 96 hours has been 
associated with a decrease in the hemodynamic effect by as 
much as 50%  140   ( “ tachyphylaxis ” ). The role of dobutamine is 

BOX 47.6  Documented value of angiotensin receptor 
blockers 

  Proven indication: always acceptable Level A 
 Symptomatic treatment of patients with heart failure who 
do not tolerate ACE inhibitors to improve morbidity and 
mortality  

  Acceptable indication: Level A 
 Add - on therapy in patients with heart failure on back-
ground therapy of ACE inhibitor  
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limited to hemodynamic support for patients in or near a 
state of cardiogenic shock. The use of the drug on an inter-
mittent basis is not recommended though it has been used 
continuously for palliation in end - stage patients.  141    

  Dopamine 
 Dopamine is an adrenergic agonist with predominantly 
beta - 1 receptor activity.  142,143   This drug increases contractil-
ity with minor effects on heart rate or blood pressure. At 
low doses (0.5 – 2.0    μ g /kg/min), dopamine acts on dopami-
nergic receptors, while at doses above 5.0    μ g /kg/min it has 
effects mediated through beta - 1 receptors, and at higher 
doses also through alpha - receptors. Infusion at low doses 
causes dilation of smooth muscles in renal, mesenteric, and 
coronary arteries, leading to an increase in diuresis  144,145   
though this therapy remains highly controversial.  146    

  Milrinone 
 Through inhibition of cAMP breakdown, the phosphodies-
terase inhibitors bypass the beta - receptor pathway. Milri-
none, related to amrinone (which fell into disfavor because 
of thrombocytopenia), enhances myocardial contractility 
and has potent vasodilatory effects,  147 – 149   without thrombo-
cytopenia.  150   Whereas short - term administration may 
improve myocardial performance and clinical condition in 
CHF,  149,151   the long - term effects of an oral formulation were 
discouraging. Specifi cally, in the PROMISE trial, 1088 class 
III – IV patients were given milrinone or placebo. There was 
a 28% increase in mortality in patients treated with milri-
none (95% CI 1 – 61%,  P    =   0.038).  152   

 Nevertheless, in those instances when an inotrope is 
required and selected, the choice of agent may be dictated, 
at least in part, by concomitant therapy with beta - blockers. 
In particular, use of milrinone should be strongly consid-
ered because the drug bypasses the beta - receptor. Indeed, 
Lowes and colleagues demonstrated that while dobuta-
mine can bring about a comparable acute increase in 
cardiac index, it did so only at doses that are not usually 
used to treat heart failure: 15 – 20    μ g /kg/minute).  153    

  Other  i notropic  a gents:  a   h istory  m arked by  f ailure 
 The list of inotropes (or drugs with both inotropic and other 
effects) that have failed in clinical trials is large. Interested 
readers are referred to an earlier iteration of this chapter 
(second edition) and various clinical reviews for more 
detailed descriptions.  154,155   The list of drugs includes ibopa-
mine (an orally active dopaminergic agonist), xamoterol 
(beta - adrenergic blocking and high partial agonist activity), 
pimobendan (multiple actions including phosphodiesterase 
[PDE]   inhibition), milrinone (oral formulation), vesnari-
none (multiple effects) and fl osequinon (multiple effects). 
More recently, levosimendan and enoximone (see below) 
were extensively studied but also failed in pivotal studies. 
Although drug development efforts continue, as for example 

with the novel drug CK - 1827452, the goal of fi nding an 
inotropic drug that does not have proarrhythmic effects or 
increase energy expenditure may prove to be futile. 

  Levosimendan     A calcium - sensitizing agent with properties 
similar to pimobendan, levosimendan looked very promis-
ing from the standpoint of hemodynamics and clinical out-
comes in a number of early moderately sized clinical 
trials.  156 – 158   The drug and one active metabolite with a pro-
longed half - life demonstrate a novel mechanism of action: 
calcium - dependent binding to troponin C, facilitating and 
prolonging actin - myosin protein cross - bridge formation 
without an increase in calcium fl ux or energy requirement. 
In addition, vasodilation is achieved through smooth 
muscle cell relaxation. However, in two large multicenter 
international trials, the outcomes were mixed. While the 
drug attained its primary novel composite endpoint in the 
short - term REVIVE study,  159   safety issues including hypo-
tension, ventricular tachycardia and atrial fi brillation were 
more apparent in the active study arm compared with 
placebo. In the companion SURVIVE trial in which the 
drug was compared to dobutamine,  160   there was no differ-
ence in survival through 180 days with only a 2% absolute 
difference between the two treatment groups. In retrospect, 
it was likely not realistic to expect that an infusion of an 
intravenous drug during a heart failure hospitalization 
would result in improved outcomes at 6 months. Currently, 
the lack of demonstrable effi cacy, combined with concerns 
over safety, have stalled the clinical development program 
of this novel drug.  

  Enoximone     In several Phase II/III trials, enoximone failed 
to achieve the primary endpoints. For example, in the 
EMOTE trial, enoximone did not signifi cantly increase the 
likelihood of weaning from dobutamine versus placebo 
though there were favorable trends in time to death or 
reinitiation of intravenous inotrope. In the pivotal ESSEN-
TIAL trial, the hazard ratio for time to fi rst cardiovascular 
hospitalization or all - cause mortality was near unity and 
there were no differences in patient global assessments.  161        

  Beta -  a drenergic  b lockade 

 Clinicians have generally been cautious in using beta -
 blockers in patients with CHF, even though investigators 
in the early 1970s were already proposing a possible benefi -
cial effect of beta - blockers in such cases.  162,163   Rigorous clini-
cal trials data gathered during the last 15 years have 
incontrovertibly confi rmed the benefi cial role of beta -
 blockers in mild, moderate and severe heart failure. 

  Hemodynamic and  n eurohormonal  e ffects 
 The short - term effects of beta - adrenergic blockade differ 
markedly from the long - term effects. After IV administra-
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tion, there is a rapid reduction in heart rate, contractility, 
and blood pressure, with ensuing fall in cardiac output.  164 –

 166   Intraventricular volumes, stroke volume, and ejection 
fraction are unaffected.  164   Beta - blockers with vasodilating 
properties cause an acute reduction in afterload with reduc-
tion in fi lling pressures.  164 – 167   

 During 1 – 3 months of treatment, positive diastolic effects 
have been observed and these effects probably precede full 
effects on cardiac systolic function.  165,168   During longer -
 term treatment (3 – 12 months), beta blockers induce myo-
cardial improvement, as expressed by an increase in 
ejection fraction, cardiac output, and exercise capacity.  170 – 174   
Eichhorn and colleagues documented decreases in echocar-
diographically measured indices of left ventricular func-
tion during the initiation phase of therapy but improvements 
thereafter.  171   Similar to ACE inhibitors, beta - blockers atten-
uate left ventricular remodeling.  169,175 – 177   

 Acute administration of metoprolol causes a refl ex 
increase in peripheral catecholamines without alteration of 
the transmyocardial gradient.  165   Some studies suggest a 
benefi cial reduction in peripheral norepinephrine level.  178 –

 182   A decrease in renin – angiotensin activity has been noted, 
while the levels of atrial natriuretic peptides might increase 
on a short - term basis.  175    

  Effects on  q uality of  l ife and  h ospitalizations 
 Studies have demonstrated a reduction of the need for 
hospitalizations with bisoprolol,  183   metoprolol,  184   and 
carvedilol,  185   improvement in quality of life  186   and both 
patient and physician global assessments of heart failure 
symptoms. However, quality of life scores were not 
improved in the US carvedilol studies or in the MERIT - HF 
study.  187 – 189    

  Effects on  s urvival 
 One of the fi rst studies of beta - blockers in chronic heart 

failure showed a reduced mortality in patients treated by 
beta - blockade as compared with historical controls.  162   Not 
until 1993, when the MDC trial was published, did addi-
tional information on clinical outcome become available. 
This study demonstrated a 34% reduction in the combined 
endpoint deaths and need for heart transplantation 
( P    =   0.058) in 383 patients with idiopathic dilated 
cardiomyopathy, treated with placebo or metoprolol.  186   A 
late follow - up of this study showed that this trend was 
maintained or possibly reinforced, regarding all - cause 
mortality and actual cardiac transplantations 3 years 
after randomization.  190   In the CIBIS study, bisoprolol 
was used in a placebo - controlled trial in 641 patients; 
overall there was a non - signifi cant reduction in mortality 
(RR 0.80, 95% CI 0.56 – 1.15,  P    =   0.22).  191     Data from four 
pooled carvedilol studies in the USA were combined in an 
analysis that demonstrated a markedly lower mortality in 
the carvedilol group (22 of 696 [3.2%] vs 31 of 398 [7.8%] 
deaths; RR 65%, 95% CI 39 – 80,  P     <    0.01).  192   However, there 
was no statistically benefi cial effect of carvedilol regarding 
survival in the smaller Australia – New Zealand trial of 415 
patients with chronic heart failure of varying etiology.  193   
None of the aforementioned trials was designed to specifi -
cally study mortality, and the number of events in each 
trial was relatively modest. 

 Subsequently, a series of landmark studies were pros-
pectively designed to test the potential survival benefi ts 
of long - term beta - blockade. The fi rst major study was 
CIBIS - II in which the beta - 1 selective antagonist bisoprolol 
was tested versus placebo in 2647 patients in NYHA 
III – IV and an ejection fraction of  < 35.  183   Study drug was 
initiated at a dose of 1.25   mg/day and was progressively 
increased to 10   mg/day over 3 months. The study was 
stopped by the safety committee after a mean follow - up 
of 1.3 years. All - cause mortality was signifi cantly lower 
with bisoprolol than with placebo (156 [11.8%] vs 228 
[17.3%]; HR 0.66, 95% CI 0.54 – 0.81,  P     <    0.0001). There were 
signifi cantly fewer sudden deaths among patients on biso-
prolol than in those on placebo (3.6% vs 6.3%; HR 0.56, 
 P    =   0.001). 

 In the MERIT - HF trial, metoprolol controlled release/
extended release (CR/XL) was compared in 3991 patients 
with chronic heart failure in NYHA class II – IV and an ejec-
tion fraction of  < 0.40. Background therapy including an 
ACE inhibitor or an ARB was present in 95% of the patients. 
Treatment was initiated with metoprolol CR/XL 12.5 –
 25   mg/day and titrated for 6 – 8 weeks up to target dose of 
200   mg/day. This study was also stopped early on the rec-
ommendation of the independent safety committee. At a 
mean follow - up time of 1 year, all - cause mortality was 
lower in the metoprolol group than in the placebo group: 
145 (7.2% per patient - year of follow - up) versus 217 deaths 
(11.0%) (RR 0.66, 95% CI 0.53 – 0.81,  P    =   0.0009). There were 
fewer sudden deaths in the metoprolol CR/XL group than 

BOX 47.7  Documented value of inotropic drugs 

  Proven indication: always acceptable 
 Short - term improvement of symptoms in patients with 

severe heart failure Level A 
 Bridging towards more defi nitive surgical treatment, such 

as cardiac transplantation Level C  

  Acceptable indication but of uncertain effi cacy and may 
be controversial Level B 
 Long - term treatment in chronic heart failure for patients 

with refractory symptoms in spite of maximal medical 
management.  

  Not proven: potentially harmful (contraindicated) Level B 
 Intermittent short - term treatment in chronic heart failure  
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in the placebo group (79 vs 132; RR 0.59,  P    =   0.0002) and 
fewer deaths from worsening heart failure (30 vs 58; RR 
0.51,  P    =   0.0023).  184   

 The COPERNICUS trial was performed in 2289 patients 
with symptomatic chronic heart failure with symptoms at 
rest or at minimal exertion.  185   Carvedilol was initiated with 
3.125   mg  × 2/day and titrated to 25   mg  × 2/day. There was 
a signifi cant reduction in all - cause mortality from 190 
(18.5% per patient - year) to 130 (11.4%) with a hazard ratio 
of 0.65 (95% CI 0.52 – 0.81,  P    =   0.0001). The effect was con-
sistent among a number of prespecifi ed subgroups. In par-
ticular, the outcomes in a high - risk subgroup, defi ned by 
multiple antecedent hospitalizations or recent need for 
intravenous inotrope or very low ejection fraction, were as 
favorable as in the main study cohort when examined 
during both early and late follow - up.  194   It is important to 
note that most if not all of these patients would have been 
excluded from the early beta - blocker trials (including the 
US Carvedilol trials). 

 In a  post - hoc  subgroup analysis of patients in the MERIT -
 HF study with similar characteristics as the patients in the 
COPERNICUS trial, including an EF of  < 0.25 and NYHA 
class III – IV, there was a comparable reduction in all - cause 
mortality (45 [11%] vs 72 [18%] deaths; HR 0.61, 95% CI 
0.11 – 0.58,  P    =   0.0086).  195   

 All three large beta - blocker studies (CIBIS - II, MERIT - HF, 
COPERNICUS) had been stopped early because of clear 
evidence of benefi t. In contrast, in the BEST trial, the effects 
of the non - selective beta - blocker bucindolol compared 
with placebo in 2708 patients with CHF in NYHA class 
III – IV were modest and not statistically signifi cant.  196   
Bucindolol was initiated with 3   mg 2 × /day and titrated up 
over 6 – 8 weeks to 50 – 100   mg 2 × /day. The study was pre-
maturely terminated by the safety committee. Mortality 
was reduced from 447 deaths to 409 deaths (RR 0.91, 95% 
CI 0.88 – 1.02,  P    =   0.12). In a subgroup analysis, there was a 
heterogeneous response among groups analyzed. For 
example, patients with NYHA class IV or ejection fraction 
below 20% did not appear to benefi t. Furthermore, among 
African Americans there was a 17% excess mortality, sug-
gesting a lack of benefi t among these patients. However, 
these were  post - hoc  analyses and not prespecifi ed end-
points. The analysis has raised interesting questions about 
the reasons for the lack of a signifi cant overall survival 
benefi t, including the particular drug studied, the dose 
used and the population under study. Of note, patients at 
highest risk for mortality had the most marked reductions 
in plasma norepinephrine levels, paralleling fi ndings with 
the centrally acting sympatholytic agent moxonidine (see 
below). 

 Subsequently, a study of genetic polymorphisms for the 
beta - 1 receptor has suggested that patients homozygos for 
beta(1) - arg 389 had large and statistically signifi cant reduc-
tions in both mortality and the combination of mortality 

and hospitalizations compared with placebo (38% and 34% 
respectively). In contrast, carriers of beta(1) - gly 389 had no 
benefi t.  197   This effect is presumably mediated through dif-
ferences in signal transduction. Whether these observa-
tions will translate into meaningful clinical decision making 
and establish a pharmacogenomic approach to therapeu-
tics remains to be seen. 

 Further in the SENIORS trial,  198   the beta - 1 selective 
blocker nebivolol, which has the ancillary property of vaso-
dilation mediated through nitric oxide modulation, was 
evaluated in a heterogeneous older cohort of patients 
(mean age 76) with 35% having an ejection fraction exceed-
ing 35%. As with other trials, the drug was uptitrated (from 
1.25   mg to 10   mg with mean dose of active study drug 
achieved at 7.7   mg). At a mean follow - up of 21 months, 
somewhat longer than most placebo - controlled beta -
 blocker trials, the combined primary endpoint of all - cause 
mortality or cardiovascular hospitalization was decreased 
from 35.3% to 31.1% (HR 0.86, 95% CI 0.74 – 0.99,  P    =   0.039). 
However, mortality alone was not statistically impacted 
(HR 0.88, 95% CI 0.71 – 1.08,  P    =   0.21). The mixed picture 
has many possible explanations, though the population 
studied most likely explains some, if not all, of the reasons 
underlying the modest effects.  199    

  Comparison   of  b eta -  b lockers 
 Given the variability in clinical data and the known 
differences among the beta - blockers in terms of receptor 
blockade, half - lives and lipophilicity, it is reasonable to 
assume that not all drugs in this class are appropriate for 
patients with heart failure. At present, only three beta -
 blockers can be recommended (bisoprolol, metoprolol suc-
cinate and carvedilol) though an argument can be made for 
nebivolol. Are there differences among these agents? The 
data are confi ned to comparisons of metoprolol tartrate and 
carvedilol. For example, an early crossover study suggested 
that there are differences with respect to receptor effects, 
while long - term clinical effects were comparable.  200   

 This issue was further explored in the COMET trial in 
which carvedilol and metoprolol were compared in 3042 
patients with NYHA class II – IV heart failure and a prior 
admission for cardiovascular reasons. The mean age was 
62 years and mean ejection fraction was 0.26 ( ± 0.07). At a 
mean follow - up of 58 months (longer than in the placebo -
 controlled trials because both arms received active therapy), 
the primary endpoint of all - cause mortality was favorably 
impacted by carvedilol (target dose 25   mg bid) over meto-
prolol tartrate (target dose 50   mg bid), with a HR of 0.83 
(95% CI 0.74 – 0.93,  P    =   0.0017). Median survival was 1.4 
years longer with carvedilol. There was also a trend toward 
improvement in the combination of all - cause mortality and 
all - cause hospitalization.  201   

 The results of the trial were widely debated: was this a 
true difference or an issue related to dose or the formula-
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tion of metoprolol? At the very least, the results suggest 
that the concept of class effect is dubious, especially when 
COMET is also interpreted in the context of the BEST result 
which did not parallel the outcomes described for the other 
major beta - blocker trials.  202 – 204    

  Beta  b lockers and  ACE   i nhibitors in  d  e  n ovo   h eart 
 f ailure:  w hich to  s tart  fi  rst? 
 For  de novo  patients with heart failure or for established 
patients with heart failure who are ACE inhibitor and beta -
 blocker na ï ve, it is appropriate to ask which drug should 
be started fi rst. The CIBIS 3 Trial randomized 1010 patients 
in open - label fashion to receive bisoprolol or enalapril for 
6 months followed by combination therapy from months 6 
to 24.  205   The two strategies appeared to be similar when the 
endpoints of all - cause mortality and all - cause hospitaliza-
tion were analyzed in blinded fashion. In reality, the trial 
may not markedly affect practice, largely because of its 
design. First, beta - blocker trials were all performed in 
patients with background ACE inhibitor therapy, leading 
to the common practice of initial initiation of this drug fol-
lowed by the beta - blocker. Second,  de novo  patients may 
present with fl uid overload, in which case ACE inhibitor 
therapy is safer as a fi rst line agent. Finally, current guide-
lines do not advocate a waiting period of 6 months before 
initiation of combination therapy for heart failure; rather, 
both the ACE inhibitors and beta - blockers should be used 
early during initiation of medical therapy.  

  Beta  b lockers in the  p ost -  MI   s etting:  p reventing 
 h eart  f ailure 
 Data from several older large post myocardial infarction 
trials suggested that beta - blockers would be benefi cial 
when symptoms of heart failure are present.  206 – 208   These 
fi ndings were fi rst extended prospectively in the CAPRI-
CORN study, in which carvedilol or placebo was given to 
1959 patients with a recent myocardial infarction and signs 
of left ventricular dysfunction (EF  < 40%)  209   in a study 
design conceptually similar to SAVE, AIRE, TRACE and 
EPHESUS. There was no effect on the primary endpoint of 
mortality or cardiovascular hospitalization (HR ratio 0.92, 
95% CI 0.80 – 1.07), but there was a statistically signifi cant 
reduction in all - cause mortality with 166 (15%) versus 151 
(12%) deaths (HR 0.77, 95% CI 0.60 – 0.98,  P    =   0.03). The risk 
reduction was of similar magnitude compared with previ-
ous post myocardial infarction trials with beta - blockers.  

  Clinical  p erspective:  d rug  t itration and  i ntolerance 
 Due to initial negative inotropic effects, treatment with 
beta - blocker requires a titration procedure. Experience 
from the clinical trials suggests that it is possible to initiate 
drug therapy with high tolerability. Patients with both 
marked hypotension and tachycardia, and/or expressing 
severe decompensation, may not tolerate beta - blockers. 

Clinical euvolemia remains critical at the time of initiation 
or dose uptitration. In cases with signifi cant bronchospastic 
disease, beta - blockers should be used with caution, and a 
selective beta - blocker would be preferred. 

 Overall, reports of intolerance have been uncommon in 
randomized trials, comparable to those of ACE inhibitors, 
though it is important to note that the trial with the most 
pronounced mortality effect (the  post hoc  evaluation of data 
from the US Carvedilol family of trials) had an open - label 
run - in phase. The low starting doses with different beta -
 blockers have been: bisoprolol 1.25   mg/day; carvedilol 
3.125 – 6.25   mg 2 × /day; metoprolol 12.5 – 25   mg/day; and 
nebivolol 1.25   mg/day. Doses are increased every 1 – 2 
weeks, until maintenance doses of full conventional beta -
 blockade are achieved. 

 Although resting basal heart rate probably is probably 
important, it has not been possible to adequately identify 
responders from non - responders to beta - blocker therapy.     

  Central  n ervous  s ystem  m odulators 

  Moxonidine 
 Reduction of sympathetic nervous system activity can also 
be achieved by stimulating receptors within the central 
nervous system. Studies in this area have been performed 
with clonidine  210   and moxonidine. Moxonidine has been 
documented in several Phase II and III trials. In a study 
over 12 weeks in 97 patients, Swedberg and co - workers 
demonstrated a signifi cant attenuation of plasma norepi-
nephrine levels.  211   With a sustained - release preparation of 
moxonidine, a more prolonged and effective reduction of 

BOX 47.8  Documented value of beta - blockers 

  Proven indication: always acceptable Level A 
 To improve long - term survival in patients with mild to 

severe heart failure 
 To improve cardiac function and symptoms in patients 

with symptomatic chronic heart failure, already on 
conventional treatment with ACE inhibitors (or ARBs), 
diuretics or digitalis 

 To improve outcomes in patients with acute myocardial 
infarction and left ventricular dysfunction with or 
without symptomatic heart failure 

 Symptomatic treatment of patients with heart failure who 
do not tolerate ACE inhibitors  

  Acceptable indication but of uncertain effi cacy and may 
be controversial Level B 
 Symptomatic heart failure from diastolic dysfunction  

  Not proven: potentially harmful (contraindicated) 
Level C 
 Acute decompensated heart failure 
 CHF with pronounced hypotension and/or bradycardia  
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plasma norepinephrine of the order of 40 – 50% was achieved 
within 3 weeks of initiation.  212   However, in a large Phase 
III trial with moxonidine sustained release (MOXCON), an 
early increase in death rate and adverse events in the mox-
onidine SR group led to premature termination of the trial 
because of safety concerns after 1934 patients had been 
entered.  213   Final analysis revealed 54 deaths (5.5%) in 
the moxonidine SR group and 32 deaths (3.1%) in the 
placebo group. Survival curves revealed a signifi cantly 
( P    =   0.005) worse outcome in the moxonidine SR group. 
Hospitalization for heart failure, acute myocardial infarc-
tion, and adverse events were also more frequent in the 
moxonidine SR group. This trial terminated the efforts to 
explore whether CNS inhibition of adrenergic activation 
could be an alternative to beta - adrenergic blockade in heart 
failure.   

  Antiarrhythmic  d rugs in  h eart  f ailure 

 Although progressive pump dysfunction is a common 
cause of death in heart failure, sudden death is probably 
the most common reason, and has been considered respon-
sible for 25 – 50% of all deaths.  214 – 217   The majority of sudden 
deaths are due to ventricular arrhythmias  218   rather than 
primary asystole (though in patients dying of pump dys-
function, terminal bradycardia is common). The issue of 
antiarrhythmic therapy in heart failure patients has there-
fore been of major interest. 

 However, while frequent and complex ventricular 
arrhythmias may be predictive of sudden death, left ven-
tricular dysfunction is a more powerful predictor.  219   Unfor-
tunately, most antiarrhythmics cause a depression of left 
ventricular function. Furthermore, these drugs may have 
proarrhythmic effects, especially in cases of left ventricular 
dysfunction, prolonged QT and metabolic abnormalities 
such as hypokalemia and low serum magnesium that may 
accompany acute or chronic diuretic therapy. 

 In the landmark CAST study the effi cacy of antiarrhyth-
mic drugs in patients with left ventricular dysfunction after 
myocardial infarction and with complex ventricular 
arrhythmias was evaluated. Patients who responded with 
attenuation of arrhythmias after drug testing were ran-
domized to encainide, fl ecainide or moricizine. The results 
showed an increase in mortality in patients treated with the 
fi rst two of these agents.  220   

 Subsequently, interest in amiodarone, a class III antiar-
rhythmic drug with no or little negative inotropic effect, 
increased. However, despite a promising, albeit mixed set 
of results in smaller trials,  221 – 225   the SCD - HeFT trial sug-
gested that the drug had no impact on survival when used 
for primary prevention of sudden death in patients with 
left ventricular dysfunction and heart failure.  226   

 Similarly, sotalol, a beta - blocker with class III antiar-
rhythmic properties, has not been found to reduce deaths 

from ventricular arrhythmias. On the contrary, a study 
with the non - beta blocker isoform  d  - sotalol in postmyocar-
dial patients had to be terminated in advance because of 
an increased mortality in the sotalol group.  227   

 Without question, the most impressive effects on sudden 
deaths have been found in the large survival studies with 
beta - blockers. Consistent effects were found with all three 
agents: bisoprolol, metoprolol, and carvedilol.  183 – 185   In addi-
tion, both aldosterone antagonists (spironolactone and 
eplerenone) as well as the angiotensin receptor blocker can-
dasartan have been shown to play a role in reduction of 
sudden death, the former likely mediated in part by protec-
tion against hypokalemia.  45,47,228   Implantable cardioverter 
defi brillators are also widely used for prevention of sudden 
death from ventricular arrhythmias. The appropriate indi-
cations and selection of patients for these therapeutic 
devices are dealt with elsewhere in this book.    

  Other  p harmacologic  a pproaches 

 Given the success of ACE inhibitors, beta - blockers and 
aldosterone antagonists, the search for effective therapies 
that antagonize the effects of other neurohormones or by 
extension cytokines and infl ammatory mediators that are 
upregulated in heart failure has been an ongoing focus 
of drug development. Although the knowledge gained 
from negative trials can be signifi cant, a plethora of 
recent studies has not led to meaningful changes for 
patients. We review data from three classes of drug that 
have failed to improve clinical outcomes and are not part 
of the contemporary treatment algorithm for patients with 
heart failure. 

  Anti -  TNF   t herapy 
 Two anti - TNF therapies have failed in clinical studies, 
despite a wealth of basic, preclinical and early phase human 
studies that suggested a potential role for the anti - cytokine 
anti - infl ammatory treatment paradigm. In the RENEWAL 
program, etanercept, a soluble TNF antagonist, was studied 
in two companion placebo - controlled trials (RECOVER 

BOX 47.9  Documented value of antiarrhythmic therapy 
in heart failure 

  Proven indication: always acceptable Level A 
 Beta - adrenergic blockade in euvolemic patients with 

chronic heart failure  

  Not proven: potentially harmful (contraindicated) Level A 
 Class I antiarrhythmic drugs in patients with asymptomatic 

ventricular arrhythmias and heart failure 
 Class III antiarrhythmic drugs in patients with 

asymptomatic ventricular arrhythmias or when used for 
primary prevention of sudden cardiac death  
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and RENAISSANCE).  229   The former randomized patients 
to study drug in two different dosing regimens (25   mg once 
or twice weekly) versus placebo; the latter evaluated dosing 
at 25   mg twice or three times weekly. Clinical status, a com-
posite of death, heart failue hospitalization, patient global 
assessment and NYHA class, was measured. However, the 
trial was stopped early when the relative risk for the com-
bination of mortality and heart failure hospitalization 
crossed unity, suggesting a lack of benefi t. Another agent, 
infl iximab (a chimeric monoclonal antibody to TNF), was 
evaluated in advanced (NYHA III – IV) heart failure in two 
doses versus placebo.  230   A trend toward an increase in a 
combined endpoint of death or heart failure hospitalization 
at 28 weeks was observed.  

  Vasopressin  a ntagonism 
 Vasopressin antagonists, both V2 and combined V1/V2 
antagonists, have been studied. Most clinical data come from 
tolvaptan, an oral non - peptide V2 - receptor antagonist. Pre-
liminary data derived from ACTIV, a Phase II dose - ranging 
study, demonstrated that tolvaptan elicited a statistically sig-
nifi cant change in body weight at all doses examined com-
pared to placebo.  231   However, there were no differences in 
clinical outcomes such as death or hospitalization though the 
study was underpowered to detect such a difference. 

 The lowest dose from ACTIV was selected for EVEREST 
which randomized patients within 48 hours of admission 
to receive active drug versus placebo.  232,233   A short - term 
outcomes trial with endpoints of body weight on day 7 or 
discharge and scoring on a global visual analog scale (VAS) 
was embedded in a long - term survival study, as patients 
were continued on medical therapy on discharge. The 
endpoints were all - cause mortality (superiority and non -
 inferiority) and a composite of cardiovascular death or 
heart failure hospitalization (superiority). In the short - term 
trial, loss of weight favored tolvaptan, albeit with modest 
changes. There was no change on the global VAS though 
relief of dyspnea was greater with tolvaptan on day 1. There 
were no statistically signifi cant differences in the primary 
endpoints of the long - term trial. These fi ndings seriously 
jeopardize the concept that long - term vasopressin antago-
nism has a role in the management of chronic heart failure. 

 At least one other vaptan, lixivaptan, another oral non -
 peptide V2 selective agent  234   is in clinical trials.  

  Endothelin  a ntagonism 
 Despite the fact that endothelin and precursors are elevated 
in heart failure and correlate with prognosis,  235   several 
endothelin antagonists have been tested and have failed in 
clinical trials. In particular, both oral bosentan for chronic 
heart failure  236   and intravenous tezosentan for acutely 
decompensated heart failure  237   have not improved out-
comes. These trials have raised signifi cant questions about 
therapeutic strategies that target particular neurohor-

mones, especially in light of the failures of other similar 
drug development programs.  238 – 240     

  Adjunctive  t herapies 

   HMG   C  o  A   e nzyme  i nhibitors 
 The HMG CoA enzyme inhibitor class ( “ statin ” ) has been 
evaluated as a potential adjunct to heart failure manage-
ment on the basis of retrospective data.  241   The proposed 
mechanisms of action include prevention of downstream 
ischemic events and an anti - infl ammatory effect; however, 
clinically there is now a large prospective trial that has not 
confi rmed the earlier favorable reports. In CORONA, 5011 
patients with ischemic cardiomyopathy and NYHA class 
II – IV heart failure were randomized to receive rosuvastatin 
10   mg versus placebo. Over a mean period of 32.8 months, 
a combined endpoint of cardiovascular death, non - fatal MI 
and non - fatal stroke was not signifi cantly reduced (HR 
0.92, 95% CI 0.83 – 1.02).  242   A secondary endpoint of cardio-
vascular hospitalizations was positive with a statistically 
signifi cant reduction and there were no major safety con-
cerns. The lack of a positive overall fi nding likely refl ects 
the challenge of interpreting competing risks. In the case of 
statins, the impact of this class of drug on outcomes related 
to coronary artery disease is attenuated by the heightened 
importance of myocardial dysfunction and neurohormonal 
activation in patients with advanced heart failure. In addi-
tion, the lowering of LDL cholesterol may not necessarily 
be advantageous; the paradoxic observation that low cho-
lesterol levels in chronic heart failure is associated with 
increased risk  243   is supported by CORONA. 

 Nevertheless, major questions remained including the 
possibility that the statins work by preventing ischemic com-
plications in long - term survivors of dilated non - ischemic 
cardiomyopathy,  244   which was not addressed in CORONA. 
However, the GISSI - HF trial failed to demonstrate any dif-
ference between rosuvastatin and placebo in time to death 
or the combined endpoint of time to death or hospitalization 
for cardiovascular causes after 3.9 years of follow - up in over 
4500 patients with chronic HF. Of note, there was a slight 
absolute reduction in mortality risk in patients randomized 
to receive omega - 3 fatty acid supplementation, raising inter-
esting questions about mechanism of action.  245    

  Exercise  r ehabilitation 
 A large multicenter trial, HF - ACTION, demonstrated that 
a structured exercise program for patients with heart 
failure is safe.  246   However, there was only a nonsignifi cant 
trend in reduction of mortality or hospitalization due, 
perhaps in part, to the reduction in adherence to exercise 
over time. A variety of important secondary endpoints, 
such as health status as measured by the Kansas City 
Cardiomyopathy Questionnaire, may provide insight into 
other long term effects on outcomes.  
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  Heart  f ailure  m anagement 
 Physician or nurse - directed disease management has been 
increasingly recognized as an important component of 
heart failure care. Multiple studies have suggested that 
various interventions, including telemanagement, inten-
sive discharge planning and other multidisciplinary inter-
ventions, can reduce overall costs and improve measurable 
outcomes in the quality of care.  247 – 251      

  Device and  s urgical  t herapy 

  Implantable  c ardioverter  d efi brillators and 
 b iventricular  p acing ( c ardiac  r esynchronization 
 t herapy) 

 In addition to a background of pharmacologic therapy, the 
addition of implantable cardioverter defi brillators (ICD) 
for primary prevention of sudden cardiac death and cardiac 
resynchronization therapy for mortality reduction in 
patients with symptomatic heart failure has dramatically 
impacted management approaches.  226,252 – 256   Defi ning appro-
priate candidates and providing meticulous longitudinal 
care are hallmarks of successful therapy, given the high 
degree of technical complexity, associated costs and impact 
on patients and patients ’  families.  257 – 259   The role of device 
therapy is covered in detail elsewhere in this book.  

  Ventricular  a ssist  d evices 

 Support with ventricular assist and other circulatory 
support devices has been an area of considerable focus for 
the subgroup of patients with medically refractory and 
often near terminal heart failure. Different kinds of left 
ventricular mechanical assist devices (LVADs) have been 
studied for several years and they have been in clinical use 
since at least the early 1990s.  260   Newer and smaller genera-
tions of pumps are under clinical evaluation. They differ in 
size, fl ow patterns (centrifugal versus axial fl ow), method 
of implantation, durability, and intended clinical use (car-
diogenic shock, post cardiotomy shock, bridge to trans-
plant and destination). Long - term effects have been unclear. 

 In REMATCH (Randomized Evaluation of Mechanical 
Assistance for the Treatment of Congestive Heart failure), 
129 patients with a mean age of 67 years and ejection frac-
tion of 0.17 with advanced symptomatic heart failure 
(NYHA class IV) ineligible for transplantation were 
randomized to optimal medical management (mostly intra-
venous inotropic drugs) or LVAD (HeartMate).  261   Kaplan –
 Meier survival analysis showed a reduction of 48% in the 
risk of death from any cause in the group that received 
LVADs as compared with the medical therapy group (RR 
0.52, 95% CI 0.34 – 0.78,  P    =   0.001). The rates of survival at 1 
year were 52% in the device group and 25% in the medical 
therapy group ( P    =   0.002); the rates at 2 years were 23% and 

8% ( P    =   0.09), respectively. The frequency of serious adverse 
events in the device group was nearly 2.4 times (95% 
CI 1.86 – 2.95) that in the medical therapy group, with a pre-
dominance of infection, bleeding, and malfunction of the 
device. Quality of life was signifi cantly improved at 1 year 
in the device group assessed as SF - 36 and Beck Depression 
Inventory but this was an unmatched survivors analysis. 

 In a more recent study, a newer generation axial fl ow 
pump (HeartMate 2) was assessed as a device for bridge to 
transplant. Three possible favorable outcomes were defi ned 
as transplant, recovery or ongoing support. Median sur-
vival on pump was 126 days (range 1 – 600 days) with 68% 
1 - year survival.  262   Other devices are under investigation; 
the focus is to defi ne appropriate subgroups and to provide 
sustained support with a low incidence of thromboembolic 
and mechanical complications. 

 Key clinical challenges remain, highlighted by a report by 
Yacoub and colleagues in which the viability of LVAD 
weaning was demonstrated in a series of patients with non -
 ischemic cardiomyopathy at a mean of 320    ±    186 days of 
support facilitated by the use of the beta - 2 agonist clenb-
uterol.  263   Of 15 patients examined, 11 were weaned; there 
was one death within 24 hours. To what degree this study 
has applicability to patients with long - standing advanced 
heart failure is not clear, nor is the durability of the 
recovery. 

 These studies demonstrate the viability of mechanical 
support and the fact that LVADs have the potential to 
prolong life and improve quality of life in severe heart 
failure. Based on REMATCH, treatment effect is limited in 
time although since publication of the trial results, refi ne-
ments in the technology, patient selection and surgical tech-
nique have occurred. Important questions will require 
further study, including the degree to which long - term 
durability can be achieved, the identifi cation of patients 
with a likelihood of recovery, the durability of that recov-
ery, and cost - effectiveness.  

  Other  s urgical  o ptions 

 There are several surgical approaches to heart failure includ-
ing revascularization, left ventricular reconstruction, car-
diomyoplasty, constraining devices, mitral valvular repair 
and heart transplantation. Most of these techniques have 
not been subjected to rigorous evaluation in clinical trials, 
refl ecting at least in part the diffi culties inherent in defi ning 
control groups in surgical intervention trials.  264 – 266     

  Heart  f ailure with  p reserved  l eft 
 v entricular  f unction 

 The evidence base for heart failure with preserved LV func-
tion is limited, refl ecting uncertainties about the underly-
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ing heterogeneous pathophysiology, diffi culties with trial 
design including standardization of defi nitions and end-
points, and lack of focused interest by industry. Neverthe-
less, recent trials have provided some important insight 
into several treatment options. 

 In the DIG trial, a subgroup of 988 patients had ejection 
fractions greater than 45%. Treatment with digoxin did not 
impact mortality but as in the main study group, hospital-
izations were reduced by study drug. As mentioned in the 
section on angiotensin receptor blockers, candesartan did 
not impact mortality in CHARM - Preserved but hospitaliza-
tions were reduced.  127   Specifi cally, the composite primary 
endpoint of cardiovascular death or admission to hospital 
for CHF occurred in 22% of patients treated with candesar-
tan and 24% of patients on placebo (HR 0.89, 95% CI 0.77 –
 1.03,  P    =   0.118). The minor difference was driven entirely by 
a reduction in hospitalizations which, taken alone, reached 
statistical signifi cance. A second large ARB trial, i - PRE-
SERVED with irbesartan, failed to demonstrate a salutary 
effect of irbesartan versus placebo in over 4100 patients over 
the age of 59 with HF symptoms and left ventricular ejection 
fraction of at least 45%. The primary endpoint (a composite 
of death from any cause or hospitalization for HF, myocar-
dial infarction, unstable angina, arrhythmia or stroke) was 
associated with a hazard ratio that was near unity.  267   

 In the PEP - CHF study, patients with a diagnosis of heart 
failure treated with diuretics but demonstrating essentially 
preserved LV systolic function (EF 64% and 65% in placebo 
and active study arms respectively) were randomized to 
receive perindopril 4   mg or placebo for a period of at least 
1 year. The cohort was elderly (mean age 76), predomi-
nantly female (55%) and hypertensive (prior hypertension 
in 79% and mean SBP at randomization approximately 
139   mmHg). A high withdrawal rate at 1 year with cross-
over to open - label ACE inhibitor reduced the power of the 
study, though when analyzed at 1 year, the composite end-
point of all - cause mortality and unplanned heart failure 
hospitalization approached statistical signifi cance, driven 
largely by a reduction in hospitalizations. 

 In the SENIORS trial with a novel beta blocker nebivolol,  198   
approximately 35% of study patients had an ejection fraction 
over 35%; a proportion of these likely had preserved LVF. 
The effect on the primary endpoint of all - cause mortality or 
cardiovascular hospitalization was similar to the cohort 
with lower EFs; that is, ejection fraction did not appear to 
modify the effect of nebivolol. Nevertheless, the endpoint 
was largely driven by the reduction in hospitalizations. 

 What can one conclude about these trials and treatment 
approaches to patients with heart failure despite preserved 
or nearly preserved LVF? As in all patients, risk factor 
reduction including control of blood pressure is key. This 
concept has been supported by multiple clinical trials in 
hypertension among patients at risk for heart failure 
including the landmark SHEP trial in which antihyperten-

sive treatment in elderly patients with isolated systolic 
hypertension reduced heart failure events with a dramatic 
relative risk reduction of 0.51.  268   The potential utility of 
drugs in the ACE inhibitor, ARB and beta - blocker classes 
(especially those that have been shown to be effective in 
systolic heart failure) seems clear. Nevertheless, as out-
lined, clinical trial results are limited in scope and magni-
tude and as such do not permit the same high - level 
recommendations that are currently used in treatment 
guidelines for patients with systolic heart failure.  

  Challenges and  c ontroversies 

  Challenges for  f uture  c linical  t rials of 
 t herapeutics in  h eart  f ailure 

 A key challenge for clinical trialists is the defi nition of 
endpoints in trials of both acutely decompensated and 
chronic heart failure. For the former, surrogates for mortal-
ity have not been well defi ned nor accepted. Although 
event rates are high, in - hospital mortality is under 5%, 
meaning that additional and often composite endpoints 
that include assessment of patient well - being need to be 
developed. For the latter, ACE inhibitors, beta - blockers and 
aldosterone blockers have seriously impacted power calcu-
lations and hence the ability of conventionally sized trials 
to detect meaningful differences in mortality. Further, non -
 pharmacologic trials (i.e. evaluation of devices) are limited 
in size by the expense and scope of the interventions. The 
need for trial designs that can pass regulatory requirements 
in the absence of survival endpoints is pivotal.  

  Heart  f ailure  m onitoring 

  Acute 
 The role of invasive hemodynamic monitoring during hos-
pitalization for decompensated heart failure was critically 
evaluated in the ESCAPE Trial in which 433 patients across 
26 sites were randomized to receive usual clinical care or 
care supplemented by the placement of a pulmonary artery 
catheter.  269   Inotropic therapy was discouraged but not pro-
scribed. The primary endpoint was days alive outside the 
hospital which did not differ between the two groups (HR 
1.0); there were more adverse events in the group treated 
with the invasive approach. These results suggest that most 
patients can be managed without invasive hemodynamic 
monitoring in the acute setting.  

  Chronic 
 Multiple technologies have been considered for remote 
monitoring of patients with chronic heart failure, many 
using telemonitoring.  270 – 272   The range of options is signifi -
cant from simple weight scales  273   to biomarkers  274   to inva-
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sive physiologic monitors.  275   As a whole, the data have not 
been consistent or convincing. 

 For example, the use of the natriuretic peptides (BNP/
NT - proBNP) for guiding treatment during follow - up has 
been supported by observational experience from large 
clinical trials  276   and more focused primary data from small 
controlled trials.  277   In the latter, 220 patients were random-
ized to control or treatment modifi cations based on target 
BNP concentrations  < 100   pg/mL. During a 15 - month fol-
low - up the primary endpoint of death or admissions for 
worsening heart failure was signifi cantly reduced in the 
BNP - guided group. However, this group had an increase in 
non - heart failure - related admissions, largely negating the 
presumptive benefi t of biomarker - based treatment. Further, 
the limited study size and open design make the results 
diffi cult to interpret. Other randomized trials are ongoing.  278   

 In the example of chronic hemodynamic monitoring, the 
largest study to date using an implantable monitor of pul-
monary capillary wedge pressure (COMPASS - HF) did not 
reach its primary endpoint.  279   The fact that outcomes were 
not favorably impacted raises questions about the underly-
ing hypothesis that an improved hemodynamic profi le is a 
key therapeutic goal. Nevertheless, despite these mixed 
results, interest remains in defi ning appropriate types and 
intensities of monitoring. In that context, it will be necessary 
to defi ne the nature of clinical decision making in response 
to fl uctuating or worsening markers of heart failure.   

  Performance  m easures 

 The standardization of heart failure care has been a focus 
of professional societies, health insurers and other stake-
holders,  280,281   largely based on the recognition that there is 
great variability in the quality of care delivered to patients 
with heart failure.  282   Multiple initiatives have been devel-
oped  283   in attempt to improve quality. At the same time, the 
performance measures used to gauge quality may not in 
fact refl ect outcomes,  284   an issue of enormous importance 
if hospitals and providers are to be judged by process mea-
sures related to the delivery of heart failure care.   

  Conclusion 

 In the pharmacologic treatment of CHF there are two main 
classes of drugs  –  ACE inhibitors and beta - blockers  –  with 
solid and consistent documentation for reduction of mor-
bidity and mortality. Furthermore, aldosterone antagonists 
and hydralazine/nitrate in combination have demon-
strated effi cacy in defi ned subgroups. Several ARBs have a 
role, most clearly as a substitute when patients are not 
tolerating an ACE inhibitor (Table  47.1 ) and in some 
patients as add - on therapy. Ancillary approaches continue 
to be defi ned. The reader is also referred to the major pub-
lished guidelines in Europe and the USA for additional 

background and classifi cation of standard approaches to 
HF management.  285,286     

 The challenges for the next decade are manifold. They 
include the need to: better defi ne subgroups that benefi t 
the most from different drug combinations; fulfi ll the 
mandate to ensure dissemination of the fi ndings of clinical 
trials into practice; and develop appropriate metrics to 
gauge physician competencies in the treatment of patients 
with heart failure. In addition, the need to defi ne strategies 
that can be used to translate and effectively implement 
clinical practice guidelines is signifi cant, as many patients 
are not offered comprehensive contemporary treatments. 
Heart failure care must be structured, given its complexity 
and the importance of drug titration and close clinical 
follow - up. Finally, given an increasing prevalence, delete-
rious effects on patient morbidity and mortality and pro-
nounced impact on the fi nances of healthcare systems, we 
need to continue to pursue a greater understanding of the 
mechanisms underlying cardiac failure and the methods 
that can be applied in order to prevent the development of 
and progression to symptomatic end - stage disease.   

 Table 47.1     Key recommendations 

   Aim of treatment     Class of drug     Level of 
evidence  

  Symptomatic improvement 

of congestion, improvement 

of exercise capacity  

  Diuretics    Level A  

  Reduction of mortality in 

mild to moderate heart 

failure  

  ACE inhibitors  

  Beta - adrenergic blockers  

  ACE inhibitors      

  Level A  
  Level A  

  Level A        Reduction of mortality in 

severe heart failure    Beta - adrenergic blockers    Level A  
  Spironolactone    Level A  

  Reduction of mortality in 

patients not tolerating an 

ACE inhibitor  

  ARBs    Level A  

  Reduction of morbidity and 

symptoms in mild – severe 

heart failure  

  ACE inhibitors    Level A  
  Beta - adrenergic blockers    Level A  
  ARBs    Level A  
  Spironolactone    Level A  
  Digoxin    Level A  

  Short - term improvement of 

symptoms in patients with 

severe CHF  

  Non - digitalis inotropic 

drugs  

  Level B  

  Surgical treatment of 

end - stage CHF  

  Cardiac transplantation    Level B  

  Bridging towards heart 

transplantation in terminal 

heart failure  

  Left ventricular assist 

device  

  Level B  
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  Introduction and  h istoric  p erspectives 

    “ Is the infl ammation of the heart always very sharp and 
acute, or does it not sometimes affect an insidious, hidden 
progress and which it appears, if not impossible, at least 
very diffi cult to distinguish? ”  Jean Corvisart, personal phy-
sician to Napoleon Bonaparte  1     

 Myocarditis is usually defi ned by histologic criteria as 
infl ammation of the myocardium, often with damage or 
injury to cardiac myocytes. The histologic Dallas criteria 
allow for two categories of myocarditis: active, in which 
myocyte damage is evident, and borderline, in which a 
cellular infl ammatory infi ltrate is not associated with 
myocyte injury or necrosis (Plate  48.1 ).  2   However, the diag-
nosis of myocarditis is frequently presumed if a compatible 
clinical scenario is associated with new abnormalities on 
non - invasive cardiac imaging and/or elevated serum bio-
markers of cardiac injury. Clinically, myocarditis most 
often presents as an acute or occasionally fulminant illness 
with new - onset dilated cardiomyopathy (DCM). However, 
manifestations range from subclinical disease to sudden 
death, new - onset atrial or ventricular arrhythmias, com-
plete heart block or an acute myocardial infarction - type 
syndrome. The known causes of myocarditis are as varied 
as the disease presentations and include infectious causes 
(including coxsackie B virus, parvovirus B19, adenovirus, 
 T. cruzi ), toxic agents, and cardiac manifestation of a sys-
temic autoimmune disease (Box  48.1 ).   

 DCM is a common phenotype that results from many 
forms of myocardial injury and is both an acute and long -
 term consequence of viral myocarditis.  3   Usually a careful 
family history and a history of an antecedent viral pro-
drome in the weeks prior to cardiac symptoms permit the 
clinical distinction between familial and postviral cardio-

myopathy. However, a small pedigree may confound the 
assessment of an inherited predisposition to DCM and 
inherited abnormalities of cytoskeletal proteins may actu-
ally predispose to more severe viral myocarditis, as is the 
case with Duchenne ’ s muscular dystrophy and coxsackie 
B virus infection, both of which affect dystrophin. There-
fore a clear distinction between primarily familial and pri-
marily acquired DCM is not always possible.   

 This chapter focuses on primary DCM in which histo-
logic evidence of myocarditis or persistent viral infection 
is present. In the USA, the estimated prevalence of all forms 
of DCM is 36.5 cases per 100   000.  4   DCM is important 
because it constitutes the leading cause (45%) of heart 
transplantation in the United States.  5   In a review of 1230 
cases of initially unexplained DCM, only 9% were thought 
to be due to myocarditis when the Dallas criteria were 
applied.  6   Although standard histologic criteria for myocar-
ditis are usually absent in chronic DCM, other markers of 
infl ammation including ICAM, VCAM, and major histo-
compatability complex (MHC) antigen expression are 
present in up to 40% of cases.  7   Thus the prevalence of myo-
carditis in DCM varies widely depending on the histologic 
criteria used to establish the diagnosis.  

  Incidence,  n atural  h istory and  p rognosis 
of  a cute  m yocarditis 

 The incidence of myocarditis in the community is unknown 
because many cases probably have minimal if any acute 
symptoms, and escape diagnosis only to present months or 
years later with a non - ischemic DCM. The incidence may 
also be underestimated due to the highly variable presenta-
tion of the disease which ranges from subclinical to fulmi-
nant heart failure, and includes sudden death, syncope, 
and acute myocardial infarction - like syndromes. Further-
more, the histologic diagnosis of patients with acute clini-
cal symptoms and suspected myocarditis is confounded by 
a lack of sensitivity in the traditional Dallas Criteria.  8   For 
example, in the Myocarditis Treatment Trial, which used 
the Dallas criteria for study entry, only 10% of 2333 patients 
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with suspected myocarditis and recent - onset DCM met 
these criteria.  9   The rate was somewhat higher at 17% in the 
European Study of Epidemiology and Treatment of Cardiac 
Infl ammatory Diseases Study (ESETCID), which used less 
restrictive immunohistologic criteria.  10   

 The prognosis in myocarditis is variable and depends 
partly on clinical, hemodynamic, and histologic variables. 
Presentation with syncope, heart block on EKG, lower left 
ventricular ejection fraction, and higher pulmonary artery 
pressures are associated with shorter transplant - free sur-
vival.  11   In the series from Massachusetts General Hospital, 
Dallas Criteria myocarditis was associated with shorter 

transplant - free survival than borderline myocarditis.  12   In a 
Mayo Clinic series from the early 1990s by Grogan  et al , the 
fi ve - year survival in acute myocarditis was 56%, compa-
rable to survival in patients with idiopathic DCM without 
myocarditis.  13   Immunoperoxidase based diagnostic criteria 
have higher sensitivity than the Dallas criteria and may 
have prognostic value.  14   

 Histologic patterns that infl uence survival are limited to 
several uncommon disorders including giant cell myocardi-
tis (GCM), acute necrotizing eosinophilic myocarditis, and 
cardiac sarcoidosis (CS).  15   The fi ve - year transplant - free sur-
vival rate in GCM is less than 20% (Fig.  48.1 ).  16   In a large 
clinical series, subjects with either GCM or CS had a worse 
transplant - free survival than those with lymphocytic myo-
carditis.  17   Paradoxically, patients with the clinical patho-
logic entity of fulminant lymphocytic myocarditis, although 
severely ill at presentation with marked hemodynamic 
compromise, are more likely to recover than those with 
acute (2 weeks to 3 months duration) myocarditis who do 
not have a distinct viral prodrome.  18     

 A few serologic and imaging biomarkers have been asso-
ciated with poor clinical outcome. Higher concentrations 
of serologic markers such as Fas ligand (FasL) and inter-
leukin 10 (IL - 10) may predict increased mortality.  19,20   Right 
ventricular function on echocardiogram was an indepen-
dent predictor of death or cardiac transplantation in a 
study of 23 patients with biopsy - confi rmed myocarditis.  21   
In this study, multivariate analysis revealed that right ven-
tricular dysfunction as quantitated by right ventricular 
descent was the most powerful predictor of death or cardiac 
transplantation. In a separate study, Naqvi  et al  demon-
strated that contractile reserve assessed by dobutamine 

BOX 48.1  Select etiologies of myocarditis 

  Infectious 
     •      Viral  –  common 

    �      Parvovirus B19, increasing since 1994  
   �      Adenovirus, most common 1995 to 2005  
   �      Enterovirus (coxsackie B), decreasing since 2004  
   �      HCV (in Japan)  
   �      Human immunodefi ciency virus    

   •      Bacterial  –  consider in immunosuppressed hosts 
    �      Mycobacteria  
   �      Streptococcal sp.  
   �       Treponema palladum   
   �       Borrelia burgdoferi     

   •      Fungal  –  consider in immunosuppressed hosts 
    �       Aspergillus   
   �       Candida   
   �       Cryptococcus   
   �      Histoplasma  
   �       Coccidioides     

   •      Protozoal 
    �       Trypanosoma cruzi        

  Toxins 
     •      Cocaine  
   •      Anthracyclines  
   •      Imatimib mesylate  
   •      Interleukin - 2     

  Hypersensitivity 
     •      Clozapine  
   •      Methyldopa  
   •      Cephalosporins  
   •      Penicillins  
   •      Tricyclic antidepressants     

  Systemic/ a utoimmune 
     •      Systemic lupus erythematosus  
   •      Infl ammatory bowel disease  
   •      Giant cell myocarditis  
   •      Sarcoidosis (idiopathic granulomatous myocarditis)  
   •      Takayasu ’ s arteritis  
   •      Hypereosinophilic syndrome  
   •      Endomyocardial eosinophilic diseases     

     Figure 48.1     Transplant free survival of lymphocytic myocarditis versus 
giant cell myocarditis. Kaplan – Meier curves showing the duration of 
transplant - free survival from the onset of symptoms in 63 patients with 
giant cell myocarditis and 111 patients with lymphocytic myocarditis from 
the Myocarditis Treatment Trial.  P     <    0.001 by log - rank test.  (Reproduced 
with permission from Cooper  et al .  15    )   
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echocardiography predicted left ventricular functional 
recovery in 22 patients with new - onset DCM, some of 
which may have been due to myocarditis.  22    

  Pathogenesis of  m yocarditis 

 Studies in mouse and rat models of myocarditis have inves-
tigated the pathogenesis of autoimmune and viral myocar-
ditis and enhanced our understanding of the relationship 
between direct viral injury and the host immune response 
to viral infection. Coxsackie B virus - induced myocarditis 
(CVB) is thought to progress in three temporal stages: 
  1     acute myocarditis characterized by viremia and a high 
fatality rate in animal models  
  2     subacute myocarditis with lymphocytic infi ltrates in the 
myocardium, rising antibody titers and release of infl am-
matory cytokines including IL - 1 - beta, tumor necrosis factor 
(TNF) - alpha, interferon (IFN) - gamma and IL - 2  
  3     chronic myocarditis characterized by fi brosis, progres-
sive ventricular dilation and heart failure.  3      
 It is this third stage of  “ chronic myocarditis ”  that is thought 
to result in  “ idiopathic ”  dilated cardiomyopathy. 

 Myocardial injury in CVB and encephalomyocarditis 
virus (ECMV) myocarditis occurs through several mecha-
nisms.  23,24   Viral infection can lead within hours to days to 
myocyte death and release of sequestered intracellular 
antigens, which trigger an innate and adaptive immune 
response in the myocardium. Antibodies that cross - react 
with CVB, human cardiac myosin, and the beta - adrenergic 
receptor have been observed in cases of myocarditis. Cyto-
kines, such as TNF - alpha, and autoantibodies associated 
with this infl ammatory reaction impair cardiac myocyte 
contractility, and released cellular products such as major 
basic protein (MBP) can lead directly to myocyte cell death. 
T cell - defi cient mice show a muted response or progression 
to myocarditis as compared to normal mice.  25   Long - term 
myocardial damage may also occur through an apoptotic 
mechanism, especially in the absence of active infl amma-
tion. In the Lewis rat model of autoimmune myocarditis, 
T cells also are a key mediator of myocardial damage. 
Myocardial damage may occur independently of any 
immune reaction. For example, protein products of the 
enteroviral genome, including viral protease 2a, can cleave 
host proteins, including dystrophin, and lead to cardio-
myopathy.  26,27   Environmental variables such as selenium 
defi ciency can affect viral virulence and individual sus-
ceptibility to cardiotopic viral infection.  28,29   

 Genetic susceptibility to myocarditis is strongly sug-
gested by animal models in which spontaneous myocardi-
tis occurs.  30   A genetic component of DCM has also been 
well characterized in studies of familial association and 
linkage studies. Twenty to 40% of patients with DCM have 
a fi rst - degree relative with some degree of left ventricular 

dysfunction.  31   A positive association of DCM with the 
MHC HLA DR4 has been identifi ed in several independent 
studies. However, specifi c genes that predispose patients 
to myocarditis have not yet been identifi ed.  

  Clinical  p resentation and  d iagnosis 

 The clinical presentation in myocarditis varies from asymp-
tomatic ECG fi ndings to cardiogenic shock or even sudden 
death. Although a non - specifi c viral prodrome with fevers, 
myalgias, and respiratory or gastrointestinal symptoms is 
classically associated with myocarditis, the published rates 
of reported symptoms are highly variable.  32   Cardiac symp-
toms include fatigue, decreased exercise tolerance, palpita-
tions, precordial chest pain, and syncope. Of the 3055 
patients in the ESETCID study, 72% had dyspnea, 33% had 
chest pain, and 18% had arrhythmic events.  10   Most studies 
of acute dilated cardiomyopathy and suspected myocardi-
tis have a slight a male predominance. For example, 62% 
of the 111 patients enrolled in the Myocarditis Treatment 
Trial were male.  9   

 Cardiac enzyme elevations are seen in a minority of 
patients with acute myocarditis and can help confi rm the 
diagnosis. Standard markers of myocardial damage includ-
ing troponin - I have a high specifi city (89%) but limited 
sensitivity (34%) in the diagnosis of myocarditis, especially 
with a shorter duration (less than four weeks) of symp-
toms.  33   Clinical and experimental data suggest that cardiac 
troponin - I is increased much more frequently than creat-
nine kinase MB (CK - MB) in patients with myocarditis.  34   
Other circulating biomarkers including cytokines, comple-
ment components and anti - heart antibodies have not been 
prospectively validated and are not in widespread clinical 
use. 

 Troponin I or T should be measured in suspected acute 
myocarditis (Class I, Level C). 

 The ECG in acute myocarditis may show sinus tachycar-
dia with non - specifi c ST segment and T - wave abnormali-
ties. Occasionally, the ECG changes are suggestive of an 
acute myocardial infarction and may include ST segment 
elevation in two or more contiguous leads (54%), wide-
spread ST segment depressions (18%) and pathologic 
Q - waves (18 – 27%).  35   In a small proportion of patients, 
various degrees of heart block may occur. In the Myocar-
ditis Treatment Trial, pacemaker implantation occurred in 
approximately 1% of subjects. Ventricular arrhythmias may 
also be present, but occur more commonly in cardiac sar-
coidosis and giant cell myocarditis.  36   

 An ECG should be performed in suspected acute myo-
carditis (Class I, Level C). 

 The most common echocardiographic features of acute 
myocarditis are unfortunately not specifi c; however, echo-
cardiography is useful to exclude other causes of acute 
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heart failure. Echocardiographic patterns of dilated, hyper-
trophic, restrictive, and ischemic cardiomyopathies have 
been described in histologically proven myocarditis. Seg-
mental or global wall motion abnormalities can simulate 
myocardial infarction in myocarditis.  37   In the Myocarditis 
Treatment Trial, increased sphericity and left ventricular 
volume occurred in acute, active myocarditis. Left ven-
tricular cavity size may be normal in very early myocarditis 
and increase over time due to remodeling. Fulminant myo-
carditis may be distinguished from acute myocarditis by 
echocardiographic criteria as suggested by Felker  et al .  38   
These authors performed echocardiography on 11 fulmi-
nant and 43 acute myocarditis patients at presentation and 
after six months. Patients with fulminant myocarditis had 
near normal LV diastolic dimensions with increased septal 
thickness at presentation, while those with acute myocar-
ditis had increased diastolic dimensions but normal septal 
thickness. 

 An echocardiogram should be performed in suspected 
acute myocarditis (Class I, Level C). 

 Due to its availability and low risk, cardiac magnetic 
resonance imaging (CMR) is being used with increasing 
frequency as a diagnostic test in suspected acute myocar-
ditis and may be used to localize sites for endomyocardial 
biopsies.  39,40   CMR may also be useful to differentiate isch-
emic from non - ischemic cardiomyopathy. McCrohon  et al  
performed gadolinium - enhanced CMR in 90 patients with 
heart failure and LV systolic dysfunction, of whom 63 had 
idiopathic DCM. Subendocardial or transmural enhance-
ment was seen in ischemic cardiomyopathy. In contrast, the 
DCM group had three patterns of enhancement: no 
enhancement, myocardial enhancement indistinguishable 
from the patients with CAD and patchy or longitudinal 
mid wall enhancement.  41   Results from similar studies 
suggest that diffuse and/or heterogeneous involvement 
with combined enhancement is highly suggestive of myo-
carditis. Histopathologic evaluation of biopsies directed by 
contrast CMR with delayed enhancement by Mahrholdt 
 et al  demonstrated active myocarditis in 19 of 21 patients. 
In contrast, only one in seven patients showed active myo-
carditis in biopsies guided by non - myocardial delayed 
enhancement (MDE)   CMR.  42   Serial CMR using T1 - weighted 
images with gadolinium have also been used to visualize 
the myocardial injury in myocarditis and track its progres-
sion.  43   The prognostic value of CMR to predict future 
cardiac events in acute myocarditis is under investigation. 

 CMR can be useful in suspected acute myocarditis 
(Class IIa, Level C). 

 The gold standard for the diagnosis of myocarditis is 
histopathology on endomyocardial biopsy (EMB). The his-
topathologic classifi cation called the Dallas criteria  44   was 
used in the Myocarditis Treatment Trial and is widely cited, 
but the average incidence of positive right ventricular 
biopsy fi ndings in acute dilated cardiomyopathy is only 

around 10%.  9,45   This is likely due to sampling error second-
ary to the patchy nature of myocardial infl ammation  46   and 
interobserver variability.  8,47   Newer diagnostic criteria that 
rely on immunoperoxidase techniques are coming into 
broader clinical use. Expression of MHC antigens is a more 
sensitive marker than the Dallas criteria for myocardial 
infl ammation, and this is detected using immunoperoxi-
dase - based stains for HLA - ABC and HLA - DR antigens. 
Indeed, the sensitivity and specifi city of MHC expression 
for detecting biopsy - proven myocarditis has been reported 
as high as 80%. Viral genomes can be detected using molec-
ular methods like the polymerase chain reaction (PCR) to 
identify viral RNA and DNA from endomyocardial biopsy 
samples. The clinical value of viral genome analysis, immu-
noperoxidase stains, and transcriptome based biomarkers 
is being evaluated in ongoing clinical trials. 

 Currently, the risks of cardiac perforation and death 
associated with EMB preclude its routine use in the diag-
nosis of myocarditis. The 2007 AHA/ACCF/ESC scientifi c 
statement on the role of endomyocardial biopsy in cardio-
vascular disease lists 14 clinical scenarios in which EMB 
may be considered, and gives a class I recommendation to 
two of these 14 (Table  48.1 ).  49      

  Management 

  Myocarditis  p resenting as  a cute  DCM  

 Myocarditis should be treated according to the guidelines 
for the presenting clinical syndrome. For example, acute 
DCM should be managed according to the current AHA/
ACCF, ESC, and HFSA guidelines.  48 – 51   The mainstay of 
therapy for acute myocarditis is supportive therapy for left 
ventricular dysfunction. Most patients will improve with 
standard heart failure regimen that includes ACE inhibitors 
or angiotensin receptor blockers, beta - blockers such as 
metoprolol or carvedilol, and diuretics, if needed. In 
patients who deteriorate despite optimal medical manage-
ment, case series suggest a role for mechanical circulatory 
support such as ventricular assist devices or extracorporeal 
membrane oxygenation (ECMO) as a bridge to transplanta-
tion or recovery.  52,53    

  Heart  f ailure  t herapy 

  Angiotensin -  c onverting  e nzyme 
 i nhibitors/ a ngiotensin  r eceptor  b lockers 
( ACEI / ARB  s ) 
 Although the utility of ACEI/ARBs in the treatment of 
symptomatic and asymptomatic heart failure with left ven-
tricular dysfunction is well established, evidence for their 
specifi c use in myocarditis is limited to studies in animal 
models. Early treatment with captopril, starting on day 1 
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 Table 48.1     The role of endomyocardial biopsy in 14 clinical scenarios 

   Scenario number     Clinical scenario     Level of evidence 
(A,B,C)  

   Class of 
recommendation 
(I, IIa, IIb, III)  

     1    New - onset heart failure of less than 2 weeks duration associated with a normal 

size or dilated left ventricle and hemodynamic compromise  
  B    I  

     2    New - onset heart failure of 2 weeks to 3 months duration associated with a 

dilated left ventricle, and new ventricular arrhythmias, Mobitz type II second -  

or third - degree heart block, or failure to respond to usual care within 1 – 2 

weeks  

  B    I  

     3    Heart failure of greater than 3 months duration associated with a dilated left 

ventricle and new ventricular arrhythmias, second -  or third - degree heart block, 

or failure to respond to usual care within 1 – 2 weeks  

  C    IIa  

     4    Heart failure associated with a dilated cardiomyopathy of any duration associated 

with suspected allergic reaction in addition to eosinophilia  
  C    IIa  

     5    Heart failure associated with suspected anthracycline cardiomyopathy    C    IIa  
     6    Heart failure associated with unexplained restrictive cardiomyopathy    C    IIa  
     7    Suspected cardiac tumors except for typical myxomas    C    IIa  
     8    Unexplained cardiomyopathy in children    C    IIa  
     9    New - onset heart failure of 2 weeks to 3 months duration associated with a 

dilated left ventricle, without new ventricular arrhythmias, Mobitz type II 

second -  or third - degree heart block, and that responds to usual care within 

1 – 2 weeks  

  B    IIb  

  10    Heart failure of greater than 3 months duration associated with a dilated left 

ventricle, without new ventricular arrhythmias, or Mobitz type 2 second -  or 

third - degree heart block, and that responds to usual care within 1 – 2 weeks  

  C    IIb  

  11    Heart failure associated with unexplained hypertrophic cardiomyopathy    C    IIb  
  12    Suspected AVRD/C    C    IIb  
  13    Unexplained ventricular arrhythmias    C    IIb  
  14    Unexplained atrial fi brillation    C    III  

   AVRD/C, arrhythmogenic right ventricular dysplasia/cardiomyopathy   

 Reproduced with permission from Cooper  et al.   49     

of infection, has benefi cial effects in murine models of myo-
carditis in the reduction of infl ammatory infi ltrates, myo-
cardial necrosis and calcifi cation.  54   In a second study by 
Rezkalla  et al , delayed captopril therapy, initiated 10 days 
after viral inoculation, was still found to result in a reduc-
tion of left ventricular mass and liver congestion.  55   

 Studies of the ARB candersartan in a murine model of 
viral myocarditis showed a signifi cant improvement in 
seven - day survival (60% versus 18%) in the candersartan 
group as compared to controls.  56   Studies in angiotensin 
receptor 1 (AT1) knockout mice demonstrate that AT1 sig-
naling is important in the pathogenesis of viral cardiomy-
opathy through an NF - kB dependent pathway.  57   However, 
there are no specifi c studies of ACEI/ARBs in clinical myo-
carditis; therefore the applicability of these fi ndings in 
human disease remains unknown. ACEI/ARBs should be 
used in patients with myocarditis and LVEF less than 40% 
(Class I, Level C).  

  Beta -  a drenergic  r eceptor  b lockers 
 The use of beta - blockers in murine models of myocarditis 
has been studied in acute, subacute and chronic models of 
myocarditis. In a murine model of coxsackie myocarditis 
using the BALB/C and DBA/2 strains of mice, carteolol, 
a non - selective beta - blocker, was shown to improve 
histopathologic measures including cell necrosis, cellular 
infi ltration, reduction in wall thickness, fi brosis and 
clacifi cation.  58   A previous study comparing metoprolol 
with saline in a murine model of acute coxsackie myocar-
ditis resulted in increased mortality (60% vs 0%) in meto-
prolol - treated mice with an accompanying increase in the 
viral replication and myocyte necrosis.  59   Metoprolol treat-
ment was started on the day of viral inoculation and con-
tinued for 10 days. These studies thus suggest that 
beta - blocker therapy, while useful in the management of 
chronic heart failure, may be harmful if initiated very early 
in acute myocarditis. Non - selective beta - blockers may be 
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preferable. As with ACE inhibitors, there have been no 
trials of beta - blockers in human myocarditis. Recommen-
dations for the use of beta - blockers in myocarditis rely on 
extrapolation from randomized trials of beta - adrenergic 
blocking drugs that demonstrated benefi t for the treatment 
of heart failure with decreased left ventricular systolic 
function. 

 We recommend that beta - blockers that have been shown 
to improve mortality and heart failure symptoms should 
also be used in that subset of heart failure patients with 
myocarditis in accordance with current heart failure guide-
lines (Class I, Level C).  

  Aldosterone  i nhhibitors 
 In the Randomized Aldactone Evaluation Study (RALES), 
1663 patients with severe heart failure, of whom 46% were 
non - ischemic in etiology, NYHA class III – IV and EF  < 35% 
were randomized to aldactone or placebo. The majority of 
the patients were concurrently on loop diuretics, ACE 
inhibitors and digitalis. There was a 30% reduction in the 
primary endpoint of all - cause mortality in the aldactone 
groups versus placebo, a 35% reduction in the rate of hos-
pitalizations for worsening heart failure as well as a signifi -
cant improvement in the symptoms of heart failure. 

 The risk reduction seen in reduction in hospitalizations 
may be related to the role of the aldosterone receptor antag-
onist in preventing myocardial fi brosis and decreasing 
sodium retention.  60   Aldosterone antgonists have not been 
studied in experimental or human myocarditis. 

 We recommend that aldosterone inhibitors that have 
been shown to improve mortality and heart failure symp-
toms should also be used in that subset of heart failure 
patients with myocarditis in accordance with current heart 
failure guidelines (Class I, Level C).  

  Digoxin 
 In a mouse model of viral myocarditis, digoxin worsened 
myocardial injury and increased mortality, possibly by 
increasing the production of proinfl ammatory cytokines in 
the myocardium.  61   There are no published studies evaluat-
ing digoxin for the specifi c treatment of myocarditis in 
human disease. 

 Therefore digoxin should be reserved for that subset of 
heart failiure patients with myocarditis who also have 
NYHA class II symptoms and other criteria set forth in the 
current heart failure guidelines (Class I, Level C).  

  Calcium  c hannel  b lockers 
 In a study by Wang  et al , amlodipine improved survival, 
heart weight to body weight ratio and the histopathologic 
grades of myocardial lesions in a murine model of viral 
myocarditis.  62   Diltiazem or verapamil may be used for rate 
control on patients with atrial fi brillation in whom beta -
 blockers have proven inadequate or are not tolerated. 

There are no published data regarding the benefi t or risk 
of calcium channel blockers in human myocarditis. There-
fore, their use should be limited to other clinical indications 
for which their benefi t has been demonstrated that might 
co - exist or develop concurrently with acute myocarditis, 
such as supraventricular tachycardia or hypertension. The 
lack of published data does not allow a recommendation 
for or against their use in acute myocarditis.    

  Specifi c  t herapy 

  Antiviral  t reatment 

 Data regarding the use of antiviral agents for the treatment 
of acute myocarditis is limited to animal models and small 
case series. In murine viral myocarditis, antiviral therapy 
with ribavarin and interferon - alpha was found to reduce 
the severity of myocardial lesions and mortality.  63,64   
However, antiviral therapy was only effective if applied at 
the time of inoculation with the virus or soon thereafter, a 
timeline that is not practical in human cases of acute myo-
carditis. Antiviral therapy has been used in one case series 
of fulminant myocarditis  65   and therefore could be consid-
ered in laboratory - acquired cases or possibly institutional 
outbreaks. However, most cases of fulminant and acute 
myocarditis have a high rate of spontaneous improvement 
and in the absence of any human data, antiviral therapy 
cannot be recommended for the treatment of acute myocar-
ditis at this time (Class III, Level C). 

 Antiviral therapy may be best utilized in patients with 
viral persistence in the setting of chronic dilated cardiomy-
opathy. In a study by Kuhl  et al , 22 patients with persistent 
LV dysfunction, symptomatic heart failure and evidence of 
myocardial persistence of enteroviral or adenoviral genome 
by PCR were treated with beta - interferon for 24 weeks.  66   
Viral clearance/eradication was achieved in all patients 
after antiviral treatment, with a signifi cant increase in LV 
function and a signifi cant decrease in LV dimensions in the 
treatment group. There have also been reports of treatment 
of enterovirus - induced cardiomyopathy with interferon -
 alpha  67  ; however, no randomized trials of interferon treat-
ment have been published. Pleconaril is being studied in 
an onging clinical trial for the treatment of enteroviral myo-
carditis in children (NCT00031512). An unpublished mul-
ticenter trial of beta - interferon for viral cardiomyopathy 
suggested a benefi t for treatment of enteroviral and adeno-
viral but not parvovirus B19 - related cardiomyopathy 
(Class IIb, Level C).  

  Immunosuppressive  t reatment 

 In an early study by Parillo  et al , subjects with unexplained 
dilated cardiomyopathy were randomized to treatment 
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with prednisone (initially 60   mg daily) or to placebo.  68   Sub-
jects were categorized as reactive (patients with fi broblastic 
or immune deposition on EMB, with a positive gallium 
scan) or non - reactive if they lacked these features. Although 
patients in the prednisone group had a statistically larger 
chance at improvement in LVEF at three months, the 
increases in EF were small (4.3% in the treatment group) 
and were not sustained after the steroid dose was lowered 
at six or nine months. In the Myocarditis Treatment Trial, 
111 patients with heart failure of less than two years ’  dura-
tion, histopathologic diagnosis of myocarditis according to 
the Dallas criteria and LVEF less than 45% were random-
ized to three treatment groups: prednisone and azathio-
prine, prednisone and ciclosporin, or placebo. Patients 
were treated for 24 weeks with concurrent conventional 
heart failure treatment. In the placebo and combined treat-
ment groups, there was an improvement in the LVEF from 
an average of 25% to 34% and the combined endpoint of 
death or transplantation at fi ve years was 56%. There was 
no signifi cant change in LVEF in treated versus untreated 
patients and similarly, no signifi cant difference in survival 
or need for cardiac transplantation between groups. A 
higher LVEF at baseline, less intensive conventional drug 
therapy at baseline, and a shorter duration of disease, but 
not the treatment assignment, were positive independent 
predictors of the LVEF at week 28.  9   These studies suggest 
that immunosuppression is not benefi cial in the routine 
treatment of acute DCM due to lymphocytic myocarditis 
or unexplained DCM (Class III, Level B). 

 A recent meta - analysis of immunosuppression and immu-
nomodulation trials found that trials performed in DCM of 
less than six months ’  duration were negative, while those in 
DCM of greater than six months duration were generally 
positive due to the large improvement in the placebo groups 
in subjects with acute myocarditis.  69   For example, in a trial 
of 84 patients with DCM of less than two years in duration 
and cardiomyocyte HLA expression on EMB, who were 
randomized to azathioprine and prednisone or placebo, 
Wojnicz  et al  showed an improvement in the secondary 
endpoints of LVEF, NYHA functional class, left ventricular 
volume and left ventricular end - diastolic diameter.  70   
However, there was no difference in cardiac death, hospi-
talization or readmission rates. Today the use of immuno-
suppressive drugs for patients on optimal medical 
management with evidence of ongoing myocardial infl am-
mation and persistent left ventricular dysfunction is contro-
versial, and these should be considered for enrollment in 
clinical research trials when feasible (Class IIb, Level B).  

  Intravenous  i mmunoglobulin ( IVIG ) 

 The antiviral and immunomodulatory effects of IVIG 
suggest that it might play a role in the management of viral 
and postviral autoimmune myocarditis. In the Immune 

Modulation for Acute Cardiomyopathy (IMAC) trial, 
patients with recent - onset myocarditis or dilated cardio-
myopathy (less than six months) in duration were random-
ized to IVIG or placebo. Overall, there was an improvement 
in the LVEF at six months, from 25% to 40% in both cohorts, 
but there was no signifi cant difference between the treat-
ment group and placebo.  71   A recent systematic review that 
included IMAC and other smaller studies concluded that 
there is insuffi cient evidence to recommend its use in acute 
myocarditis in adults.  72   Therefore, the routine use of IVIG 
for acute myocarditis in adults is not recommended (Class 
III, Level B). However, case series suggest that IVIG confers 
benefi t in acute pediatric myocarditis,  73,74   and its use is 
common in this clinical setting. Furthermore, the role of 
IVIG in chronic infl ammatory cardiomyopathy remains to 
be determined.  

  Non -  s teroidal  a nti -  i nfl ammatory  d rugs 

 In several murine models, non - steroidal anti - infl ammatory 
drugs (NSAIDS) have not shown any effi cacy in the treat-
ment of myocarditis, despite histologic evidence of infl am-
matory infi ltrates in myocarditis. In fact, they may lead to 
increased mortality by exacerbating the infl ammatory 
process in the myocardium and increasing the virulence of 
the infectious agent.  75 – 77   

 The use of NSAIDS should be avoided in acute myocar-
ditis (Class III, Level C).  

  Antiarrhythmics 

 Given the occurrence of both tachyarrhythmias and brady-
arrhythmias in patients with myocarditis, patients with 
acute myocarditis should be hospitalized for ECG monitor-
ing. Therapy for arrhythmias is supportive since they 
usually resolve after the acute phase of the disease. The 
2006 ACC/AHA/ESC guidelines for the management of 
arrhythmias recommended that acute arrhythmic emer-
gencies be managed conventionally in the setting of myo-
carditis.  78   Further recommendations for the management 
of arrhythmias in myocarditis are as follows. 
   •      Temporary pacemakers should be considered in acute 
myocarditis for patients with symptomatic bradycardia or 
complete heart block (Class I, Level C).  
   •      For patients with sustained supraventricular tachycar-
dias (SVT) or symptomatic NSVT and acute myocarditis, 
the restoration of sinus rhythm is the recommended 
approach and antiarrhythmic therapy may be appropriate 
(Class IIa, Level C).  
   •      For patients with life - threatening ventricular arrhyth-
mias, ICD therapy may be appropriate if they are  not  in the 
acute phase of myocarditis and are on optimal medical 
therapy with reasonable prognosis for recovery of func-
tional status (Class IIa, Level C).  
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   •      ICD implantation is  not  recommended for patients with 
acute myocarditis (Class III, Level C).    
 When antiarrhythmic therapy is indicated, amiodarone or 
dofetilide should be considered. Due to their proarrhyth-
mic and negative inotropic effects, other class I and class 
III antiarrhythmics should be avoided in patients with 
acute myocarditis.  

  Mechanical  s upport 

 In non - randomized case series and case reports, mechani-
cal circulatory support has been shown to be an effective 
bridge to recovery or to transplantation in fulminant and 
acute myocarditis.  79,80   (Class I, Level C).  

  Cardiac  t ransplantation 

 The overall fi ve - year survival rate following cardiac trans-
plantation is about 74%.  5   Although early case series sug-
gested that cardiac transplantation for myocarditis was 
associated with a poorer survival and an increased risk of 
rejection, more recent and larger case series suggest that 
the overall survival for cardiac transplantation for myocar-
ditis is similar to survival for other causes of cardiac trans-
plantation.  5   Cardiac transplantation may be an effective 
treatment for myocarditis that is refractory to medical man-
agement and mechanical circulatory support (Class I, 
Level C).  

  Non -  p harmacologic  i nterventions 

  Exercise 
 Current recommendations with regard to the resumption 
of athletic activity are that athletes with a defi nite or pre-
sumed diagnosis of myocarditis refrain from competitive 
sports for a period of six months after the clinical onset of 
disease. Furthermore, the resumption of training should 
only occur if echocardiographic measures of LV function, 
wall motion and dimensions return to baseline in the 
absence of clinically relevant arrhythmias, a normal 12 - lead 
ECG and normalization of serum biomarkers.  81   These rec-
ommendations are based on animal models in which exer-
cise following acute myocarditis increases mortality. 
Therefore, we recommend that patients with acute myocar-
ditis refrain from aerobic exercise for a period of months 
following the acute illness (Class I, Level C).   

  Prevention 

 There are no specifi c strategies for the prevention of myocar-
ditis. However, the widespread use of vaccination in devel-
oped countries has made myocarditis secondary to measles, 
mumps, rubella, poliomyelitis and infl uenza quite rare. As 
such, vaccinations against other cardiotropic viruses may 

prevent viral myocarditis as shown in murine models.  82   At 
this time, there are no specifi c recommendations for the use 
of vaccinations to prevent viral myocarditis.   

  Specifi c  e tiologies of  m yocarditis and 
 t heir  m anagement 

 Certain idiopathic or infectious causes of myocarditis have 
specifi c treatments. These are uncommon, but certain clini-
cal clues can lead to a directed investigation and appropri-
ate management. 

  Giant  c ell  m yocarditis 

 Giant cell myocarditis (GCM) is a rare but usually fatal 
autoimmune form of myocarditis, characterized by the 
presence of giant cells in the myocardium (Plate  48.2 ). Its 
pathogenesis is unknown; however, in animal models, a 
GCM - like infl ammation is induced by immunization with 
cardiac myosin.  83   The clinical course is usually one of rapid 
deterioration in spite of usual clinical care, with frequent 
ventricular arrhythmias and complete heart block. The 
prognosis in GCM is signifi cantly worse as compared to 
lymphocytic myocarditis, with a median survival of 5.5 
months from the onset of symptoms and an 89% rate of 
death or cardiac transplant at fi ve years.  16   

  Management 
 Unlike acute lymphocytic myocarditis, transplant - free sur-
vival is prolonged in patients with acute GCM treated with 
a combination of ciclosporin and steroids. We recommend 
that immunosuppression that includes steroids and ciclo-
sporin be used for patients with histologically proven, 
acute GCM of less than three months symptom duration 
(Class I, Level C). Despite a 20 – 25% rate of GCM recur-
rence in the allograft, transplantation is also an effective 
therapy for GCM. We recommend that heart transplanta-
tion be considered for patients with GCM who fail to 
respond to standard management of heat failure and 
immunosuppression (Class I, Level C).  16,84     

  Hypersensitivity and  e osinophilic  m yocarditis 

 Drug - induced hypersensitivity reactions can sometimes 
affect the myocardium. Numerous medications, including 
some antidepressants, antibiotics and antipsychotics, have 
been implicated in hypersensitivity myocarditis. Patients 
are generally older and are often on multiple medications 
and often present acutely with rash, fever, and occasionally 
liver function test abnormalities. ECG changes are similar 
to those with lymphocytic myocarditis, including sinus 
tachycardia, non - specifi c T - wave abnormalities and ST 
elevations. 
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 Eosinophilic myocarditis is characterized by a predomi-
nantly eosinophilic infi ltrate in the myocardium and may 
occur in association with systemic diseases such as hypere-
osinophilic syndrome (HES), Churg – Strauss syndrome and 
L ö ffl er ’ s endomyocardial fi brosis or in association with 
parasitic or helminthic or protozoal infections.  85 – 87   Clinical 
manifestations of eosinophilic myocarditis include endocar-
dial fi brosis, fi brosis of the cardiac valves leading to regur-
gitation, right and left congestive heart failure and formation 
of thrombi on the endocardial surface. Acute necrotizing 
eosinophilic myocarditis is an aggressive form of eosino-
philic myocarditis with acute onset and high mortality rates. 

  Management 
 In general, the treatment for eosinophilic myocarditis 
depends on the underlying cause and includes withdrawal 
of the offending agent, if known. High - dose corticosteroids 
may be benefi cial in the setting of systemic disease - associ-
ated eosinophilic myocarditis, while surgical treatment 
may also play a role in the management of endomyocardial 
fi brosis (Class IIa, Level C).  15,88     

  Lyme  m yocarditis 

 Myocarditis can occur in association with the infection by 
the spirochete  Borrelia burgdorferi  (Lyme disease). Lyme 
myocarditis should be suspected in patients who have a 
history of travel to the endemic regions or who give a 
history of a tick bite. Clinical presentation may include 
several degrees of atrioventricular conduction abnormali-
ties, including transient or permanent heart block or cardiac 
arrhythmia.  89   The diagnosis of Lyme disease is confi rmed 
by serologic testing but this does not establish the diagno-
sis of myocarditis. EMB, if indicated, may show a lympho-
cytic myocarditis with a prominent plasmacytic component 
and the organism may be visualized in the section with 
special stains. In a patient with suspected Lyme disease 
after a tick bite, the possibility of co - infection with  Ehrlichia  
(ehrlichiosis) and  Babesia  (babesiosis) should be considered 
as both can also cause myocarditis. Serologic tests are avail-
able for both disorders. 

  Management 
 The treatment of Lyme myocarditis consists of supportive 
clinical care for left ventricular dysfunction and treatment 
of the underlying infection using appropriate antibiotics 
such as doxycycline and ceftriaxone. Permanent pacing 
may be required for symptomatic heart block (Class IIa, 
Level C).   

  Chagas ’   m yocarditis 

  Trypanosoma cruzi  infection in the heart can present as an 
acute myocarditis or as a chronic cardiomyopathy and is a 

leading cause of dilated cardiomyopathy and congestive 
heart failure in the endemic areas of rural Central or 
South America. Chagas ’  cardiomyopathy may present 
with symptoms of cardiac arrhythmia or heart block in 
10 – 20% of infected persons. These symptoms may be 
related to congestive heart failure due to left ventricular 
dysfunction or ventricular arrhythmia resulting from 
progressive damage to the heart. An additional 20 – 30% 
of affected persons have asymptomatic cardiac involve-
ment. The disease is clinically suspected if the patient has a 
strong history of environmental exposure, and the diagno-
sis is confi rmed by serologic testing or polymerase chain 
reaction. The ECG may show evidence of conduction 
system disease including right bundle branch block or left 
anterior fascicular block. Echocardiography or contrast 
ventriculography may reveal a left ventricular apical 
aneurysm, regional wall motion abnormalities, or diffuse 
cardiomyopathy. 

  Management 
 There is no specifi c treatment for Chagas ’  cardiomyopathy. 
Antiparisitic treatments directed against  T. cruzi  may eradi-
cate the disease in acute or subacute infection and conges-
tive heart failure can be managed symptomatically with 
ACE inhibitors at high doses, diuretics and digoxin. Ven-
tricular arrhythmias may respond to electrophysiology -
 guided treatments. Although heart transplantation for 
Chagas ’  cardiomyopathy has been successfully performed, 
reactivation of  T. cruzi  is common.  90   The best treatment is 
the institution of prevention measures. Improvements in 
housing and the use of pesticides may eradicate the redu-
viid bugs that transmit the disease, thus reducing infection 
and disease rates.   

   HIV   m yocarditis 

 Myocarditis is the most common cardiac pathologic fi nding 
at autopsy of HIV - infected patients, with prevalence as 
high as 70%. HIV - associated myocarditis is often character-
ized by a focal non - specifi c myocardial infi ltrate in the 
presence of left ventricular dysfunction. HIV1 - RNA has 
also been detected in the myocardial tissue of patients with 
acquired immunodefi ciency syndrome (AIDS). Neverthe-
less, the pathogenesis of myocarditis and left ventricular 
dysfunction in immunocompromised patients is unclear, 
as the myocardial infl ammation could be secondary to HIV 
itself, other opportunistic viruses and co - infections, or even 
due to the medications used in treatment. The prognosis 
for HIV - associated myocarditis is signifi cantly poorer than 
that of lymphocytic myocarditis and in a large cardiomy-
opathy cohort, HIV - related myocarditis was the strongest 
predictor of death.  91     
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  Conclusion 

 Acute myocarditis presenting as dilated cardiomyopathy 
should be treated according to the current AHA/ACCF, 
ESC, and HFSA heart failure guidelines.  48 – 50   Arrhythmias 
should be managed according to the current ACC/AHA/
ESC guideline.  77   Additionally patients should abstain from 
vigorous exercise for a period of up to six months, based 
on experimental data that indicates a greater mortality if 
animals exercise during the period of acute myocardial 
infl ammation (Class I). If EMB reveals acute giant cell myo-
carditis, granulomatous or eosinophilic myocarditis, 
immunosuppressive treatment should be added (Class I). 
Mechanical circulatory support may provide a bridge to 
transplantation or recovery in patients with fulminant or 
acute myocarditis who deteriorate despite optimal medical 
management (Class I).  
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     Over the last 50 years,  1   hypertrophic cardiomyopathy 
(HCM) has proven to be a genetic heart disease with het-
erogeneous phenotypic expression, unique pathophysiol-
ogy, and a diverse clinical course caused by several distinct 
disease - provoking mutations in genes encoding proteins of 
the cardiac sarcomere.  2 – 12   HCM may cause disability and 
death at virtually any age, including early childhood and 
infancy, and is the most common cause of sudden death in 
the young (including competitive athletes).  13   

 The fi rst modern description of HCM was in 1958 by 
Teare.  14   Since then, our understanding of the diagnosis, 
natural history and management of this heterogeneous 
disease has evolved dramatically with the development of 
novel diagnostic tests and treatment modalities. Although 
literally thousands of papers have been published on 
HCM,  4   because this disease is relatively uncommon in car-
diovascular practice and so diverse in its genetic substrate 
and clinical presentation, it has not been possible to develop 
large prospective and randomized clinical trials to test par-
ticular treatment modalities.  3   Therefore, most of the data 
available in HCM come from retrospective and observa-
tional studies often composed of relatively small numbers 
of patients that do not meet the evidence - based threshold 
achieved by the controlled trials carried out in patients 
with atherosclerotic coronary artery disease largely over 
the last 15 – 20 years. This is an important and unavoidable 
distinction that must be drawn between genetic heart dis-
eases such as HCM and the much more common acquired 
coronary heart disease that essentially represents the core 
of cardiologic practice. For that fundamental reason, the 
guideline - assigned grades for the various treatments dis-
cussed here are usually Class IIa and IIb indications and 
C1 and C2 levels of evidence. 

 Indeed, the only truly randomized trials in the HCM 
literature include a cross - over drug comparison of a beta -

 blocker versus calcium channel blocker  15   and three pace-
maker studies in the early 1990s in which individual 
patients acted as their own controls by virtue of alternating 
the pacing mode to either the on or off position.  16 – 18   Nev-
ertheless, over the last 10 – 15 years the strategy of assem-
bling multicenter populations from HCM centers of 
excellence has allowed for much larger HCM patient 
cohorts to be studied, thereby producing evidence concern-
ing the disease that would not be possible with single insti-
tution populations.  

  Prevalence and  e pidemiology 

 A number of epidemiologic studies are now available 
showing that HCM occurs in at least 0.2% of the general 
population (e.g. 1   :   500).  8,19 – 22   This prevalence is greater than 
previously regarded, although HCM remains relatively 
uncommon in general cardiology practice.  23   This paradox 
strongly suggests that most individuals affected by HCM 
do not achieve clinical recognition. Furthermore, there is 
growing evidence that HCM is truly a global disease,  20   
although to date the most intense interest and reporting of 
cases has been in North America, Western Europe and Asia 
(Japan and China). HCM occurs equally in the genders and 
has been reported in many racial groups, including 
African - Americans.  24    

  Defi nition and  n omenclature 

 HCM is characterized by a thickened but non - dilated left 
ventricle (LV) in the absence of another cardiac or systemic 
disease capable of producing the magnitude of hypertro-
phy evident (e.g. aortic valve stenosis, systemic hyperten-
sion, and some phenotypic expressions of athlete ’ s heart).  2 – 8   
For the past 35 years, the clinical diagnosis of HCM 
has usually been made by echocardiographic imaging.  3   
Cardiovascular magnetic resonance (CMR) has an expand-
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ing role in the non - invasive diagnosis of HCM. For example, 
CMR may visualize areas of segmental hypertrophy, spe-
cifi cally in the anterolateral free wall and LV apex, not 
reliably identifi ed with echocardiography.  25    

  Left  v entricle  m orphology 

  Hypertrophy 

 The distribution of LV hypertrophy is characteristically 
asymmetric, in which some portion of the LV wall is thicker 
than other areas.  7   Frequently, the pattern of hypertrophy is 
strikingly heterogeneous, with contiguous segments of LV 
wall differing greatly in thickness. Hypertrophy may be 
diffuse, involving substantial portions of ventricular 
septum and LV free wall, including patients with the most 
substantial hypertrophy observed in any cardiac disease.  7   
However, in about one - third of patients, LV hypertrophy 
may be relatively mild and confi ned to small areas of the 
chamber such as basal anterior septum or apex. Further-
more, genotype - phenotype studies in HCM families have 
documented the association of HCM mutant genes with 
near - normal or even normal LV wall thicknesses.  12,26   There-
fore, virtually any LV wall thickness is compatible with the 
clinical and/or genetic diagnosis of HCM.  

  Histopathology 

 Cardiac muscle cells (myocytes) in ventricular septum and 
LV free wall have increased transverse diameter as well as 
bizarre shapes, often maintaining intercellular connections 
with several adjacent cells.  27,28   Frequently, these myocytes 
are arranged in a chaotic, disorganized pattern at oblique 
and perpendicular angles to each other; myofi brils within 
cardiac muscle cells may also be in disarray. Disorganized 
cardiac muscle cells occur in about 95% of patients dying 
of HCM and usually occupy substantial portions of the LV, 
about 33% of septum and 25% of free wall.  27,28   

 Microvascular abnormalities of intramural coronary 
arteries are present in about 80% of patients studied at 
necropsy, most commonly in the ventricular septum.  29   
These vessels commonly have thickened arterial walls due 
to increased intimal and/or medial components, associated 
with apparent luminal narrowing. This form of  “ small 
vessel disease ”  may be responsible for regional myocardial 
ischemia,  11   necrosis, and ultimately replacement fi brosis 
with grossly visible extensive (or even transmural) scars. It 
is likely that disorganized myocardial cells and architec-
ture, as well as areas of replacement fi brosis dispersed 
throughout the LV wall, impair normal transmission of 
electrophysiologic impulses, predispose to disordered pat-
terns and increased dispersion of electrical depolarization 

and repolarization, and probably serve as an electrically 
unstable arrhythmogenic substrate with the potential to 
trigger lethal ventricular tachyarrhythmias and sudden 
death.  30   Myocardial disorganization and fi brosis could also 
contribute to diastolic dysfunction and progression of heart 
failure.  

   LV   o utfl ow  o bstruction 

 Dynamic subaortic obstruction in HCM is usually pro-
duced by systolic anterior motion (SAM) of the mitral 
valve, resulting in contact between mitral valve and ven-
tricular septum.  6   Subaortic obstruction in HCM may fl uctu-
ate in response to a number of provocations (including 
exercise)  31,32   but represents true mechanical impedance to 
LV outfl ow. The markedly increased intraventricular pres-
sures that result may be detrimental to LV function by 
increasing myocardial wall stress and oxygen demand. LV 
outfl ow tract obstruction (gradient  ≥ 30   mmHg) is a proven 
determinant of progressive heart failure symptoms and 
cardiovascular death over many years  9   (9) (Fig.  49.1 ). Fur-
thermore, fully 70% of an HCM cohort has the propensity 
to develop LV outfl ow obstruction either at rest or with 
physiologic exercise.  10       

  Genetics 

 HCM is a Mendelian trait with an autosomal dominant 
pattern of inheritance. Molecular studies with clinical gen-
otype - phenotype correlations have convincingly demon-
strated that HCM is caused by mutations in any one of 11 
genes, each encoding a protein component of the cardiac 

     Figure 49.1     Long - term signifi cance of LV outfl ow tract obstruction. 
Probability of progression to severe heart failure (NYHA III or IV) or death 
from heart failure or stroke among 224 patients with LV outfl ow tract 
obstruction (gradient at rest  ≥ 30   mmHg), and 770 patients without 
obstruction.  (From Maron  et al   9   with permission of the Massachusetts 
Medical Society.)   
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sarcomere (of either the thick or thin fi laments) with con-
tractile, structural or regulatory functions.  12,26,33 – 38   

 Two of the HCM - causing mutant genes, beta - myosin 
heavy chain and myosin - binding protein C, predominate 
in frequency. The other nine genes account for far fewer 
cases of HCM and include troponin T and I, regulatory and 
essential myosin light chains, titin, alpha - tropomyosin, 
alpha - actin, alpha - myosin heavy chain and muscle LIM 
protein (MLP). This genetic diversity is compounded by 
the considerable intragenic heterogeneity with over 400 
mutations now identifi ed ( http://cardiogenomics.med.
harvard.edu ). The characteristic morphologic diversity of 
the HCM phenotype is largely attributable to the disease -
 causing mutations, but probably also to the infl uence of 
modifi er genes and environmental factors on phenotypic 
expression.  

  Symptoms 

 Onset of heart failure symptoms often occurs in early 
adulthood between 20 and 40 years of age, although symp-
toms can become evident at any age, from young children 
to the elderly.  3,39,40   While some degree of heart failure is 
frequent in HCM, progression to severe functional limita-
tion (i.e. NYHA class III – IV) is uncommon, occurring in 
about 10 – 15% of hospital - based patient populations.  3,4   The 
usual circumstance is characterized by exertional dyspnea 
and fatigue (and sometimes orthopnea and paroxysmal 
nocturnal dyspnea), indicative of elevated pulmonary 
venous pressures in the presence of intact or hyperdynamic 
systolic function. Such symptoms are related to diastolic 
dysfunction, outfl ow tract obstruction, microvascular myo-
cardial ischemia, or a combination of these pathophysio-
logic variables. HCM patients may also experience syncope 
(or near - syncope), lightheadedness, palpitations, and chest 

pain, either typical of midsternal angina pectoris or with 
more atypical features.  

  Natural  h istory 

  Overall  p atient  p opulation 

 Predicting clinical course and outcome for individual HCM 
patients continues to be challenging because of the marked 
variability and heterogeneity in disease expression, par-
ticularly for young patients with their long period of poten-
tial risk. Annual premature HCM - related mortality rates 
were initially reported to be 3 – 6% with the higher range in 
children.  5,41   However, these are now regarded as outdated 
estimates derived largely from highly selected HCM 
cohorts, skewed toward high - risk patients at tertiary refer-
ral centers. Greater insight into the clinical course of HCM 
has been achieved by analysis of unselected community -
 based patient populations, uncontaminated by tertiary 
center referral bias. These cohorts have allowed more real-
istic overall mortality rates of about 1%/year to be estab-
lished, although somewhat higher for children (i.e. 2%/
year)  3,40,41   (Fig.  49.2 ). Therefore, in adults, HCM does not 
add to total mortality over that expected for the general 
population and is compatible with normal life expectancy, 
often without signifi cant disability or the necessity for 
major interventions.  3,39,40       

  Risk  s tratifi cation and  s udden 
 c ardiac  d eath 

  Demographics 

 Sudden death in HCM may occur at a wide range of ages, 
but most commonly during adolescence and young 

     Figure 49.2     Cumulative survival in a 
community - based adult HCM population. 
Total mortality in 234 HCM patients (1%/
year) does not differ signifi cantly from that 
expected in general US population after 
adjustment for age, sex, and race.  (From 
Maron  et al ,  40   reproduced with permission of 
the American Medical Association.)   
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adulthood, less than age 30 – 35 years of age.  3 – 6,41 – 45   Indeed, 
HCM is the most common cause of sudden cardiac death in 
young people and these events are arrhythmia - based due to 
primary ventricular tachycardia/fi brillation, with a predi-
lection for the early morning hours.  30,45,46   Sudden death is 
often the initial disease manifestation in asymptomatic 
individuals, many of whom are undiagnosed during life. 
Although most patients die suddenly while sedentary or 
during normal/modest physical activity, an important pro-
portion do so associated with vigorous exertion, including 
young competitive athletes in organized sports. This obser-
vation is the basis for the standard and prudent recommen-
dation to disqualify young athletes with HCM from intense 
competitive sports to reduce their risk for sudden death, 
according to the guidelines of Bethesda Conference #36.  47    

  Risk  f actors   3 – 5,30,43,44,48 – 54    

 For secondary prevention, risk for sudden death is associ-
ated with prior cardiac arrest or sustained ventricular 
tachycardia. For primary prevention, one or more of the 
following clinical risk markers are relevant: 
   •      family history of  ≥ 1 premature HCM - related deaths, par-
ticularly if sudden and multiple  
   •      unexplained recent syncope, particularly in the young 
and related to exertion  
   •      hypotensive or attenuated blood pressure response to 
exercise  
   •      multiple repetitive (or prolonged) non - sustained ven-
tricular tachycardia on serial Holter (ambulatory) ECG 
monitoring  
   •      massive LV hypertrophy (wall thickness  ≥ 30   mm), most 
relevant to younger patients.    
 Each of these risk factors, taken individually, has potential 
limitations and all are encumbered with relatively low 
positive predictive value (of about 20%), although with 
high negative predictive accuracy. For example, the fi nding 
of non - sustained ventricular tachycardia (NSVT) on ambu-
latory Holter may be fraught with particular ambigu-
ity.  48,53,54   A single brief isolated burst of NSVT on a random 
Holter ECG is no longer regarded as a risk factor which 
itself would trigger a primary prevention implanted car-
dioverter - defi brillator (ICD). However, long runs of NSVT 
( > 10 beats) intuitively carry greater weight in these clinical 
circumstances. One potentially useful (but non - evidence 
based) strategy utilized following identifi cation of a short 
run of NSVT on the initial Holter ECG involves expanding 
the monitoring period to a total of six days by obtaining 
additional ECG recordings at about 1 – 2 week intervals.  53,54   
This approach allows assembly of an extended profi le of 
ectopy. Thus, a more measured assessment of an individual 
patient ’ s day - to - day ventricular ectopy (including NSVT) 
is achieved, potentially clarifying the decision concerning 
a prophylactic ICD. 

 It has been proposed that certain mutations responsible 
for HCM could represent prognostic markers conveying 
either favorable or adverse outcome, including the risk for 
sudden death.  12,55   For example, early genotype - phenotype 
studies identifi ed certain beta - myosin heavy chain and tro-
ponin T mutations to be associated with higher frequency 
of premature death compared to other mutations, such as 
those involving myosin - binding protein C or alpha - tropo-
myosin. More recently, however, the prognostic signifi -
cance of disease - causing mutations for risk stratifi cation 
and decision - making concerning treatment strategies has 
been questioned and de - emphasized.  37,38   Due to the sub-
stantial genetic heterogeneity in HCM and lack of compel-
ling data, it is now evident that anticipating the future 
clinical course based on knowledge of the disease - causing 
mutation is untenable and has been largely abandoned in 
the management of individual patients. 

 While the presence of a subaortic gradient ( ≥ 30   mmHg at 
rest) is a strong determinant of progressive heart failure 
and cardiovascular death, the relationship is much less 
predictive of sudden cardiac death  9   and LV outfl ow obstruc-
tion should not be regarded as a primary risk marker.   

  Management 

 Treatment strategies in individual HCM patients are 
usually tailored along one of three major prognostic path-
ways: disabling symptoms due to heart failure, high risk 
for sudden death, and atrial fi brillation (Fig.  49.3 ).   

  Medical  m anagement of  h eart  f ailure 

 Data dictating pharmacologic treatment of symptomatic 
HCM patients with heart failure are largely derived from 
clinical experience in selected patient subsets followed for 
relatively brief periods of time,  56   with the exception of one 
double - blind cross - over study in a small patient cohort.  15   
When associated with normal or hyperdynamic LV func-
tion the response of heart failure symptoms to medical 
treatment is highly variable; hence, therapy is often 
tailored empirically to the individual requirements of 
symptomatic patients. Since the mid - 1960s a variety of 
beta - adrenergic receptor - blocking drugs have been utilized 
extensively to relieve and control heart failure symptoms 
in patients with obstructive or non - obstructive HCM.  1   
Verapamil may improve cardiac symptoms and exercise 
capacity (largely in non - obstructive patients) due to a ben-
efi cial effect on LV relaxation and fi lling, but should be 
avoided in the presence of elevated pulmonary venous 
pressures and marked outfl ow obstruction.  3   In patients 
who fail to benefi t from beta - blockers and verapamil, an 
empiric trial may be initiated with disopyramide (in com-
bination with a beta - blocker).  57   
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 Alternatively, about 3% of HCM patients will manifest 
the  “ end - stage ”  of HCM in which progressive heart failure 
is associated with LV systolic dysfunction and often remod-
eling in the form of wall thinning and cavity dilation.  58   
Drug therapy in these patients is similar to that employed 
for congestive heart failure in other cardiac diseases and 
may include the administration of beta - blockers, ACE 
inhibitors, angiotensin receptor blockers and diuretics, as 
well as possibly digoxin, spironolactone, warfarin, and 
ultimately heart transplant.  

  Prevention of  s udden  d eath 

 Historically, the management of high - risk HCM patients 
was fi rst confi ned to prophylactic pharmacologic treatment 
with beta - blockers, verapamil, and antiarrhythmic agents 
(such as procainamide, quinidine, and subsequently amio-

darone). However, in HCM there are virtually no data sup-
porting the effi cacy of prophylactic drug treatment in 
preventing sudden death.  59   

 When the level of risk for sudden death is judged by risk 
factor analysis to be unacceptably high and deserving of 
intervention, the ICD has proved to be the most effective 
available prophylactic treatment option, with the potential 
for absolute protection and alteration in the natural history 
of this disease by aborting potentially life - threatening ven-
tricular tachyarrhythmias.  30,46,60   Unavoidably, all available 
ICD data in HCM are observational and by design non -
 randomized, with patients accessed retrospectively and 
prospectively.  61 – 63   

 The largest such study cohort is composed of 506 HCM 
patients in an international multicenter registry, all of 
whom had ICDs implanted for high - risk status, and were 
followed for an average period of about 3½ years (up to 

     Figure 49.3     Current treatment strategies for patient subgroups within HCM disease spectrum. Management decisions usually proceed along three 
major prognostic pathways: disabling symptoms due to heart failure, high risk for sudden death, and atrial fi brillation.  * No specifi c treatment or 
intervention indicated, except under exceptional circumstances. AF, atrial fi brillation; ICD, implantable cardioverter - defi brillator; RF, radiofrequency; SD, 
sudden death.  
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16).  30   Appropriate device discharges (either defi brillation 
shocks or antitachycardia pacing) triggered by ventricular 
tachycardia/fi brillation occurred in 20% of patients with 
an overall annual discharge rate of 5.5%. Appropriate inter-
vention rate was 11%/year for secondary and 4%/year for 
primary prevention. Of note, almost 30% of the young 
patients implanted at  ≤ 20 years of age subsequently had 
appropriate ICD discharges at 18    ±    4 years of age. There-
fore, the ICD has proven effective in HCM despite the often 
substantially increased cardiac mass characteristic of this 
disease, as well as the not infrequent occurrence of LV 
outfl ow tract obstruction. Furthermore, about 40% of those 
patients who received appropriate defi brillator therapy to 
terminate potentially lethal ventricular tachyarrhythmias 
in fact experienced multiple such interventions. 

 Medical treatment is not absolutely protective against 
the risk of sudden death in HCM. Indeed, in one large 
study, a substantial proportion of patients were taking 
amiodarone or other potentially antiarrhythmic drugs at 
the time of appropriate defi brillator interventions.  59   

 There is general consensus and virtually no controversy 
that secondary sudden death prevention (i.e. with the ICD) 
is strongly warranted in those patients with fortuitous 
resuscitation from prior cardiac arrest (with documented 
ventricular fi brillation (VF)) or sustained and spontaneously 
occurring ventricular tachycardia (VT). While the presence 
of multiple clinical risk factors conveys greater comfort in 
judging increased risk for primary prevention,  43,44   it is also 

obvious now that a single risk factor may often be suffi cient 
evidence to justify a recommendation for a prophylactic 
ICD.  30   A large multicenter international registry found no 
difference in the likelihood of appropriate shocks when 
ICDs were implanted for either 1, 2 or    ≥    3 risk markers, and 
35% of patients implanted for only one risk factor neverthe-
less experienced an appropriate shock (Fig.  49.4 ). Therefore, 
many investigators, particularly in the US, favor strong con-
sideration of a prophylactic ICD even in the presence of only 
one major risk factor. Other (largely European) investigators 
are generally more conservative and restrictive in requiring 
two or more risk factors before raising consideration for a 
primary prevention ICD. Also, based on experience, both 
the end - stage phase and LV apical aneurysm (with regional 
myocardial scarring)  63   are subgroups at risk for sudden 
cardiac death and potentially warrant a prophylactic ICD as 
a bridge to heart transplantation.   

 While a single risk factor may be suffi cient to trigger 
consideration for a prophylactic ICD, there are numerous 
clinical circumstances for which ambiguities and gray areas 
arise with respect to the presence, strength or number of 
risk factors.  30   For example, there are many elderly patients 
with a single risk factor (e.g. syncope) who may not be 
candidates for primary prevention, given that HCM - related 
sudden death is uncommon in this age group and survival 
to advanced age without complications itself generally 
declares lower risk status in HCM. Ultimately, many of the 
complex clinical scenarios involving only one risk factor 

     Figure 49.4     ICD therapy in HCM. 
Cumulative rates for fi rst appropriate 
implantable defi brillator intervention in HCM 
patients with 1, 2 or  ≥ 3 risk factors who had 
received devices for primary prevention.  (From 
Maron  et al ,  30   reproduced with permission of 
the American Medical Association.)   
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may require a measure of physician judgment in the context 
of the individual patient ’ s clinical profi le. Patient autonomy 
with full physician disclosure allows the fully informed 
HCM patient to contribute importantly to the resolution of 
such uncertainties which not infrequently arise in clinical 
situations with insuffi cient evidence - based data.  64,65   We also 
recognize that physician and patient attitudes toward ICDs 
(and access to such devices within respective healthcare 
systems) can vary considerably among countries and cul-
tures, and thereby impact importantly on clinical decision 
making and the threshold for device implant in HCM.  66   

 Crucial to understanding the role of the ICD within the 
broad HCM disease spectrum is an appreciation of certain 
demographic distinctions from ICD therapy in ischemic 
heart disease. The latter patients are of relatively advanced 
age at the time of implant (average about 65 years), often 
with severe and progressive heart failure as a consequence 
of prior myocardial infarction and LV dysfunction. In sharp 
contrast, ICDs in HCM often involve young asymptomatic 
patients with an extended period of risk for sudden death 
(mean age at implant and at fi rst appropriate device inter-
vention only 40 years). Therefore, although annual appro-
priate primary prevention intervention rates for HCM are 
lower than those reported in coronary artery disease,  67 – 69   
they are nevertheless signifi cant, since that experience 
must be placed in the context of a much younger patient 
population usually free of signifi cant heart failure and non -
 cardiac disease. Protected by the ICD, these patients could 
potentially survive many decades of productive life with 
few or no symptoms, even achieving normal or near - nor-
mal life expectancy if not encumbered by other major 
HCM - related or other disease complications. 

 The time interval between implant and fi rst appropriate 
ICD intervention may be quite variable, with particularly 
long delays of up to 10 years not uncommon for the initial 
life - saving intervention.  30   This observation underscores the 
unpredictable timing of lethal arrhythmias and sudden 
death in HCM in which the ICD may remain dormant for 
substantial periods of time before it is ultimately required 
to intervene appropriately. Conversely, some appropriate 
shocks occur early after implant, not uncommonly even 
within the fi rst 12 months.  70   The mechanisms underlying 
such earlier interventions are unresolved. 

 Indeed, the decision to prophylactically implant an ICD 
in an HCM patient is often fortuitously based on the precise 
time at which risk stratifi cation is undertaken and high - risk 
status identifi ed. Once potential risk is recognized, it 
becomes diffi cult and probably imprudent to temporize or 
delay potentially preventive treatment. Indeed, a patient 
identifi ed as high risk at age 20 (and implanted with a 
device prophylactically) will still be young and at increased 
risk for an event at age 35, even if the ICD has not been 
triggered appropriately during that 15 - year period. Conse-
quently, once the decision to implant an ICD in a high - risk 

HCM patient is made it is likely to represent a life - long 
preventive measure.  

  Atrial  fi  brillation 

 Atrial fi brillation (AF) is the most common sustained 
arrhythmia in HCM, frequently accounts for unexpected 
hospital admissions and lost productivity, and often 
requires aggressive therapeutic intervention.  3   Data directly 
focused on the natural history and management of AF in 
HCM are limited, and essentially confi ned to one large 
retrospective study.  71   Consequently, treatment guidelines 
for AF in HCM are not infrequently translated from the 
experience in acquired cardiac diseases, particularly ran-
domized trials such as AFFIRM.  72   

 Paroxysmal episodes or chronic AF occur in about 25% 
of HCM patients, increasing in incidence with age, and 
linked to enlargement of the left atrium.  71   AF is reasonably 
well tolerated by about one - third of patients and has not 
proved to be an independent determinant of sudden 
cardiac death. It is associated with embolic stroke, progres-
sive heart failure, disability and possibly heart failure -
 related death, particularly when associated with outfl ow 
obstruction at rest in patients  < 50 years of age. Paroxysmal 
AF only occasionally is responsible for acute clinical 
decompensation, requiring emergent electrical or pharma-
cologic cardioversion. Amiodarone is regarded as effective 
in reducing AF recurrences based on inferences from data 
in non - HCM patients. With chronic AF, beta - blockers and 
verapamil will usually control heart rate; atrioventricular 
(AV) node ablation with permanent ventricular pacing is 
rarely required to institute adequate drug therapy. In the 
absence of HCM - specifi c controlled data, AF management 
decisions regarding rate control versus conversion to sinus 
rhythm are generally made case by case, based upon the 
overall clinical profi le, and the experience in patients with 
other cardiac diseases. 

 Because of the potential for clot formation and emboliza-
tion, warfarin is indicated in HCM patients with AF. Since 
only one or two paroxysms of AF have been associated 
with risk for systemic thromboembolism in this disease, the 
threshold for initiation of anticoagulant therapy is low. 
However, such clinical decisions should be tailored to indi-
vidual patients after considering obligatory lifestyle modi-
fi cations, risk of hemorrhagic complications, and 
expectations for compliance. Some success in treating 
refractory AF complicating HCM has been reported in a 
small number of patients with the surgical MAZE proce-
dure or by radiofrequency catheter ablation.  3    

  Surgery 

 Based on a series of observational studies from many parts 
of the world over several decades, operation (surgical 
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septal myectomy) is the primary treatment option for HCM 
patients with severe drug - refractory symptoms resulting in 
functional disability and associated with obstruction to LV 
outfl ow under basal conditions or with physiologic exer-
cise (gradient  ≥ 50   mmHg).  73 – 89   The primary objective of 
myectomy is reduction in heart failure - related symptoms 
and improved quality of life. Surgical myectomy is not 
recommended for asymptomatic or mildly symptomatic 
patients with outfl ow obstruction, as there is no evidence 
at present that prophylactic surgical relief of obstruction 
has greater long - term benefi t with respect to survival or 
disease progression. 

 The most successful operative procedure has been the 
transaortic septal myectomy (Morrow procedure) in which 
a portion of muscle is resected from the basal septum 
(usually about 2 – 10   g).  90   More recently, at some centers, the 
myectomy has been extended much more distally within 
the septum.  86,91   Results achieved at several institutions with 
myectomy over the past 45 years have been excellent, with 
most patients afforded substantial symptomatic and hemo-
dynamic benefi t, but without important compromise in 
global LV function. Operative mortality has steadily 
decreased and is now considerably less than 1% at the most 
experienced centers.  89   

 Long - term follow - up studies from surgical centers have 
demonstrated that basal outfl ow obstruction does not recur 
and heart failure is largely reversed by septal myectomy.  73 – 89   
Symptoms are relieved long term in about 85% of patients, 
followed for up to 26 years, and overall survival has been 
reported to be 83% over a 10 - year follow - up. In a observa-
tional study design, operated patients achieved the same 
longevity as the general population and had signifi cantly 
better survival than non - operated patients with outfl ow 
obstruction (Fig.  49.5 ). Randomization of patients to 
surgery versus medical therapy is not practical or ethically 
feasible.    

  Alternatives to  s urgery 

 In the late 1990s, permanent dual - chamber pacing was pro-
moted as an alternative to myectomy for patients with 
obstructive HCM and severe refractory symptoms.  16 – 18   
However, several randomized double - blind, cross - over 
studies demonstrated that subjectively perceived symp-
tomatic benefi t from pacing was not accompanied by objec-
tive evidence of improved exercise capacity and appeared 
to largely represent a placebo effect.  16,18   These studies rep-
resent the few controlled investigations available address-
ing the treatment options for HCM patients since these 
study designs permitted assessment of patients blindly 
with the pacing mode on or off. While reduction in subaor-
tic gradient may be induced by pacing in some patients, 
this benefi t is more modest and inconsistent compared to 
that achieved with myectomy. Although selected patients 

older than 65 years may more likely benefi t from pacing, 
the overall role for this treatment modality in HCM has 
become particularly limited. 

 Percutaneous alcohol septal ablation may reduce LV 
outfl ow tract gradient and heart failure symptoms, by 
virtue of producing a large transmural septal infarct.  92   
However, follow - up is necessarily short compared to myec-
tomy (average 2 – 4 years vs up to 45 years for surgery) and 
the ultimate role of alcohol ablation in the treatment of 
patients with obstructive HCM is not yet defi nitively 
resolved. Observational studies show gradient and 
symptom relief from alcohol ablation to be similar although 
less complete and consistent compared to myectomy, with 
about 25% of ablation patients incurring major (even life -
 threatening) complications requiring repeated procedures 
due to unsatisfactory hemodynamic and symptomatic 
results.  89 – 91,93 – 97   

     Figure 49.5     Long - term survival following surgical septal myectomy. ( Top 
panel ) Survival free from all - cause mortality after myectomy for 
obstructive HCM (n   =   289) compared with age -  and gender - matched US 
population. ( Bottom panel ) Survival free from all - cause mortality in three 
HCM patient subgroups: surgical myectomy (n   =   289), non - operated with 
obstruction (n   =   228), and non - obstructive (n   =   820). Overall log - rank 
and myectomy vs non - operated obstructive HCM,  P     <    0.001.  (From 
Ommen  et al ,  87   with permission of the American College of Cardiology.)   
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 Because percutaneous septal ablation has been perceived 
to be less invasive and more accessible than surgical myec-
tomy, its penetration into cardiologic practice has been 
extensive, raising the possibility that the threshold for abla-
tion is lower than for operation. Indeed, the American 
College of Cardiology/European Society of Cardiology 
expert consensus panel  3   placed surgical septal myectomy 
as the primary gold standard management option for 
patients with severe refractory symptoms and marked 
outfl ow obstruction. In those guidelines, alcohol ablation 
is regarded as an alternative treatment strategy for selected 
patients, i.e. those with co - morbidity or other medical 
factors which increase operative risk or who are adverse to 
surgical intervention. 

 However, long - term issues remain unresolved, most 
prominently the clinical signifi cance of the alcohol - induced 
transmural scar (occupying about 10% of the LV wall) 
which represents a potentially unstable arrhythmogenic 
substrate and undoubtedly raises the risk for sudden 
cardiac death in some patients.  98   Reported procedural mor-
tality for alcohol septal ablation at experienced centers 
( ≤ 2%) is higher than for HCM surgical centers ( < 1%). A 
prospective myectomy versus alcohol ablation trial, ade-
quately powered to compare the key issue of long - term 
outcome, poses myriad practical problems which seem vir-
tually insurmountable, and likely will never occur to 
resolve these issues.  99     

  Conclusion 

 Hypertrophic cardiomyopathy is an important genetic 
heart disease, characterized by left ventricular hypertro-
phy, with a characteristically heterogeneous clinical pre-
sentation and course which greatly infl uences management 
strategies. Unavoidably, much of the available data con-
cerning treatment options and decision making come from 

retrospective, observational studies, often composed of 
relatively small patient cohorts. Because randomized pro-
spective studies are exceedingly uncommon, the level of 
evidence in HCM (and other genetic heart diseases) rarely 
reaches that achieved for patients with much more common 
coronary artery disease. 

 Treatment options in HCM target control of heart failure 
or atrial fi brillation, and prevention of sudden death. Heart 
failure is manifest largely as disability due to exertional 
dyspnea and is initially treated pharmacologically with a 
series of drugs (including beta - blockers, verapamil, diso-
pyramide and possibly diuretics). Should limiting symp-
toms progress despite maximal medical therapy, and 
substantial obstruction LV outfl ow be present either at rest 
or with physiologic provocation, then invasive septal 
reduction is considered. In such disabled drug - refractory 
patients with obstructive HCM, surgical septal myectomy 
is the primary treatment option, with alcohol septal abla-
tion an alternative for selected patients, particularly those 
of advanced age and/or with signifi cant co - morbidity. 
Patients who progress to the  “ end - stage ”  phase with sys-
tolic dysfunction constitute the only HCM subset eligible 
for heart transplantation. Atrial fi brillation is managed by 
rate control or cardioversion and anticoagulation and pos-
sibly radiofrequency ablation in selected patients. 

 Recently, the ICD has been employed effectively in HCM, 
demonstrating that sudden death due to ventricular tachyar-
rhythmias can be prevented and the natural course of the 
disease importantly altered. The risk stratifi cation algorithm 
employed in HCM has proved to be an effi cacious and 
useful guide in selecting patients for defi brillator therapy, 
although likely incomplete. Management of individual 
HCM patients is predicated on targeting pathways of prog-
nosis, i.e. heart failure (and progression to the end stage), 
atrial fi brillation or increased risk for sudden death risk.  
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  Infective  c ardiomyopathies 

 Myocardial dysfunction is a well - recognized complication 
of viral, bacterial, fungal and parasitic infections. World-
wide, the most common infective myocarditis is Chagas ’  
disease caused by  Trypanosoma cruzi , a protozoan organism 
endemic in rural areas of South and Central America. In 
the Western world, viral myocarditis caused by enterovirus 
and adenovirus infection is the most common cause of 
infl ammatory heart muscle disease. 

  Viral  m yocarditis 

 Until quite recently, enterovirus (Coxsackie B) and adeno-
virus were the most commonly implicated viruses in acute 
myocarditis in adults and children.  1 – 4   A causal association 
between enteroviruses and myocarditis was fi rst suggested 
in studies showing a relationship between rising serum 
Coxsackie B antibody titers and acute symptomatic presen-
tation.  3   Subsequently, enteroviral genome has been detected 
in myocardial biopsy samples of patients with myocarditis 
and dilated cardiomyopathy using polymerase chain reac-
tion techniques.  4   

 More recently, studies suggest that the frequency of 
enteroviral and adenoviral infection in patients with clini-
cally suspected myocarditis and dilated cardiomyopathy 
has reduced. Instead, parvovirus B19 infection, which 
usually causes erythema infectiosum ( “ slapped cheek ”   or  
 “ fi fth ”  disease), seems more common in adults.  5   Childhood 
parvovirus myocarditis has also been reported,  6   including 
four cases of sudden cardiac death.  7 – 10   Many other viruses 
have been implicated in myocarditis, including cytomega-
lovirus, hepatitis C virus, and herpes simplex virus  11 – 14   (see 
Table  50.1 ).   

   HIV  -  r elated  c ardiomyopathy 
 The human immunodefi ciency virus (HIV) infection affects 
an estimated 39.5 million living people worldwide, with 
4.3 million new cases in 2006.  15   Advances in treatment have 
substantially improved morbidity and mortality, but late 
cardiac complications are increasing as patients ’  survival 
improves.  16   These include myocardial dysfunction, pericar-
dial effusion, endocarditis, malignancy and premature 
coronary disease. Observational data estimate the annual 
incidence of HIV - associated cardiomyopathy at 15.9 cases 
per 1000 HIV - positive patients.  13   Among children with ver-
tically transmitted HIV infection the 2 - year incidence of 
congestive heart failure was 4.7%.  17   

 Pathogenesis of the heart muscle dysfunction in HIV 
infection is still poorly understood. Opportunistic infec-
tions, malnutrition and antiviral treatment have been 
implicated.  18   Some studies have also suggested a direct 
cardiotoxic effect of HIV and secondary effects caused by 
autoimmune responses against HIV and other cardiotropic 
viruses.  12,19   This latter hypothesis is supported by the dem-
onstration of a high frequency of circulating cardiac spe-
cifi c autoantibodies in HIV positive patients in comparison 
to normal controls.  20    

  Clinical  p resentation and  d iagnosis 
 Presentation of infective myocarditis varies enormously. 
Malaise, low - grade fever, chest pain, transient electrocar-
diographic changes (T - wave changes, ventricular extrasys-
toles), left ventricular dysfunction and biochemical signs of 
myocardial dysfunction are typical. In some cases, the clini-
cal picture mimics acute myocardial infarction with ST 
segment elevation.  21   Other cases present with fulminant 
heart failure,  22   arrhythmias,  23   conduction disturbance  24   and 
sudden cardiac death.  25   

 Although the echocardiogram is rarely entirely normal 
in myocarditis, the fi ndings are non - specifi c. Evidence of 
impaired left ventricular systolic performance (with 
reduced fractional shortening and ejection fraction) is 
common. Regional wall motion abnormalities occur 
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 Table 50.1     Studies showing viral genome persistence in patients with  DCM   or  myocarditis 

   Study     Disease spectrum     Investigated viruses     Patients     Controls     Year  

  Weiss  55      MC/DCM/controls    EV    1/5 (20%) MC, 0/11 (0%)DCM    0/21    1991  

  Keeling  56      DCM/controls    EV    6/50 (12%)    13/75 (11%)    1992  

  Schwaiger  57      DCM/controls    EV    6/19 (32%)    0/21    1993  

  Giacca  58      DCM/MC/controls    EV    5/55 (9%)    0/21    1994  

  Pauschinger  59      LVDF/controls    EV, ADV    (12+12)/94    0/14    1999  

  Fujioka  14      DCM    EV, EBV,HHV, PVB, ADV, HCMV, HCV    9/26     –     2000  

  Bowles  60      MC/DCM    EV, EBV, HHV, PVB, ADV, HCMV, infl uenza    239/624 (38%) MC 

 30/149 (20%)DCM  

   –     2003  

  Lotze  61      DCM/controls    EV, ADV, PVB    38/52 (73%)    4/10 (40%)    2004  

  Fujioka  62      DCM    EV, EBV, HHV, PVB, ADV    22/77 (29%)     –     2004  

  K ü hl  5      DCM    EV, ADV, PVB, HHV,EBV, HCMV, infl uenza    165/245 (67%)     –     2005  

  Mahrholdt  63      MC    PVB, HHV, EV, EBV    82/87 (94%)     –     2006  

   EV,enteroviruses (coxsackieviruses, polioviruses, echoviruses); ADV, adenoviruses; HHV, human herpes viruses; EBV, Epstein – Barr virus; HCMV, human 

cytomegalovirus; PVB, parvoviruses; DCM, dilated cardiomyopathy; LVDF, left ventricular dysfunction; MC, myocarditis.   

frequently. Left (or right) ventricular thrombus may be 
present. Evidence of left ventricular diastolic impairment 
may also be detected in myocarditis. Less often, right ven-
tricular systolic and diastolic function may also be compro-
mised. Echocardiography may show wall thickening 
caused by myocardial edema.  26   

 Magnetic resonance imaging with gadolinium enahance-
ment often demonstrates regions of signal enhancement.  27,28   
Mild to severe persistent perfusion defects using thal-
lium - 201 myocardial scintigraphy may be present in the 
acute phase, with partial recovery on follow - up.  29   

 Routine blood tests such as full blood count and eryth-
rocyte sedimentation rate are usually unhelpful in confi rm-
ing  or  refuting the diagnosis of myocarditis. In a study of 
80 patients with suspected myocarditis, 35% had elevated 
troponin T levels. Troponin T levels greater than 0.1   ng/mL 
had a specifi city of 94% and a positive predictive value of 
93%, although the sensitivity for detecting myocarditis was 
low at 53%.  30   Similarly, troponin I has a high specifi city 
(89%) for diagnosing myocarditis but a sensitivity of only 
34%.  31   Creatine kinase and its cardiac isoform CK - MB are 
less sensitive and specifi c than troponin, and are not clini-
cally useful as a screening test in suspected myocarditis. 
Autoantibodies directed against myocardial proteins such 
as myosin and the adenine nucleotide translocator protein 
are reported in myocarditis, and correlate with progressive 
ventricular dysfunction.  32,33   

 Endomyocardial biopsy (EMB) theorectically provides 
the means for establishment of a pathologic diagnosis.  34   
Only two clinical scenarios are class I indications: new -
 onset heart failure of less than 2 weeks ’  duration associated 
with a normal sized  or  dilated left ventricle and hemody-
namic compromise; and new - onset heart failure of 2 weeks ’  

to 3 months ’  duration associated with a dilated left ven-
tricle and new ventricular arrhythmias, second -   or  third -
 degree heart block,  or  failure to respond to usual care 
within 1 to 2 weeks. The rationale for these recommenda-
tions is that many patients presenting in this way have 
myocarditis and by determining the histologic type (lym-
phocytic, giant cell  or  necrotizing eosinophilic) prognostic 
information can be obtained and specifi c therapy initiated. 
The use of EMB to detect viral persistence is considered to 
be a research indication.  

  Management 
  General  p rinciples     General principles of stabilization include 
afterload reduction, anticoagulation, diuresis and inotropic 
support. Patients with fulminant acute myocarditis may 
require intensive intravenous hemodynamic support. In 
severe cases, mechanical assist devices or extracorporeal 
membrane oxygenation may be necessary.  35 – 38   Following 
initial stabilization, treatment should follow standard heart 
failure guidelines. Patients with left ventricular enlarge-
ment may require anticoagulation with warfarin. Patients 
with intractable and deteriorating heart failure may require 
cardiac transplantation.  

  Immunotherapy (Table  50.2 )         Intravenous immunoglobulin 
has been extensively used in children with suspected myo-
carditis.  39   Evidence for its use includes case reports,  40,41   and 
case series  42,43   of children and adults with acute myocardi-
tis. However, only one double - blind randomized controlled 
trial of immunoglobulin has been conducted. In 62 patients 
with recent - onset heart failure and unexplained dilated 
cardiomyopathy, intravenous immunoglobulin failed to 
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improve all - cause mortality or left ventricular ejection frac-
tion.  44   Furthermore, spontaneous improvement in left ven-
tricular function occurred in both treatment and control 
groups.  44   A recent Cochrane Database review concluded 
that current evidence does not support the use of intrave-
nous immunoglobulin for the management of presumed 
viral myocarditis and that  “ intravenous immunoglobulin 
for presumed viral myocarditis should not be part of 
routine practice ”   45   (Class IIb, Level B).  

  Immunosuppression (Table  50.3 )         The hypothesis that 
immune responses to viral infection may cause the long -
 term sequelae of viral myocarditis has led to the use of 
immunosuppression to reduce the acute infl ammatory 
response.  1,46   A potential danger of this approach is that 
immunosuppression might impair the ability of the host 
immune system to eradicate virus.  47   In mice, prednisolone 
increases mortality in animals with acute viral myocardi-
tis.  48   Observational unrandomized case series in children 
have reported a benefi cial effect of immunosuppression in 
children with myocarditis.  49 – 52   In the Myocarditis Treat-
ment Trial, there was no difference in mortality or left ven-
tricular function between the control group and the 
treatment groups (prednisolone plus either ciclosporin or 
azathioprine).  53   In another study of patients with major 
histocompatibility complex expression on endomyocardial 
biopsy samples randomized to prednisolone and azathio-
prine or placebo, there was improvement in left ventricular 
ejection fraction in the immunosuppressed group only, but 
no difference was observed in mortality, transplantation or 
rehospitalization rates over a 2 - year follow - up period.  54   On 
the basis of the available data immunosuppression therapy 
is considered as a Class IIa, Level C recommendation for 
children with myocarditis. For adults the data are Class 
IIb, Level B.    

  Bacterial  i nfections 

 Bacterial myocarditis is rare in the modern era but still 
occurs in high - risk groups such as immnunosuppressed 
patients. Pathogenetic mechanisms include direct bacterial 
invasion with myocardial tissue destruction, abscess for-
mation and toxin - related cardiac dysfunction.  Staphylococ-
cus aureus  is the most common cause of bacterial myocarditis 
producing cardiac dysfunction, rhythm disturbances, and 
myocardial rupture with secondary purulent pericarditis.  81   
 Corynebacterium diphtheriae  respiratory infections can 
proceed to myocardial involvement mediated by elabo-
rated toxins and affecting predominantly the cardiac con-
ducting system. Cardiac tuberculosis can produce miliary 
or nodular lesions  82   and has been associated with severe 
heart failure,  83   ventricular arrthymias  84   and sudden cardiac 
death.  85    Treponema whippleii  causing intestinal lipodystro-
phy or Whipple disease may affect cardiac valves, pericar-
dium and myocardium.  86   Myocarditis can also be caused 
by  Clostridium  species.  87    Brucella ,  88    Mycoplasma ,  Chlamydia ,  89   
 Salmonella   90   and numerous other bacteria. 

 Therapy in the acute phase is supportive. Complete 
atrioventricular block should be treated with temporary or 
permanent transvenous pacing.  91   Antitoxins are available 
and should be used when appropriate. Specialized antibi-
otic regimens directed against the pathogen usually resolve 
the infection. 

  Rheumatic  c arditis 
 Rheumatic carditis is a common manifestation of acute 
rheumatic fever following group A streptococcal (GAS) 
infection of the tonsillopharynx.  92   The main pathogenetic 
process is a genetically predisposed autoimmune 
connective tissue damage, which affects primarily the 
cardiac valves.  93   

 Table 50.2     Studies  or  case reports of immunotherapy with  IV  gammaglobulin ( IVGG ) for myocarditis 

   Author     Type of study     Patients     Results     Year  

  McNamara  44      Randomized controlled trial    62    No difference in LVEF between patient and controls    2001  

  Ducker  42      Retrospective case series    21    Better ventricular function at 12 months    1994  

  McNamara  43      Uncontrolled trial    10    1 death  –  LVEF improved by 17% at 12 months for 

the 9 discharged  

  1997  

  Kishimoto  64      Case series    9    LVEF improved 16% at follow up 12+/ − 5 days after 

treatment  

  2003  

  References 40,41,65 – 75     Overall 13 cases    Case reports    10 cases showed LVEF improvement, one case with 

minimal improvement, 2 cases with no benefi t 

from IVGG  

  1998 – 2004  

   LVEF, left ventricular ejection fraction.   
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 Diagnosis traditionally has been based on the constella-
tion of symptoms and signs fi rst introduced by Jones in 
1944 and further updated in 1992.  94   The presence of two 
major or one major and two minor manifestations together 
with evidence of antecedent streptococcal infection implies 
a high probability of acute rheumatic fever. 

 Rheumatic carditis is seen usually within 3 weeks of GAS 
infection. Prevalence was estimated around 50% of acute 
RF cases based on clinical fi ndings; however, using modern 
echocardiographic tools this proportion is somewhat 
higher.  95   Valvular dysfunction during the acute phase is 
typically seen as mitral and aortic valve regurgitation 
caused by ventricular dilation combined with leafl et restric-
tion and thickening from active infl ammation.  95   The tricus-
pid valve can also be affected but the pulmonary valve is 
spared. Overt heart failure is usually the consequence of 
acute valvular regurgitation with no signifi cant myocardial 
contractile dysfunction detected in several series.  96,97   Pari-
etal and visceral pericardial involvement with effusion is 
also rare. Moderate or severe carditis, recurrent rheumatic 
fever attacks or low educational level have been related to 
late valvular fi brosis and scarring causing debilitating 
hemodynamics and long - term morbidity.  98   

 Cardiac troponin levels lie within the normal range, 
showing no myocardial necrosis despite the intense endo-
cardial and connective tissue infl ammation.  99   Acute phase 
reactants, like C - reactive protein or erythrocyte sedimenta-
tion rate, are high, refl ecting the rheumatic activity and 
helping to establish the diagnosis. 

 Treatment during the acute phase is supportive and anti -
 infl ammatory regimens with salicylates or steroids are dic-
tated by the overall clinical picture. However, there is no 
convincing evidence supporting corticosteroid or immuno-
globin administration during acute rheumatic carditis to 
prevent late valvular damage  100   (Class III, Level B ) . Anti-
biotics (penicillin or erythromycin in penicillin allergy) are 
mandatory to eradicate the causative agent. Secondary pre-
vention to avoid recurrences should be implemented in 
patients without carditis for 5 years or until the age of 18, 
in those with mild mitral regurgitation for 10 years or until 
the age of 25, and life - long prevention is suggested for 
severe valve disease and after valve surgery.  101   However, 
the use of penicillin prophylaxis against recurrent rheu-
matic fever attacks has not always been effi cient according 
to a recent Cochrane Database review (Class IIb, Level C ) . 
In the same review intramuscular penicillin injections 

 Table 50.3     Studies of immunosuppressive therapy for myocarditis 

   Reference     Type of study     Agent used     Patients     Results  

  Mason  53      Multicenter randomized 

placebo - controlled  

  Prednisolone plus either 

ciclosporin or azathioprine  

  111    No difference in LVEF  

  Wojnicz  54      Single - center 

randomized 

placebo - controlled  

  Prednisolone and azathioprine    84 DCM patients 

with increased HLA 

expression in EMB  

  No difference in composite endpoint of death, 

heart transplantation or hospital admissions. 

 Statistically signifi cant difference in LVEF  

  Parrilo  76      Randomized trial    Prednisone    102    Small increase in LVEF 

 Marginal clinical benefi t  

  Arbustini  77      Observational series    6 - month tapered steroid and 

azathioprine protocol  

  11 treated 

 9 not treated  

  10 year follow - up 

 6 deaths, 2 cardiac transplants, 3 survivals 

 vs 

 3 deaths, 1 cardiac transplant, 5 survivals  

  Hosenpud  79      Observational series    Prednisolone and azathioprine    6    No improvement in LV systolic function indices  

  Latham  80      Observational series    Prednisone    52    No survival improvement  

  Chan  78      Observational series    Prednisone    13 children    1 death, all survivors improved  

  Kleinert  49      Observational series    Ciclosporin and prednisolone    29 children    Improved LV systolic function  

  Lee  50      Retrospective review    Corticosteroids    34 children    Authors conclude excellent survival and 

recovery of LV function  

  Gagliardi  51      Observational series    Ciclosporin and prednisone    114 children    Event free survival was 97% and 70% 

respectively for acute and borderline 

myocarditis respectively  

  Camargo  52      Observational series    Four treatment groups 

 In two prednisone was given 

with azathioprine  or  

ciclosporin  

  68 children    According to authors immunosuppressive 

therapy with azathioprine or ciclosporin 

together with prednisone improves prognosis  

   LVEF, left ventricular ejection fraction; DCM, dilated cardiomyopathy; HLA, human leukocyte antigen; EMB, endomyocardial biopsy.   
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every 2 – 3 weeks seem to be more effective than 4 - week 
regimens or oral formulations.  102   (Class IIa, Level C).  

  Rickettsial -  s pirochetal  i nfections 
 Myocarditis caused by  Coxiella burnetii  infection may be 
encountered during the course of Q fever. This may present 
with precordial pain or heart failure symptoms. The prog-
nosis is generally poor.  103   Myocardial involvement with 
chest pain, elevated myocardial enzymes and depressed LV 
function has also been described with  Rickettsia rickettsii  
infections, responsible for Rocky Mountain fever.  104   Spiro-
chetal infections including syphilis and Lyme disease ( Bor-
relia burgdorferi ) can also cause myocarditis. Apart from 
aortitis, myocardial involvement with left ventricular 
aneurysms has been reported in secondary syphilis.  105    Bor-
relia  infection usually has neurologic, joint and cutaneous 
manifestations (erythema migrans) with cardiac involve-
ment appearing within 3 weeks in approximately 8% of 
cases.  106     

  Fungal  i nfections 

 Fungi, as opportunistic pathogens, can cause myocarditis 
in immunodefi cient patients receiving chemotherapy, ste-
roids or immunosuppressive therapy as well as patients 
with malignancies. The micro - organism may spread from 
neighboring lung or mediastinal foci or by hematogenous 
dissemination. Among the various fungal species, cardiac 
aspergillosis has several case reports in patients with 
aquired immunodefi ciency syndrome and is associated 
with poor prognosis.  107    

  Parasitic  i nfections 

 Parasitic infections can present with a wide spectrum of 
cardiac manifestations and remain a major public health 
issue in developing countries. Helminths or protozoa have 
the ability to survive and multiply in a variety of mam-
malian cells including cardiomyocytes, in spite of the host ’ s 
defensive immune mechanisms. This usually leads to 
chronic infl ammatory responses that ultimately damage 
the heart muscle, conducting system and pericardial tissue. 
Chagas ’  disease, amebiasis, toxoplasmosis, cysticercosis, 
echinococcosis and trichinellosis are all parasitic infections 
that commonly affect the heart.  108   For a review of Chagas ’  
disease see Chapter  51 .     

  Infi ltrative  c ardiomyopathies 

 A number of genetic and acquired disorders result in myo-
cardial infi ltration or excessive storage of various sub-
stances. Most are associated with extracardiac manifestations 
and often present exclusively in childhood. A relatively 

small number present with predominantly cardiac involve-
ment in adults, most notably amyloidosis, hemochromato-
sis, and Anderson – Fabry disease. 

  Amyloidosis 

 Amyloidosis is caused by extracellular deposition in 
various tissues of proteinaceous material with a character-
istic cross - beta sheet quaternary structure, in which strands 
from different monomers are aligned perpendicular to the 
axis of the fi bril.  109   Amyloid deposits are characterized by 
a change in the fl uorescence intensity (apple green birefrin-
gence) under polarized light microscopy of planar aromatic 
dyes such as Congo red and stain a characteristic color with 
sulfated alcian blue. The classifi cation of amyloidosis is 
based on the different protein precursors that make up the 
amyloid fi brils. Amyloid protein deposition occurs in atria, 
ventricles, coronary vessels, conduction system and valves. 
The degree of cardiac involvement varies between each 
subtype. Hematologic disorders associated with excessive 
light chain (AL) immunoglobulin production are the most 
common cause of cardiac amyloid. Familial forms caused 
by the accumulation of mutant proteins (transthyretin or 
A - apolipoprotein) have variable cardiac involvement. Sec-
ondary amyloidosis, due to deposition of serum amyloid 
A protein associated with chronic infl ammatory diseases, 
rarely affects the heart to a clinically signifi cant degree. 

   AL   a myloid 
 Deposition of clonal immunoglobin light chains (with or 
without multiple myeloma) is the most common cause of 
amyloidosis. Cardiac involvement occurs in up to 50% of 
patients with AL amyloid, but clinically isolated cardiac 
disease is seen in less than 5% of patients.  110   Myocardial 
wall thickening caused by extracellular deposits without 
myocyte hypertrophy results in stiff non - dilated ventricles 
and biatrial dilation.  111   Progressive dyspnea and profound 
fl uid retention dominates the clinical picture. Low cardiac 
output causes weakness, fatigue and exercise intolerance. 
Typically, heart failure caused by cardiac infi ltration is 
rapidly progressive with a median survival of less than 1 
year.  112   

 Chest discomfort or angina pectoris is common, but 
coronary angiography usually reveals normal epicardial 
arteries. Perivascular infi ltrates and evidence of impaired 
myocardial fl ow reserve suggest small vessel disease as the 
underlying cause.  113   Obstructive intramural coronary amy-
loidosis has also been reported in autopsy series.  114   Small 
but persistent cardiac troponin elevations refl ecting subtle 
ongoing myocardial necrosis are also reported.  115   

 Syncope is caused by impaired cardiac output, arrhyth-
mia and amyloid autonomic neuropathy.  116   Symptomatic 
supraventricular arrhythmias associated with atrial 
enlargement are frequent.  117   Infi ltration of the atria may 
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add to the risk for atrial fi brillation.  118   Infi ltration of the 
sinus node and atrioventricular conduction system causes 
bradyarrhythmia and complete heart block.  119   Documented 
complex ventricular arrhythmias are rare, but may under-
lie some cases of sudden death; sudden death in advanced 
heart failure cases may also be caused by electromechanical 
dissociation.  120   

 Cardiomegaly and pulmonary congestion with bilateral 
pleural effusions are seen at late stages on chest radiogra-
phy. Cardiac troponins and B - type natriuretic peptide 
refl ect the severity of cardiac involvement  121   and are associ-
ated with poor prognosis.  115,122   The resting 12 - lead electro-
cardiogram (ECG) usually demonstrates low voltages 
( < 5   mV in limb leads) or pseudo - infarction patterns with 
poor right precordial R - wave progression or inferior 
Q - waves.  123   Criteria for left ventricular hypertrophy are 
uncommon, probably because myocardial wall thickening 
is due to extracellular infi ltration rather than true hyper-
trophy.  124   Atrial fi brillation occurs in 7 – 25% of patients and 
poses a signifi cant risk of thromboembolism.  109   Ambula-
tory ECG monitoring reveals ventricular ectopics, couplets, 
and non - sustained ventricular tachycardia. Complex ven-
tricular arrhythmias are considered harbingers of lethal 
arrhythmic events.  125   Sinus node dysfunction, supraven-
tricular arrhythmias and atrioventricular conduction 
abnormalities may be evident.  119   Late potentials on signal -
 averaged ECG are common in patients with cardiac amy-
loidosis and predict sudden death independently of 
echocardiographic disease markers.  126   Electrophysiology 
studies may reveal subtle abnormalities of the His – Pur-
kinje system not evident on surface ECG. HV   prolongation 
is common, and is of prognostic signifi cance in some 
series.  127   

 Echocardiography typically shows that global indices of 
systolic function are preserved until the fi nal stages of the 
disease. However, decreased longitudinal deformation is 
common and precedes the onset of heart failure symp-
toms  128   Two - dimensional echo fi ndings in advanced cardiac 
amyloidosis are characteristic.  129   Increased biventricular 
wall thickness with concentric distribution is typical, 
although asymmetric septal hypertrophy with normal ejec-
tion fraction can be encountered. Dynamic left ventricular 
outfl ow tract obstruction is extremely unusual. Cardiac 
valves appear infi ltrated and thick, the atria are dilated and 
the interatrial septum is often thickened. A small pericar-
dial effusion is also common. The peculiar, granular texture 
of the affected myocardium has traditionally been described 
as an amyloid feature, but is diffi cult to quantify without 
digital image analysis. Transmitral Doppler recordings in 
advanced cases demonstrate a restrictive left ventricular 
fi lling pattern. Diastolic dysfunction indices are better 
prognostic markers than left ventricular wall thickness.  130   

 Other imaging modalities such as cardiac magnetic reso-
nance imaging are used to further assist morphologic 

description and tissue characterization. Subendocardial 
late gadolinium enhancement is considered to refl ect the 
transmural distribution of amyloid deposits and cardiac 
amyloid load.  131   Abnormal gadolinium kinetics are also 
described, although the sensitivity of this observation is 
uncertain. Nuclear scans with   123  I - labeled serum amyloid P 
component are highly specifi c. The isotope localizes selec-
tively in amyloid infi ltrates and aids the diagnosis.  132   Other 
scintigraphic techniques have been used to demonstrate 
cardiac adrenergic denervation even before the develop-
ment of clinically apparent heart disease.  133   

 The diagnosis of amyloidosis requires a tissue biopsy. 
This need not be from the heart if the echocardiographic 
appearances are typical for cardiac amyloidosis. Fine - nee-
dle aspiration of the abdominal fat is positive for amyloid 
deposits in over 70% of patients with AL amyloidosis. If 
negative, endomyocardial biopsy has a very high sensitiv-
ity. Once confi rmed, all patients with AL amyloid should 
be assessed for a plasma cell dyscrasia. 

 Management of cardiac amyloidosis is directed against 
symptoms of heart failure. Specifi c therapies designed to 
impede precursor production and fi bril formation should 
be implemented whenever possible.  134   Diuretics, often in 
high dose, are the cornerstone of the palliative heart failure 
regimen. ACE or angiotensin II inhibitors should be intro-
duced with extreme caution as they are often poorly toler-
ated and there are no data on their effi cacy in cardiac 
amyloid. Aldosterone inhibitors might be helpful in 
advanced cases. Sensitivity to digoxin, attributed to 
enhanced drug binding on amyloid fi brils, demands cau-
tious administration.  135   Although there are no data, the 
presence of atrial fi brillation in AL amyloidosis should 
always prompt anticoagulation with warfarin because of a 
very high rate of thromboembolism. 

 Management of the underlying amyloid disease process 
is based mainly on single - center experience with few ran-
domized studies. In AL amyloidosis, progression of sys-
temic disease contributes substantially to poor outcomes 
even when heart transplant is provided.  136   Heart transplan-
tation followed by high - dose chemotherapy in combination 
with stem cell transplantation, is promising with short -  to 
intermediate - term survival being now similar to patients 
receiving cardiac transplant for other indications.  137    

  Familial  a myloid 
 Hereditary amyloidosis is most commonly transmitted as 
an autosomal dominant trait with high penetrance, caused 
by mutations in the gene encoding transthyretin (TTR). 
More than 70 mutations in the transthyretin gene have been 
reported as amyloidogenic but one of the most common is 
a substitution of isoleucine for valine at position 122 which 
occurs in 4% of the black US population.  138   TTR amyloido-
ses usually present after the third decade of life with 
polyneuropathy and cardiomyopathy. Sometimes cardiac 
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involvement is clinically confi ned to atrial arrhythmia and 
conduction disease. Despite signifi cant myocardial infi ltra-
tion, heart failure symptoms are less profound and survival 
is much better than AL amyloidosis.  139   Toxic light chain 
effects, absent in TTR amyloidosis, may explain the differ-
ent clinical outcome.  140   

 As transthyretin is produced by the liver, the defi nitive 
treatment of TTR amyloidosis is liver transplantation. 
Unfortunately, myocardial wall thickening progresses in 
some patients with TTR amyloid cardiomyopathy follow-
ing liver transplantation, probably due to the continued 
deposition of wild - type transthyretin in the myocardium. 
Combined liver and heart transplantation or heart trans-
plantation alone has been performed for TTR amyloidosis 
in small numbers.  In vitro  studies suggests that non - steroi-
dal agents such as difl unisal can stabilize transthyretin.  141   
Chemical stabilization to prevent TTR misfolding and 
decrease amyloidogenesis has also been successful in trans-
genic mice and human serum during recent  in vivo  
studies.  142,143    

  Senile  c ardiac  a myloid ( SCA ) 
 In senile systemic amyloidosis, cardiomyopathy is caused 
by deposition of normal wild - type transthyretin. For 
unknown reasons, the disease nearly always affects elderly 
men above the age of 70. Presentation is with congestive 
heart failure, but the clinical course is considerably slower 
in comparison to other amyloid types (median survival 
from the onset of heart failure is 7.5 years).  144   Atrial fi bril-
lation and bifascicular block on the ECG are common. Pro-
gression to complete AV block necessitating permanent 
pacemaker implantation is not infrequent. The echocardio-
graphic appearances are indistinguishable from that seen 
in AL amyloidosis. As extracardiac involvement is rare in 
SCA, diagnosis usually requires endomyocardial biopsy. 
Cardiac symptoms predominate, with heart failure and 
conduction system abnormalities as main features. Atrial 
fi brillation and associated thromboembolic events are also 
frequent.  109   

 There is no specifi c treatment for SCA, but as in familial 
amyloidosis, drugs that stabilize transthyretin are being 
evaluated.   

  Sarcoidosis 

 Sarcoidosis is a granulomatous disease of obscure etiology 
with multiorgan involvement. The lungs are most com-
monly involved but lymph nodes, skin, eyes, heart, 
nervous, musculoskeletal, renal and endocrine systems can 
be affected. The annual incidence peaks in the third and 
fourth decade of life and is higher in Japanese, Northern 
Europeans and African Americans, reaching 40 cases per 
100   000 population.  145   Infective ( Mycobacterium tuberculosis , 
 Mycoplasma ,  Corynebacteria , and  Spirochaetes ), environmen-

tal (aluminum, clay) and genetic factors have been impli-
cated in the pathogenesis. The histologic hallmark is the 
presence of non - caseating granulomas. The frequency of 
myocardial involvement in patients with sarcoid is diffi cult 
to determine, because it is frequently subclinical and patchy 
in nature. Post - mortem studies suggest that the heart is 
involved in at least 25% of patients with sarcoidosis  146   and 
that it accounts for as many as 13 – 25% of deaths. 

  Clinical  m anifestations 
 Clinical manifestations of sarcoid include congestive heart 
failure, conduction abnormalities, atrial and ventricular 
arrhythmias, pericardial effusion, valvular dysfunction 
and rarely sudden cardiac death. Right heart failure sec-
ondary to pulmonary hypertension is caused by extensive 
fi brotic lung sarcoidosis. Myocardial infi ltration by 
sarcoid granulomata results in restrictive or dilated cardio-
myopathy. The most common site is in the lateral wall of 
the left ventricle. Papillary muscle involvement is respon-
sible for the most common valvulopathy, mitral regurgita-
tion.  147   Granuloma formation in the basal interventricular 
septum may cause conduction abnormalities.  148   Ventricular 
arrhythmias are also frequent, generated by re - entry 
through surviving myocyte bundles around the scarred 
lesion.  149   

 Abnormal Q - waves or repolarization abnormalities are 
common ECG fi ndings. In one study, right bundle branch 
block was detected in 57% of patients, and third - degree 
atrioventricular block in 23 – 30%.  148,150   Several studies have 
examined the value of radionuclide scans using thal-
lium - 201, gallium - 67 and technetium - 99 isotopes in the 
diagnosis of cardiac sarcoid. Positron emission tomogra-
phy (PET) may have better diagnostic accuracy.  151   Two -
 dimensional echocardiography may reveal regional wall 
motion abnormalities, increased LV dimensions, global 
systolic dysfunction, pericardial effusion, valvular abnor-
malities, LV aneurysms and raised pulmonary artery pres-
sures.  152   The diagnostic role of magnetic resonance imaging 
(MRI) is rapidly expanding as regional myocardial enhance-
ment representing focal infl ammation or scarring  153   can be 
detected using contrast enhanced scans. 

 Demonstration of the typical granuloma on endomyo-
cardial biopsy specimens is pathognomonic for cardiac 
sarcoidosis but the method lacks sensitivity.  154   In a study of 
26 cases with strong clinical suspicion of cardiac sarcoid-
osis, right ventricular biopsy, with an average of four 
samples per patient, exhibited non - caseating granulomas 
diagnosis in only fi ve individuals (19.2%).  154   In an older 
study, right - sided biopsies had a 63% sensitivity and left -
 sided 47%, with post - mortem autopsy as the gold stan-
dard.  155   The patchy myocardial infi ltration with basal or 
left free lateral wall distribution may account for the low 
positive rates of endomyocardial biopsy as specimens are 
usually obtained from the apical septum.  
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  Treatment 
 Patients with left ventricular systolic dysfunction caused 
by cardiac sarcoidosis have a poorer prognosis in compari-
son to idiopathic dilated cardiomyopathy controls.  156   Per-
manent pacing prevents bradyarrhythmia and ICDs can 
prevent sudden death by treating malignant arrhythmias.  157   
Evidence on the effi cacy of corticosteroids is scant and 
contradictory. Steroids may improve systolic function  158   
but are probably most effective if initiated before the occur-
rence of dilated cardiomyopathy  159   (Class IIa, Level C). 
Some data suggest that steroids may not prevent ventricu-
lar arrhythmia  160   (Class III, Level C). Pulmonary involve-
ment in advanced cases with progressive and severe heart 
failure in spite of optimal pharmacologic treatment often 
precludes cardiac transplantation as an option.  161   Recur-
rence in the cardiac allograft has been reported in some 
patients who have been transplanted.  162     

  Hereditary  h emochromatosis 

 Hereditary hemochromatosis (HH) is a common autosomal 
recessive disorder characterized by excessive iron deposi-
tion in parenchymal organs, including the liver, spleen, 
pancreas, endocrine glands and heart. In Caucasians, it has 
a prevalence of between 1 in 200 and 1 in 500, with an even 
higher prevalence in the Irish population. The most 
common form is caused by mutations in the HFE gene. Two 
common missense mutations account for the majority of 
disease: a change of cysteine at position 282 to tyrosine 
(C282Y); and a change of histidine at position 63 to aspar-
tate (H63D). Between 80% and 100% patients of North 
European origin are C282Y homozygous. Lower rates of 
C282Y homozygosity occur in Mediterranean and South-
ern European populations. A minority (11%) of compound 
heterozygotes (C282Y/H63D) develop clinical symptoms 
of hemochromatosis. Disease caused by homozygous 
H63D mutations is very rare because of its much lower 
clinical penetrance. There are several rare forms of non -
 HFE - related HH. Juvenile hemochromatosis (HFE2) is the 
most common, presenting before the age of 30 with cardiac 
disease and hypogonadism. An autosomal dominant form 
linked to a mutation in the SLC11A3 gene has been 
described.  163   

  Clinical  m anifestations 
 Clinical expression of HFE - related HH is variable. Most 
patients with classic disease present between the age of 40 
and 60 with hyperpigmentation, diabetes mellitus and 
hepatomegaly. Cardiac disease has been reported on 52% 
of death certifi cates of patients with hemochromatosis,  164   
and it is estimated that up to 35% of patients with hemo-
chromatosis experience congestive cardiac failure and 
36% develop arrhythmias.  165   However, the incidence of 

lethal cardiomyopathy is variable.  166   As clinical manifesta-
tions in HH can be subtle or delayed, a high index of sus-
picion and early intervention are crucial to avoid severe 
irreversible complications. Overt cardiac involvement, in 
the form of restrictive or dilated cardiomyopathy, is seen 
in late stages  167   as a consequence of chronic cardiac iron 
accumulation.  

  Diagnosis 
 The fi rst - line investigations for HH are serum ferritin and 
fasting transferin saturation. Elevated ferritin is non - 
specifi c as it can be raised in many conditions including 
infl ammatory and neoplastic disorders. However, in com-
bination with transferin saturation, ferritin has a 97% nega-
tive predictive value for the diagnosis of HH. When both 
are elevated, genotyping rather than liver biopsy is recom-
mended to confi rm the diagnosis.  168    

  Treatment 
 Treatment for hemochromatosis should be initiated before 
the emergence of any cardiac abnormalities. However, 
myocardial iron stores are diffi cult to assess with non - inva-
sive methods as they correlate poorly with serum ferritin 
and serum iron levels.  169   Endomyocardial biopsy for direct 
pathologic examination can be used to measure cardiac 
iron, but advances in cardiac imaging with novel magnetic 
resonance techniques appear promising. T2 - star sequences 
provide surrogates of myocardial iron load, allowing early 
diagnosis and proper treatment monitoring of cardiac 
hemochromatosis.  170   Regular venesection, until ferritin 
normalizes or patients become anemic, is the mainstay of 
therapy.  171   Most clinical features of the disease improve 
following treatment; in particular, cardiac involvement has 
been shown to improve  172   (Class I, Level C ) . There are 
some data showing that chelation therapy clears iron stores 
quickly and avoids complications of cardiac failure.  173     

  Metabolic  s torage  d iseases 

 Metabolic storage diseases comprise a heterogeneous 
group of genetically determined enzyme defi ciencies that 
result in accumulation of metabolic substrates in various 
cell types. The most common in clinical practice are the 
lysosomal storage disorders (LSD), a group of more than 
40 diseases caused by a defi ciency of lysosomal enzymes, 
membrane transporters and other proteins involved in 
lysosomal metabolism. Most are inherited as autosomal 
recessive traits except for Anderson – Fabry disease, glyco-
gen storage disease (GSD) type IIb (Danon disease) and 
mucopolysaccharidosis (MPS) type II (Hunter disease). 
Cardiac disease is particularly important in glycogen 
storage diseases (Pompe and Danon disease), mucopoly-
saccharidoses and in glycosphingolipidoses (Anderson –
 Fabry disease).  174 – 175   
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 Pompe disease (acid maltase defi ciency, glycogen storage 
disease IIa) presents as infantile, juvenile and adult vari-
ants, that differ with respect to age of onset, rate of disease 
progression and severity of tissue involvement. Massive 
cardiac hypertrophy and heart failure caused by myocar-
dial glycogen deposition are characteristic of the infantile 
and childhood forms. LV outfl ow obstruction is described 
in about 6% of patients. The ECG typically shows wide 
high - voltage QRS complexes and a short PR interval with 
a pre - excitation pattern. The infantile form is usually fatal 
before 2 years of age due to cardiorespiratory failure. In the 
juvenile and adult - onset variants, disease is usually limited 
to skeletal muscle, with a slowly progressive proximal 
myopathy and respiratory muscle weakness.  176   Recombi-
nant enzyme replacement in the infantile and childhood 
forms is associated with regression of LVH and improved 
survival.  177   

 Danon disease is an X - linked disorder caused by defi -
ciency of the lysosome - associated membrane protein type 
2 (LAMP - 2). The typical presentation includes skeletal 
myopathy, mental retardation and hypertrophic cardiomy-
opathy leading to death in affected males between the 
second and third decade. Heterozygous females have 
milder disease with later onset cardiomyopathy. The patho-
logic hallmark of the disease is the presence of intracyto-
plasmic vacuoles containing autophagic material and 
glycogen in cardiac and skeletal muscle cells.  178   

 Glycogen storage disease type III results from defi cient 
glycogen debrancher enzyme activity. There are two major 
GSD III subtypes explained by differences in tissue expres-
sion of the defi cient enzyme: GSD IIIa, which affects both 
the liver and muscle, accounts for 80% of the cases, and 
GSD IIIb, affecting only the liver, for approximately 15% of 
all GSD III cases. Muscle weakness usually coincides with 
hepatomegaly, hypoglycemia, short stature, dyslipidemia, 
and occasionally slight mental retardation or facial abnor-
malities. However, muscle symptoms manifest in some 
cases long after liver disorders disappeared in childhood.  179   
In the majority of GSD IIIa patients cardiac involvement is 
recognized as ventricular hypertrophy on ECG accompa-
nied by abnormal echocardiographic features.  180   Creatine 
kinase level is usually increased in patients with skeletal 
muscle involvement; however, normal levels do not rule 
out the presence of muscle enzyme defi ciency. Treatment 
for GSD III is primarily dietary and is aimed at maintaining 
normoglycemia. Liver transplantation to correct the related 
biochemical abnormalities is an option but with unclear 
effi cacy with regard to muscle or cardiac disease. 

  Mucopolysaccharidoses 
 Mucopolysaccharidoses (MPS) are caused by a defect of 
intralysosomal degradation of acid mucopolysaccharides 
(glycosaminglycans). Seven main forms and several sub-
types are described. Cardiac involvement is detectable in 

more than two - thirds of affected children, the most common 
abnormalities being mitral and aortic valve thickening. The 
prevalence of valve abnormalities ranges from 27% to 90% 
depending on disease subtype (highest frequency in MPS 
I, II and VI, lowest in type IV and III). Coronary involve-
ment caused by intimal infi ltration by storage cells is 
reported in more than 40% of patients, but rarely results in 
clinically evident myocardial ischemia. The aorta may also 
be affected. Left ventricular hypertrophy, dilated cardio-
myopathy and endomyocardial fi broelastosis are described. 
Conduction system disease is also reported and sudden 
cardiac deaths are relatively frequent.  181    

  Anderson –  F abry  d isease 
 Anderson – Fabry disease is an X - linked disorder caused by 
mutations in the gene encoding the lysosomal enzyme, 
alpha - galactosidase A. The resultant enzyme defi ciency 
causes intracellular glycosphingolipid accumulation in 
nervous, renal, gastrointestinal, cutaneous and cardiac 
tissues. Cardiac involvement usually manifests in the third 
to fourth decades in hemizygote males and the fourth to 
fi fth decades in heterozygote females.  182   An isolated cardiac 
variant has been reported, but careful investigations usually 
reveal subclinical involvement of other systems.  183   

 Concentric left ventricular hypertrophy is most typical, 
although asymmetric septal hypertrophy occurs in approx-
imately 10%. Left ventricular outfl ow tract obstruction is 
unusual.  184   Valve thickening results in mild to moderate 
valvular insuffi ciency.  185   Reduced coronary fl ow reserve 
measured with positron emission tomography may explain 
angina symptoms in the absence of obstructive coronary 
disease.  186   Supraventricular or ventricular arrhythmias and 
conduction abnormalities occur frequently in older 
patients.  187   The diagnosis in men is obtained by assessment 
of plasma and leukocyte alpha - galactosidase A activity. 
Diagnosis in females usually requires genetic analysis as 
heterozygote females often have enzyme activity levels 
within the lower normal range.  188   Multicenter randomized 
placebo - controlled studies have proved the safety and effi -
cacy of enzyme replacement therapies in AFD (Class I, 
Level B). Accumulating data demonstrate encouraging 
symptomatic and functional amelioration of affected 
organs including the heart.  189      
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  Historical  p erspective 

 Exactly one century ago Carlos Chagas discovered an 
entirely new infectious entity  –  Chagas disease, its etiologic 
agent  –   Trypanosoma cruzi,  and the main mechanism of 
transmission of the disease, through the sting of  Triatomi-
nae  bugs.  1   By the early 1920s the most relevant syndrome 
of Chagas disease  –  cardiomyopathy  –  had been character-
ized, including its fl orid electrocardiographic disturbances.  2   
However, during subsequent decades the disease was 
practically neglected and its epidemiologic signifi cance 
was even refuted. Only in the 1950s, with the completion 
of systematic serologic and necropsy studies, did it became 
apparent that  T. cruzi  infection was responsible for the triad 
of cardiomyopathy, megaesophagus and megacolon which 
affl icted millions of people in Latin America.  3    

  Defi nitions 

 Chagas ’  disease is characterized by acute and chronic 
phases. In the acute phase more than 90% of the patients 
have the unapparent form, while the remaining infected 
individuals show a febrile disease and rarely die because 
of myocarditis or encephalitis. During the chronic phase 
most patients remain for life with the indeterminate form. 
Others eventually show the cardiac, the digestive or the 
mixed form of organic involvement.  4   Cardiac and esopha-
geal chagasic disease is further classifi ed in stages (grades) 
(Fig.  51.1 ).   

 Although megaesophagus and megacolon produce 
typical clinical conditions in roughly 5 – 10% of patients, 
chronic Chagas ’  cardiomyopathy (CCC) is by far the most 
serious form of the disease.  5   

 The long period of the indeterminate form  –  several 
decades before the appearance of clinically manifest disease 
 –  constitutes one of its most intriguing features.  6   Its tradi-
tional defi nition by a specialist panel in 1984 requires that 
asymptomatic patients with positive specifi c serology 
show no physical signs of disease, and no abnormalities in 
the ECG and in the radiologic assessment of the heart, 
esophagus and colon (barium swallowing and enema).  7   
Although not adhering to such strict criteria (for instance, 
most studies do not allude to performing colon or esopha-
geal X - rays) investigators using more sensitive diagnostic 
methods have described cardiac abnormalities in the major-
ity of patients with the indeterminate form.  8   More signifi -
cantly, patients with normal ECG and chest X - rays may 
have striking alterations in right ventricular biopsy speci-
mens  9   and right ventricular contractile depression.  10   Also, 
these patients may have mild segmental or global left ven-
tricular (LV) dysfunction as evaluated by the slope of the 
end - systolic pressure - dimension relationship.  11   In addition, 
independent of the clinical classifi cation, the presence of 
minor LV wall motion abnormalities documented at base-
line two - dimensional (2D) echocardiography in patients 
who have normal EKG and normal global systolic function 
is a predictor of deterioration of ventricular function during 
follow - up.  12   

 Based on these fi ndings, it has been proposed that sero-
positive chagasic patients who have minor LV wall motion 
abnormalities on 2D - echocardiography, despite normal 
ECG and chest X - rays, should be classifi ed in the cardiac 
form of the disease. Conversely, patients with the indeter-
minate form of the disease should have normal global and 
segmental biventricular systolic function as documented 
by imaging techniques.  13   Whether every chagasic patient 
with normal ECG and chest X - rays should routinely 
undergo other cardiac tests is a distinct and controversial 
issue. Because the probability of survival of these patients 
is similar to that of the normal population, the current 
predominant view is that further initial evaluation is 
usually unnecessary. Subsequent follow - up of chagasic 
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patients with normal ECG should rely on annual history, 
physical examination and repeated ECG.  14    

  Epidemiology 

 Transmission of  T. cruzi  is mainly vectoral, through the 
feces of infected bloodsucking insects of the family  Reduvi-
idae  (subfamily  Triatominae ). Many case series reports have 
documented that the infection can also occur by blood 
transfusion, transplacental transmission, laboratory acci-
dent, organ transplantation and ingestion of  Triatominae  -
 contaminated food or drink. 

 Although cross - sectional epidemiologic studies assess-
ing clinical manifestations and mortality rates have been 
reported in scattered areas of several South American 
countries, the actual prevalence of CCC is unknown, 
because no recent large - scale screening has been carried 
out. However, it is unquestionable that the global disease 
prevalence has steadily reduced. Recent rough estimates 
are in the range of 8 – 10 million people who have Chagas ’  
disease in the Americas,  15,16   contrasting with the 1990 esti-
mates of 16 – 18 million people infected. 

 In 1991 an initiative for the elimination of the transmis-
sion of Chagas ’  disease was launched in Argentina, Brazil, 
Bolivia, Chile, Paraguay and Uruguay, covering an area 
responsible for more than 65% of the global prevalence. As 
result, Uruguay (1997), Chile (1999) and Brazil (2006) 
declared themselves free of Chagas ’  disease transmission 
due to  Triatoma infestans .  17   It is estimated that the incidence 

of new cases declined from 700   000/year in 1983 to 200   000/
year in 2000.  18   Other initiatives are now ongoing in 
other Latin American countries with results still pending. 
Nevertheless, CCC is by far the most common form of 
cardiomyopathy in Latin America countries. Further, 
because of modern migratory trends, it is likely to become 
ubiquitous.  19   This tendency can be exemplifi ed by esti-
mates, based on the prevalence of  T. cruzi  infection detected 
serologically (mostly Latin American immigrants), that 
100   000 – 400   000 infected persons might be living in 
the United States.  20,21   The FDA recently issued strict 
surveillance of blood supply regarding  T. cruzi  infection, 
and in Europe, preventive measures have also been 
suggested.  22   

 In the United States vector - borne transmission is rare  23   
but Chagas seropositivity incidence among blood donors 
is increasing.  24   A recent survey by the American Red Cross, 
in facilities located in California and Arizona, identifi ed 63 
specimens from 61 donors among 148   969 blood donation 
specimens (nearly one in 2365 donations). Additionally, a 
systematic review of the literature providing evidence -
 based recommendations for the evaluation, counseling, 
and treatment of patients with chronic  T. cruzi  infection in 
the United States has recently been published.  14   

 CCC has a high social impact.  25,26   Over 15   000 annual 
deaths can be attributed directly to this etiology and 
667   000 disability - adjusted life years (DALYs) are lost 
annually.  18   Chagas ’  disease constitutes the third largest 
parasitic disease burden globally, after malaria and 
schistosomiasis.  

     Figure 51.1     Chagas ’  disease: phases, forms, 
and stages.  
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  Natural  h istory and  p rognostic  f actors 

 There is sound experimental, pathologic, and clinical evi-
dence that  T. cruzi  tissue parasitism produces organ damage 
acutely (immediately following infection) as well as 
decades later.  3   Acute infection is often asymptomatic or 
may be a self - limited febrile illness lasting 4 – 8 weeks. The 
case fatality rate in the acute phase is less than 5%, death 
occurring because of myocarditis and/or meningoenceph-
alitis. Following the acute phase 30 – 40% of chronically 
infected individuals develop the clinical manifestations of 
cardiac and/or digestive disease, the majority 10 – 30 years 
after the initial infection. 

 Cardiac involvement typically produces conduction 
defects, ventricular arrhythmias, wall motion abnormali-
ties, cardiac failure, pulmonary and systemic thromboem-
bolic phenomena, and sudden death.  5   Megaesophagus and 
megacolon are also frequently diagnosed in chronic cha-
gasic patients in Brazil, Argentina, and Chile, but not in 
Mexico, Colombia or Venezuela.  4   The hypothesis that dif-
ferent  T. cruzi  strains, coupled to genetic susceptibilities of 
infected individuals and to environmental factors, may 
cause this difference in morbidity has not been evaluated 
by appropriately designed studies.  27   

 The natural history of CCC is relatively well known from 
observational studies conducted mainly in endemic areas 
of Brazil, Argentina, and Venezuela since the early 1940s. 
There is also a wealth of case series reports dealing with 
acute Chagas ’  disease acquired through non - vector trans-
mission. Most of these investigations consist of longitudi-
nal or cross - sectional observations of infected people in 
rural areas. Very few studies have been conducted using 
case – control populations of chagasic and non - chagasic 
people. There have also been some observational investiga-
tions focusing on the description and follow - up of hospital 
based cohorts. 

 Both the rural and the hospital - based studies have limi-
tations. There is usually no adequate identifi cation of 
cardiac involvement in the rural studies. Furthermore, 
because of the protracted course of heart involvement, 
from the acute phase to end - stage heart failure, no 
studies encompassing the whole span of the disease are 
available. Conversely, in hospital - based studies the disease 
is often well characterized but results could not be extended 
to the whole chagasic population. More recently, several 
longitudinal studies have been conducted on clinic - based 
populations at different referral centers in an attempt to 
establish predictors of death for patients with CCC.  28   
These studies have analyzed clinical, radiologic, electrocar-
diographic, echocardiographic and Holter monitoring 
variables. 

  Prognosis in the  a cute  p hase 

 Case series using serologic tests in endemic areas have 
shown that in less than 10% of the acute cases were clinical 
manifestations suffi cient to make a correct diagnosis.  29   This 
is a major deterrent for understanding the transition from 
the acute to the chronic phases. However, the scarce clinical 
data are in general agreement with fi ndings from experi-
mental models of Chagas ’  disease. 

 For the minority of patients in whom the clinical diag-
nosis was possible, cardiac involvement occurred in 90% of 
313 successive cases reported in Bambu í  (central Brazil). Of 
note, in 70 – 80%, cardiac enlargement was seen on chest 
X - rays, contrasting with only 50% of cases showing ECG 
abnormalities.  29   This is in disagreement with other reports 
showing a predominance of ECG alterations.  30   In the 
Bambu í  study, the severity of myocarditis was inversely 
proportional to age, heart failure being more intense in 
children aged up to two years. Mortality in the acute phase, 
as seen in the 313 cases, was 8.3%. This was higher than 
the 3 – 5% reported in similar studies in other endemic areas 
in Brazil, Argentina, and Uruguay. The ECG was normal 
in 63.3% of the non - fatal cases and in only 14.3% of those 
who died in the acute phase. Seventy - fi ve percent of all 
deaths were seen in children aged  < 3 years. Heart failure 
was the constant fi nding in all fatal cases, with or without 
concomitant encephalitis.  29   

 The typical course of acutely manifested Chagas ’  disease 
includes disappearance of symptoms and signs of heart 
failure within 1 – 3 months and normalization of the 
ECG after one year of the infection. However, there is no 
evidence of spontaneous cure of the infection, as demon-
strated by serial xenodiagnosis and serologic tests in 
studies of several hundreds of chagasic patients. Of 
117 patients from Bambu í  who were followed for up to 40 
years after the acute infection, the development of CCC 
(based on clinical signs, ECG, and chest X - ray) occurred in 
33.8%, 39.3%, and 58.1% for follow - up periods of 10 – 20 
years, 21 – 30 years, and 31 – 40 years respectively.  29   In 
another review from the same cohort, for 268 patients 
whose acute phase of the disease had been diagnosed an 
average of 27 years before, the general mortality for the 
period was 13.8%.  29   

 In contrast to the low mortality following the vectoral 
transmission, recent outbreaks of the disease, caused by 
ingestion of contaminated food or fl uids, were associated 
with higher mortality rates, probably due to massive para-
sitic burden.  31    

  Prognosis in the  i ndeterminate  f orm 

 The mechanisms responsible for preventing the progres-
sion of disease in more than 50% of cases (i.e. those with 
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the indeterminate form) remain obscure. A 1 – 3% annual 
rate of appearance of CCC has been observed in several 
studies. Of 400 young adults followed for 10 years in S ã o 
Felipe (north eastern Brazil), 91 (23%) developed ECG or 
chest X - ray abnormalities. Of note, eight deaths were 
recorded in that period, seven of them due to non - chagasic 
causes and only one occurring because of reactivation of 
myocarditis.  6   

 Another longitudinal study in Bambu í  contrasted the 
evolution of 885 young patients with indeterminate form to 
that of 911 chagasic patients with initially abnormal ECGs. 
Survival after 10 years was 97.4% and 61.3% respectively for 
the indeterminate group and the group with CCC.  32   A third 
longitudinal study in a rural Venezuelan community, with 
47% prevalence of positive serology for Chagas ’  disease, 
followed 364 patients for a mean period of four years. Heart 
involvement appeared at a rate of 1.1% per year in seroposi-
tive individuals. Mortality was 3% in the four years of fol-
low - up, CCC being the cause of death in 69% of all fatal 
cases.  33   

 In 1973 a longitudinal study was initiated in Castro Alves 
(Bahia), a rural community in north east Brazil. In the initial 
cross - sectional study, of 644 individuals aged  > 10 years, 
53.7% were seropositive. The population initially described 
in 1973 – 1974 was re - examined in 1977, 1980, and 1983. The 
overall rate of development of abnormal ECG was 2.57% 
in seropositive as compared to 1.25% per year in seronega-
tive individuals, a relative risk of 2.0 for the same geo-
graphical area.  34   These results were obtained in chagasic 
populations with  > 50% of the patients aged  < 20 years. It is 
relevant that fewer indeterminate cases are found in the 
older age groups because of the evolving nature of the 
disease (that is, more aging patients presenting clinical 
signs of cardiac or digestive involvement). 

 Another study of 160 patients with the indeterminate 
form was conducted in S ã o Paulo, Brazil, from 1979 to 1994. 
Patients were followed long term with repeated electrocar-
diographic and echocardiographic studies at regular inter-
vals. After a mean follow - up of 8.2 years, 34 patients 
(21.3%) developed ECG changes. However, only in 15 of 
the 34 patients could the ECG changes be clearly attributed 
to CCC. In addition, LV ejection fraction remained normal 
in the entire population throughout the study, certainly 
contributing to the favorable outlook for these patients.  35   
More recently, a longitudinal study in Argentina following 
731 patients (mean age 44 years) with the indeterminate 
form of Chagas ’  disease for eight years found that 4.6% 
progressed to clinically manifest cardiomyopathy. Four 
patients (0.5%) died of cardiovascular causes during this 
period, but their cardiac status right before the death was 
not reported.  36   Finally, in the larger series of 4593 chagasic 
patients followed for an average of 5.3 years in Argentina, 
those with normal ECG showed a very low sudden cardiac 
mortality rate (0.004% per year).  37    

  Prognosis of  c hronic  C hagas  c ardiomyopathy 

 The evidence provided by the studies mentioned above 
shows that chagasic individuals with a normal ECG, in 
general, have a very good prognosis. In contrast, the 
appearance of ECG changes entails an unfavorable prog-
nosis. In a community - based study in rural Brazil, right 
bundle brunch block and ventricular extrasystoles were 
each associated with 7 – 8 - fold increase, and the two together 
with a 13 - fold increase in risk of death over a seven - year 
period, as compared to the infected population with normal 
ECG.  38   

 In another study of 107 chagasic patients followed for 10 
years, a signifi cant reduction in life expectancy, as com-
pared to that of 22 control individuals, was detected only 
in patients with ECG or clinical changes. A mortality rate 
of 82% over the 10 - year follow - up period was seen in the 
group of 34 patients with signs of heart failure at the begin-
ning of the study. In contrast, a 65% 10 - year survival was 
associated with ECG abnormalities but in the absence of 
signs of heart failure.  39   In a study of 160 cases, survival two 
years after the fi rst episode of heart failure was only 33.4%.  40   
Another study of 104 male chagasic patients admitted to 
hospital with heart failure revealed a mortality rate of 52% 
after fi ve years. The strongest predictors of survival were 
reduced LV ejection fraction and maximal oxygen uptake 
during exercise.  41   The data support the concept that mortal-
ity associated with Chagas ’  disease strongly correlates with 
severity of myocardial dysfunction. 

 In a series of 42 patients with CCC in the United States, 
death occurred in 11 patients   during a mean follow - up of 
nearly fi ve years, always in association with global or 
regional LV dysfunction. Established or developing heart 
failure was a strong predictor of mortality but aborted 
sudden death or the presence of sustained ventricular 
tachycardia were not predictors for mortality in this series.  42   
These results contrast with the evidence from 44 chagasic 
patients followed for a mean period of two years where 
ventricular tachycardia detected during exercise testing 
was a marker of increased risk of sudden death.  43   This 
discrepancy probably refl ects the limitations of small 
number of patients and relatively short follow - up in both 
studies. 

 In a recent study of 424 patients with Chagas ’  heart 
disease in central Brazil, a mortality risk score based on 
extensive follow - up data was developed and validated in 
an external sample, after univariate and multivariate anal-
ysis. Six independent predictors of death were identifi ed  44   
(Fig.  51.2 ). Finally, a systematic review of all reports on 
prognostic factors using multivariate analysis in CCC con-
fi rmed that the risk of death is strongly related to the sever-
ity of disease, with markers of LV dysfunction, congestive 
heart failure and complex ventricular arrhythmias carrying 
the gravest prognosis.  28          
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population, this chronic myocarditis may evolve to cumu-
lative destruction of cardiac fi bers and marked reparative 
fi brosis. The incessant myocarditis is eventually responsi-
ble for myocardial mass loss attaining critical degrees, 
thereby leading to regional and global ventricular remodel-
ing and chamber dilation, and setting the anatomic sub-
strate for malignant dysrhythmias. This hypothesis is based 
on several experimental animal models for CCC, but addi-
tional evidence has been provided by studies correlating 
clinical and pathologic fi ndings in autopsied humans dying 
with all forms and stages of the disease. 

 The most intriguing challenge for understanding the 
pathogenesis of CCC lies in the complex host – parasite 
inter - relationship. In many patients, the myocardial aggres-
sion is controlled at low levels, remaining with the indeter-
minate form, whereas in others the development of fully 
blown CCC is triggered.  46   

 Evidence from pathophysiologic studies in animal 
models and in humans points to four pathogenetic mecha-
nisms producing myocardial damage in CCC.  45   

  1.   Cardiac  a utonomic  d isturbances 

 Intense neuronal depopulation has been demonstrated in 
several independent pathologic studies.  47,48   Also, abnormal 
autonomic cardiac regulation has been shown in many 
functional investigations, preceding the development of 
ventricular dysfunction.  10,49   Because of the dysautonomia, 
chagasic patients are deprived of the tonic inhibitory 
action normally exerted by the parasympathetic system on 
the sinus node, and also lack the vagally mediated 
mechanism to respond with rapid bradycardia or 
tachycardia to transient changes in blood pressure or 
venous return.  50,51   Although sympathetic denervation 
has also been shown in myocardial regions, even preceding 
perfusion defects and wall motion abnormalities,  52   on 
the basis of the striking parasympathetic impairment, 
the neurogenic theory postulated that a long - lasting auto-
nomic imbalance would lead to a catecholamine - induced 
cardiomyopathy.  47,53   

 However, various kinds of evidence militate against neu-
rogenic derangements being a main pathogenetic mecha-
nism.  45   First, even in endemic areas where cardiac 

 Key points 

     •      As long as patients remain in the indeterminate form, their 
prognosis is good. Level C1  

   •      After 10 years almost 80% of patients remain with the 
indeterminate form of the disease and probably 50% of the 
entire population will have no signs of heart disease 
throughout their life span. Level C1  

   •      There are no clues as to why some chagasic patients remain 
with the indeterminate form, while others sooner or later 
undergo severe organic damage.  

   •      The prognosis of patients with Chagas ’  heart disease is 
predictable, despite the heterogeneity of clinical manifestations 
of the disease. Level C1  

   •      By univariate analysis many variables indicate a poor prognosis. 
However, taking into account the relationship among variables 
(multivariate analysis), impaired LV dysfunction, NYHA class III/
IV, cardiomegaly, and non - sustained ventricular tachycardia are 
consistently and independently associated with higher 
mortality. Level C1  

   •      The combination of non - sustained ventricular tachycardia 
(NSVT) and LV dysfunction is associated with a substantial 
increased risk of mortality when compared with patients 
without any of these risk markers. Level C1  

   •      Once overt cardiac failure ensues the prognosis is poor and 
approaches 50% in four years. Level C1  

   •      It is possible, but not proven by good evidence, that ventricular 
dysrhythmia and sudden death play a more prominent role in 
mortality due to Chagas ’  disease than in heart failure due to 
other etiologies. Level C2    

     Figure 51.2     Risk score for predicting death 
in chronic Chagas cardiomyopathy. NYHA, 
New York Heart Association; WMA, wall 
motion abnormality; VT, ventricular 
tachycardia.  
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  Pathophysiology and  p athogenetic 
 m echanisms 

 Organ damage arising during the acute phase is closely 
related to parasite presence in targets such as the gastroin-
testinal tract, central nervous system and heart. High - grade 
parasitemia co - exists with lymphadenopathy, liver and 
spleen enlargement, markers of widespread immunologic 
reaction. As the parasitemia abates and the systemic infl am-
matory reaction subsides, silent relentless focal myocarditis 
ensues during the indeterminate phase.  45   In predisposed 
hosts, encompassing approximately 30 – 50% of the infected 
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denervation is readily detectable in some patients, its preva-
lence and intensity are highly variable. Second, no signifi -
cant correlation seems to exist between parasympathetic 
denervation and the extent of myocardial dysfunction or the 
presence of dysrhythmia. Moreover, the typical chagasic 
cardiomyopathy is found in geographical regions where the 
disease is apparently caused by parasite strains devoid of 
neurotropism.  4   In such regions the typical chagasic digestive 
syndromes considered to be causally related to parasympa-
thetic denervation of the esophagus and colon are rarely 
described. Third, no follow - up studies correlating auto-
nomic regulation, myocardial function, and cardiac rhythm 
assessment have been reported in chagasic patients. Finally, 
the attractive hypothesis of autonomic impairment trigger-
ing sudden death has never been appropriately tested.  

  2.   Microvascular  d isturbances 

 There is evidence from studies in experimental models of 
 T. cruzi  infection, as well as from pathologic and clinical 
investigations, that microvascular abnormalities causing 
ischemia contribute to the pathogenesis of CCC. In the 
experimental murine model of Chagas ’  disease, occlusive 
platelet thrombi in small epicardial and microcirculatory 
coronary vessels have been shown in concomitance with 
focal vascular constriction and spasm.  54,55   These abnormali-
ties were partly reverted by long - term administration of 
verapamil, leading to attenuation of the myocardial damage 
and increased survival for the  T. cruzi  infected mice.  56   

 Biopsy and autopsy histopathologic investigations in 
humans also showed microvascular abnormalities deemed 
responsible for the focal diffuse myocytolysis and extensive 
reparative fi brosis known to be related to transient ischemic 
disturbances of low intensity and short duration.  3,47,57 – 59   

 From the clinical standpoint most chagasic patients have 
ischemic - like symptoms and ST changes and abnormal 
Q - waves indicative of regional myocardial fi brosis. They 
also have prominent LV localized dysynergy and striking 
myocardial perfusion defects in the absence of epicardial 
coronary artery obstruction.  60   Of note, these reversible isch-
emic defects are mostly seen in the apical and inferior -
 posterior LV segments, i.e. the regions where regional 
contractile dysfunction prevails in later stages of CCC.  52   In 
a recent study, 36 chagasic patients with normal coronary 
arteries were sequentially evaluated regarding progression 
of left ventricular dysfunction and myocardial perfusion 
disturbances over a mean period of 5.6 years. The results 
showed that the decrease of left ventricular ejection frac-
tion over time was correlated to the increase of regional 
myocardial perfusion at rest, which is indicative of myo-
cardial fi brosis. The appearance of new perfusion defects 
at rest at the fi nal evaluation was topographically related 
to the presence of reversible ischemic perfusion defects at 
the initial scan.  61   Thus, microcirculatory ischemia could 

represent an ancillary factor to potentiate and amplify the 
chronic infl ammatory aggression to myocardial tissue, 
with coalescent microinfarctions leading to the develop-
ment of aneurysms.  45    

  3.   Myocardial  d amage  d irectly  r elated to 
 p arasite  p ersistence 

 Early in the natural history of CCC there is a low - grade but 
constant focal and diffuse infl ammatory process, as shown 
by studies in experimental models  62   and in human nec-
ropsy (chagasics dead from other causes) and biopsy speci-
mens.  9,63,64   Several independent investigators using 
immunohistochemistry, PCR and  in situ  hybridization 
methods described tissue  T. cruzi  antigens or its genomic 
material in the infl ammatory foci, fi rst in animal models  64,65   
and later in humans.  65 – 70   There is also evidence of a direct 
correlation between organic parasite infection and the clini-
cal expression of disease. Thus,  T. cruzi  genetic material 
could not be detected in the heart from patients who died 
without signs of cardiac involvement, but it was consis-
tently found in heart specimens from patients with CCC.  69   
Moreover, the persistence of  T. cruzi  is directly implicated 
in the pathology of the chronic phase, as shown by experi-
mental models of Chagas ’  disease in which parasite load 
reduction by trypanocidal treatment resulted in attenua-
tion of cardiomyopathy.  71,72   Conversely, in experimental 
models, enhancement of parasite burden results in exacer-
bation of the cardiomyopathy course.  73   Finally, in human 
CCC, during favorable conditions such as immunosup-
pression treatment to prevent transplant rejection or in 
patients with acquired immunodefi ciency syndromes, 
intact amastigote parasites undertake active multiplication 
and cause reactivation of infection and striking recrudes-
cence of myocarditis and esophagitis.  74 – 79    

  4.   Immune -  m ediated  c ardiac  d amage 

 Immunologic factors have been postulated to play a role in 
the pathogenesis of CCC. The demonstration of predomi-
nant mononuclear cells in the infl ammatory infi ltrates 
suggests a delayed hypersensitivity reaction, leading 
to immunoglobulin and complement deposition in 
myocardial tissue.  80,81   Experimental and clinical data 
from studies in CCC also show that several of the criteria 
required for an autoimmune pathogenesis have been 
fulfi lled:  82  
    •      the identifi cation of heart –  T. cruzi  cell cross - reactive T 
cell antigens with reproduction of pathobiologic changes 
by passive transfer of immune cells in murine models  
   •      attenuation of the infl ammatory process as a conse-
quence of tolerance induction to myocardial antigens  
   •      the induction of myocardial aggression after immuniza-
tion with cardiac myosin  
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  Clinical  f eatures 

 Cardiac abnormalities may be detected in all phases or 
forms of Chagas ’  disease, but their clinical expression is 
highly variable (Table  51.1 ). The diagnosis of Chagas ’  
disease in the acute phase is diffi cult because symptoms 
are easily mistaken for other infectious diseases and labora-
tory fi ndings are non - specifi c, including leukocytosis with 
an absolute increase in lymphocyte count; ECG may show 
low - voltage, diffuse ST - T changes and fi rst - degree atrio-
ventricular block; chest X - ray shows variable degrees of 
cardiomegaly; serologic tests for  T. cruzi  infection are 
usually negative during the fi rst weeks. In this setting, the 
diagnosis is based upon detection of circulating parasites 
by a variety of methods. The diagnosis of acute phase due 
to blood transfusion requires a high level of awareness, 
particularly in non - endemic areas This is also necessary for 
the increasing problem of recognizing reactivation of 
Chagas ’  disease in immunocompromised patients who 
have the chronic form.  79,83     

 In the chronic phase, the relative prevalence of symp-
toms of cardiovascular and/or digestive involvement is 
variable in different geographical regions, and probably 
refl ects the existence of diverse strains of  T. cruzi , other 
environmental or host factors, and the type of laboratory 
and serologic testing. 

 Usually, cardiovascular symptoms and physical signs at 
this stage of the disease arise from three basic syndromes 
that may co - exist in the same patient: heart failure; 
cardiac dysrhythmia and thromboembolism (systemic 
and pulmonary). Of note, it is not uncommon for patients 
with marked ECG abnormalities to be asymptomatic 
hard workers, capable of performing strenuous physical 
exercise under laboratory conditions.  84   When symptoms 

 Key points 

     •      Cardiac dysautonomia is a well - characterized feature preceding 
myocardial damage, but its role is probably ancillary in the 
pathogenesis of CCC. Level B  

   •      Microcirculatory derangements causing ischemia probably 
constitute important amplifi cation mechanisms for the 
infl ammatory myocardial aggression. Level B  

   •      The low - grade but incessant myocarditis present in CCC is 
inextricably related to the parasite persistence, with 
superimposed antiparasite immunity and autoimmune reaction, 
but the mechanisms triggering exacerbated responses in some 
cases and deterring signifi cant damage in others still remain to 
be elucidated. Level B  

   •      A corollary of the parasite persistence hypothesis, with 
potential clinical implication, is that effective measures to 
control the parasite burden would probably reduce tissue 
damage and impact on the natural history of CCC.    

 Table 51.1     A clinical and functional classifi cation of  C hagas ’  heart disease 

        Clinical phase  

   Acute     Indeterminate     Overt disease     Heart failure  

  Symptoms    Fairly common    Absent    Minimal    Present  

  ECG changes    Common    Absent    RBBB, LAHB, AVB, PVCs    + Q - waves, AF, VT  

  Heart size (X - rays)    Usually abnormal    Normal    Normal    Enlarged  

  RV function        May be depressed    Usually abnormal    Abnormal  

  LV diastolic function    ?    Normal or mild abnormalities    Abnormal    Abnormal  

  LV systolic function    Abnormal    May have mild regional dysynergy    Segmental dysynergy    Global depression  

  Perfusion defects    ?    ?    Common    Common  

  Autonomic function    ?    May be abnormal    May be abnormal    Usually abnormal  

  RV biopsy    Abnormal    May be abnormal    Abnormal    Abnormal  

   LV, left ventricle; RV, right ventricle; ECG, electrocardiogram; AVB, atrioventricular block; LAHB, left anterior hemiblock; RBBB, right bundle branch 

block; PVCs, premature ventricular complex; AF, atrial fi brillation; VT, ventricular tachycardia; ?   =   unknown.   

   •      the isolation of cardiac myosin autoreactive T cells in 
molecular mimicry with  T. cruzi  B13 protein from affected 
tissue  
   •       in vitro  immunization with B13 protein eliciting T cell 
clones cross - reactive with cardiac myosin  
   •      immunization with  T. cruzi  ribosomal antigens 
inducing cross - reactive antibodies and heart conduction 
abnormalities  
   •      similar cross - reactive autoantibodies present in sera 
from patients with CCC disease inducing arrhythmia in 
explanted hearts.    
 In summary, there is persuasive evidence of both parasite 
antigen - driven immunopathology and autoimmunity in 
cardiac infl ammatory lesions. However, the nature of the 
essential antigen or antigens that elicit destructive immune 
responses remains elusive.  45        
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occur they include edema, fatigue and exertional dyspnea, 
palpitations, dizziness, syncope and chest pain. Such 
manifestations are the expression of decreased cardiac 
reserve (including minor early signs of diastolic dysfunc-
tion), the presence of ventricular dysrhythmias, sinus 
node dysfunction, and high - degree atrioventricular 
block. Chest pain is usually atypical for myocardial 
ischemia but, in sporadic patients, mimics an acute coro-
nary syndrome. It may also be related to esophageal 
mechanisms.  85,86   

 ECG abnormalities are present in most patients with 
CCC, mainly in the form of conduction disturbances and 
ventricular arrhythmias.  5   In more advanced stages patho-
logic Q - waves and low voltage are found, compatible with 
extensive areas of myocardial fi brosis. The combination of 
right bundle branch block and left anterior hemiblock is 
very typical in CCC. 

 Many case series reports have documented the peculiar 
feature of striking segmental wall motion abnormalities in 
several hundreds of chronic chagasic patients.  87   The most 
characteristic lesion is the apical LV aneurysm. A few small 
retrospective studies have evaluated the correlation 
between ventricular arrhythmia and symptoms in CCC. It 
is apparent that complex ventricular dysrhythmia may 
occur in asymptomatic patients, but it is usually associated 
with poor LV function.  88   The aneurysms are also sources 
of emboli.  89,90   

 Systemic and pulmonary embolism, arising from mural 
thrombi in the cardiac chambers, is a conspicuous compli-
cation of CCC, but post - mortem fi ndings have shown that 
they are often overlooked: in 1345 necropsies on patients 
with CCC, 595 cases (44%) had cardiac thrombi and/or 
visceral thromboembolism. The presence of cardiac thrombi 
was related to severity of ventricular enlargement. Embo-
lism most frequently involved lungs (36%), kidneys (36%), 
spleen (14%), and brain (10%).  88   Also, the incidence of 
cardiac thrombus was higher in cases of heart failure (36%) 
than in cases of sudden death (15%). 

 Congestive heart failure, in advanced stage, is more com-
monly expressed by prominent signs of systemic conges-
tion, with less intense evidence of pulmonary congestion.  91,92   
This peculiar feature of CCC is linked to early severe 
damage of the right ventricle (RV), a chamber frequently 
neglected in the clinical and echocardiographic evaluation 
of cardiac performance.  93   Isolated LV failure may also 
appear in early stages of cardiac decompensation. 

 Sudden death is the principal cause of death in CCC, 
accounting for about 55 – 65% of deaths, followed by pump 
failure (25 – 30%), and thromboembolism (10 – 15%). Sudden 
cardiac death can occur even in patients previously asymp-
tomatic.  94   It is usually precipitated by physical exercise and 
associated with ventricular tachycardia and fi brillation or, 
more rarely, with complete atrioventricular (AV) block. 
Limited evidence from autopsy studies, in these patients, 

indicates variable degrees of infl ammatory and neuronal 
cardiac alterations.  95   

 In spite of chest pain being a cardinal complaint in many 
chagasic patients, coronary angiography is usually normal.  96   
However, functional abnormalities in the myocardial blood 
fl ow regulation have been described and all types of myo-
cardial perfusion defects have been detected in several small 
groups of selected patients, possibly implying microvascu-
lar coronary disturbances, as discussed above.  52,60   

 Cardiac autonomic dysfunction, mainly parasympa-
thetic, has been shown by several independent studies in 
various groups of chagasic patients (including those with 
isolated digestive disease), whose response to various auto-
nomic tests was compared to those of control subjects.  49,51,96 – 99   
However, these abnormalities are neither correlated with 
any symptoms nor cause postural hypotension.  45,51    

  Management 

  Etiologic  t reatment 

 Recent developments in basic biochemistry of the parasite 
allowed identifi cation of potential targets for chemother-
apy, such as protein prenylation, sterol, proteases and 
phospholipids metabolism.  99   However, only two currently 
available trypanocidal agents have been demonstrated to 
have acceptable effi cacy and safety profi les: nifurtimox and 
benznidazole. Side effects, warranting discontinuation of 
therapy in roughly 10% of cases, include dermatitis, poly-
neuritis, leukopenia, gastrointestinal intolerance and 
central nervous system adverse symptoms. These untow-
ard reactions are reversible with discontinuation of therapy. 
Benznidazole is considered the preferred drug at a dose of 
5   mg/kg per day for 60 days; the dose in children up to age 
12 is 10   mg/kg per day. Nifurtimox is given for 60 – 90 days 
at a dose of 8 – 10   mg/kg per day in adults and 15   mg/kg 
per day in children. Both drugs should be administered in 
divided doses at eight - hour intervals. Benznidazole can 
also be administered at 12 - hour intervals. 

 Assessment of trypanocidal treatment effi cacy is still 
hampered by methodologic issues. Parasitemia is readily 
demonstrated in the acute phase of Chagas ’  disease by 
direct examination of blood or buffy coat, hemoculture or 
xenodiagnosis but even without treatment, falls to unde-
tectable levels by these methods within three months.  100,101   
PCR techniques for detection of  T. cruzi  in blood are useful 
for monitoring the success of treatment in the acute phase, 
but also have low sensitivity in the chronic stages.  102   Hence, 
in the chronic phase of the disease documentation of cure 
should rely on negativation of IgG serologic tests. There is 
expert opinion that the length of time after successful treat-
ment required for negative seroconversion is proportional 
to the duration of  T. cruzi  infection: 3 – 5 years for those 
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treated in the acute phase, 5 – 10 years in those with  < 10 
years, and 15 – 20 years in those with  > 10 years duration of 
infection.  103    

  Trypanocidal  t herapy in the  a cute  p hase 

 There is consensus that in the acute phase, irrespective of 
the mechanism of transmission (vectorial, congenital, blood 
transfusion, transplantation, laboratory accident or oral), 
trypanocidal treatment is mandatory. Parasitologic and 
serologic cure is thought to occur in 60 – 85% of those treated 
in this phase.  102   Unfortunately, no long - term follow - up 
trials have evaluated the effi cacy of trypanocidal therapy 
for the prevention of chronic organ damage in patients 
treated during the acute phase.  

  Trypanocidal  t herapy in the  c hronic  p hase 

 Etiologic treatment is unanimously recommended for 
chronic patients with reactivation of acute infection during 
immunosuppression, including those co - infected with  T. 
cruzi /HIV.  104   This indication is supported by observational 
results of effective trypanocidal therapy for reduction of 
symptoms and parasitemia in small case series of chagasic 
patients who received various types of transplants.  105,106   

 The prophylactic administration of trypanocidal drugs 
for women of reproductive age (as an attempt to reduce the 
possibility of congenital transmission), for anticipated 
immunosuppression in the future (pre - transplant), and for 
HIV infection with low CD4+ lymphocyte counts is more 
controversial.  107   Among experts there is a predominant 
trend toward recommendation of close monitoring for 
reactivation after solid organ or bone marrow transplants, 
and treatment only if infection is demonstrated, based on 

the concept that risk of reactivation depends strongly on 
the degree of immunosuppression.  108   

 In the chronic phase, a small prospective non - random-
ized controlled trial suggested that etiologic treatment may 
impact favorably on prognosis. It involved 131 patients 
treated with benznidazole (5   mg/kg/day for 30 days) and 
70 untreated patients with a mean follow - up period of 
eight years; progression of the disease was assessed 
by ECG changes: treated patients presented fewer 
ECG changes than control group (4.2% vs 30%) and less 
deterioration of clinical condition (2.1% vs 17%).  109   More 
recently the same group reported on a non - randomized, 
unblinded trial involving 566 patients followed for 10 
years; the 283 patients treated with benznidazole (5   mg/kg 
per day for 30 days) were less likely to develop symptoms, 
ECG abnormalities, and deterioration of LV function. The 
study results are limited by missing data during follow - up 
(20% of patients), the lower than usually recommended 
treatment dose, and the non - randomized nature of the 
trial.  110   

 Metanalysis of pooled data from observational studies 
showed that there is insuffi cient evidence, on the basis of 
results concerning hard clinical endpoints, to support the 
use of trypanocidal drugs for the treatment of chronic  T. 
cruzi  infection, especially if overt heart disease is present.  111   
To resolve the current dilemma of treating or not treating 
adult patients with established CCC with trypanocidal 
drugs, a multicenter, randomized, placebo - controlled, dou-
ble - blind study, the BENEFIT trial, is currently under way 
( http://clinicaltrials.gov/show/NCT00123916 ). 

 In asymptomatic patients with chronic Chagas ’  disease, 
pooled data derived from a systematic review found only 
fi ve studies comparing groups of patients submitted 
to trypanocidal therapy against placebo (Table  51.2 ). 

 Table 51.2     General characteristic of randomized clinical trials evaluating trypanocidal therapy in chronic asymptomatic patients with  C hagas ’  disease 

   Author, country (year)     Participants (% IP)     Interventions ( n  randomized) dose     Outcomes  a   (primary and secondary)  

  Andrade, Brazil (1996)    School children (90%)    Benznidazole (64) 7.5   mg/kg/day  –  8 weeks vs 

placebo (65)  

  Seroconversion 

 Antibody changes  

  Apt, Chile (1998)    Adults (70%)    Allopurinol (187) 8.5   mg/kg/day  –  8 weeks vs 

itraconazole (217)  

  Seroconversion 

  n  positive xenodiagnosis  

          6   mg/kg/day  –  16 weeks vs placebo  b   (165)    ECG changes Side effects  

  Coura, Brazil (1997)    Adults (NA)    Benznidazole (26) 

 5   mg/kg/day  –  4 weeks vs nifurtimox (27) 

 5   mg/kg/day  –  4 weeks vs placebo (24)  

   n  positive xenodiagnosis  

  Gianella, Bol í via (1997)    Adults (NA)    Allopurinol (20) 300   mg tid  –  8 weeks vs 

placebo (20)  

   n  positive xenodiagnosis  

  Sosa - Estani, Argentina (1998)    School children (95%)    Benznidazole (55)5   mg/kg/day  –  8 weeks vs 

placebo (51)  

  Seroconversion 

 Antibody changes  

    a    As stated by the authors in the report.  

   b    Participants initially in placebo arm were re - allocated to one of the active arms after two months of treatment.  

  NA, information not available; IP, indeterminate phase. Reproduced with permission from Villar  et al.   112     
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A metanalysis of these non - randomized data, involving 756 
patients, documented that host – parasite indices of disease 
were favorably modifi ed by trypanocidal treatment but no 
results concerning hard clinical outcomes were available.  112   
The most important fi nding in this review was that try-
panocidal therapy with benznidazole improved parasite -
 related outcomes especially in children with asymptomatic 
 T. cruzi  infection, with approximately 60% apparent cure of 
infection as measured by conversion of Ig/IgG serologic 
tests to negative 3 – 4 years after the end of treatment (Fig. 
 51.3 ).  112   Another study, not included in the metanalysis, 
reported respectively 73% and 86% negativation of PCR 
and xenodiagnosis three years after treatment with nifur-
timox in children.  113       

 These studies, together with empiric clinical experience 
across Latin America, provided the basis for the current 
recommendation that early diagnosis should be sought and 
trypanocidal therapy implemented for all infected 
children.  103,114,115       

death.  94   Data from Holter monitoring have shown that epi-
sodes of NSVT are present in approximately 40% of patients 
with mild wall motion abnormalities and in 90% of those 
with heart failure, an incidence that is higher than that 
observed in other cardiomyopathies.  83   Not infrequently, 
ventricular arrhythmias and atrioventricular conduction 
abnormalities or sinus node dysfunction co - exist in the 
same patient. 

 Sustained monomorphic ventricular tachycardia is 
another important feature of Chagas ’  heart disease.  116   It is 
reproducible during programmed ventricular stimulation 
in approximately 85% of patients, implying a re - entrant 
mechanism. The anatomic substrate for re - entrant ventric-
ular tachycardia in CCC is the presence of fi brosis with 
impaired wall motion that is most frequently located at the 
LV inferolateral region.  117   Histologic analysis of the infero-
lateral segments showed non - uniform interstitial fi brosis 
level intermingled with surviving cardiac fi bers arranged 
in random fashion.  118   

 Although there is no evidence from randomized con-
trolled trials that antiarrhythmic drugs prolong life or 
prevent sudden cardiac death in CCC, the use of empiric 
amiodarone is recommended as fi rst - choice treatment by 
the guidelines of the Brazilian Society of Cardiology for 
patients with sustained and non - sustained ventricular 
tachycardia, particularly in the presence of myocardial 
dysfunction.  119   Amiodarone is a potent antiarrhythmic 
drug that markedly reduces the severity and complexity of 
ventricular arrhythmias, does not have signifi cant negative 
inotropic properties, is well tolerated (when administered 
at low doses), has fewer proarrhythmic effects than class I 
agents, and may reduce total mortality and sudden cardiac 
death in patients with Chagas ’  disease according to some 
observational data. In a series that compared the survival 
of 34 patients with Chagas ’  disease and sustained ventricu-
lar tachycardia, treated with amiodarone, with an earlier 
matched cohort of 42 patients not treated or receiving class 
I agents, survival rate was signifi cantly greater in the amio-
darone group at one year (87 vs 57%), four years (65 vs 
22%), and eight years (59 vs 7%).  93   In patients failing 
empiric amiodarone therapy, electrophysiologic guided 
antiarrhythmic therapy has been advocated by some 
authors.  120   Electrophysiologic study can also identify 
patients who may have a poor prognosis when treated with 
class III antiarrhythmic drugs and be an important tool for 
risk stratifi cation and patient selection for implantable 
cardioverter - defi brillator (ICD) selection.  121   Implantation 
of a cardioverter - defi brillator has been advocated for 
patients with refractory and hemodynamically unstable 
sustained ventricular tachycardia or for survivors of 
sudden cardiac death.  122   In order to reduce frequent shocks, 
antiarrhythmic drug therapy is required in most patients 
because of the high prevalence of ambient atrial and 
ventricular arrhythmias.  88   However, there are no properly 

 Key points 

     •      Trypanocidal therapy is universally recommended in acute and 
congenital Chagas ’  disease, reactivation of acute infection and 
in early chronic Chagas ’  disease (children  ≤ 12 years and people 
whose duration of infection is known or presumed to be  < 12 
years). Class I, Level B    

   •      In patients with chronic Chagas ’  disease with duration  > 12 
years and no established disease (indeterminate form), 
treatment decisions must be based on an individual basis, only 
after thorough clinical assessment and with continuous 
monitoring of potential side effects. Class IIa, Level C1  

   •      Until conclusive data are available, etiologic treatment should 
be considered optional for adults with remote  T. cruzi  infection 
and defi nite but not advanced cardiac manifestations. Class 
IIb, Level C1  

   •      Trypanocidal agents may be administered for prevention of 
reactivation of infection in high - risk patients (e.g. anticipated 
immunossupression following organ transplantation recipients). 
Class IIb, Level B  

   •      Treatment is contraindicated for patients with class IV heart 
failure, advanced megaesophagus before surgical intervention, 
severe renal and liver disease, and during pregnancy. Class III, 
Level C2    

  Management of  r hythm  d isturbances 

 Management of rhythm disturbances in the chagasic 
patient is empirically similar to that recommended for 
other cardiomyopathies. However, chagasics patients have 
peculiar characteristics that may interfere with their treat-
ment and deserve specifi c mention. 

 Complex ventricular dysrhythmia is the most important 
disturbance because of its impact on the risk of sudden 
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     Figure 51.3     Overview of the effect, estimates for data on four outcomes pooled. Estimates are expressed as odds rations or standardized mean 
differences (SMD) and 95% confi dence intervals using the fi xed models statistical approach (95% CI fi xed). Antibodies mean changes are given in the 
units originally reported by authors. A negative sign means reduction of levels after being treated.  Adapted from Villar  et al   112   with permission.   

I – Incidence of ECG abnormalities/
BZD - children  

Study 
BZD 
(n/N) 

Plac 
(n/N) 

Weight % OR (95% CI) 

Andrade 1/59 4/58 71 0.28 (0.05-1.69) 

Sosa-Estani 1/40 1/41 29 1.03 (0.06-16.99) 

Total 2/99 5/99 100 0.41 (0.09-1.85) 

Heterogeneity test χ2 = 0.58  P = 0.45/Overall effect test  Z=1.16  P = 0.2  

II – Negative seroconversion/BZD – AT
ELISA – children  

Study 
BZD 
(n/N) 

Plac 
(n/N) 

Weight 
% 

OR (95% CI) 

Andrade 37/58 3/54 57.8 12.35 (5.72-26.00) 

Sosa-Estani 24/44 3/44 42.2 9.19 (3.73-22.64) 

Total 61/102 6/98 100 10.91 (6.07-19.58) 

Heterogeneity test χ2 = 0.24  P = 0.63/Overall effect test  Z=8.0  P = 0<0.001  

III – Positive xenodiagnosis/all tests/All
Avaliable studies  

Study 
BZD 
(n/N) 

Plac 
(n/N) 

Weight 
% 

OR (95% CI) 

Apt 22/336 9/165 32.6 1.21 (0.56-2.61) 

Coura 10/193 23/67 28.0 0.07 (0.03-0.17) 

Gianella 12/33 17/23 17.4 0.23 (0.08-0.66) 

Sosa-Estani 2/42 22/43 22.0 0.10 (0.04-0.27) 

Total 46/604 71/298 100 0.24 (0.15-0.37) 

Heterogeneity test χ2 = 27.72  P <0.001/Overall effect test  Z=-6.35  P = 0<0.001  

IV – Antibody titers mean differences /All
Avaliable studies (IIF)  

Study 

(Weight %) 

n TT/n Plac 

(Weight %) 

All TT 
mean 
(sd) 

Plac 
mean 
(sd) 

SMD 
(95% CI) 

Andrade 58/54 

(48.4) 

-1409 

(1052) 

-566 

(1400) 

0.68 

(-1.06- - 0.30) 

Gianella 13/17 

(13.5) 

-19.7 

(317.5) 

-30.1 

(234.7) 

0.04 

(0.69-0.76) 

Sosa-Estani 44/44 

(38.1) 

-1.40 

(2.31) 

0.17 

(2.40) 

-0.66 

(-1.09- - 0.23) 

Total 115/115 

(100) 

-0.58 

(-0.84-0.31) 

Heterogeneity test χ2 = 3.20  P =0.20/Overall effect test  Z=-4.25  P <0.001  

0.01 0.1 1 10 100

0.01 0.1

0.5–0.5–1.5 1.50

1 10 100
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randomized controlled trials to ascertain whether pharma-
cologic or device therapy improves survival in CCC 
patients. Such a trial should urgently be conducted, and the 
indications for ICD therapy in patients with CCC should 
not be extrapolated from the results of randomized 
studies obtained in patients with other conditions, 
such as coronary artery disease or idiopathic dilated 
cardiomyopathy.  123   

 Aneurysmectomy,  124   surgical ablation, transcoronary 
chemical ablation  125   and epicardial/endocardial catheter 
ablation  118,126   have been attempted in few patients, but 
neither effi cacy nor impact on survival and arrhythmia 
recurrence is established. 

 Severe bradyarrhythmias are treated with pacemakers, 
as in other cardiac conditions, but the electrode should be 
placed in the subtricuspid area, not in the right ventricular 
apex, because apical fi brosis is common and may cause 
capture failure. The evidence for benefi t of pacemaker 
implantation comes from limited case series reports with 
historic control series of patients in whom this treatment 
was not possible.  94   

 The common association of sinus node or atrioventricu-
lar disturbances and ventricular complex dysrhythmia in 
the same patient may require pacemaker implantation 
associated with pharmacologic antiarrhythmic therapy. 
This management is regarded as prophylactic, although 
not based on unquestionable evidence. 

 In the later stages of CCC, with marked cardiac enlarge-
ment and heart failure, atrial fi brillation is common but the 
ventricular rate usually is not elevated because of conduc-
tion disturbances.     

diuretics, digitalis, and angiotensin - converting enzyme 
(ACE) inhibitors. For patients with severe cardiac failure, 
higher doses of diuretics are usually necessary. Small obser-
vational studies have documented short - term hemody-
namic benefi cial effects of these agents and, to a lesser 
extent, improvement in exercise tolerance in chronic cha-
gasic patients. However, no studies reported improvement 
in long - term hemodynamic or any hard clinical outcomes. 

 A prospective multicenter non - controlled trial assessed 
the impact of adding an ACE inhibitor to conventional 
therapy in 115 patients with heart failure (of whom 20 were 
chagasics). At the end of 12 weeks, irrespective of etiology, 
the NYHA functional class was signifi cantly improved in 
most patients (85.2%).  127   

 A single - blind, cross - over trial of ACE inhibitor and 
placebo for six weeks each, with a washout period of two 
weeks, was reported on 18 NYHA class IV chagasic 
patients.  128   Treatment with ACE inhibitor was associated 
with signifi cant reduction in neurohumoral activation and 
amelioration of ventricular arrhythmias. These results indi-
cate a potentially benefi cial role for this class of drugs in 
controlling mechanisms triggering sudden death. 

 In a recent small trial designed to test the effect of 
beta - blocker therapy in addition to inhibition of the 
renin - angiotensin - aldosterone system, 42 chagasic patients 
NYHA classes I – III received enalapril (up - titrated to 20   mg 
bid) and spironolactone (25   mg qd).  129   The renin - angioten-
sin - aldosterone system inhibition was associated with 
improvement of quality of life score and reduction of neu-
rohumoral activation assessed by brain natriuretic peptide 
(BNP) levels. Subsequently, 19 patients were randomly 
assigned to receive carvedilol (up - titrated to 25   mg bid) and 
20 patients were allocated to placebo. Beta - blockade with 
carvedilol was associated to a trend toward LV ejection 
fraction (EF) increase, and was hemodynamically well tol-
erated, with no symptomatic bradycardia. 

 Thus, there is only very limited evidence suggesting 
benefi t of drugs which reduce neurohormonal activation in 
Chagas ’  heart disease patients. No long - term controlled 
study has assessed the impact on survival of chagasic 
patients treated with ACE inhibitors, spironolactone or 
beta - blockers. Spironolactone is a theoretically attractive 
therapy because of the major role that cardiac fi brosis plays 
in the disease as well as the right heart failure. A random-
ized double - blind placebo - controlled study has been 
planned (CHARITY study) to investigate the impact of 
bisoprolol in a cohort of 500 patients with heart failure 
secondary to CCC (250 patients per arm), with a follow - up 
of two years.  130    

  Surgical  t reatment 

 Procedures such as dynamic cardiomyoplasty and partial 
left ventriculectomy (Batista ’ s surgery) are now abandoned 

 Key points 

     •      Pharmacologic, surgical, and device - based strategies for the 
treatment of ventricular dysrhythmia in chagasic patients are 
empirical and not supported by any large randomized, 
controlled trial. Level C2    

  Treatment of  c ongestive  h eart  f ailure 

 Hemodynamic derangement in chronic chagasic patients 
with heart failure is similar to that reported in dilated car-
diomyopathies of other etiologies. However, there are some 
peculiarities in the pathophysiology of CCC that may have 
therapeutic implications. For instance, there is usually 
marked predominance of systemic congestive manifesta-
tions over the pulmonary congestion symptoms and signs. 
Also, chagasic patients have striking conduction distur-
bances and tend to have symptomatic bradycardia, that 
may be aggravated with the use of digoxin, amiodarone, 
and beta - blockers. Congestive heart failure usually responds 
to routine management, including sodium restriction, 
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and LV geometric reconstruction with apical aneurysmec-
tomy is rarely indicated for chagasic patients. Severe mitral 
regurgitation, secondary to chamber dilation and to dysyn-
ergy of the posterior - inferior wall, contributes frequently 
to heart failure worsening. A recent retrospective report 
from a single center in Brazil showed promising results of 
the implantation of mitral prosthesis in 116 heart failure 
patients (three being chagasics).  131   

 Cardiac transplantation has been performed in small 
series of patients with refractory heart failure due to CCC. 
However, transplantation is limited by socioeconomic 
factors in areas where the disease is endemic and by prob-
lems related to the obligatory immunosuppression. Chagas ’  
disease reactivation with acute myocarditis and marked 
transitory LV systolic depression has previously been 
reported in small case series as a frequent complication in 
patients receiving the usual high dose of ciclosporin 
therapy.  76   Although the reactivation of infection was usually 
responsive to antiparasite therapy, the possibility of defi ni-
tive damage to the allograft could not be ruled out and early 
concern was raised that this could represent a severe limita-
tion or even a contraindication for heart transplantation in 
Chagas ’  disease. Nevertheless, the use of immunosuppres-
sion regimen with reduced ciclosporin dosing was reported 
to be effective in circumventing this limitation and the pro-
phylactic treatment of the organ receptor with trypanocidal 
drugs previous to transplantation was considered not nec-
essary.  105   However, a recent report indicated the occurrence 
of reactivation during the use of the new immunosuppres-
sant, mycophenolate mofetil.  132   

 The long - term impact of heart transplantation in cha-
gasic patients has been described in a subgroup of a large 
cohort of 792 patients submitted to orthotopic heart trans-
plantation in 16 centers in Brazil.  133   The mean overall fol-
low - up period was 2.87    ±    3.0 years, and 117 patients with 
chronic CCC constituted the subgroup. The entire cohort 
population also included 407 patients with idiopathic 
dilated cardiomyopathy and 196 with ischemic heart 
disease. Among chagasic patients the reported criteria and 
contraindication for transplantation were similar to those 
used for non - chagasic patients, except for the detection of 
megacolon or megaesophagus, also considered a contrain-
dication for transplantation. The survival rate of Chagas ’  
disease patients at one and 12 years was respectively 76% 
and 46%. These survival rates were statistically better in 
comparison with the rest of the cohort group in which the 
respective survival rates were 72% and 27%. Reactivation 
of  T. cruzi  infection with myocarditis and meningoencepha-
litis was rarely reported, and was the cause of death in only 
0.3% for the entire chagasic cohort. 

 A recent retrospective survey from a single center in 
Brazil reported on the later follow - up after cardiac trans-
plantation, with average of 44.4    ±    55.2 months, in 285 
patients of whom 59 had Chagas ’  disease. The late survival 

rates were similar in chagasic and non - chagasic patients. 
The reported  T. cruzi  infection reactivation rate in the initial 
10 patients (with conventional ciclosporin dose regimen) 
was 2.3 episodes per patient. This rate was reduced to 0.25 
episodes per patients in the subsequent series of patients 
for whom the ciclosporin dose was reduced.  105   

 Even allowing for the poor control of other relevant char-
acteristics of chagasic and non - chagasic patients in these 
retrospective observations, the limited available data 
suggest that heart transplantation is a valid therapeutic 
option in end - stage CCC, with an expected survival rate at 
least comparable to that of other patients. 

  Multisite  p acing  –   c ardiac  r esynchronization 
 This form of therapy is being widely used for treating cha-
gasic patients, without any supporting evidence of benefi t. 
In fact, there are several concerns about the use of cardiac 
resynchronization therapy in Chagas ’  disease patients that 
need to be resolved before any recommendation can be 
established. For instance, dysynergy caused by extensive 
fi brosis is likely to hamper resynchronizing. Also, QRS pro-
longation in chagasic patients are frequently related to 
right bundle branch block, and the effect of resynchroniza-
tion in this setting has not been established.  

  Stem  c ell  t herapy 
 Preliminary preclinical studies in murine models suggest 
potential benefi t of stem cell therapy in CCC.  134   Two 
months after treatment a signifi cant reduction in infl amma-
tion and fi brosis was seen in recipients of the cell therapy 
compared to control untreated animals. Another recent 
observation demonstrated improvement of LV function 
four weeks after implantation of co - cultured mesenchymal 
stem cells and skeletal myoblasts in rats.  135   

 To date, only one small non - randomized non - controlled 
clinical study reported the early results of bone marrow cell 
transplantation delivered by intracoronary injection in 28 
chagasic patients with NYHA class III – IV heart failure. A 
signifi cant increase in LV ejection fraction, assessed by 
echocardiography, was observed at 60 days after treatment 
when compared to baseline value (23.0    ±    9.0% vs 20.1    ±    6.8%, 
 P    =   0.02).  136   There was also improvement of symptoms and 
functional capacity. However, more studies are needed 
before this type of treatment can be recommended. A ran-
domized placebo - controlled clinical trial, sponsored by the 
Brazilian Ministry of Health, is currently ongoing and will 
test the effi cacy of autologous bone marrow derived mono-
nuclear cell therapies in 300 patients with Chagas ’  heart 
disease.  137     

  Prevention of  t hromboembolic  e vents 

 There is very limited clinical information on the risk of 
embolism in patients with mural thrombosis or apical 
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aneurysm. A recent study enrolled 305 patients to describe 
predictors of stroke in various cardiopathies, in a region 
where Chagas ’  disease is endemic.  138   Stroke was present in 
32 (10.5%) patients, more commonly in chagasics (15.0%) 
than in other cardiopathies (6.3%;  P    =   0.015). At multivari-
ate analysis only Chagas ’  disease, cardioversion and dia-
betes mellitus were predictors of stroke. A prospective 
cohort study in 1043 chronic chagasic patients found a 
global incidence of stroke of 5.6 per 1000 person - years. The 
mortality associated with the acute event was high (19.4%) 
and the fi ve - year survival was 45%. Only the presence of 
cardiomyopathy by echocardiographic or radiologic crite-
ria correlated with the occurrence of events.  139   

 Because of the high incidence of thromboembolic 
phenomena in CCC, anticoagulants are recommended for 
patients with atrial fi brillation, previous embolism, and 
apical aneurysm with thrombus, even in the absence 

of controlled clinical trials demonstrating their effi cacy. 
However, poor social and economic factors may limit 
the implementation of this therapy, because of the 
increased risk of bleeding. The use of small doses of ace-
tylsalicylic acid could be a reasonable alternative for these 
patients.  140   

 Figure  51.4  summarizes the cardiovascular interventions 
useful for the management of various stages of Chagas ’  
heart disease (see Table  51.1  for an explanation of the stages 
of heart involvement in Chagas ’  disease).     

  Prevention 

 Preventive measures aiming at minimization of the medical 
and social burden imposed by Chagas ’  disease include 
interventions: 

     Figure 51.4     Treatment algorithm for patients with Chagas ’  disease. This 
treatment algorithm represents a summary of the main options available, 
which are usually empiric and not supported by large randomized 
controlled trials. ACEI, angiotensin - converting enzyme inhibitor; AV, 
atrioventricular; CHF, congestive heart failure; CI, contraindication; EPS, 

Under investigation

Indeterminate 

• Benznidazole 

• Annual follow-up

Heart involvement in Chagas disease

• Cardiac resynchronization

• Stem cell therapy 

If fluid retention

• Thiazides 

• Furosemide

All patients

• ACE inhibitor (ACEI) 

• ARB (if intolerance to ACEI)

If persistent signs/symptoms
or NYHA class III/IV 

• Digoxin 

• Spironolactone

• Beta-blocker 

If refractory CHF despite
above measures 

• Cardiac transplantation

Chronic LV systolic dysfunction
and chronic heart failue 

Pacemaker 

• Adequate rate control 

• Restoration of SR (selected cases)

Severe bradyarrhythmias
Sinus node dysfunction

Advanced AV block

Previous thromboemblism 
Cardiac thrombosis 

Atrial fibrillation

24 h Holter 
Exercise testing 

EPS (selected cases) 

Presyncope
Syncope 

If atrial fibrillation

• Oral anticoagulant (OAC)

• Aspirin (if CI to OAC) 

All patients

Complex ventricular
arrhythmias 

• Amiodarone

If NSVT or SVT

• ICD 

• Catheter ablation

If refractory SVT
or VF 

Acute 

•Benznidazole 

•Routine therapy for CHF as needed

electrophysiologic study; ICD, implantable cardioverter - defi brillator; LV, left 
ventricular; NSVT, non - sustained ventricular tachycardia; NYHA, New York 
Heart Association; OAC, oral anticoagulant; SR, sinus rhythm; SVT, 
sustained ventricular tachycardia; VF, ventricular fi brillation.  
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   •      designed to prevent the transmission of the disease  –  
primary prevention. The focus of this set of interventions 
is on the control of vectoral and blood transmission of the 
infection  
   •      to reduce the chance of developing clinical illness (i.e. to 
prevent or inhibit disease in cases where infection has 
occurred)  –  secondary prevention, which includes trypano-
cidal therapy, aiming at eradication of  T. cruzi  not only to 
possibly prevent chronic organ damage, but also to inter-
fere with the epidemiologic chain  
   •      designed to limit human incapacity and to prevent mor-
bidity and mortality, once disease has occurred  –  tertiary 
prevention.     
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     This overview deals with the extent to which the clinical 
management of the common pericardial diseases (i.e. 
idiopathic pericarditis, purulent pericarditis, tuberculous 
pericarditis, and neoplastic pericarditis) is supported 
by evidence from well - designed prospective studies. The 
diagnosis of acute pericarditis is based on the presence of 
typical chest fi ndings, history and the electrocardiogram. 
The echocardiogram is used to confi rm and quantify an 
associated pericardial effusion. It is generally accepted that 
oral non - steroidal anti - infl ammatory drugs (NSAIDs) or 
aspirin are effective in most patients with acute pericardi-
tis. Colchicine added to an NSAID or aspirin or as mono-
therapy appears to shorten the duration of the initial attack, 
and reduce the risk of recurrent pericarditis. A preliminary 
study has highlighted the potential benefi t of rosuvastatin 
as adjunctive therapy to NSAIDs in acute pericarditis. 
Corticosteroids are restricted to cases of autoimmune 
disease with early introduction of NSAIDs or colchicine 
during the tapering phase, because of their association with 
recurrent attacks of acute pericarditis on withdrawal. 
Recurrent pericarditis is treated with colchicine. Chronic 
idiopathic pericardial effusion, which is diagnosed on the 
basis of persistence of effusion for several months in popu-
lations with a low prevalence of tuberculosis, is treated by 
pericardiocentesis and pericardiectomy in the case of 
recurrence. 

 A specifi c cause of pericarditis, such as purulent, tuber-
culous or neoplastic pericarditis, must be sought in all 
patients with pericarditis who present with the following 
clinical features: a fever  > 38    ° C, subacute course over 
several days or weeks, large effusion with an echo - free 
space  > 1   cm anterior to the heart on echocardiography, 
cardiac tamponade, and failure of aspirin or NSAID therapy 
within a week. In this context, diagnostic pericardiocente-

sis and other tests are required to make a specifi c diagnosis. 
Purulent pericarditis, which is diagnosed on the basis of a 
neutrophilic pericardial exudate in association with a posi-
tive microbiologic culture, requires treatment with antibiot-
ics and pericardial drainage. Preliminary studies using 
intrapericardial thrombolysis show promise in reducing 
the incidence of pericardial adhesions and constriction. 

 A defi nite or proven diagnosis of tuberculous pericardi-
tis is based on demonstration of tubercle bacilli in pericar-
dial fl uid or on histologic section of the pericardium. A 
probable or presumed diagnosis is based on proof of tuber-
culosis elsewhere in a patient with otherwise unexplained 
pericarditis, a lymphocytic pericardial exudate with ele-
vated biomarkers of tuberculous infection, and/or appro-
priate response to a trial of antituberculosis chemotherapy. 
Treatment consists of four - drug therapy for at least two 
months (isoniazid, rifampicin, pyrazinamide, and etham-
butol) followed by two drugs (isoniazid and rifampicin) for 
four months regardless of human immunodefi ciency virus 
(HIV) status. It is uncertain whether adjunctive corticoste-
roids are effective in reducing mortality or pericardial con-
striction, and their safety in HIV - infected patients has not 
been established conclusively. Surgical resection of the 
pericardium is indicated for calcifi c constrictive pericardi-
tis or persistent signs of constriction following a 6 – 8 trial 
of antituberculosis treatment in patients with non - calcifi c 
constrictive pericarditis. 

 The diagnosis of neoplastic pericarditis rests on sam-
pling of pericardial fl uid or tissue for pathologic examina-
tion. Treatment of neoplastic pericardial effusion is directed 
at the relief of immediate symptoms of pericarditis or tam-
ponade, preventing reaccumulation, and the management 
of the underlying malignancy.  

  Introduction 

 A wide variety of conditions may result in pericardial 
disease, which presents clinically as acute pericarditis, 
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pericardial effusion or constrictive pericarditis. The etio-
logic spectrum depends on the epidemiologic setting of the 
patient. For example, in industrialized countries, most 
cases of pericarditis are idiopathic, whereas tuberculosis 
accounts for the majority of patients in the developing 
world (Table  52.1 ).  1,2   In many cases, pericardial disease is 
associated with a known condition (e.g. malignancy) or 
underlying cardiac disease, which prove to be the cause of 
pericardial disease. In patients with no apparent cause of 
the pericardial syndrome, the presence of infl ammatory 
signs is predictive of acute pericarditis; on the other hand, 
a large effusion without infl ammatory signs or tamponade 
is predictive of chronic idiopathic pericardial effusion.  3   
Tamponade without infl ammatory signs is suspicious for 
neoplastic pericardial effusion. In patients living in tuber-
culosis - endemic regions, a pericardial effusion without 
apparent cause is likely to be tuberculous until proven 
otherwise. The prognosis of pericardial disease is related 
to the underlying disease, being especially poor in patients 
with malignancy.  3     

 This overview deals with the clinical management of 
the common pericardial diseases, including idiopathic 
pericarditis, purulent pericarditis, tuberculous pericarditis, 
and neoplastic pericarditis. We examine the extent to 
which existing treatments are supported by evidence from 
well - designed prospective studies. The fi ndings reported 
here are based on a comprehensive search of electronic 
databases and bibliographies of articles on pericarditis.  

  Idiopathic  p ericarditis 

  Epidemiology 

 Acute idiopathic pericarditis accounts for 80 – 90% of 
primary acute pericardial disease (i.e. pericardial syndrome 
without apparent cause at initial clinical evaluation) in 

Western countries.  2,4,5   Incidence has been estimated at 28 
per 100 000 per year, but the infl uence of the tested popula-
tion, mode of presentation and seasonal and geographic 
variation of viral infections is signifi cant.  6   Acute pericardi-
tis is responsible for  ∼ 1% of presentations to emergency 
departments with electrocardiographic ST elevation, but at 
least an additional 10% of patients are diagnosed in the 
absence of electrocardiographic criteria.  7,8    

  Etiology 

 The etiology of idiopathic pericarditis is presumed to be 
viral or autoimmune. However, in a French study of 136 
patients diagnosed with idiopathic pericarditis after stan-
dard investigations and pericardiocentesis, serologic anti-
body evaluation and viral culture of throat swabs yielded 
alternative diagnoses in 39 (29%); the commonest causes 
were  Coxiella burnetii  (n   =   10), enterovirus (n   =   8), 
Mycoplasma infection (n   =   4) and autoimmunity (high 
antinuclear antibody titer, n   =   3).  9   Previously unsuspected 
hypothyroidism was diagnosed in an additional 14 patients 
through routine measurement of thyroid - stimulating 
hormone. The use of more sophisticated methods for exam-
ining pericardial fl uid and tissue, such as tumor markers, 
fl uorescence - activated cell sorting, polymerase chain reac-
tion and immunohistochemistry, as in the Marburg Pericar-
ditis Registry, means that less than 5% of cases are labeled 
as idiopathic and a much higher proportion of cases are 
found to be viral or autoimmune.  10    

  Diagnosis 

 Acute pericarditis is the occurrence of two or more of the 
following: characteristic chest pain, pericardial friction rub 
(pathognomonic of acute pericarditis), and an electrocar-
diogram showing characteristic ST segment elevation or 
typical serial changes. Transthoracic echocardiography is 
recommended for all patients.  10,11   Cardiac tamponade is an 
indication for therapeutic pericardiocentesis. Diagnostic 
pericardiocentesis is recommended if an infective or malig-
nant cause of effusion is suspected.  10,11   Although there are 
no absolute clinical differentiators, a history of malignancy 
or autoimmune illness, high fever with rigors, skin rash or 
weight loss point to a specifi c disease. Blood tests may 
reveal renal failure while a markedly raised white cell 
count suggests purulent pericarditis.  11   

 A recent prospective evaluation of 453 patients identifi ed 
fever  > 38    ° C (odds ratio (OR) 3.56), subacute course (3.97), 
large effusion or tamponade (2.15), and failure of aspirin 
or NSAID therapy (2.50) as predictive of a specifi c cause 
being present (noted in 76 patients (17 %)) with identifi ed 
diagnoses of autoimmune, neoplastic, tuberculous or bac-
terial pericarditis.  2   In another prospective study of 130 
patients, the presence of infl ammatory signs (characteristic 

 Table 52.1     Contemporary causes of large pericardial effusion 

        South Africa 
 Reuter  et al  2006  1   
 (n 233, 1995 – 2001)  

   Italy 
 Imazio  et al  2007  2   
 (n 453, 1996 – 2004)  

  Tuberculous 

pericarditis  

  162 (69.5%)    17 (3.7%)  

  Neoplastic pericarditis    22 (9.4%)    23 (5.1%)  

  Autoimmune 

aetiology  

  12 (5.2%)    33 (7.3%)  

  Purulent/septic 

pericarditis  

  5 (2.2%)    3 (0.7%)  

  Idiopathic or other 

causes  

  32 (13.7%)    377 (83.2%)  
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chest pain, pericardial friction rub, fever or typical electro-
cardiographic changes) in the absence of an identifi ed 
cause of moderate to large effusion predicted the diagnosis 
of idiopathic pericarditis (OR 5.4), whereas when these 
were not present, tamponade predicted neoplasia (OR 
2.9).  12   This is in stark contrast to tuberculosis and HIV -
 endemic areas where the majority of effusions are caused 
by tuberculosis.  13   The presence of features suggestive of a 
specifi c cause should prompt the clinician to investigate the 
patient further for an infective, neoplastic or autoimmune 
cause of the pericarditis.  

  Management 

 When none of the above features are present to suggest 
high risk and the presence of autoimmune, neoplastic, 
tuberculous or bacterial pericarditis, management in a day 
case unit has been shown to be safe as long as these low - risk 
patients are observed for a few hours while preliminary 
investigations are being undertaken and closely followed 
up thereafter to ensure response to treatment.  8   Acute peri-
carditis can therefore be triaged based on clinical and echo-
cardiographic criteria and those with high - risk features 
admitted and thoroughly investigated  2   (Class I, Level C1). 

 It is generally accepted that bed rest and oral NSAIDs 
are effective in most patients with acute pericarditis, 
although there are no controlled trials.  4,10,14   Ibuprofen has 
been recommended over indometacin due to its better side 
effect profi le, larger dose range and anecdotal effi cacy.  10,14   
Ketorolac is an extremely potent analgesic agent which 
has been reported to cause rapid resolution of symptomatic 
acute pericarditis in an uncontrolled study of 20 
patients.  15   However, before using expensive NSAIDs, it is 
appropriate to consider aspirin.  16   In a prospective uncon-
trolled study of 254 patients with uncomplicated acute 
pericarditis, aspirin given at a dose of 800   mg every 6 – 8 
hours for 7 – 10 days (in conjunction with misoprostol 
or omeprazole for gastric protection) with gradual tapering 
over 2 – 3 weeks resulted in a favorable response in 87%.  8   
Although similar in presentation to responders, those 33 of 
254 patients with poor response to aspirin (defi ned as per-
sistence of fever, a new pericardial effusion, or worsening 
of general illness after seven days) were shown to have a 
higher incidence of autoimmune (39% versus 2%) and 
tuberculous pericarditis (18% versus 0%). The differences 
in etiology of pericarditis between responders and non -
 responders probably explain the reduced incidence of 
recurrent pericarditis (10% versus 61%) and constriction by 
one year in responders (0.5% versus 9%).  8   In view of this 
evidence, response to a trial of aspirin or NSAID can be 
taken as predictive of good prognosis and no further inves-
tigation is routinely required. Conversely, failure of aspirin 
or NSAID therapy should prompt further investigation for 
a specifi c cause of pericarditis  2,8   (Class I, Level C1). 

 A randomized open - label trial of COlchicine for acute 
PEricarditis (COPE study) in 120 patients with pericarditis 
due to idiopathic, viral, postpericardiectomy and connec-
tive tissue disease demonstrated on intention - to - treat analy-
sis that a three - month course of colchicine in addition to a 
3 – 4 week course of aspirin reduced symptom persistence at 
72 hours (from 37% to 12%,  P    =   0.003) and recurrence rate 
at 18 months (32% to 11%,  P    =   0.004, number needed to treat 
(NNT)   =   5).  17   No serious adverse effects of colchicine were 
seen but the drug had to be discontinued in 8% of patients 
due to diarrhea. The results of this trial will be supple-
mented with a larger trial of colchicine versus placebo cur-
rently underway.  18   Colchicine (0.5   mg bd)  10   added to an 
NSAID/aspirin (Class I, Level B) or as monotherapy (Class 
IIa, Level C2) appears to be effective for the initial attack 
and prevention of recurrences of acute pericarditis. 

 A preliminary study has highlighted the potential ben-
efi ts of rosuvastatin as adjunctive therapy to NSAIDs in 
acute pericarditis.  19   The rationale for the use of statins in 
this setting is based on their known anti - infl ammatory 
effects, as shown by the lowering of C - reactive protein 
(CRP) independently of their lipid - lowering effect.  19   Fifty 
fi ve consecutive patients with a fi rst episode of acute peri-
carditis were randomized to either indometacin plus 
placebo or indometacin plus rosuvastatin 10   mg, with treat-
ment continued for a week after infl ammatory markers 
normalized. The addition of rosuvastatin resulted in sig-
nifi cantly earlier normalization of CRP levels (5.0 versus 
6.0 days, P   =   0.022), ST segment deviation (3.5 vs 4.5 days, 
 P    =   0.001), pericardial effusion (4.5 vs 5.5 days,  P    =   0.001) 
and erythrocyte sedimentation rate (ESR) (5.0 vs 6.0 days, 
 P    =   0.022). These promising results need to be confi rmed 
in larger studies before application to clinical practice 
(Class IIb, Level B). 

 Corticosteroids are effective in acute pericarditis but 
observational data suggest that their use in this setting is 
associated with an increased risk of recurrence.  16,20   The pain 
and any associated fever, leukocytosis, and other infl am-
matory factors resolve rapidly with high - dose corticoste-
roid administration (e.g. 1 – 1.5   mg/kg/day), only to return 
during tapering to a low dose of the steroid.  16   Prospective 
data from the COPE trial add to these observations.  17   
Patients in both arms of the study with aspirin intolerance 
or contraindication (n   =   19, 16%) were treated with corti-
costeroids for a similar duration to aspirin. Steroid use was 
an independent risk factor for recurrence on multivariate 
analysis (OR 4.30, 95% confi dence interval (CI) 1.21 – 15.25). 
Therefore corticosteroids are restricted to cases of autoim-
mune or connective tissue disease with early introduction 
of NSAIDs or colchicine during the tapering phase (Class 
IIa, Level C2).  10   Intrapericardial triamcinolone is one way 
of reducing systemic side effects which have been shown 
to be effective in up to 93% of patients with autoimmune 
pericardial effusion  21   (Class I, Level C2).  
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  Recurrent  p ericarditis 

 Recurrent pericarditis is the most troublesome complica-
tion of acute pericarditis. The criteria for the diagnosis of 
recurrent pericarditis are a documented fi rst attack of acute 
pericarditis, and evidence of either recurrence or continued 
activity of pericarditis despite therapy.  22   Recurrent pericar-
ditis, which affects about 20% of cases,  20,22   is diagnosed in 
the presence of chest pain and one or more of the following: 
pericardial friction rub, electrocardiographic changes, 
echocardiographic evidence of pericardial effusion, and 
raised infl ammatory markers.  22,23   Approximately 40% have 
multiple attacks and 10% have more than fi ve attacks over 
several years, although attacks tend to become progres-
sively less severe.  20   The disease process can continue for up 
to 43 years (mean 5.4 years), with symptom - free periods 
ranging from one month to 39 years (median three months), 
but in most it gradually  “ burns out ”  after 10 years.  24   Despite 
this, prognosis is good: cardiac tamponade and pericardial 
constriction are very rare, myocardial disease is not seen, 
and atrial fi brillation is an uncommon transient feature of 
exacerbations.  23 – 25   

 There is no single consistent etiologic factor but evidence 
of ongoing viral infection, prior corticosteroid use, autoim-
munity and familial clustering have all been variably 
reported.  16,20   Antinuclear antibodies have been reported in 
approximately 55% and a new diagnosis of connective 
tissue disease in 10% of 61 patients with recurrent idio-
pathic pericarditis.  24   Where patients from Mediterranean 
countries are over - represented, familial Mediterranean 
fever has been reported in 4%.  26   

 In the assessment of patients with recurrence, evaluation 
for connective tissue disease is appropriate but complex 
diagnostic procedures, such as invasive endomyocardial or 
pericardial sampling, are usually not justifi ed.  16,20   

 The open - label COlchicine for REcurrent pericarditis 
(CORE) study randomized 84 consecutive patients with 
fi rst recurrence of idiopathic, autoimmune or viral pericar-
ditis to aspirin or aspirin and a six - month course of colchi-
cine.  22   On intention - to - treat analysis, treatment with 
colchicine signifi cantly decreased 18 - month recurrence 
from 51% to 24% ( P    =   0.02, NNT 4) and symptom persis-
tence at 72 hours from 31% to 10% ( P    =   0.03).  10   Colchicine 
(2   mg/day for one or two days, followed by 1   mg/day)  10    
can be recommended as effective therapy for recurrent 
pericarditis (Class I, Level B). Prednisolone was substi-
tuted in 30 patients with aspirin contraindication and on 
multivariate analysis this was an independent risk factor 
for further recurrences (OR 2.9, 95% CI 1.1 – 8.3). These fi nd-
ings confi rm uncontrolled studies reporting on the use of 
colchicine as fi rst - line therapy for recurrence  25,27,28   and the 
deleterious effects of corticosteroids in attenuating its effec-
tiveness  26   and increasing the risk of further recurrence.  20,25   
A sustained response on discontinuation of colchicine is 

seen in 60%, although recurrences are minor and resolve 
with reinstitution of colchicine (Class IIa, Level C2).  28   
Relapse on colchicine can be managed effectively in the 
majority with reinstitution of NSAIDs.  28   Patients with 
recurrent pain despite NSAIDs and colchicine are challeng-
ing yet there is a paucity of evidence to guide management. 
Corticosteroids are recommended in European guidelines 
only in patients with poor general condition or frequent 
crises 10 (Class IIa, Level C2). An extended course of low -
 dose steroids may be superior to regimes utilizing a high 
dose initially. A nonrandomized retrospective comparison 
reported a signifi cantly increased risk of recurrence with a 
higher dose: 33 of 51 patients taking prednisone 1.0   mg/
kg/day suffered a recurrence by mean followup of 58 
months as compared to 16 of 49 taking 0.2 – 0.5   mg/kg/day 
by 54 months (hazards ratio 3.6,  P     <    0.001). Some of this 
may be related to premature withdrawal of therapy as the 
higher dose was associated with signifi cantly increased 
toxicity (osteoporosis and Cushing ’ s syndrome reported in 
24% vs 2%).  28a   (Class IIa, Level C1) Claims of effectiveness 
have been made in small uncontrolled studies for pericar-
diectomy, azathioprine, chloroquine, and intravenous 
immunoglobulin (Table  52.2 ) (Class IIb, Level C2).    

  Chronic  i diopathic  p ericardial  e ffusion 

 Patients with large pericardial effusion of no apparent 
cause which persists for more than three months constitute 
3% of pericarditis and 70% of large chronic effusions in the 
West.  29   The main concern is the occurrence of tamponade, 
reported in 30 – 40% of cases, at times with unexpected 
decompensation after being asymptomatic for several 

 Table 52.2     Therapeutic strategies previously evaluated in recurrent 
pericarditis (after failure of  NSAID ) 

   Study     Patients 
(n)  

   Therapeutic 
strategy evaluated  

   Remission 
rate  

  Fowler  23      9    Pericardiectomy    2/9 (22%)  

  Hatcher  32      24    Pericardiectomy    20/24 (83%)  

  Asplen  33      2    Azathioprine    2/2 (100%)  

  Imazio  25      2    Azathioprine    2/2 (100%)  

  Melchior  34      2    High - dose 

methylprednisolone 

as pulse therapy  

  2/2 (100%)  

  Marcolongo  35      12    High - dose 

prednisolone with 

aspirin  

  11/12 (92%)  

  Peterlana  36      4    High - dose intravenous 

immunoglobulin  

  3/4 (75%)  

  Tona  37      2    High - dose intravenous 

immunoglobulin  

  2/2 (100%)  
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years.  29,30   For this reason, drainage is recommended even 
in the absence of tamponade (Class IIa, Level C1). Lasting 
remission is seen in 33 – 75% after therapeutic pericardio-
centesis alone and 95% after extended catheter drainage.  30   
Pericardiectomy offers long - term success whether carried 
out initially or after failure of percutaneous drainage.  29 – 31   
Survival rates are similar to the background population  30   
but a late appearance of malignancy has been reported in 
5 – 10% of cases at 6 – 80 months following diagnosis.  29,30     

  Purulent  p ericarditis 

  Epidemiology 

 Purulent pericarditis is now rare in the developed world, 
comprising 0.7 – 5% of pericardial effusions  2,12,38,39   and less 
than 1% of cases undergoing pericardiectomy.  40 – 42   In 
Western series, the most common reported organisms have 
been staphylococci, streptococci and pneumococci when 
the predominant associated lesions are empyema (50%) or 
pneumonia (33%).  43   In a series where over 50% of patients 
had compromised immunity or thoracic surgery,  Staphylo-
coccus aureus  (30%) and fungi (20%) have predominated.  44   
In another unselected retrospective series anaerobes origi-
nating from the oropharynx were most commonly found.  45   
Seeding may be hematogenous but contiguous spread from 
less common sites such as the retropharyngeal space, 
cardiac valves, and below the diaphragm must be 
excluded.  46    Neisseria meningitidis  may involve the pericar-
dium in two ways: either through initiating an immune -
 mediated sterile effusion  47,48   or by direct infection and 
purulent reaction.  49   The modern era of iatrogenic and HIV -
 associated immunosuppression has witnessed more 
unusual organisms and presentations.  50 – 54    

  Diagnosis 

 A prodrome of 3 – 10 days precedes presentation with fever, 
cough, chest pain and tachycardia.  43,44   Pericardial rub is 
present in 35 – 45% of patients and tamponade in 40 – 80%. 
However, when pericardial involvement is secondary, the 
underlying sepsis predominates the illness and its 
outcome.  55   This may partly explain why as many as 30 – 40% 
of patients are diagnosed post mortem  43,44   and also stresses 
the importance of identifying associated foci, with the use 
of adjunctive investigations as indicated. 

 Blood tests are in keeping with sepsis whilst radiographic 
cardiomegaly (75%), lung fi eld shadowing (50%) and 
pleural effusions (30%) are common. Electrocardiography 
is usually typical of myopericarditis but may be normal in 
10 – 30% of patients. Echocardiography confi rms the pres-
ence of effusion; however, in patients with sepsis this is not 
proof in itself of pericardial infection.  56   Suspicion of puru-

lent pericarditis is an indication for urgent pericardiocen-
tesis,  10   which is diagnostic.  57   The fl uid may be frankly 
purulent. A low pericardial to serum glucose ratio (mean 
0.3) and raised pericardial fl uid white cell count with high 
proportion of neutrophils (mean cell count 2.8 per  μ l, 92% 
neutrophils) differentiate from tuberculous (ratio 0.7, count 
1.7 per  μ l, 50% neutrophils) and neoplastic (ratio 0.8, count 
3.3 per  μ l, 55% neutrophils) pericarditis.  58   Fluid should be 
sent for bacterial, fungal and tuberculous studies, blood 
cultures drawn and other samples taken as guided by the 
clinical presentation.  

  Management 

 Purulent pericarditis should be managed aggressively as 
mortality is universal if untreated, whereas with compre-
hensive therapy 85% have been reported to survive the 
episode and have good long - term outcome.  43   Intravenous 
antimicrobial therapy should be started empirically until 
microbiologic results are available. Effective pericardial 
drainage is crucial.  10   There are no prospective studies com-
paring one modality over another in purulent pericarditis. 
Retrospective comparisons with unselected cases feature 
purulent pericarditis rarely and in small numbers. Central 
to the choice of modality is the fact that purulent effusions 
are often heavily loculated and likely to reaccumulate 
rapidly. Subxiphoid pericardiostomy and rinsing of the 
pericardial cavity is recommended.  10   This allows more 
complete drainage of the effusion as loculations can be 
manually lyzed at the time of surgery. In a Zimbabwean 
report of 21 cases of purulent pericarditis managed as such, 
under local anesthesia in most cases, there was one recur-
rence of effusion (5%), one case of constriction (5%), and 
four deaths (20%)  59   (Class IIa, Level C2). 

 Intrapericardial thrombolysis through a percutaneous 
catheter has attempted to address the problems encoun-
tered with loculations restricting adequate drainage. Ten 
studies have reported a total of 35 patients with purulent 
pericardial effusion treated with percutaneous intraperi-
cardial thrombolysis.  57,60 – 68   Intrapericardial thrombolysis 
did not alter systemic clotting parameters and was associ-
ated with regression or disappearance of intrapericardial 
fi brin strands, improvement in hemodynamic status and 
prevention of constriction. Treatment failure was reported 
in two patients. Reported complications were intrapericar-
dial haemorrhage (n   =   2) and mortality from ongoing 
sepsis (n   =   1). A controlled study of intrapericardial uroki-
nase in 60 patients with tuberculous pericarditis and 34 
with purulent pericarditis reported a 13% incidence of 
intrapericardial haemorrhage.  69   An adequately designed 
study is required to evaluate the safety and effectiveness of 
this promising therapy in selected patients with purulent 
effusion and subacute constriction (Class IIb, Level C2). 
Pericardiectomy is recommended for dense adhesions, 
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loculated or thick purulent effusion, recurrence of tampon-
ade, persistent infection, and progression to constriction, 
with up to 8% surgical mortality (Class IIa, Level C2).  10   
Duration of antimicrobial therapy has to be individualized 
(Class IIa, Level C2).   

  Tuberculous  p ericarditis 

  Epidemiology 

 Tuberculous pericarditis accounts for less than 5% of peri-
cardial disease in the developed world.  2,4,5   By contrast, 
tuberculosis is the cause of large pericardial effusions in 
over 90% of HIV - infected  70 – 72   and 50 – 70% of non - HIV 
infected individuals who live in tuberculosis - endemic 
regions and communities.  72,70   The disease can occur at any 
age  73,74   and men are more frequently affected than women, 
though occasionally a greater proportion of female patients 
has been reported.  75 – 78   Clinical presentations are as pericar-
dial effusion (80% of cases), effusive - constrictive pericardi-
tis (15%) or constrictive pericarditis (5%).  79   Tuberculous 
pericarditis is a serious condition with a mortality of 17 –
 40%; constriction occurs in a similar proportion of cases 
following tuberculous pericardial effusion.  80    

  Tuberculous  p ericardial  e ffusion 

 Tuberculous pericardial effusion should be suspected in all 
instances of pericarditis without a rapidly self - limiting 
course. Onset is insidious and presentation is with non -
 specifi c systemic symptoms, such as fever, night sweats, 
fatigue, and weight loss.  13   Chest pain, cough, and breath-
lessness are common, although severe pericardial pain of 
acute onset characteristic of idiopathic pericarditis is 
unusual. Right upper abdominal aching owing to liver 
congestion is also common. In African patients with tuber-
culous pericardial effusions, evidence of chronic cardiac 
compression mimicking heart failure is the most common 
presentation and 10% present with clinical tamponade.  75   
While there is marked overlap between the physical signs 
of pericardial effusion and constrictive pericarditis, the 
presence of a pericardial friction rub and increased cardiac 
dullness extending to the right of the sternum favor a clini-
cal diagnosis of pericardial effusion.  81    

  Diagnosis 

 The chest radiograph, which shows an enlarged cardiac 
shadow in almost all cases,  82   demonstrates features of 
active pulmonary tuberculosis in 30% of cases and pleural 
effusion in 40 – 60% of cases.  75,82 – 85   The electrocardiogram is 
abnormal in virtually all cases, usually in the form of non -
 specifi c ST T - wave changes.  86   The PR segment deviation 

and ST segment elevation characteristic of acute pericardi-
tis are found in only 9 – 11% of cases. Atrial fi brillation is 
usually transient. Echocardiographic fi ndings of effusion 
with fi brinous strands on the visceral pericardium are 
typical but not specifi c for a tuberculous aetiology.  87,88   
Imaging by CT scanning or MRI can also be used to provide 
incremental information to echocardiography.  89 – 91   In addi-
tion to features of pericardial disease (i.e. pericardial effu-
sion and thickening of the pericardium), CT of the chest 
shows typical changes in mediastinal lymph nodes (i.e. 
enlargement  > 10   mm with matting and hypodense centers 
and sparing of hilar lymph nodes) in almost all cases which 
resolve on treatment.  89   MRI has the added advantage of 
assessing the extent of pericardial infl ammation  91,92   and 
myocardial involvement.  93,94   

 A  “ defi nite or proven ”  diagnosis of tuberculous pericar-
ditis is based on the demonstration of tubercle bacilli in 
pericardial fl uid or on histologic section of the pericardium, 
and a  “ probable or presumptive ”  diagnosis is made when 
there is proof of tuberculosis elsewhere in a patient with 
unexplained pericarditis, a lymphocytic pericardial exudate 
with elevated adenine deaminase (ADA), interferon -
 gamma (IFN -  γ ) or lysozyme levels, and/or an appropriate 
response to antituberculosis chemotherapy.  13   A protocol for 
the evaluation of a patient with suspected tuberculous peri-
cardial effusion in tuberculosis - endemic and non - endemic 
communities and regions of the world is presented in Table 
 52.3 .  13,80     

 A new diagnostic index score has been developed to 
predict the diagnosis of tuberculous pericarditis in patients 
living in an endemic area.  1   Independently predictive of 
tuberculous pericarditis (with diagnostic index score) were 
fever (1), night sweats (1), weight loss (2), globulin level 
 > 40 g/L (3) and peripheral leukocyte count  < 10    ×    10 9 /L(3). 
A total score of  ≥ 6 indicates tuberculous pericarditis with 
86% sensitivity and 85% specifi city, which proved to have 
better diagnostic effi ciency than culture or pericardial 
histology in this study.  1    

  Management 

 In patients living in non - endemic areas, there is no justifi ca-
tion for starting antituberculosis treatment empirically 
when systematic investigation fails to yield a diagnosis of 
tuberculous pericarditis; such patients should be treated as 
chronic idiopathic pericardial effusion (as indicated above)  85   
(Class I, Level C1). By contrast, in tuberculosis endemic 
regions and communities, after exclusion of other causes of 
pericardial effusion such as malignancy (Class I, Level B), 
a regimen consisting of rifampicin, isoniazid, pyrazinamide 
and ethambutol for at least two months, followed by isonia-
zid and rifampicin (total of six months of therapy), has been 
shown to be highly effective in treating patients with extra-
pulmonary tuberculosis; treatment for nine months or 
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 Table 52.3     A step - wise protocol for the evaluation of suspected tuberculous pericardial effusion   13,80    

  Stage 1: Initial non - invasive 

evaluation  

  Chest radiograph may reveal changes suggestive of pulmonary tuberculosis in 30% of cases. 

 Echocardiogram: the presence of a large pericardial effusion with frond - like projections, and thick  “ porridge -

 like ”  fl uid is suggestive of an exudate but not specifi c for a tuberculous etiology. 

 CT scan and/or MRI of the chest are alternative imaging modalities where available: for evidence of pericardial 

effusion and thickening ( > 3   mm), and typical mediastinal and tracheobronchial lymphadenopathy ( > 10   mm, 

hypodense centers, matting), with sparing of hilar lymph nodes. 

 Culture of sputum, gastric aspirate and/or urine should be considered in all patients. 

 Right scalene lymph node biopsy if pericardial fl uid is not accessible and lymphadenopathy present. 

 Tuberculin skin test is not helpful in adults regardless of the background prevalence of tuberculosis.  

  Stage 2: Pericardiocentesis     Therapeutic pericardiocentesis  is absolutely indicated in the presence of cardiac tamponade. 

  Diagnostic pericardiocentesis  should be considered in all patients with suspected tuberculous pericarditis, and the 

following tests performed on the pericardial fl uid: 

 Direct inoculation of the pericardial fl uid into double strength liquid Kirchner culture medium (or equivalent 

medium) at the bedside, and culture for  M. tuberculosis . 

 Biochemical tests to distinguish between an exudate and a transudate (fl uid and serum protein; fl uid and serum 

LDH). 

 White cell analysis and count, and cytology: a lymphocytic exudate favours TB pericarditis. 

 Indirect tests for tuberculous infection: adenosine deaminase (ADA), interferon - gamma (IFN -  γ ) or lysozyme assay.  

  Stage 3: Pericardial biopsy      “ Therapeutic ”  biopsy : as part of surgical drainage in patients with severe tamponade relapsing after 

pericardiocentesis or requiring open drainage of pericardial fl uid for whatever reason. 

  Diagnostic biopsy : in areas where TB is endemic, a diagnostic biopsy is not required prior to commencing empiric 

antituberculosis treatment. In areas where TB is not endemic, a diagnostic biopsy is recommended in patients 

with  > 3 weeks of illness and without etiologic diagnosis having been reached by other tests.  

  Stage 4: Empiric antituberculosis 

chemotherapy  

   Tuberculosis endemic in the population : trial of empiric antituberculosis chemotherapy is recommended for 

exudative pericardial effusion, after excluding other causes such as malignancy, uremia, and trauma. 

  Tuberculosis not endemic in the population : when systematic investigation fails to yield a diagnosis of 

tuberculous pericarditis, there is no justifi cation for starting antituberculosis treatment empirically.  

longer gives no better results, but has the disadvantages of 
increased cost and poor compliance.  95   Short - course chemo-
therapy is also highly effective in curing tuberculosis in 
HIV - infected patients  96   (Class I, Level A). 

 The role of routine pericardiotomy at the outset has been 
studied in a trial of 122 consenting participants random-
ized to complete open drainage by substernal pericardiot-
omy and biopsy under general anesthesia on admission or 
percutaneous pericardiocentesis as required to control 
symptoms and signs.  75   Complete open drainage abolished 
the need for repeat pericardiocentesis (relative risk (RR) 
0.04; 95% CI 0.00 – 0.64,  P    =   0.02) but did not signifi cantly 
infl uence the need for pericardiectomy for subsequent con-
striction (RR 0.39; 95% CI, 0.08 – 1.91;  P    =   0.20) or the risk of 
death as a result of pericarditis (RR 1.29; 95% CI 0.30 – 5.49; 
 P    =   0.70).  97   Therefore, routine open drainage by substernal 
pericardiotomy is not recommended (Class III, Level B). 

 Preliminary reports have identifi ed two interventions 
that may reduce the incidence of constriction in tubercu-
lous pericarditis. First, extended pericardial drainage with 
an indwelling pigtail catheter has been reported to be safe 
and associated with a low rate of constrictive pericarditis 
at two years (1.7 %) in a series of 118 patients with tuber-

culous pericardial effusion in Africa, a signifi cant propor-
tion of whom were HIV positive.  98   Second, a small 
controlled study of intrapericardial urokinase in 60 patients 
with tuberculous pericarditis and 34 with purulent pericar-
ditis reported a 67% reduction in the risk of constriction in 
the total group of patients with infectious pericarditis 
( P     <    0.001).  69   Intrapericardial hemorrhage was seen in 13% 
of the treatment group but no deaths were associated with 
the intervention. The effectiveness of extended intraperi-
cardial drainage and intrapericardial urokinase in reducing 
the risk of constriction in tuberculous pericarditis requires 
further evaluation in randomized controlled studies (Class 
IIb, Level C2).  

  Tuberculous  p ericardial  c onstriction 

 Prior to the introduction of effective tuberculosis chemo-
therapy, up to 50% of patients with effusive tuberculous 
pericarditis progressed to the constrictive stage of the 
disease.  99   The introduction of rifampicin - based antituber-
culosis treatment in the 1970s resulted in reduction of 
the incidence of constriction to 17 – 40% in patients with 
effusive tuberculous pericarditis.  81,85   
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 Constriction generally develops within six months 
of presentation with effusive pericarditis.  100,101   The presen-
tation is highly variable, ranging from asymptomatic to 
severe constriction. The diagnosis is often missed on 
cursory clinical examination (see Table  53.2 ). The diastolic 
lift (pericardial knock) which coincides with a high - pitched 
early diastolic sound and sudden inspiratory splitting of 
the second heart sound are subtle but specifi c physical 
signs, which are found in 21 – 45% of patients. 

 Diagnosis 

 Most patients with constrictive pericarditis in South Africa 
have the subacute variety, in which a thick fi brinous 
exudate fi lls the pericardial sac, compressing the heart and 
causing a circulatory disturbance. As a result, calcifi cation 
of the pericardium is absent in the majority and 75% have 
increased cardiothoracic ratio.  76   It is uncommon to fi nd 
concomitant pulmonary tuberculosis. Non - specifi c but 
generalized T - wave changes are seen in most cases, while 
low - voltage complexes occur in about 30% of cases. Atrial 
fi brillation occurs in less than 5% of cases, is persistent, and 
usually occurs with a calcifi ed pericardium. As with tuber-
culous pericardial effusion, the electrocardiogram is useful 
only in drawing attention to the presence of a cardiac 
abnormality. Echocardiography is particularly valuable in 
confi rming the diagnosis of subacute constrictive pericar-
ditis. Typically, a thick fi brinous exudate is seen in the 
pericardial sac and is associated with diminished move-
ments of the surface of the heart, normal - sized chambers, 
absence of valvular heart disease, and absence of myocar-
dial hypertrophy.  76   In time, the pericardial exudate con-
denses into a thick skin surrounding the heart, which 
usually, but not always, can be distinguished from myocar-
dium. CT and MRI of the heart offer the advantage of better 
imaging of the pericardium with more accurate measure-
ment of pericardial thickening.  102   This is important as 
tuberculous pericardial constriction is almost always asso-
ciated with pericardial thickening; reports of constriction 
in the face of normal pericardial thickness have not included 
tuberculosis as a cause.  103   Contrast MRI has the added 
advantage of identifying ongoing pericardial and myocar-
dial infl ammation. Cardiac catheterization usually con-
fi rms the diagnosis.  

  Management 

 In a prospective study of 143 patients in Africa with clinical 
signs of pericardial constriction treated with antituberculo-
sis therapy, only 25% required pericardiectomy for persis-
tent or worsening constriction during the follow - up of two 
years.  76   These benefi ts were maintained up to 10 years.  104   
The treatment of tuberculous pericardial constriction there-
fore involves the use of standard antituberculosis drugs for 

six months (Class I, Level C1). Pericardiectomy is recom-
mended if the patient ’ s condition is static hemodynami-
cally or deteriorates after 4 – 8 weeks of antituberculosis 
therapy (Class I, Level C2). If, however, the disease is 
associated with pericardial calcifi cation, a marker of chronic 
disease, surgery should be undertaken earlier under anti-
tuberculosis drug cover. Perioperative mortality ranges 
from 7% to 11%  105 – 107   (Class I, Level C2).  

  Effusive  c onstrictive  t uberculous  p ericarditis 

 Effusive constrictive pericarditis is a common presentation 
in Southern Africa; preliminary studies suggest that it can 
be demonstrated in 50% of patients with suspected tuber-
culous pericardial effusion when right atrial pressure 
is monitored during pericardiocentesis.  108   Conventional 
assessment is less sensitive but in addition to physical signs 
of pericardial effusion, a diastolic knock may be detected 
on palpation and an early third heart sound on ausculta-
tion, while echocardiography may show a pericardial effu-
sion between thickened pericardial membranes, with 
fi brinous pericardial bands apparently causing loculation 
of the effusion.  13   

 The treatment of effusive constrictive pericarditis is prob-
lematic because pericardiocentesis does not relieve the 
impaired fi lling of the heart and surgical removal of the 
fi brinous exudate coating the visceral pericardium is not 
possible. Antituberculosis drugs should be given and the 
patient monitored clinically and by echocardiography for 
development of constrictive pericarditis (Class I, Level C2).  

  Steroids 

 The role of adjunctive corticosteroids in the management 
of tuberculous pericarditis has been reviewed systemati-
cally by Mayosi and others.  97,109   Four randomized con-
trolled trials with a total of 469 participants have assessed 
the impact of oral steroids on mortality in tuberculous peri-
carditis.  75,76,99,110   Three of the trials (including 411 partici-
pants) tested adjunctive oral steroid use in participants 
with suspected tuberculous pericarditis in the pre - HIV 
era.  75,76,99   Fewer participants died in the intervention group, 
but the potentially large reduction in mortality was not 
statistically signifi cant (RR 0.65, 95% CI 0.36 – 1.16,  P    =   0.14). 
A similarly promising but non - signifi cant trend was found 
for other important clinical outcomes including the need 
for pericardiectomy for constriction (RR 0.85, 95% CI 0.51 –
 1.42) and the need for repeat pericardiocentesis for cardiac 
tamponade (RR 0.45, 95% CI 0.20 – 1.05,  P    =   0.07). When a 
combined end - point of death or persisting symptoms and 
signs of pericardial disease at two years follow - up was 
considered, participants on steroids for pericardial effusion 
were signifi cantly more likely to be cured at 24 months (i.e. 
alive and symptom free) than participants on placebo (RR 
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0.48, 95% CI 0.29 – 0.80,  P    =   0.04). This promising effect was 
not statistically signifi cant in a sensitivity analysis of the 
worst case scenario in which all participants lost to follow -
 up in each group were assumed to have died (12/105 lost 
in treatment group, 7/116 in placebo group; sensitivity 
analysis assuming all died: RR 0.78, 95% CI 0.52 – 1.118, 
 P    =   0.1). 

 One trial with 58 HIV - infected individuals,  110   which was 
analyzed separately from the non - HIV studies, also showed 
a potentially large reduction in mortality of 50%, but this 
was not statistically signifi cant (RR 0.50, 95% CI 0.19 – 1.28, 
 P    =   0.15).  97,111   There was no increase in opportunistic infec-
tions or malignancy associated with adjunctive steroid use 
in this small study with 18 months of follow - up. 

 It is clear from the meta - analysis that adjunctive oral 
steroids could potentially have large benefi cial effects on 
the major clinically signifi cant outcomes in tuberculous 
pericarditis (i.e. death, constriction, cardiac tamponade), 
but the published trials are too small to be conclusive 
(Class IIa, Level B). The effectiveness of intrapericardial 
instillation of corticosteroids was also examined in a ran-
domized trial of 57 patients with tuberculous pericardi-
tis.  109   There was no signifi cant effect found on major clinical 
outcomes in this small study which was probably under-
powered for major clinical events such as mortality (Class 
IIb, Level B).   

  Neoplastic  p ericarditis 

  Epidemiology 

 In developed countries, neoplastic pericarditis accounts for 
5 – 7% of presentations with acute pericardial disease  2,4,5   and 
30 – 60% of patients undergoing drainage of pericardial 
effusions.  112,113   Metastases are 40 times more common than 
primary cardiac tumors; mesothelioma, the most common 
of the primary tumors, is almost always incurable.  10   The 
common malignancies giving rise to symptomatic neoplas-
tic effusions are bronchogenic (51%), hematologic (24%), 
gastrointestinal (9%), breast (8%) cancer, and melanoma 
(11%);  39,113   lymphoma and Kaposi ’ s sarcoma are the pre-
dominant forms of neoplastic effusions in patients with 
AIDS.  111   Pericardial involvement may be the fi rst manifes-
tation of malignancy in 22 – 55% of cases of neoplastic peri-
cardial effusion with or without cardiac tamponade.  114,115   
Survival is principally determined by the underlying 
malignancy with median survival times ranging from 22 
days for adenocarcinoma of unknown origin, 3.0 – 3.6 
months for bronchogenic carcinoma, 3.2 months for Kapo-
si ’ s sarcoma, 3.7 – 16.4 months for other solid malignancies, 
4.9 – 17 months for hematologic malignancies, 6.2 months 
for primary effusion lymphoma, and 8.8 – 14.5 months for 
breast carcinoma.  116 – 120    

  Diagnosis 

 Demonstration of neoplastic pericarditis requires sampling 
of pericardial fl uid for cytologic examination and/or peri-
cardial tissue for histology. Cytology has a high specifi city 
(100%) but variable sensitivity (67 – 92%) which is higher 
with adenocarcinoma and lower with mesothelioma and 
lymphoma.  121 – 123   Cytologic analysis can be supplemented 
with immunocytochemistry which offers the added advan-
tage of identifying cellular lineage, though is dependent on 
the markers used;  124,125   in one study the origins of 85% of 
metastatic carcinomas were correctly identifi ed using a 
sequential panel of six antibodies.  125   Similarly, techniques 
such as fl ow cytometry and telomerase repeat amplifi ca-
tion protocol (TRAP) in situ have yet to be proven in neo-
plastic pericardial disease per se.  126,127   

 Histologic analysis of pericardial tissue in adjunction to 
cytologic analysis increases sensitivity. Studies delineating 
the stages leading up to targeted biopsy under pericardios-
copy have reported incremental sensitivities from 54 – 65% 
with cytology alone, 71 – 75% with subxiphoid biopsy and 
cytology, to 92 – 97% with addition of pericardioscopic 
epicardial biopsy.  128,129   Increasing the number of targeted 
epicardial biopsies increases yield.  130   In contrast, blind peri-
cardial biopsy has a lower sensitivity to cytology alone 
(45 – 55%).  113,122   

 In the majority, clinical presentation, chest radiography, 
electrocardiography and echocardiography indicate only 
the presence of signifi cant pericardial disease.  122   CT and MR 
imaging may be useful in providing evidence of malignancy 
elsewhere and further detail on pericardial and myocardial 
involvement.  131   The diagnosis of neoplastic pericarditis 
therefore rests on adequate sampling of pericardial fl uid or 
tissue for pathologic examination. However, only 40 – 55% of 
malignancy - related effusions are shown to be secondary to 
neoplastic pericardial spread when investigated inva-
sively.  122,129   Other causes include radiation pericarditis in 
3 – 18% and idiopathic pericardial effusions in 30%.  

  Management 

 Treatment of neoplastic pericardial effusion is directed at 
the relief of immediate symptoms of pericarditis or tampon-
ade, preventing reaccumulation, and diagnosis and man-
agement of the underlying cancer.  132   Pericardiocentesis is 
recommended for diagnosis in suspected neoplastic pericar-
dial effusion, and as a therapeutic intervention in the pres-
ence of cardiac tamponade (Class I, Level C2). The great 
challenge is to prevent recurrence of malignant pericardial 
effusion. There are three strategies that have been used: (1) 
intrapericardial instillation of cytostatic/sclerosing agents 
(Table  52.4 ), (2) intrapericardial or external radiation 
therapy, and (3) mechanical drainage by pericardiocentesis 
with indwelling catheter, subxiphoid pericardiotomy or 
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 Table 52.4     Recent prospective experience of intrapericardial therapy in preventing recurrent neoplastic effusion (limited to those distinguishing outcome of 
pericardial disease) 

   Study     Intrapericardial therapy     No. of 
patients  

   Malignancy     Success at preventing 
recurrence (%)  

   Stated complications  

  Lashevski  133      Minocycline    14    Varied    93    Pericarditis (n   =   7)  

  Liu  134      Doxycycline    10    Varied    90    Pericarditis (n   =   7)  

  Martinoni  et al   117      Thiotepa    33    Varied    91    Nil  

  Bishiniotis  135      Thiotepa    19    Breast    100    Nil  

  Colleoni  136      Thiotepa    23    Varied    83    Leukopenia (n   =   1), leukopenia   +   

thrombocytopenia (n   =   1)  

  Maisch  137      Cisplatin    42    Varied    83 (lung 96, breast 63)    Myocardial ischemia (n   =   1)  

  Tomkowski  et al   138      Cisplatin    46    Varied    93    AF (n   =   7), non - constricting pericardial 

sclerosis (n   =   5)  

  Bischiniotis  139      Cisplatin    25    Lung 

adenocarcinoma  

  96    AF (n   =   3), NSVT (n   =   2), non -

 constricting pericardial sclerosis (n   =   4)  

  Moriya  140      Carboplatin    10    NSCLC    80    Nil  

  Kunitoh  132a      Bleomycin    38    Lung unspecifi ed    77% #     Pain (n   =   11  *  ), Infection (n   =   3  *  ), 

Bleeding (n   =   2), cardiac dysfunction 

(n   =   1), pericardial constriction (n   =   1), 

transient fever (n   =   2)  

  Marayuma  et al   141      Bleomycin    22    NSCLC    95    Pericardial constriction (n   =   1)  

  Liu  134      Bleomycin    10    Varied    90    Nil  

  Yano  142      Bleomycin    7    NSCLC    71    Nil  

  Kaira  143      Mitomycin C    8    NSCLC    75    Nil  

  Lee  144      Mitomycin C    20    Varied    70    Pericardial constriction (n   =   1)  

  Kawashima  145      Aclarubicin    5    Breast and lung    100    Nil  

  Musch  146      Mitoxantrone    16    Varied    94    Nil  

  Norum  147      Mitoxantrone    5    Breast and ovarian    60    Nil  

  Dempke  148      32P - colloid    36    Varied    95    Nil  

  Toh  149      Autologous IL - 2 activated 

tumor - infi ltrating lymphocytes  

  4    Varied    100    Low - grade fever (n   =   4)  

   NSCLC, non - small cell lung carcinoma; AF, atrial fi brillation; NSVT, non - sustained ventricular tachycardia; IL - 2, interleukin 2. # using 6 month data;  *  no 

different from controls.   

pleuropericardiotomy with drainage of malignant pericar-
dial effusion into the pleural space. Vaitkus and colleagues 
report a statistically superior effect of indwelling pericardial 
catheters, intrapericardial sclerosis, subxiphoid or percuta-
neous balloon pericardiotomy and pericardiectomy over 
pericardiocentesis alone (Class IIb, Level C2).  132   In the treat-
ment of lung cancer - associated moderate to large pericardial 
effusions, intrapericardial instillation of bleomycin follow-
ing pericardial drainage was not demonstrated to be supe-
rior to drainage alone in a randomised trial of 80 patients. 
Survival at two months free of effusion was 29% in the 
bleomycin group compared to 46% in controls (one - sided 
 P    =   0.086). There was no difference in symptom palliation, 
survival was equally low at 6 months (27% vs 31%), and 
rates of repeat pericardiocentesis were not reported.  132a     

 In choosing the appropriate strategy for the management 
of the patient with neoplastic pericardial effusion, it is 
important to note, fi rst, that the treatment of neoplastic 
pericardial effusion is palliative as the prognosis is ulti-

mately determined by the underlying disease. Second, 
there are no good randomized studies to guide the man-
agement strategy in this fi eld. Finally, the management of 
the patient must be individualized and will depend on the 
experience and available therapeutic options in a particular 
center, and the preferences of the patient and relatives.   
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  Introduction 

 Rheumatic fever is the most important cause of acquired 
heart disease in children and young adults worldwide. 
Initiated by an oropharyngeal infection with group A beta -
 hemolytic streptococci (GAS) and following a latent period 
of approximately 3 weeks, the illness is characterized by an 
infl ammatory process primarily involving the heart, joints, 
and central nervous system. Pathologically, the infl amma-
tory process causes damage to collagen fi brils and connec-
tive tissue ground substance (fi brinoid degeneration) and 
thus rheumatic fever is classifi ed as a connective tissue or 
collagen vascular disease. It is the destructive effect on the 
heart valves that leads to the important effects of the 
disease, with serious hemodynamic disturbances causing 
cardiac failure or embolic phenomena resulting in signifi -
cant morbidity and mortality at a young age. 

 A number of recent systematic reviews have summa-
rized the effectiveness of primary and secondary preven-
tion of rheumatic fever and the treatment of the acute 
attack.  1 – 3   The evidence from randomized controlled clinical 
trials, while dated, is in favor of the effectiveness of antibi-
otics in the primary (or the treatment of pharyngitis caused 
by group A streptococci) and secondary prevention of 
rheumatic fever.  1,2   In the treatment of the acute attack, most 
publications have been observational studies with only a 
small minority of poorly designed randomized trials.  3    

  Epidemiology 

 In the developed countries of the world, the incidence of 
rheumatic fever has fallen markedly during the last century. 
For example, in the USA the incidence per 100   000 was 100 

at the start of the last century, 45 – 65 between 1935 and 1960, 
and is currently estimated to be approximately 10 cases per 
100   000.  4   This decrease in rheumatic fever incidence pre-
ceded the introduction of antibiotics and is a refl ection of 
improved socio - economic standards, less overcrowded 
housing and improved access to medical care. The current 
prevalence of rheumatic heart disease in the USA and 
Japan, 0.6 – 0.7 per 1000 population, contrasts sharply with 
that in the developing countries of Africa and Asia where 
rates as high as 30 per 1000 have been reported.  5   As GAS 
pharyngitis and rheumatic fever are causally related, both 
diseases share similar epidemiologic features.  4   The age of 
fi rst infection is commonly between 6 and 15 years. Also, 
the risk for developing rheumatic fever is highest in situa-
tions where GAS is more common, for example where 
people live in crowded conditions.  6    

  Pathogenesis 

 Clinical, epidemiologic, and immunologic observations 
tend to strongly support the causative role of untreated 
GAS pharyngitis in rheumatic fever.  6,7   Beyond this, however, 
the pathogenesis of acute rheumatic fever (ARF) and clini-
cal heart disease remains unclear and several important 
and unexplained observations render the management of 
this important disease extremely diffi cult. These are: 
   •      individual variability of susceptibility to GAS 
pharyngitis  
   •      individual variability of development of symptomatic 
GAS pharyngitis  
   •      individual variability of development of acute rheumatic 
fever after an episode of GAS pharyngitis  
   •      individual variation in the development of carditis and 
chronic rheumatic heart disease after an attack of acute 
rheumatic fever  
   •      the development of chronic rheumatic heart disease 
(RHD) in patients who have no defi nite history of acute 
rheumatic fever.    
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 Streptococcal skin infection (impetigo) is considered not 
to cause rheumatic fever. However, a report of acute rheu-
matic fever following streptococcal wound infection  8   and 
the high prevalence of pyoderma with relative paucity of 
streptococcal pharyngitis in some communities with a high 
incidence of rheumatic fever has raised questions about the 
link between streptococcal skin infection and rheumatic 
fever.  9   While effective antibiotic treatment virtually abol-
ishes the risk of rheumatic fever, in situations of untreated 
epidemic GAS pharyngitis up to 3% of patients develop 
it.  1,7   Worryingly, as many as a third of patients who develop 
rheumatic fever do so after virtually asymptomatic GAS 
and in more recent outbreaks, 58% denied preceding symp-
toms.  10   This does not augur well for the primary prevention 
of rheumatic fever where prompt diagnosis of GAS phar-
yngitis and treatment are essential. 

 The virulence of the streptococcal infection is dependent 
on the organisms’ M protein serotype which determines 
the antigenic epitopes which are shared with human heart 
tissue, especially sarcolemmal membrane proteins and 
cardiac myosin.  11   It is these variations in virulence, as a 
result of M protein variation, which are thought to explain 
the occasional outbreaks of rheumatic fever in areas of 
previously low incidence.  12   Other factors infl uencing the 
risk for rheumatic fever are the magnitude of the immune 
response and the persistence of the organism during the 
convalescent phase of the illness.  7   

 Evidence suggests that host factors play a role in the risk 
for rheumatic fever. In patients who have suffered an attack 
of rheumatic fever, the incidence of a repeat attack is 
approximately 50%. A specifi c B - cell alloantigen has been 
found to be present in 99% of patients with rheumatic fever 
versus 14% of controls.  13   Certain HLA antigens appear to 
be associated with increased risk for rheumatic fever. 
Approximately 60 – 70% of patients worldwide are positive 
for HLA - DR3, DR4, DR7, DRW53 or DQW2.  14   Such genetic 
markers for rheumatic fever risk may be useful to identify 
those in need of GAS prophylaxis. However, in view of the 
frequency with which these markers occur, they are unlikely 
to be of practical benefi t in the short term.  

  Clinical  f eatures 

 While there is no specifi c clinical, laboratory or other test 
to confi rm conclusively a diagnosis of rheumatic fever, the 
diagnosis is usually made using the clinical criteria fi rst 
formulated in 1944 by Duckett Jones  15   and recently modi-
fi ed by the World Health Organization (WHO).  16   The diag-
nosis is suggested if, in the presence of preceding GAS 
infection, two major criteria (carditis, chorea, polyarthritis, 
erythema marginatum, and subcutaneous nodules) or one 
major and two minor criteria (fever, arthralgia, elevated 
erythrocyte sedimentation rate, elevated C - reactive protein 

or a prolonged PR interval on ECG) are present. Evidence 
of preceding GAS infection, essential for the diagnosis, 
may be obtained from throat swab culture (only positive in 
approximately 11% of patients at the time of diagnosis of 
acute rheumatic fever  3  ) or by demonstrating a rising titer 
of antistreptococcal antibodies, either antistreptolysin O 
(ASO) or antideoxyribonuclease B (anti - DNase B). 

 There has been concern that strict application of the Jones 
criteria may result in underdiagnosis of rheumatic fever in 
endemic areas. particularly in the case of recurrent epi-
sodes.  17   During recurrence of rheumatic activity in a patient 
with pre - existing RHD  , the carditis may precipitate heart 
failure but may not be possible to diagnose because of lack 
of information on previous cardiac fi ndings or because 
valve replacement surgery has been performed. The new 
WHO criteria thus recommend that a diagnosis of a recur-
rence of ARF   in a patient with pre - existing RHD is possible 
on the basis of minor manifestations and evidence of recent 
streptococcal infection.  16   Doctors should recognize that the 
published criteria are guidelines, and are particularly 
useful in epidemiologic investigations where diagnostic 
rigor is essential. It is appropriate for clinical judgment to 
be applied and to supersede guidelines particularly in 
parts of the world where ARF remains common.  17    

  Prevention 

 The most recent recommendations on the prevention of 
rheumatic fever have been published by the WHO.  16   

 Prevention of rheumatic fever may be considered to be 
either prevention of the initial attack (primary prevention) 
or prevention of recurrent attacks (secondary prevention). 
 True primary prevention  of rheumatic fever depends more on 
socio - economic than medical factors. Upgrading housing 
and other aspects of poverty eradication will do more to 
eradicate the disease than antibiotic prophylaxis. 

  Primary  p revention 

 Prevention of the initial attack of rheumatic fever depends 
on the prompt recognition of GAS pharyngitis and its effec-
tive treatment. While it has been demonstrated that therapy 
initiated as long as 9 days after the onset of GAS pharyn-
gitis can prevent an attack of rheumatic fever,  18   early 
treatment reduces both the morbidity and the period of 
infectivity. 

 The fi rst report of the use of penicillin for the treatment 
of GAS pharyngitis and prevention of most attacks of rheu-
matic fever was published in 1950.  18   Over the following 40 
years, attention focused on accurate diagnosis and treat-
ment of GAS pharyngitis. A single dose of intramuscular 
benzathine penicillin G became the most common mode of 
treatment and avoided problems of non - compliance. Sub-
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sequently, as a result of the pain and possibility of allergic 
reaction associated with benzathine penicillin G, oral peni-
cillin became the treatment of choice  19   and remains so 
today  20   (Class I, Level A). In situations where compliance 
with a 10 - day course of oral penicillin would be unreliable, 
a single dose of intramuscular benzathine penicillin G 
would be preferred (dosage 1.2 million u if  > 27   kg, other-
wise 600   000   u).  21   

 Early studies established a 10 - day course of oral penicil-
lin as optimal  22,23   and this has been supported in more 
recent studies.  24,25   Shorter treatment periods are associated 
with signifi cant decreases in bacteriologic cure while longer 
courses of treatment do not increase cure rate. Current 
recommendations  26   for oral penicillin therapy in children 
cite a dose of 250   mg two or three times daily. These recom-
mendations are based on trials (Table  53.1 ) of 250   mg given 
two, three or four times daily resulting in equivalent cure 
rates  27 – 30   (Class I, Level A). A dose of 750   mg penicillin once 
a day yielded signifi cantly worse results than 250   mg three 
times daily when compared in a randomized study.  31   There 
is no evidence available for optimal doses of penicillin in 
adults but 500   mg two to three times daily is currently 
recommended.  26     

 Over the past decade, many trials have been published 
comparing penicillin VK to a variety of other antimicrobial 
agents, most commonly cephalosporins and macrolides. 
This has been prompted by the reported increase in treat-
ment failures with penicillin. It has been suggested that 
treatment failure rates of up to 38% are possible. This con-
tention, however, has been thoroughly investigated in a 
study by Markowitz  et al   32   in which treatment failure rates 
of penicillin were compared between two time periods, 
1953 – 1979 and 1980 – 1993. Of the almost 2800 patients with 
GAS serotyping, treatment failures ranged between 10.5% 
and 17%, with no signifi cant difference between each time 
period. It was thus concluded that the overreporting of 

treatment failures was due to problems with the design of 
the individual studies. 

 An increased bacteriologic cure rate for streptococcal 
pharyngitis by cephalosporins was demonstrated in a 
meta - analysis of 19 randomized comparisons of a variety 
of cephalosporins with 10 days of oral penicillin therapy.  33   
Throat swab cultures were used to determine the presence 
of GAS and clearance after treatment. The results showed 
a statistically signifi cant advantage of cephalosporins for 
which a bacteriologic cure rate of 92% was reported versus 
84% for penicillin. The corresponding clinical cure rates 
were 95% and 89% respectively. It is suggested that the 
resistance of cephalosporins to penicillinase - producing 
anaerobes and staphylococci present in the pharyngeal 
fl ora may explain these fi ndings. This difference in effi cacy 
would mean that 12 – 13 patients would require cephalospo-
rin treatment to potentially prevent one penicillin bacterio-
logic treatment failure (Class II, Level A). More recently, a 
multicenter comparison of 10 - day therapy with cefi buten 
oral suspension (9   mg/kg/d in one dose) and penicillin V 
(25   mg/kg/d in three divided doses)  34   revealed a bacterio-
logic cure rate of 91% versus 80% respectively (correspond-
ing clinical cure rates were 97% v 89%). Shorter courses of 
selected cephalosporins  35   (4 or 5 days) have been shown to 
be effective but current recommendations  26   suggest that 
further study of these regimens is required before their 
adoption. 

 The cephalosporins offer statistically signifi cant advan-
tages over penicillin in controlled clinical trials. It remains 
to be demonstrated, however, whether this statistical 
benefi t can be translated into clinical or epidemiologic 
benefi t in regions where the disease is endemic. Given the 
fi nancial constraints on healthcare resources of developing 
nations and the considerable cost difference, it would seem 
that this is unlikely in the foreseeable future. Greater benefi t 
is likely to be achieved by concerted efforts to identify, 
treat, and ensure compliance in large numbers of patients 
with the established, albeit inferior, penicillin schedules  1,21   
(Class II, Level A). 

 In patients allergic to penicillin, erythromycin has been 
shown to have an equivalent cure rate.  36   The recommended 
dosage for erythromycin estolate is 20 – 40   mg/kg/d in 2 – 4 
divided doses and for erythromycin ethylsuccinate, it is 
40   mg/kg/d in 2 – 4 divided doses, both for 10 days  37   (Class 
I, Level A). The effi cacy of erythromycin estolate is supe-
rior to that of erythromycin ethylsuccinate and is associ-
ated with fewer gastrointestinal tract side effects.  38   GAS 
strains resistant to erythromycin have been reported in 
some parts of the world.  39   

 Thus, penicillin V remains the treatment of choice in 
non - penicillin allergic patients as it has a long record of 
effi cacy and is probably the most cost - effective option.  1   

 Appropriate antibiotic therapy in children with strepto-
coccal pharyngitis should result in a clinical response 

 Table 53.1     Cure rates for various penicillin dosage schedules used in 
treatment of streptococcal pharyngitis 

   Reference     Agent/dose     Bacteriologic 
cure rate 
(%)  

  Gerber  et al  30     Pen V 250   mg 2 ×  daily  × 10 days    82  

  Pen V 250   mg 3 ×  daily  × 10 days    71.5  

  Gerber  et al  31     Pen V 750   mg once daily  × 10 

days  

  78  

  Pen V 250   mg 3 ×  daily  × 10 days    92  

  Vann  &  Harris 28     Potassium Pen G 80   000   u 2 ×  

daily  × 10 days  

  88  

  Spitzer  &  Harris 29     Pen V 500   mg 2 ×  daily  × 10 days    83  

  Pen V 250   mg 3 ×  daily  × 10 days    84  
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within 24 hours  –  most children will become culture nega-
tive within the fi rst or second day of treatment.  40   After 
completion of therapy, only patients who have persistent 
or recurring symptoms or those at an increased risk for 
recurrence require repeat throat swab culture. If symptom-
atic patients are still harboring GAS in the oropharynx, a 
second course of antibiotics, preferably with another agent 
(amoxicillin clavulanate, cephalosporins, clindamycin or 
penicillin and rifampicin), is recommended.  26   Failure to 
eradicate GAS occurs more frequently following the admin-
istration of oral penicillin than intramuscular benzathine 
penicillin G.  41   Further treatment of asymptomatic patients, 
who are frequently chronic GAS carriers, is only indicated 
for those with previous rheumatic fever or their family 
members.  

  Secondary  p revention 

 Following an initial attack of rheumatic fever, there is a 
high risk of recurrent attacks which increase the likelihood 
of cardiac damage and continuous antibiotic therapy is 
required  42   (Class I, Level A). This is especially important 
as GAS infections need not be symptomatic to trigger a 
recurrence of rheumatic fever nor does optimal GAS treat-
ment preclude a recurrence. It is recommended that patients 
who have suffered either proven attacks of rheumatic fever 
or Sydenham ’ s chorea be given long - term prophylaxis fol-
lowing the initial treatment to eradicate the pharyngeal 
GAS organisms. Recommendations regarding the duration 
of such prophylaxis are largely empiric and based on obser-
vational studies. 

 The duration of prophylaxis should be individualized 
and take into account the socio - economic conditions and 
risk of exposure to GAS for that patient. Individuals who 
have suffered carditis, with or without valvular involve-
ment, are at higher risk for recurrent attacks  43,44   and should 
receive prophylaxis well into adulthood and perhaps for 
life. If valvular heart disease persists then prophylaxis 
should be lifelong.  16   Those patients who have not suffered 
rheumatic carditis can receive prophylaxis until 21 years of 
age or 5 years after the last attack.  45   

 The choice of prophylactic agent has to be made with 
due regard for the likelihood of compliance with a regimen 
over a period of many years. Therefore, despite associated 
pain, which can be ameliorated by using lidocaine as a 
diluent,  46   intramuscular injection of benzathine penicillin 
G is the method of choice in most situations.  2,42   The recom-
mended dose is 1.2 million u every 3 – 4 weeks. A compari-
son of 3 - weekly ( n    =   90) versus 4 - weekly ( n    =   63) benzathine 
penicillin prophylaxis  47   demonstrated the superiority of 
the 3 - weekly dosage. The only prophylaxis failure in the 
3 - weekly dosage group was due to partial compliance, 
versus fi ve true failures in the 4 - weekly dosage group. A 
long - term follow - up study  48   for a mean period of 6.4 years 

(range 1 – 12 years) in 249 consecutively randomized 
patients to 3 -  or 4 - weekly regimens further supported the 
former schedule (0.25% versus 1.29% prophylaxis failures 
respectively) (Class II, Level A). Assays for penicillin 
levels in blood have also shown that 4 - weekly dosage did 
not provide adequate drug levels throughout the interven-
ing period between doses.  49   Therefore, only those consid-
ered at low risk should receive a 4 - weekly dose. 

 Oral prophylaxis has been shown to be less effective
 than intramuscular penicillin G prophylaxis, even when 
compliance is optimal.  1,42,43   Penicillin V 250   mg twice daily 
for adults and children is the recommended dose. No pub-
lished data exist on other penicillins, macrolides or cepha-
losporins for secondary prophylaxis of rheumatic fever. 
However, erythromycin, at a dose of 250   mg twice daily, is 
usually recommended for those allergic to penicillin. 

 Patients who have either had mechanical prosthetic 
valves inserted and/or who are in atrial fi brillation require 
warfarin anticoagulation. This is a situation which may 
necessitate the use of an oral prophylaxis regimen. In such 
patients intramuscular injections of penicillin may carry 
the risk of hematoma formation, especially in patients ren-
dered asthenic as a consequence of their underlying illness. 
This important circumstance is, as far as we are aware, not 
addressed in the literature.   

  Acute  m anagement 

 The aim of the acute treatment of a proven attack of rheu-
matic fever is to suppress the infl ammatory response and 
so minimize the effects on the heart and joints, to eradicate 
the GAS from the pharynx, and provide symptomatic 
relief. 

 The long - standing recommendation of bedrest would 
appear to be appropriate, mainly in order to lessen joint 
pain. The duration of bedrest should be individually deter-
mined but ambulation can usually be started once the fever 
has subsided and acute phase reactants are returning 
towards normal. Strenuous exertion should be avoided, 
especially for those with carditis (Level C). 

 Even though throat swabs taken during the acute attack 
of rheumatic fever are rarely positive for GAS, it is advis-
able for patients to receive a 10 - day course of penicillin V 
(or erythromycin if penicillin allergic). Although conven-
tional, this strategy is untested. Thereafter, secondary pro-
phylaxis should commence as described in the previous 
section  21   (Level C). 

 The choice of anti - infl ammatory agent is between salicy-
lates and corticosteroids. A meta - analysis of trials compar-
ing these two agents was published in 1995.  50   In this review, 
a total of 130 publications from 1949 onwards were assessed. 
While 11 studies had been randomized, only fi ve  51 – 55   (Table 
 53.2 ) fulfi lled the meta - analysis criteria of: 
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 Table 53.2     Randomized trials of acute rheumatic fever treatment 

   Reference     Number of 
patients analyzed  

   Agent/dose     Apical murmur present at 
1 year (%)  

  Combined Rheumatic 

Fever Study Group 51   

  57    Prednisone 60   mg/d  × 21   d then taper vs ASA 50   mg/lb/d 

 × 9   wk, then taper  

  Steroids 57.1% vs ASA 37%  

  Combined Rheumatic 

Fever Study Group 52   

  73    Prednisone 3   mg/lb/d  × 7   d then taper vs ASA 50   mg/lb/d  × 6   wk    Steroids 25.3% vs ASA 32.1%  

  Dorfman  et al  53     129    Hydrocortisone 250   mg then taper and/or ASA to 20 – 30   mg%    Steroids 12.5% vs ASA 34.4%  

  Rheumatic Fever Working 

Party 54   

  497    ACTH 80 – 120   u and taper vs cortisone 300   mg and taper vs 

ASA 60   mg/lb/d and taper  

  Steroids 48.6% vs ASA 44%  

  Stolzer  et al  55     128    ASA 30 – 60   mg/lb/d  × 6   wk vs cortisone 50 – 300   mg/d vs ACTH 

20 – 120   mg/d  

  Steroids 26.3% vs ASA 34.6%  

   •      adequate case defi nition by the Jones criteria  
   •      proper randomization to either salicylates or some form 
of corticosteroid  
   •      non - overlap of subjects between studies  
   •      follow - up for at least a year for assessment of the pres-
ence of an apical systolic murmur suggesting structural 
cardiac damage as a result of carditis.      

 The trials varied in the use of steroid agent used  – corti-
sone, ACTH or prednisone. The largest study of the fi ve 
selected for the meta - analysis was that of the Rheumatic 
Fever Working Party where ACTH, cortisone, and aspirin 
were compared in a trial involving 505 children in the USA 
and United Kingdom.  54   This study found no long - term 
advantage to be associated with either therapy. While 
apical systolic murmurs disappeared more rapidly in the 
steroid - treated groups, the prevalence of a cardiac murmur 
at 1 - year follow - up was the same as for the salicylate -
 treated group. The erythrocyte sedimentation rate was 
found to normalize and nodules resolved faster in the 
steroid group. 

 When the fi ve studies were examined in the meta - anal-
ysis, it was found that the advantage of corticosteroids over 
salicylates, in preventing the development of a pathologic 
apical systolic murmur after 1 year of treatment, was not 
statistically signifi cant (estimated odds ratio 0.88; 95% con-
fi dence interval (CI) 0.53 – 1.46). A more recent systematic 
review of the effectiveness of anti - infl ammatory agents 
(steroids, aspirin or immunoglobulins) for preventing or 
reducing further heart valve damage in patients with acute 
rheumatic fever came to a similar conclusion  56   (Class II, 
Level B). 

 All these trials may be criticized on two important points. 
First, the method used to assess cardiac involvement was 
clinical with the development or persistence of an apical 
systolic murmur the usual criterion. It could be argued that 
observer error and interobserver variability of clinical 
methodology could invalidate the results and that the 
question should be re - examined using modern non - 

invasive techniques. It has, however, been shown that, at 
least during the acute phase of the illness, transthoracic 
two - dimensional echocardiography with color fl ow 
imaging does not add signifi cantly to the clinical evalua-
tion of the degree of cardiac involvement.  57   The second 
point relates to the duration of follow - up. Lack of clinical 
evidence of cardiac involvement at 1 or 2 years following 
the initial attack of acute rheumatic fever is no guarantee 
that the important sequelae of valvular incompetence or 
stenosis will not develop in the ensuing decades. 

 Appropriate dosages of anti - infl ammatory agents are 
aspirin 100   mg/kg/d in four or fi ve divided doses or 
prednisone 1 – 2   mg/kg/d. Patients with severe cardiac 
involvement appear to respond more promptly to 
corticosteroids.  58   

 The duration of therapy must be gauged from the sever-
ity of the attack, the presence of carditis, and the rate of 
response to treatment. Milder attacks with little or no car-
ditis may be treated with salicylates for approximately a 
month or until infl ammation has subsided, as assessed by 
clinical and laboratory evidence. More severe cases may 
require 2 – 3 months of steroid therapy before this can be 
gradually weaned. Up to 5% of patients may still have 
rheumatic activity despite treatment at 6 months. Occasion-
ally a  “ rebound ”  of infl ammatory activity can occur when 
anti - infl ammatory therapy is reduced and may require 
salicylate treatment. 

 Alternative non - steroidal anti - infl ammatory agents have 
not been adequately assessed in trials and would only be 
of benefi t in individuals allergic to or intolerant of aspirin. 

 A prospective randomized controlled trial demonstrated 
no benefi t for intravenous immunoglobulin over placebo 
when administered during the fi rst episode of rheumatic 
fever.  56,59   In patients whose initial attack of rheumatic fever 
is inadequately treated, there is a high risk that the rheu-
matic activity will continue and result in valvular incom-
petence, most commonly of the mitral valve. The end result 
of an ongoing rheumatic process with deteriorating valvu-
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lar function is heart failure. Experience has shown that in 
such cases prompt surgical management  60   is the sole option 
and can result in the survival of up to 90% of patients.  61,62   
It has been suggested that the reduction in cardiac work-
load following valve surgery results in a settling of the 
rheumatic process  –  akin to the benefi cial effect observed 
for bedrest (Class II, Level C).  

  Conclusion 

 While questions regarding the pathogenesis of rheumatic 
fever remain, suffi cient evidence is available to offer guid-
ance on the appropriate prevention and acute treatment of 
this common illness (Table  53.3 ).  1,2   It must be remembered 
that as most sufferers of this disease are in poor socio -
 economic environments and in countries where resources 
are scarce, the regimens used must be cost - effective and 
chosen with a view to maximizing patient compliance. 
A study of the effect of a 10 - year education program on 
the reduction of rheumatic fever incidence  64   demonstrated 
what can be achieved by a structured approach to 
community education, patient identifi cation, and effective 
diagnosis and treatment. This intervention resulted 
in a 78% reduction in the incidence of rheumatic fever 
within 10 years. Much could be achieved through the 
establishment of similar programs where rheumatic fever 
is rife.  64      
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  Introduction 

 In mitral valve disease, symptomatic status, ventricular 
functional status, and the kind of operation which will 
ultimately be performed all affect the indication for valve 
surgery. This chapter will integrate these aspects into a 
strategy for surgical correction. It should be noted that in 
surgery for valve disease there are few large controlled 
trials of therapy. Indeed, in the most recent (2006) AHA/
ACC Guidelines for the Management of Patients with Val-
vular Heart Disease no recommendation is based on a level 
of evidence  “ A. ”   1   Most knowledge of the response of valve 
disease to surgery accrues from reports of surgical outcome 
in both selected and unselected patients.  

  Mitral  r egurgitation 

  Surgical  o bjectives 

 Like all valvular lesions, mitral regurgitation imposes a 
hemodynamic overload on the heart. Ultimately, this over-
load can only be corrected by surgically restoring valve 
competence. For valve surgery in general, the timing of 
surgery has two opposing tenets. First, since surgery has 
an operative risk and, if a prosthesis is inserted, imposes 
the risks inherent to valve prosthesis, surgery should be 
delayed for as long as possible. Second, surgery which is 
delayed until the hemodynamic overload has caused 
irreversible left ventricular dysfunction will result in a 
suboptimal outcome. In some patients, far advanced left 
ventricular dysfunction may militate against operating at 
all. 

 The timing of valve surgery is made even more complex 
in mitral regurgitation since frequently valve repair 
rather than valve replacement can be effected. Because 
valve repair does not involve the use of a valvular prosthe-
sis and because it also helps to preserve left ventricular 
function, it is applicable at the two ends of the spectrum of 
mitral regurgitation. Repair might be considered in asymp-
tomatic patients with normal left ventricular function 
because the disease could be cured then without the need 
for intense follow - up and without the use of a valve 
prosthesis.  2   At the other end of the spectrum, patients with 
severe impairment of left ventricular function who 
might not be candidates for mitral valve replacement with 
chordal disruption might have a good result from mitral 
valve repair.  3   However, for most patients, mitral valve 
surgery is performed for the relief of symptoms or for 
prevention of worsening of asymptomatic left ventricular 
dysfunction.  

  Etiology 

 The mitral valve apparatus consists of the mitral valve 
annulus, the valve leafl ets, the chorda tendineae, and the 
papillary muscles. Abnormalities of any of these structures 
may cause mitral regurgitation. The common causes of 
mitral regurgitation include infective endocarditis, the 
mitral valve prolapse syndrome with myxomatous degen-
eration of the valve, spontaneous chordal rupture, rheu-
matic heart disease, collagen disease such as Marfan ’ s 
syndrome and coronary artery disease leading to papillary 
muscle ischemia or necrosis. These etiologies of mitral 
regurgitation are important especially with regard to 
surgical correction. For instance, the spontaneous rupture 
of a posterior chorda tendinea leads to mitral valve repair 
in almost 100% of cases. On the other hand, severe rheu-
matic deformity of the valve which has led to mitral regur-
gitation may be irreparable, necessitating mitral valve 
replacement.  
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  Pathophysiology 

  Hemodynamic  p hases of  m itral  r egurgitation 
 Figure  54.1  depicts the pathophysiologic phases of mitral 
regurgitation.  4   In the acute phase, such as might occur with 
spontaneous chordal rupture, there is sudden volume over-
load on both the left ventricle and left atrium. The regurgi-
tant volume, together with the venous return from the 
pulmonary veins, distends both chambers. Distension of 
the left ventricle increases use of the Frank – Starling mecha-
nism by which increased sarcomere stretch increases end -
 diastolic volume modestly and also increases left ventricular 
stroke work. The new orifi ce for left ventricular ejection 
(the regurgitant pathway) facilitates left ventricular empty-
ing and end - systolic volume decreases. Acting in concert, 
these two effects increase ejection fraction and total stroke 
volume. However, as shown in Figure  54.1 , panel A, if only 
50% of the total stroke volume is ejected into the aorta there 
is a net loss of 30% of the initial forward stroke volume. At 
the same time, volume overload on the left atrium increases 
left atrial pressure. At this point, the patient suffers from 
low output and pulmonary congestion and appears to be 
in left ventricular failure although left ventricular muscle 
function is either normal or even augmented by sympa-
thetic refl exes. Acute severe mitral regurgitation may lead 
to shock and pulmonary edema, requiring intra - aortic 
balloon counterpulsation and urgent mitral valve repair or 
replacement. However, if the patient can be maintained in 
a relatively stable condition, he or she may then enter the 
chronic compensated phase (Fig.  54.1 , panel B) within 3 – 6 
months.   

 In the chronic compensated phase of mitral regurgita-
tion, eccentric cardiac hypertrophy, in which sarcomeres 
are laid down in series, allows enlargement of the left ven-
tricle, enhancing its total volume pumping capacity. Total 
stroke volume is increased, allowing normalization of 
forward stroke volume. Enlargement of the left atrium 
accommodates the volume overload at a lower pressure, 
eliminating pulmonary congestion. In this phase the patient 
may be remarkably asymptomatic, able to perform normal 
daily activities, and can even engage in sporting events of 
modest physical demands.  5   

 The patient may remain in the compensated phase for 
months or years. However, eventually the persistent 
volume overload leads to a decline in left ventricular func-
tion (Fig.  54.1 , panel C). A loss of myofi brils or an insensi-
tivity to cyclic AMP may be responsible, at least in part, 
for loss of left ventricular contractility.  6,7   In this phase, 
left ventricular end - systolic volume increases because 
reduced force of contraction results in poor left ventricular 
emptying, forward stroke volume falls, and left ventricular 
dilation may worsen the mitral regurgitation. At this time 
there is re - elevation of the left atrial pressure, resulting 
again in pulmonary congestion. Of note, the still favorable 

loading conditions of mitral regurgitation (increased 
preload and normal afterload) permit a  “ normal ”  ejection 
fraction even though left ventricular dysfunction has 
developed.  

  Importance of the  m itral  v alve  a pparatus 
 Although the contribution of the mitral valve apparatus to 
left ventricular function was noted by Rushmer and Lille-
hei decades ago,  8,9   its physiologic signifi cance and impact 
on patient care have only recently received widespread 
appreciation. It is quite clear that the mitral valve appara-
tus has a wider role than to simply prevent mitral regurgi-
tation. Rather, the apparatus is an integral part of the left 
ventricular internal skeleton. In early systole, tugging on 

     Figure 54.1     (a) Normal hemodynamic state compared to acute mitral 
regurgitation (AMR). In AMR, total stroke volume and ejection 
performance increase as preload is increased and afterload is reduced. 
However, forward stroke volume is reduced and left atrial pressure is 
increased. (b) AMR compared to chronic compensated mitral 
regurgitation (CCMR). In CCMR, increased end - diastolic volume permitted 
by eccentric hypertrophy increases both total and forward stroke volume. 
Enlargement of atrium and ventricle allows increased volume to be 
accommodated at lower fi lling pressure. Increase in afterload toward 
normal in this state of compensation reduces ejection performance 
slightly. (c) Chronic decompensated mitral regurgitation (CDMR) 
compared with CCMR contractile function is reduced and afterload is 
increased in CDMR. Both reduce ejection performance and forward 
cardiac output. There is further cardiac dilation in CDMR, leading to 
worsening mitral regurgitation, further compromising pump function by 
reducing forward stroke volume and increasing fi lling pressure. CF, 
contractile function; EDV, end - diastolic volume; EF, ejection fraction; ESS, 
end - systolic stress; ESV, end - systolic volume; FSV, forward stroke volume; 
LA, left atrial pressure; N, normal hemodynamic state; RF, regurgitant 
fraction; SL, sarcomere length.  (Reproduced with permission from 
Carabello.  4  )   

1·0

0·8

0·6

Pr
o

b
ab

ili
ty

0·4

0·2

0·0
20 30 40

Preoperative end-systolic diameter (mm)
50 60 70



CHAPTER 54  Mitral valve disease: indications for surgery

871

the apparatus by the chorda tendineae may shorten the 
major axis while lengthening the minor axis, in turn aug-
menting preload there during ejection systole. In addition, 
the apparatus helps to maintain the normal and effi cient 
ellipsoid shape of the left ventricle. 

 Transsection of the chordae causes an immediate fall in 
left ventricular function.  10   Until the importance of chordal 
preservation during mitral valve surgery was recognized, 
ejection fraction almost always fell following surgery. This 
fall was attributed to increased afterload from surgical 
closure of the low - impedance pathway which preopera-
tively had facilitated ejection into the left atrium. However, 
it is now clear that closure of the same low - impedance 
pathway in which chordal integrity is maintained results 
in no fall in ejection fraction or only a modest decline, sug-
gesting that the increased postoperative load theory is 
not the sole mechanism for why ejection fraction falls.  3   In 
fact, chordal preservation can actually effect a lowering 
of systolic wall stress (afterload) instead of an increase 
as left ventricular radius decreases following surgery 
(stress   =   pressure    ×    radius/2 ×  thickness).  11   Thus, chordal 
integrity should be maintained whenever possible  12 – 14  ; in 
fact, a randomized study demonstrated that maintenance 
of just the posterior apparatus lowers mortality and leads 
to superior postoperative function compared to posterior 
and anterior chordal transection.  15   

 Apart from the benefi ts on left ventricular function, if 
mitral valve repair instead of a replacement can be per-
formed, operative mortality is lower (Fig.  54.2 ), postopera-
tive survival is better and the need for anticoagulation is 
removed while thromboembolism remains low.  13,16 – 18   Long -
 term outcome is excellent and repairs are durable. In one 
study only seven of 162 patients required reoperation a 
mean of 17 years after repair.  19   Even if the mitral valve is 
so badly damaged that a mitral valve prosthesis must be 
inserted, chordal preservation, especially of the posterior 
chords, can usually be performed resulting in better ven-
tricular function than if all the chords were removed.  12   

Unfortunately, despite recognition of the importance of the 
mitral valve apparatus, mitral repair is only performed in 
about 50% of all operations for mitral regurgitation, varying 
from 0% in some institutions to 90% in others.     

  Indications for  s urgery 

  Severity of  m itral  r egurgitation 
 Under most circumstances only severe mitral regurgitation 
is corrected surgically. Mild to moderate regurgitation 
(regurgitant fraction  < 40%) neither causes symptoms nor 
leads to left ventricular dysfunction even over a protracted 
period of time in the absence of other cardiac disease. 
Severity is diffi cult to ascertain by physical examination 
alone, especially in acute mitral regurgitation. As noted 
above, in acute mitral regurgitation there has been no time 
for cardiac dilation to occur. Thus, palpation of the precor-
dium does not reveal a hyperdynamic left ventricular 
impulse. Although the murmur of mitral regurgitation is 
present, severity cannot be gauged from its intensity. In 
most cases of severe mitral regurgitation an S3 should be 
present. This fi nding does not necessarily indicate heart 
failure but may simply be the result of a large regurgitant 
volume fi lling the left ventricle under a higher than usual 
left atrial pressure. In chronic mitral regurgitation there 
should be evidence on physical examination of an enlarged 
hyperdynamic left ventricle unless the patient ’ s size or 
habitus makes physical examination diffi cult. Failure to 
fi nd evidence of an enlarged heart suggests that the mitral 
regurgitation is neither severe enough or chronic enough 
to cause left ventricular enlargement. 

 In chronic severe mitral regurgitation, the chest radio-
graph should also show cardiac enlargement and the elec-
trocardiogram is likely to demonstrate left atrial abnormality 
and left ventricular hypertrophy. 

 In most cases, quantitation of regurgitant severity is 
estimated during echocardiography with Doppler interro-
gation of the mitral valve. In acute mitral regurgitation, 
transthoracic echocardiography may underestimate regur-
gitant severity.  20   In such cases, transesophageal echocar-
diography is helpful. It should be noted that Doppler fl ow 
studies visually demonstrate blood fl ow velocity across the 
mitral valve and not true fl ow. Because of this, both under -  
and overestimation of regurgitant severity is possible. Flow 
mapping, which expresses the regurgitant jet in terms rela-
tive to left atrial size, has been used extensively. However, 
limitations of this method are well known and the tech-
nique is semiquantitative at best.  20,21   Other methods, such 
as the proximal isovelocity surface area, have been 
employed experimentally and in clinical investigation.  23 – 25   
In using proximal isovelocity surface area to estimate 
regurgitation fl ow, the area of convergence of the regurgi-
tant jet on the ventricular side of the mitral valve is mea-
sured at the point of aliasing. By multiplying proximal 

     Figure 54.2     Postoperative survival following mitral valve repair is 
compared to that of mitral valve replacement.  
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isovelocity surface area by the known aliasing velocity, 
actual fl ow is obtained, which should be a better indication 
of regurgitant severity and even outcome. Indeed, in one 
prospective study a regurgitant orifi ce area of  > 0.4   cm 2  pre-
dicted a poorer prognosis than when orifi ce area was 
smaller.  26   However, the convergence pattern is often diffi -
cult to pinpoint clinically and is not applicable in many 
cases. As with mitral valve repair, practice varies from 
center to center with some centers routinely accurately 
quantifying the severity of disease  27   while others rely upon 
a visual estimation. 

 When regurgitation severity is in doubt because of dis-
cordance between left ventricular size and the regurgitant 
signal, i.e. a small left ventricle and left atrium suggesting 
mild disease and a Doppler signal suggesting severe 
disease, the issue often can be resolved at cardiac catheter-
ization. During cardiac catheterization, hemodynamics and 
a left ventriculogram give additional although also imper-
fect information about the degree of mitral regurgitation. 
The left ventriculogram, unlike the Doppler study, visual-
izes actual fl ow of contrast media from the left ventricle 
into the left atrium. Care must be taken to inject enough 
contrast agent (at least 60   mL) to opacify both the enlarged 
left ventricle and left atrium of mitral regurgitation. Coro-
nary arteriography is also performed at cardiac catheteriza-
tion if there is any suspicion of an ischemic etiology for 
mitral regurgitation or when risk factors for coronary 
disease co - exist.  

  Acute  m itral  r egurgitation 
 In almost all cases of severe acute mitral regurgitation, the 
patient is symptomatic. The acute hemodynamic changes 
noted above cause decreased forward output and sudden 
left atrial hypertension, resulting in pulmonary congestion, 
reduced forward fl ow, and the symptoms of dyspnea, 
orthopnea, exercise intolerance, and fatigue. Vasodilator 
therapy may be successful in alleviating symptoms by pref-
erentially increasing forward fl ow while simultaneously 
decreasing left ventricular size, partially restoring mitral 
valve competence.  28   If vasodilators fail or if the patient is 
so severely decompensated that hypotension contraindi-
cates the use of vasodilators, intra - aortic balloon counter-
pulsation is necessary. In such cases surgery should follow 
soon after. This is especially true for the patient with isch-
emic mitral regurgitation. Such patients may have a vola-
tile course with initially mild heart failure which progresses 
unpredictably in severity. These patients require close fol-
low - up.  29,30   In milder cases where symptoms can be relieved 
by medical therapy, patients should be given a trial of 
medical therapy during which they may enter the compen-
sated chronic phase. In such cases, patients may then 
become asymptomatic for months or years. However, one 
study suggests that such patients are at risk for sudden 
death.  31   If confi rmed, this would indicate that relief of 

symptoms with medical therapy might be masking hemo-
dynamic or electrical instability and thus be dangerous.  

  Chronic  m itral  r egurgitation 
  Symptomatic  d isease     The onset of symptoms of congestive 
heart failure or a more subtle decrease in exercise tolerance 
is usually indicative of a change in physiologic status 
which usually has important clinical signifi cance. The 
onset of new atrial fi brillation is also probably indicative of 
a signifi cant change in disease status. Further, atrial fi bril-
lation by itself leads to increased morbidity and decreased 
cardiac output. In most cases, the onset of symptoms or 
persistent atrial fi brillation is an indication for mitral valve 
surgery even when objective indicators of left ventricular 
function do not show advancement to dysfunction. Early 
surgery in the mildly symptomatic patient is especially 
indicated when there is a high probability that mitral valve 
repair can be effected. In this circumstance there is no need 
to delay longer, waiting for more severe symptoms or the 
onset of more apparent left ventricular dysfunction. A 
valve repair will allow improvement in lifestyle while at 
the same time avoiding the risks of a prosthesis. Early 
surgery may be especially important when mitral regurgi-
tation is due to a fl ail leafl et because this condition may be 
associated with a modest increase in the risk of sudden 
death.  32   If preoperative evaluation indicates repair is 
unlikely, close follow - up of the patient is indicated. If 
symptoms continue to worsen or if left ventricular dys-
function develops, mitral competence should be restored. 

 In the patient with mild symptoms and normal left ven-
tricular function, transesophageal echocardiography to 
determine valve anatomy is crucial. This procedure is the 
best preoperative test to defi ne whether or not repair can 
be performed or if replacement will be necessary.  

  Assessment of  l eft  v entricular  f unction     A major goal in the 
management of the patient with mitral regurgitation is to 
correct the lesion prior to the development of irreversible 
left ventricular contractile dysfunction. Unfortunately, con-
tractility is diffi cult to measure clinically. Standard ejection 
phase indices such as ejection fraction, which are used to 
gauge left ventricular function in most cardiac diseases, are 
confounded by the abnormal loading conditions present in 
mitral regurgitation, necessitating alterations in the way 
these indexes are used.  33   Because ejection fraction is aug-
mented by increased preload in mitral regurgitation,  34   the 
value for ejection fraction should be supernormal in the face 
of normal contractility. A  “ normal ”  ejection fraction for the 
patient with mitral regurgitation is probably 0.65 – 0.75. 
Indeed, Enriquez - Sarano and colleagues have demon-
strated that once the ejection fraction falls to less than 0.60 
in patients with mitral regurgitation, long - term mortality is 
increased, suggesting that left ventricular dysfunction has 
already developed at that threshold for ejection fraction.  35   
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 End - systolic dimension, which is less dependent upon 
preload, has also been developed as an important indicator 
of left ventricular dysfunction in this disease. Wisenbaugh 
 et al  noted that when end - systolic dimension exceeded 
45   mm, outcome following surgery was compromised.  36   
This fi gure or its angiographic equivalent has been found 
to be predictive in other studies.  37,38   However, more recent 
studies have suggested that for ejection fraction to be pre-
dictably normal following surgery, end - systolic dimension 
should not exceed 40   mm, now the new ACC/AHA guide-
line for operation.  39   Careful evaluation of the patient with 
mitral regurgitation with history and physical examination 
augmented with serial echocardiograms should avoid the 
situation in which unrecognized left ventricular dysfunc-
tion develops. Yearly follow - up is probably adequate as 
long as the ejection fraction exceeds 0.65 and the end - sys-
tolic dimension is less than 35   mm. If the ejection fraction 
is lower or the end - systolic dimension is higher, more fre-
quent follow - up is indicated. When the ejection fraction 
approaches 0.60 or when the end - systolic dimension 
approaches 40   mm, surgery should be contemplated.   

  Indications for  s urgery in the  a symptomatic  p atient 
with  m itral  r egurgitation 
  Patients with  n ormal  l eft  v entricular  f unction     At fi rst glance, 
the asymptomatic patient with mitral regurgitation who 
has normal left ventricular function would not seem to 
require surgery. In this patient, surgery will neither improve 
lifestyle nor prevent reversible left ventricular dysfunction 
from developing imminently. However, patients with fl ail 
leafl et may become symptomatic within the next year  32   and 
may be at some increased risk for sudden death. In other 
cases where it is apparent that the severity of mitral regur-
gitation will eventually necessitate surgery, it could be 
argued that if mitral valve repair could be performed, little 
is to be gained by waiting. This circumstance is much like 
atrial septal defect where at low operative mortality (less 
than 1%) the defect can be repaired without the use of a 
prosthesis before unwanted sequelae develop (in the case 
of atrial septal defect, persistent atrial arrhythmias and 
pulmonary hypertension; in the case of mitral regurgita-
tion, left ventricular dysfunction). If this approach is taken 
it must be clear that repair rather than replacement can be 
effected. If the asymptomatic patient with normal left ven-
tricular function is ultimately treated with a prosthesis 
when a repair had been anticipated, it should be consid-
ered a complication of surgery since the unwanted risks of 
a prosthesis could have been at least temporarily avoided.  

  Asymptomatic  p atients with  l eft  v entricular  d ysfunction     It is 
the asymptomatic patient with left ventricular dysfunction 
at whom serial follow - up is aimed. If left ventricular dys-
function has developed (ejection fraction  < 0.6, end - systolic 
dimension  > 40   mm), surgery should be performed to 

prevent further irreversible left ventricular dysfunction 
even if surgery entails a prosthetic valve. Since left ven-
tricular dysfunction has already been indicated by non -
 invasive testing in such patients, every effort should be 
made to spare at least part of the mitral valve apparatus 
to prevent a further decline in left ventricular function 
postoperatively. Indeed, a recent prospective but non - 
randomized study demonstrated that when patients 
undergo corrective surgery either at the onset of symptoms 
or when left ventricular dysfunction occurs using these 
points of demarcation, the outcome is excellent.  40    

  Asymptomatic  e lderly  p atients     Patients with mitral regurgi-
tation over the age of 75 are at increased risk for operative 
death and a poor outcome. This is especially true if mitral 
valve replacement instead of repair is performed or if con-
comitant coronary disease, a consequence of aging, is 
present.  13,41   However, recent reports indicate improved 
results in octogenarians undergoing mitral valve surgery, 
especially when preoperative left ventricular function has 
been avoided and when mitral valve repair has been 
employed.  42,43   A summary of indications for surgery is 
shown in Table  54.1 .      

  Establishment of  s ymptom  s tatus 

 Because of the insidious nature of mitral valve disease, 
patients may subtly alter their lifestyle to maintain their 
asymptomatic status. Thus, history alone may fail to iden-
tify this gradual decline in exercise tolerance. Therefore, in 
patients with mitral valve disease, formal exercise testing 
is useful to objectively quantify changes in exercise toler-
ance over the time of follow - up and to separate truly 
asymptomatic patients from those who avoid situations 
which produce symptoms.  

  Far  a dvanced  d isease 

 Occasionally patients reach the fi rst attention of the physi-
cian in severe congestive heart failure with far advanced 

 Table 54.1     Indications for mitral surgery in asymptomatic patients 
with severe non - ischemic mitral regurgitation 

   Repair likely     Repair unlikely  

  Patient with fl ail leafl et     –   

  Patient with persistent atrial 

fi brillation  

   –   

  Patient with EF  <  0.60 or 

ESD  >  40   mm  

  Patient with EF  <  0.60 or 

ESD  >  40   mm  

   ESD, end - systolic minor axis dimension; EF, ejection fraction.   
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left ventricular dysfunction. Many patients in this category 
may benefi t from surgery because correction of mitral 
regurgitation will lower left atrial pressure and perhaps 
increase forward output. However, in such cases postop-
erative left ventricular function will remain depressed and 
lifespan is likely to be shortened. It is often diffi cult to 
decide whether left ventricular dysfunction is so far 
advanced that surgery should not be performed. The 
answer to this question is predicated upon what kind of 
operation is contemplated. If repair with sparing of most 
chordal structures can be performed, patients with an ejec-
tion fraction as low as 30% can survive surgery with post-
operative ejection performance maintained at this relatively 
low level.  3   However, for patients with an ejection fraction 
 < 40% in whom only mitral valve replacement can be per-
formed, operative mortality might be prohibitive. Wisen-
baugh has further suggested that if the end - systolic 
dimension exceeds 50   mm in patients with rheumatic mitral 
regurgitation, postoperative risk is extremely high whether 
repair can be effected or not.  36    

  Ischemic and  c ardiomyopathic (functional) 
 m itral  r egurgitation  

 In primary mitral regurgitation as discussed above, valve 
pathology causes regurgitation, inducing a volume over-
load that damages the left ventricle, i.e.  “ the valve makes 
the heart sick. ”  However, in functional mitral regurgita-
tion, either from ischemic ventricular damage from coro-
nary disease or from dilated cardiomyopathy, wall motion 
abnormalities and annular dilation lead to papillary muscle 
displacement, causing a normal valve to leak, i.e.  “ the heart 
makes the valve sick.” Because there are already other 
serious cardiac abnormalities present, the outcome of sur-
gical correction for functional mitral regurgitation is worse 
than with primary mitral regurgitation  44,45   and guidelines 
for surgery are not well developed. As noted above, there 
is no obligatory fall in ejection fraction after mitral valve 
repair so even patients with very low ejection fraction may 
benefi t from surgery.  46   However, while some have found 
good results with surgery in this group of patients,  47   there 
is no proof that such surgery prolongs life and even studies 
of quality of life have been disappointing.  48,49   Common 
sense indicates that surgery should be performed when 
ischemic mitral regurgitation has caused shock or intrac-
table pulmonary congestion.  

  Medical  t herapy 

 Apart from the use of prophylactic antibiotics against infec-
tive endocarditis in very specifi c patients, there is no proven 
medical therapy for chronic mitral regurgitation. While 
vasodilators are effective in treating the acute disease, no 
large long - term trials have been performed to examine 

their effect in chronic disease. The trials which have been 
performed differ regarding benefi t from this therapy.  50,51   
Further, since afterload is not typically elevated in chronic 
mitral regurgitation, the physiologic underpinnings for 
vasodilators used for afterload reduction are less clear.  

  Summary 

 Patients with acute mitral regurgitation with severe hemo-
dynamic instability require surgical correction. In less 
severe situations, medical therapy may allow the patient to 
enter the chronic compensated phase in which surgery can 
be delayed. 

 When symptoms develop in chronic mitral regurgitation, 
they are usually an indication for valve surgery. This is 
especially true if left ventricular dysfunction is developing 
or if it is certain that a mitral valve repair can be performed. 
In asymptomatic patients with normal ventricular func-
tion, surgery should only be contemplated when there is 
certainty of repair. On the other hand, if left ventricular 
dysfunction is developing, surgery should be performed to 
prevent further deterioration whether or not a repair can 
be effected.   

  Mitral  s tenosis 

  Etiology and  p athophysiology 

 Most mitral stenosis in adults is acquired through rheu-
matic heart disease. In developed countries it typically 
appears in women in their fourth or fi fth decades. In devel-
oping nations, where the rheumatic process appears to be 
more aggressive, stenosis may develop in adolescence or 
early adulthood. 

 As mitral stenosis worsens, a gradient develops between 
the left atrium and left ventricle during diastole. At the 
same time the stenotic valve impairs left ventricular fi lling, 
limiting cardiac output. The combination of pulmonary 
congestion caused by left atrial hypertension and dimin-
ished forward cardiac output caused by infl ow obstruction 
mimics the hemodynamics of left ventricular failure even 
though the left ventricle itself is usually spared from the 
rheumatic process, especially in developed countries.  52   
However, in approximately one - third of patients, left ven-
tricular ejection performance is reduced despite no impair-
ment in contractility.  53   Reduced ejection fraction is caused 
by reduced preload from the impairment of left ventricular 
fi lling and from increased left ventricular afterload second-
ary to refl ex systemic vasoconstriction in the face of 
decreased cardiac output. Ejection performance may return 
to normal shortly after mitral stenosis is relieved.  54   

 Although the left ventricle is usually spared from direct 
involvement in this disease, the right ventricle experiences 
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pressure overload because it supplies the hemodynamic 
force propelling blood across the stenotic mitral valve. 
Thus, as left atrial pressure rises, pulmonary pressure and 
right ventricular pressure also must increase, placing a 
pressure overload on the right ventricle. For unclear reasons, 
as the disease progresses, reversible pulmonary vasocon-
striction develops, leading to a worsening of pulmonary 
hypertension and eventually to right ventricular failure.  

  Indications for  s urgery 

 In most cases, mitral stenosis can be relieved by balloon 
valvotomy which offers results comparable to open com-
missurotomy, as shown in a randomized trial.  55   Surgery is 
reserved for those cases in which valve anatomy is unfa-
vorable for balloon valvotomy or in which balloon val-
votomy has been attempted and failed. Although in some 
instances open surgical commissurotomy can be successful 
even though balloon valvotomy was predicted to be unsuc-
cessful, the unfavorable anatomy for balloon valvotomy 
will also be unfavorable for commissurotomy, necessitating 
valve replacement. Thus when surgery is anticipated, the 
risks and complications of a prosthesis should also be 
anticipated. 

 The timing of surgery for mitral stenosis can largely be 
predicated on symptomatic status as shown in Figure 
 54.3 .  56   Once more than New York Heart Association 

(NYHA) class II symptoms develop, mortality increases 
abruptly and surgery should be performed before class III 
symptoms appear. Additionally, some studies indicate that 
the presence of pulmonary hypertension substantially 
increases operative risk  38,57   and thus surgery should be con-
templated in patients who develop asymptomatic pulmo-
nary hypertension (pulmonary artery systolic pressure 
 > 50   mmHg). When surgery precedes severe pulmonary 
hypertension, operative mortality, even with the insertion 
of a prosthesis, is 1 – 3%.   

 The most diffi cult situation for timing surgery arises in 
the young woman who wishes to bear children. In such 
patients in whom balloon valvotomy has already been 
ruled out because of unfavorable valve anatomy, the choice 
of prosthetic valve becomes quite diffi cult. If a mechanical 
valve is placed, it will require anticoagulation which is 
problematic during pregnancy. Administration of warfarin 
causes a particularly high incidence of fetal malformation, 
especially when used during the fi rst trimester. It can be 
substituted by daily injections of heparin but serious 
thrombotic complications have occurred in such circum-
stances, suggesting that this therapy is inadequate at least 
in some cases.  58   On the other hand, if a bioprosthesis is 
placed in a young woman it is likely to degenerate within 
a decade or sooner, forcing the patient to have a reopera-
tion attended by increased surgical risk. There is no correct 
solution to this dilemma and the prosthesis which is even-
tually inserted is chosen after lengthy consultation between 
both the patient and surgeon.  

  Summary 

 In most cases, mitral stenosis can be treated successfully 
with balloon valvotomy. However, if this procedure is 
unfeasible, open commissurotomy or valve replacement is 
indicated for greater than NYHA class II symptoms or for 
the development of pulmonary hypertension.   
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   Introduction 

 Evidence - based management of patients with aortic valve 
disease is limited by the absence of prospective random-
ized trials of surgery versus medical therapy. Furthermore, 
the small number of prospective, randomized trials of 
medical treatment in aortic valve disease have provided 
confl icting results. However, retrospective studies provide 
extremely useful data which are important in the manage-
ment of patients. Sir Thomas Lewis pointed out over 80 
years ago the inadequacy of knowledge of prognosis in 
patients with heart disease and proposed a system for pro-
spective follow - up of patients, which we now call  “ data-
bases ”  or  “ registries ” . The latter are, of course, the major 
evidence used in this chapter to delineate the indications 
for surgery and also infl uenced the recently updated 
American College of Cardiology (ACC) and American 
Heart Association (AHA)  Guidelines for the Management of 
Patients with Valvular Heart Disease ,  1   and the European 
Society of Cardiology (ESC)  Guidelines on the Management 
of Patients with Valvular Heart Disease   2   which provide a 
framework upon which clinical decisions can be based. 
However, the guidelines must be put in perspective. The 
ACC/AHA guidelines had 124 pages and 1066 references. 
Of their 324 recommendations, only one (0.3%) was based 
on level of evidence A and 242 (74.7%) were based on level 
of evidence C. The ESC guidelines had 32 pages and 232 
references. Of the 64 recommendations, none (0%) had 
level of evidence A and 58 (90.6%) were based on level of 
evidence C.  

  Aortic  v alve  s tenosis 

  Etiology 

 A wide variety of disorders may produce aortic valve 
obstruction.  3   However, those that result in severe stenosis 
in adults are: 
   •      congenital  
   •      acquired  
   •      calcifi c (degenerative)  
   •      autoimmune  
   •      rheumatic.    
 The most common cause of aortic stenosis (AS) in younger 
adults is a congenital bicuspid valve, which is found in 
approximately 1% of the general population. In most 
patients aged 40 – 64 years, the severely stenotic aortic valve 
is bicuspid. In patients aged  ≥ 65 years, 90% of severely 
stenotic valves are tricuspid. Non - rheumatic calcifi ed 
valves are thought to be  “ degenerative ”  but recent data 
suggest that calcifi cation and obstruction may be the result 
of an autoimmune reaction to antigens present in the 
valve,  4   and that the initial process may be an atheroscle-
rotic lesion.  5,6   Early lesions are similar to atherosclerosis, 
with prominent accumulation of  “ atherogenic ”  lipopro-
tein, including low - density lipoprotein (LDL) and 
lipoprotein(a), evidence of LDL oxidation, an infl amma-
tory cell infi ltrate, and microscopic calcifi cation. In late 
lesions, there are more prominent accumulation of lipid 
cells and extracellular matrix.  7   Rheumatic heart disease is 
still common in developing countries.  

  Grading the  d egree of  s tenosis 

 The natural history of AS is variable depending on the 
degree of stenosis and the rate at which it progresses. 
Cardiac catheterization and echocardiographic – Doppler 
ultrasound studies indicate the systolic pressure gradient 
increases on an average by 10 – 15   mmHg per year. The 
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10 – 15   mmHg increase is not linear but a stepwise function 
with periods of steady state interspersed by an increase in 
gradient. The range of progression is also wide. Data 
suggest that the progression of AS may be related to car-
diovascular risk factors  8   and the rate of progression may 
be more rapid if marked leafl et calcifi cation is noted by 
echocardiography.  9   However, even some patients with 
only modest calcifi cation may progress very rapidly, 
making careful follow - up essential. 

 The systolic gradient across the stenotic aortic valve is 
dependent on the following: 
   •      the stroke volume (not the cardiac output because the 
gradient and valve area are a per beat, and not a per minute, 
function)  
   •      the systolic ejection period  
   •      the systolic pressure in the ascending aorta.    
 The stenotic valve area is inversely related to the square 
root of the mean systolic gradient. Thus, measurement of 
valve area is an important part of the assessment of the 
severity of AS. The valve area may decrease by as much as 
0.12    ±    0.19   cm 2  per year.  10   

 Valve area is related to body surface area and is larger 
in bigger individuals, probably because of the need for a 
larger stroke volume and cardiac output. The normal aortic 
valve area ranges from 3 to 4   cm 2 . It is reduced to half its 
size before a systolic gradient occurs.  11   The orifi ce area has 
to be reduced to one - third of its size before signifi cant 
hemodynamic changes are seen;  12   gradients increase pre-
cipitously after that. The obvious clinical problem is that in 
an individual patient with AS, one usually does not know 
the valve area prior to the onset of disease. 

 Cardiac magnetic resonance imaging (MRI) and com-
puted tomography (CT) are emerging tools in assessment 
of patients with AS.  13,14   However, echocardiography 
remains the primary diagnostic tool and initial procedure 
used to confi rm the presence and determine the severity of 
AS.  15   In an experienced center the severity of AS deter-
mined by Doppler echocardiography correlates well with 
the severity determined by cardiac catheterization.  16   A 
comprehensive echocardiographic - Doppler examination in 
AS should include assessment of the aortic valve peak and 
mean gradient as well as aortic valve area.  17   When the clini-
cal picture does not correlate with the hemodynamic data 
obtained by Doppler echocardiography, re - evaluation by 
cardiac catheterization is indicated. 

 Several series suggest B - type natriuretic peptide (BNP) 
is useful in assessing severity of aortic stenosis and identi-
fying patients at high risk for cardiovascular events. It has 
been found that BNP is regulated by systolic and diastolic 
load, suggesting that myocardial stretch modulates BNP.  18   

 The outcome of patients with severe AS was described 
by Ross and Braunwald  19   after review of seven autopsy 
studies published before 1955, and also by Horstkotte and 
Loogen  20   reporting on 55 patients (10 of whom were 

asymptomatic) with aortic valve area of  < 0.8   cm 2  by cardiac 
catheterization who refused surgery. The fi ndings are 
shown in Table  55.1 . The mortality of symptomatic patients 
with  “ severe ”  AS from eight studies  21   is given in Table  55.2 .    

  Mild  a ortic  s tenosis 

 AS is best considered a disease continuum with resulting 
overlap of specifi c cut - off values. Nevertheless, a defi ned 
classifi cation template is useful clinically. The ACC/AHA 
  valve guidelines revised severity criteria  1   are shown in 
Table  55.3 . This document defi nes mild AS as an aortic 
valve area  > 1.5   cm 2 , peak aortic valve jet velocity by Doppler 
echocardiography  < 3.0   m/sec, and mean gradient 
 < 25   mmHg. In two studies, patients with aortic valve area 
 > 1.5   cm 2  by catheterization had no mortality on follow - up. 
At the end of 10 years, in one study 8% had severe stenosis, 
and in the other 15% had a cardiac event. At the end of 20 
years, AS had become severe in only 20% and continued to 
be mild in 63%.  20,21      

  Moderate  a ortic  s tenosis 

 Moderate AS is defi ned as a valve area of  > 1.0 – 1.5   cm 2 , peak 
aortic valve jet velocity by Doppler echocardiography 3.0 –
 4.0   m/sec, and mean gradient 25 – 40   mmHg. In one study 
in which patients were followed after cardiac catheteriza-
tion, the one - year and 10 - year mortality was 3% and 15%, 
respectively, and at 10 years 65% of patients had had a 
cardiac event.  21    

  Severe  a ortic  s tenosis 

 Several criteria have been used to defi ne severe AS. The 
guidelines provided by the ACC and AHA Committee on 
Valvular Heart Disease  1   describe severe AS as an aortic 

 Table 55.1     Survival, according to symptoms, of patients with 
 “ severe ”  aortic stenosis 

   Symptoms     Average survival  

   Autopsy data  a   
(years)  

   Post cardiac catheterization  b   
(months)  

  Overall    3    23  

  Angina  c      5    45  

  Syncope    3    27  

  Heart failure     < 2    11  

    a    Data from Ross and Braunwald.  19    

   b    Data from Horstkotte and Loogen.  20    

   c    Angina in patients with AS occurs even in those without associated 

obstructive CAD.   
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valve area  ≤ 1.0   cm 2  and a mean aortic pressure gradient, in 
the setting of normal cardiac output, of  > 40   mmHg. 
Although controversial, this defi nition was supported by 
data from a large multicenter database (492 patients) which 
suggested that the one - year mortality of those with aortic 
valve areas after catheter balloon valvuloplasty for calcifi c 
AS of  ≤ 0.7   cm 2  versus that of those with valve areas  > 0.7   cm 2  
was 37% versus 42%, respectively.  22   Kennedy and co - work-
ers  23   reported on 66 patients with aortic valve areas of 
0.7 – 1.2   cm 2  (0.92    ±    0.15   cm 2 ), normal left ventricular volumes 
and ejection fraction, whose average age was 67 years. In 
an average follow - up of 35 months, 21% died and 32% had 
valve replacement; at four years, the actuarial incidence of 
death or valve replacement was 41%.  23   Thus, these studies 
show that patients with aortic valve areas of 0.7 – 1.0   cm 2  
have an outcome without valve replacement that is not 
benign, and is not consonant with moderate stenosis; these 
patients should be considered as having severe AS.  

  Natural  h istory 

 The duration of the asymptomatic period after the develop-
ment of severe AS is variable. Pellikka  et al  recently added 
to their previous work and reported the long term (5.4    ±    4.0 
years) follow - up of 622 patients (aged 72    ±    11 years) with 
asymptomatic, hemodynamically signifi cant AS (peak jet 

velocity 4   m/sec by Doppler echocardiography).  24   They 
found that most patients developed symptoms related to 
AS with the probability of remaining symptom - free at one, 
two and fi ve years being 82%, 67%, and 33%, respectively. 
Furthermore, the one - , two -  and fi ve - year probabilities of 
remaining free of aortic valve surgery or cardiac death 
were 80%, 63%, and 25%, respectively with the risk of 
sudden death of approximately 1%/year. Patients having 
a peak velocity of  ≥ 4.5   m/sec had a higher likelihood of 
developing symptoms (relative risk, 1.34) or having aortic 
valve surgery or cardiac death (relative risk, 1.48). In 
another study of 123 asymptomatic adults with varying 
grades of severity of AS (aged 63    ±    16 years),  10   the actuarial 
probability of death or aortic valve surgery was 7    ±    5% at 
one year, 38    ±    8% at three years and 74    ±    10% at fi ve years. 
The event rate at two years for aortic jet velocity by Doppler 
ultrasound of  > 4.0   m/s (peak gradient by Doppler ultra-
sound  > 64   mmHg) was 79    ±    18%, for a velocity of 3.0 –
 4.0   m/s (peak gradient 36 – 64   mmHg) was 66    ±    13%, and for 
a velocity of  < 3.0   m/s (peak gradient of  < 36   mmHg) was 
16    ±    16%.  10   Thus, the duration of the asymptomatic period, 
particularly in those aged  ≥ 60 years, is probably very short 
and the course of these patients is not benign.  25,26   However, 
it should be remembered that it can be diffi cult to ascribe 
with certainty a cardiac cause of death if the patients died 
in their own communities far from the referral center. 

 Paul Dudley White in 1951  27   credited the fi rst recorded 
occurrence of sudden death from AS to T. Bonet in 1679.  28   
In the past 70 years the reported incidence of sudden death 
in AS from eight series has ranged from 1% to 21%. Ross 
and Braunwald,  19   after reviewing seven autopsy series 
published before 1955, concluded the incidence was 3 – 5%. 
The data reported by Pellikka  et al   24   suggest the risk of 
sudden death in asymptomatic patients with AS is approxi-
mately 1%/year. The incidence of sudden death in symp-
tomatic adult patients has been 33% (one in three) in one 
series  29   and 30% (three of ten) in another series.  20   The devel-
opment of symptoms of angina, syncope or heart failure 

 Table 55.2     Mortality of symptomatic patients with  “ severe ”  aortic stenosis   21    

   Authors     Year of 
publication  

  Patients  
   ( n )  

   Mortality follow - up time (years)  

   1     2     3     5     10     11  

  Frank  et al   29      1973    15            36%    52%    90%      

  Rapaport  96      1975                    62%    80%      

  Chizner  et al    97      1980    23    26%    48%        64%        94%  

  Schwarz  et al    40      1982    19            79%              

  O ’ Keefe  et al    98      1987    50    43%    63%    75%              

  Turina  et al    99      1987    50    40%                      

  Kelly  et al    100      1988    39    38%                      

  Horstkotte  et al    20      1988    35            82%              

 Table 55.3      ACC / AHA  recommendations for classifi cation of aortic 
stenosis   1    

   Parameter     Mild     Moderate     Severe  

  Jet velocity (m/sec)     < 3.0    3.0 – 4.0     > 4.0  

  Mean gradient (mmHg)     < 25    25 – 40     > 40  

  Valve area (cm 2 )     > 1.5    1.0 – 1.5     < 1.0  

  Valve area index (cm 2  per m 2 )             < 0.6  
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changes the prognosis of the patient with AS. Average 
survival after the onset of symptoms is  < 2 – 3 years and 
careful clinical monitoring for the development of symp-
toms and progressive disease is paramount.  

  Management 

  Medical  m anagement 
 For many years, the standard of care has been to provide 
antibiotic prophylaxis against infective endocarditis in 
patients with signifi cant AS.  1   However, recently published 
AHA guidelines for the prevention of infective endocardi-
tis have created signifi cant controversy and no longer rec-
ommend antibiotic prophylaxis for AS based on lack of 
proven effi cacy, risk of adverse reactions and poor cost -
 effectiveness unless the patient has had prior endocarditis, 
has a prosthetic valve, or has additional complex cardiac 
lesions that are high risk for the development of endocar-
ditis.  30   Patients who have had rheumatic fever should still 
receive antibiotic prophylaxis against recurrences of rheu-
matic fever  1,31   (Class I, Level B; recommendation classes 
and levels of evidence are as noted in Box  55.1 ).   

 Unfortunately, there are no medical treatments proven 
to delay the progression of AS. AS shares similar athero-
sclerotic risk factors with coronary artery disease (CAD). 
Retrospective, observational studies have suggested that 
both statin therapy and possibly angiotensin - converting 
enzyme inhibition (ACEI) are effective in slowing pro-
gression of AS.  32 – 35   However, no prospective trials assess-
ing the effi cacy of ACEI in AS exist and the two largest 

prospective, randomized trials looking at statin therapy 
in this setting have yielded confl icting results.  36,37   Thus, 
further prospective trials with longer follow - up and 
assessment of these treatment strategies in mild or moder-
ate AS are needed. Evaluation and modifi cation of cardio-
vascular risk factors to prevent concurrent CAD as 
recommended by current guidelines is the best approach 
for now.  

  Surgical  m anagement 
 Surgery is recommended for severe symptomatic AS and 
is the only specifi c and direct therapy for most adults with 
severe AS. Rarely, in young patients, the aortic valve is 
suitable for balloon or surgical valvotomy. Recently, the 
results of transcatheter implantation of a balloon - expand-
able stent valve using a femoral arterial approach in 50 
patients with severe AS at high risk for conventional open 
heart surgery have been published.  38   The procedure was 
successful in 86% of patients and 30 - day mortality was 12% 
in this high - risk cohort. With further refi nement, percuta-
neous valve replacement may become an alternative to 
conventional open heart surgery in selected high - risk 
patients with severe symptomatic AS but in most adults, 
surgery for AS means aortic valve replacement (AVR).  31,39   
AVR is indicated for symptomatic patients with severe AS 
(Class I, Level B), although there are no prospective ran-
domized trials of surgery versus no surgery in severe 
symptomatic AS, and there are unlikely to be any in the 
future. 

 In severe symptomatic AS, AVR results in an improve-
ment of survival even with normal preoperative left ven-
tricular function.  20,40   Schwartz  et al   39   compared the results 
of AVR with medical treatment during the same time 
period in patients with severe symptomatic AS and normal 
LV systolic function at a single center. They demonstrated 
signifi cant survival benefi t with AVR (Fig.  55.1 ). Horskotte 
and Loogen further demonstrated the poor prognosis of 
medical treatment in severe symptomatic AS with a mean 
survival of only 23    ±    5 months and a fi ve - year probability 
of survival of only 18    ±    7% in patients who refused AVR.  20   
In patients who refused surgery, mean survival after the 
occurrence of angina pectoris was 45    ±    13 months, after 
syncope 27    ±    15 months, and after fi rst occurrence of left 
heart failure 11    ±    10 months.  20   These differences in survival 
between those treated medically and surgically are so large 
that there is a great deal of confi dence that AVR signifi -
cantly improves the survival of those with severe, symp-
tomatic AS (Class I, Level B).   

 The operative mortality of valve replacement is  ≤ 5%.  39,41,42   
Data from the Euro Heart Survey demonstrate that opera-
tive mortality rates have dropped to 2.7% and 4.3%, for 
AVR and AVR+ coronary bypass surgery, respectively.  43   
Furthermore, in patients without other co - morbid condi-
tions, the risk of AVR is  ≤ 2% in experienced and skilled 

BOX 55.1  Recommendation classes and levels of 
evidence 

     Class I : Conditions for which there is evidence and/or 
general agreement that a given procedure or treatment is 
useful and effective. 

  Class II : Conditions for which there is confl icting evidence 
and/or a divergence of opinion about the usefulness/
effi cacy of a procedure or treatment. 

  Class IIa : Weight of evidence or opinion is in favor of 
usefulness/effi cacy. 

  Class IIb : Usefulness/effi cacy is less well established by 
evidence/opinion. 

  Class III : Conditions for which there is evidence and/or 
general agreement that the procedure/treatment is not 
useful, and in some cases, may be harmful. 

  Level of Evidence A : Data derived from multiple 
randomized clinical trials or meta - analyses 

  Level of Evidence B : Data derived from a single 
randomized clinical trial or large non - randomized 
studies 

  Level of Evidence C : Consensus of opinion of the experts 
and/or small studies, retrospective studies, registries  
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centers.  44   The operative mortality in those  ≥ 70 years is 
increased, averaging 8% for AVR and 13% for those under-
going AVR and associated coronary bypass surgery;  39   
however, operative mortality is also dependent on co - mor-
bidities.  45   Patients with associated CAD should have coro-
nary artery bypass grafting at the same time as AVR, 
because it results in a lower operative mortality (4.0% vs 
9.4%) and better 10 - year survival (49% vs 36%).  44   This was 
in spite of the fact that those who underwent coronary 
bypass surgery had more CAD (34% had three - vessel 
disease, 11% had left main artery disease, and 38% had 
single - vessel disease) than those who did not undergo 
coronary bypass surgery (13% had three - vessel disease, 1% 
had left main disease, and 65% had single - vessel disease).  44   
Although this approach to CAD is generally approved, 
there are no randomized trials to support these recommen-
dations. The presence of CAD, its site and severity can be 
estimated best by selective coronary angiography, which 
should be performed in all patients 35 years of age or older 
who are being considered for aortic valve surgery, and in 
those aged  < 35 years if they have left ventricular dysfunc-
tion, symptoms or signs suggesting CAD, or they have two 
or more risk factors for premature CAD (excluding 
gender).  39   The incidence of associated CAD will vary con-

siderably depending on the prevalence of CAD in the 
population;  21,39   in general, in persons 50 years of age or 
older it is about 50%.  39   Normal preoperative left ventricular 
function remains normal postoperatively if perioperative 
myocardial damage has not occurred.  46   Left ventricular 
hypertrophy regresses toward normal;  46,47   after two years, 
the regression continues at a slower rate up to 10 years after 
AVR.  47   In patients with excessive preoperative left ven-
tricular hypertrophy,  48   the hypertrophy may regress slowly 
or not at all. Preoperatively, these patients have a small left 
ventricular cavity, severe increase in wall thickness, and 
 “ supernormal ”  ejection fraction; this occurs in 42% of 
women and 14% of men aged  ≥ 60 years.  48   After AVR their 
clinical picture often resembles that of hypertrophic cardio-
myopathy without outfl ow obstruction, which is a diffi cult 
clinical condition to treat, both in the early postoperative 
period and after hospital discharge;  48   therefore, surgery 
should be performed prior to development of excessive 
hypertrophy. Surviving patients are functionally 
improved.  39   

 After AVR, the 10 - year survival is  ≥ 60% and 15 - year 
survival is about 45%.  39,49   One half or more of the late 
deaths are not related to the prosthesis but to associated 
cardiac abnormalities and other co - morbid conditions.  49   
Thus, the late survival will vary in different subgroups of 
patients. The older patients ( ≥ 60 years) have a 12 - year actu-
arial survival of  ≥ 60%.  50   Data from the Karolinska Institute 
in Sweden have provided an interesting perspective on the 
long - term survival after AVR in patients with AS aged  ≥ 65 
years. They compared the relative survival of the patient 
who has undergone AVR with another age -  and sex -
 matched person in the same population. Relative survival 
refers to survival of patients compared to age -  and gender -
 matched people in the population. Patients under the age 
of 65 had a relative survival of 81% which is signifi cantly 
lower than 100%, and is also lower than that of those aged 
 ≥ 65 years. On the other hand, patients who underwent 
AVR at age  ≥ 65 had a relative survival of 94% at the end 
of 10 years and this was not signifi cantly different from 
100% (Fig.  55.2 ). These data indicate that survival following 
AVR for AS in patients aged  ≥ 65 is not signifi cantly differ-
ent from age -  and sex - matched individuals in the popula-
tion without AS; and the late relative survival of patients 
aged  ≥ 65 years is much better than that of patients aged 
 < 65  . Thus, surgery should not be denied to those  ≥ 60 – 65 
years old and should be performed early.  50 – 52     

 Patients who present with heart failure related to AS 
should undergo surgery as soon as possible. Medical treat-
ment in hospital prior to surgery is reasonable to improve 
the perioperative risk, but ACE inhibitors should be used 
with great caution and in such a dosage that hypotension 
is avoided. Selected critically ill patients with left ventricu-
lar systolic dysfunction and severe AS may benefi t from 
cautious administration of sodium nitroprusside therapy.  53   

     Figure 55.1     Aortic valve replacement is associated with a survival 
benefi t in patients with severe symptomatic aortic stenosis.  (From 
Schwarz  et al   40   with permission.)  Open circles, unoperated; closed circles, 
operated.  
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However, this study is problematic. The goal was to study 
cardiac output by the Fick principle after 24 hours, but O 2  
consumption was not measured but obtained from a nomo-
gram that has no data on O 2  consumption in heart failure 
before and after treatment. The patients were made hypo-
tensive and the one - month mortality was 25%. We strongly 
discourage the use of nitroprusside unless the patient is 
very hypertensive and needs intravenous therapy for 
control of hypertension and with the caveat that hypoten-
sion must be avoided. If heart failure does not respond 
satisfactorily and rapidly to medical therapy, surgery 
becomes a matter of considerable urgency.  39   Catheter 
balloon valvuloplasty has a very limited role in adults with 
calcifi c AS and carries a mortality risk of  > 10%. In addition, 
restenosis and clinical deterioration occur within 6 – 12 
months. In adults with AS, balloon valvuloplasty is not a 
substitute for AVR but can be a bridge procedure in selected 
patients.  54   It may improve hemodynamics and make them 
better candidates for AVR. The results of valve replace-
ment in patients with severe AS and preoperative left ven-
tricular systolic dysfunction and the factors predictive of 
reduced postoperative survival, persistent left ventricular 
systolic dysfunction, and persistence of symptoms are 
summarized in Boxes  55.2  and  55.3 .  21,39,40,45 – 47,49 – 51,55 – 57     

 Surgical mortality for AS patients with heart failure has 
declined: 25 years ago the operative mortality was  < 20%  57   
but in the current era it is  ≤ 10%.  55   Although this is higher 
than in patients without heart failure, late outcome in those 

who survive the operation is excellent and is far superior 
to that which can be expected with medical therapy. 
Patients who survive operation have an 84% seven - year 
survival.  56   Survival in those without associated CAD is 
greater than in those with CAD (69% vs 39% fi ve - year 
survival,  P     =    0.02).  55   Left ventricular function improves in 
most patients after AVR, and becomes normal in two -
 thirds of the patients, unless there was irreversible preop-
erative myocardial damage (Fig.  55.3 ).  55,57   In addition, 
operative survivors are functionally much improved, and 
left ventricular hypertrophy and left ventricular dilation, if 
present preoperatively, regress toward normal.  57   Despite 
the excellent results of AVR in patients with severe AS who 
are in heart failure, these results are not as good as for those 
who are not in heart failure; therefore, it is important to 
recognize that surgery should not be delayed until heart 
failure develops (Class I, Level B).   

 Six percent of older patients with AS present in cardio-
genic shock.  54   The hospital mortality in such patients is 
near 50%. The subsequent mortality is also very high if the 
patients have not had their AS relieved.  54   Thus, these 
patients need to be managed aggressively by medical 
therapy  53   and emergency surgery with or without catheter 
balloon valvuloplasty as a  “ bridge ”  procedure.  54    

     Figure 55.2     Relative survival rates for patients operated on for pure AS. 
Patients are stratifi ed according to age:  < 65 years old (dashed line) or 
 ≥ 65 years old (solid line) with vertical bars indicating 95% confi dence 
limits. Patients aged  ≥ 65 who underwent AVR for AS obtained a 
normalized survival pattern after operation. POST - OP, postoperatively; AS, 
aortic stenosis; AVR, aortic valve replacement.  (From Lindblom  et al   51   with 
permission.)   
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AS≥65 94% BOX 55.2  Results of valve replacement in patients with 
severe aortic valve stenosis 

        •      Improved symptoms and survival in symptomatic 
patients, especially in those with left ventricular systolic 
dysfunction, clinical heart failure, and in those aged  ≤ 65 
years  

   •      Improvement in left ventricular systolic dysfunction, 
which normalizes in two thirds of patients  

   •      Regression of left ventricular hypertrophy  
   •      Improvement in functional class, more marked in those 

with severe symptoms preoperatively     

BOX 55.3  Factors predictive of a less favorable outcome 

        •      Extent and severity of associated co - morbid conditions  
   •      Presence and severity of clinical heart failure 

preoperatively  
   •      Severe associated coronary artery disease  
   •      Severity of depression of preoperative left ventricular 

ejection fraction  
   •      Duration of preoperative left ventricular systolic 

dysfunction  
   •      Extent of preoperative irreversible myocardial damage  
   •      Skill and experience of operating and other associated 

professional teams  
   •      Extent of perioperative myocardial damage  
   •      Complications of a prosthetic heart valve     
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valve area that would be in a range indicating severe AS. 
There are at least two possible causes for this clinical cir-
cumstance. First, there is a small or reduced stroke volume 
and a normal or near normal systolic ejection time; thus, 
the gradient is small and the calculated aortic valve area 
correctly indicates severe AS. The second consideration is 
that the stroke volume is reduced, and thus the valve needs 
to open only to a small extent to allow the left ventricle to 
eject the small stroke volume. The calculated aortic valve 
area accurately refl ects the extent to which the valve has 
opened but overestimates the severity of AS. Use of a pro-
vocative test using an inotropic agent, such as dobuta-
mine,  58 – 60   may allow one to make the correct differentiation 
between the two. Dobutamine increases systolic fl ow per 
second owing to increases in stroke volume or shortening 
of ejection time or both. In the fi rst circumstance described 
above, dobutamine will result in an increase in gradient but 
the calculated valve area remains more or less unchanged. 
On the other hand, in the second circumstance described 
above, the gradient may or may not increase with dobuta-
mine but the calculated valve area increases signifi cantly, 
indicating that the stenosis is not severe. When the dobu-
tamine test is used in the catheterization laboratory, it is 
important to measure cardiac output and simultaneous left 
ventricular and aortic pressures both before and during 
dobutamine infusion. Alternatively, the gradient and valve 
area may be assessed by echocardiography/Doppler 
during dobutamine infusion; however, one needs to be 
certain that cardiac output has increased signifi cantly with 
dobutamine (Class IIa, Level B). 

 Differentiating these two patient groups with AS may 
impact management decision and affects the operative 
outcome.  59   A multicenter study reported that the surgical 
mortality is related to contractile reserve, which was deter-
mined during echocardiographic - Doppler investigation 
and described as an increase in stroke volume  ≥ 20%.  61   The 
presence of contractile reserve in this high - risk AS subset 
impacts surgical outcome.  62   The absence of LV contractile 
reserve in patients with low - gradient AS identifi es a group 
of patients who have a higher AVR mortality compared to 
those with contractile reserve  59   (Fig.  55.4 ). However, if 
these patients survive surgery, their left ventricular ejec-
tion fraction increases in the majority of cases and the 
concept that surgery should be contraindicated in the 
absence of contractile reserve with dobutamine stimulation 
is incorrect.  63   BNP has been demonstrated to be signifi -
cantly higher in patients with truly severe low - gradient AS 
compared to patients with pseudosevere low - gradient AS. 
BNP was also demonstrated to predict survival of the 
whole cohort and in patients undergoing AVR.  64      

  Aortic  v alve  r eplacement in  a symptomatic  AS  
 In view of the dismal natural history of symptomatic 
patients with severe AS, the excellent outcome after 

     Figure 55.3     Change in LV EF for each individual patient with severe AS 
and LV systolic dysfunction. After AVR the LV EF improved from 0.34 to 
0.63. All but one patient showed an improvement in LV EF; the only 
patient who showed deterioration in EF suffered a perioperative MI and 
had a complete heart block; and the only patient who showed only a 
relatively small increase in EF had had a MI prior to AVR. Note that LV EF 
normalized in two - thirds of the patients and in the two patients with the 
lowest ejection fraction (0.18 and 0.19), LV EF normalized in both. These 
data indicate that there is probably no lower limit of EF at which time 
patients with AS become inoperable. This also indicates that the lower 
the EF, the more urgent the need for AVR. AS, aortic stenosis; LV, left 
ventriclular; EF, ejection fraction; AVR, aortic valve replacement; MI, 
myocardial infarction.  (From Smith  et al   57   with permission.)   
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  Low  g radient  a ortic  s tenosis 
 Patients with severe left ventricular systolic dysfunction, 
low aortic valve gradient, and small calculated aortic valve 
area represent a diffi cult clinical problem. There is contro-
versy regarding the best management of these patients, in 
part related to the diffi culty differentiating patients with 
true severe AS from patients with moderate AS and severe 
left ventricular dysfunction. A small gradient across the 
valve may be associated with a small calculated aortic 
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surgery, and the uncertain natural history of the asymp-
tomatic patient, it is reasonable to recommend AVR in 
select asymptomatic patients in centers with the appropri-
ate skill and experience. Recently, a large retrospective 
review of 622 asymptomatic patients with hemodynami-
cally signifi cant AS followed for over fi ve years was pub-
lished by Pellikka  et al    24    which demonstrated that most 
patients with asymptomatic, hemodynamically signifi cant 
AS will develop symptoms within fi ve years and that 
sudden death occurred in  ≈ 1%/year. They found that age, 
chronic renal failure, inactivity, and aortic valve velocity 
by Doppler echocardiography independently were predic-
tive of all - cause mortality. The combined risk of surgery 
and late complications of AVR must be weighed against 
the risk of sudden death. There is no consensus about AVR 
in the truly asymptomatic patient. Clearly, if the patient 
has left ventricular dysfunction, obstructive CAD or other 
valve disease that needs surgery, and has severe AS, then 
AVR should be performed. Some would recommend AVR 
in all asymptomatic patients with severe AS, while others 
would recommend it in all those with aortic valve area of 
 ≤ 0.70   cm 2  and in selected patients only with aortic valve 
area of 0.71 – 1.0   cm 2 . 

 Exercise testing should be avoided in symptomatic 
patients with AS but it may have a role in risk - stratifying 
asymptomatic AS patients.  25   In a small series, Amato and 
colleagues reported no serious exercise - related complica-
tions.  25   All patients in this series had documented no coro-

nary artery disease by angiography prior to performing the 
exercise test. During follow - up, 6% of the asymptomatic 
patients (4/66) experienced sudden death; all had a posi-
tive exercise test and an aortic valve area of  ≤ 0.6   cm 2 . The 
exercise test was considered positive if there was a hori-
zontal or down - sloping ST segment depression of  ≥ 1   mm 
in men or  ≥ 2   mm in women, or an up - sloping ST segment 
depression of  ≥ 3   mm in men, measured 0.08 seconds after 
the J point. The exercise test was also considered positive 
if precordial chest pain or near syncope occurred, if the 
ECG showed a complex ventricular arrhythmia or if sys-
tolic blood pressure failed to rise by  ≥ 20   mmHg during 
exercise compared with baseline. 

 Lancellotti  et al  evaluated the prognostic importance of 
quantitative Doppler exercise supine bicycle echocardiog-
raphy in a group of patients (n   =   69) with severe asymp-
tomatic AS.  65   In multivariate Cox regression analysis, an 
increase in the mean transaortic pressure gradient by 
 ≥ 18   mmHg during exercise, an abnormal exercise test 
(defi ned as having  ≥ 1 of the following: angina, dyspnea, 
2   mm ST depression 0.08   sec after the J point, fall or small 
( < 20   mmHg) rise in systolic blood pressure, or signifi cant 
arrhythmias), and an aortic valve area  < 0.75   cm 2  were inde-
pendent predictors of cardiac events in follow - up (15    ±    7 
months). 

 It must be emphasized that this is a controversial issue. 
Some cardiologists advise against exercise testing in any 
patient with severe AS, especially when the extent of coro-
nary artery disease is not known. The recommendations of 
the ACC/AHA  1   and European Society of Cardiology 
Guidelines  2   for AVR in severe AS are shown in Tables  55.4  
and  55.5 .      

  Chronic  a ortic  v alve  r egurgitation 

  Etiology 

 The causes of chronic aortic regurgitation (AR) are:  66,67  
    •      aortic root/annular dilation  
   •      congenital bicuspid valve  
   •      previous infective endocarditis  
   •      rheumatic  
   •      in association with other diseases  –  aortitis, drug - related 
valve disease and others.    
 In developed countries, aortic root/annular dilation and 
congenital bicuspid valve are the commonest causes of 
severe chronic AR.  

  Natural  h istory 

 Chronic aortic valve regurgitation is a condition of com-
bined volume and pressure overload. With progression of 
the disease, compensatory hypertrophy and recruitment of 

     Figure 55.4     Importance of contractile reserve in low - gradient, low - EF 
severe aortic stenosis. Kaplan – Meier survival estimates by group are 
shown; improvement in three - year survival with AVR was signifi cant in 
group I but not signifi cant in group II; survival duration under medical 
therapy was not different between groups. According to Cox 
proportional hazard analysis, two parameters were independently 
associated with long - term survival: AVR (hazard ratio 0.30; 95% CI 
0.17 – 0.53;  P    =   0.001) and LV contractile reserve (hazard ratio 0.40; 95% 
CI 0.23 – 0.69;  P    =   0.001). Group I patients  did  and Group II patients  did 
not  demonstrate contractile reserve with dobutamine on echo/Doppler 
evaluation. EF, ejection fraction; AVR, aortic valve replacement.  (From 
Monin  et al   61   with permission.)   
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 Table 55.4      ACC / AHA  recommendations for  AVR  in aortic stenosis   1    

        Class     Level of evidence  

  AVR is indicated for symptomatic patients with severe AS    I    B  
  AVR is inidicated for patients with severe AS undergoing CABG, surgery on the aorta or other heart valves    I    C  
  AVR is recommended for patients with severe AS and LV systolic dysfunction (EF    <    0.50)    I    C  
  AVR is reasonable for patients with moderate AS undergoing CABG or surgery on the aorta or other heart valves    IIa    B  
  AVR may be considered for asymptomatic patients with severe AS and abnormal response to exercise (e.g. 

development of symptoms or asymptomatic hypotension)  
  IIb    C  

  AVR may be considered for adults with severe asymptomatic AS if there is a high likelihood of rapid progression 

(age, calcifi cation, and CAD) or if surgery might be delayed at the time of symptom onset  
  IIb    C  

  AVR may be considered in patients undergoing CABG who have mild AS when there is evidence, such as moderate 

to severe valve calcifi cation, that progression may be rapid  
  IIb    C  

  AVR may be considered for asymptomatic patients with extremely severe AS (aortic valve area less than 0.6   cm 2 , 

mean gradient greater than 60   mmHg, and jet velocity greater than 5.0   m per second) when the patient ’ s expected 

operative mortality is 1.0% or less  

  IIb    C  

  AVR is not useful for the prevention of sudden death in asymptomatic patients with AS who have none of the 

fi ndings listed under the Class IIa/IIb recommendations  
  III    B  

 Table 55.5     European Society of Cardiology Recommendations for  AVR  in severe aortic stenosis   65    

        Class of recommendation     Level of evidence  

  Patients with severe AS and any symptoms    I    B  
  Patients with severe AS undergoing coronary artery bypass surgery, surgery of the ascending 

aorta, or on another valve  
  I    C  

  Asymptomatic patients with severe AS and abnormal exercise test showing symptoms on 

exercise  
  I    C  

  Asymptomatic patients with severe AS and abnormal exercise test showing fall in blood 

pressure below baseline  
  IIa    C  

  Asymptomatic patients with severe AS and moderate - to - severe valve calcifi cation, and a rate 

of peak velocity progression    ≥    0.3m/sec/year  
  IIa    C  

  AS with low gradient ( < 40   mmHg) and LV dysfunction with contractile reserve    IIa    C  
  Asymptomatic patients with severe AS and abnormal exercise test showing complex ventricular 

arrhythmias  
  IIb    C  

  Asymptomatic patients with severe AS and excessive LV hypertrophy ( ≥ 15   mm) unless this is 

due to hypertension  
  IIb    C  

  AS with low gradient ( < 40   mmHg) and LV dysfunction without contractile reserve    IIb    C  

preload reserve permit the left ventricle to maintain normal 
global LV systolic pump function despite the elevated after-
load. The majority of patients remain asymptomatic 
throughout the compensated phase, which may last decades. 
The natural history of chronic aortic valve regurgitation 
can be divided into three different eras: the era of syphilis, 
the era of rheumatic fever/carditis, and the current era of 
non - invasive quantifi cation of left ventricular function. 

  Era of  s yphilis 
 Prior to availability of antibiotics, the duration from syphi-
lis infection to death was 20 years.  68   The duration of the 
asymptomatic AR was fi ve years in 60% of patients and the 

fi ve - year survival was 95%. Once symptoms had devel-
oped, the 10 - year survival ranged from 40% to 60%. Heart 
failure was associated with a one - year survival of 30 – 50%, 
and 10 - year survival of 6%. In a study of 161 patients 
reported in 1935, the 10 - year survival after the onset of 
heart failure had developed was 34% but was 66% in those 
treated with arsenic.  68   Syphilis still occurs, but current 
therapy is cheap and effi cacious if diagnosed early. Syphi-
litic AR is uncommon.  

  Era of  r heumatic  f ever/ c arditis 
 Although the incidence of rheumatic valve disease is low 
in developed countries, rheumatic heart disease remains 
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the most common form of valve disease in many parts of 
the world. Moreover, some people now domiciled in the 
developed world have had their initial attack(s) of acute 
rheumatic fever whilst living in developing countries. 

 Following the episode of acute rheumatic fever, a 
murmur is characteristically detected after approximately 
10 years.  68   The average interval from detection of a murmur 
to development of symptoms is 10 years and the percent-
age of patients remaining symptom free 10 years after 
detection of the murmur is 50%.  68   Rheumatic AR most com-
monly occurs in conjunction with mitral valve disease.  

  Current  e ra 
 In the current era, patients with AR are followed clinically, 
with non - invasive tests including echocardiography/
Doppler, and radionuclide angiogram to assess left ven-
tricular ejection fraction (EF) or after invasive studies such 
as cardiac catheterization with angiography. Reported out-
comes are shown in Table  55.6 . As outlined in Table 
 56.6 ,  66,69 – 75   the natural history of patients with chronic AR 
depends on the presence or absence of symptoms and on 
the status of the left ventricle. In asymptomatic patients 
with normal left ventricular function, data would suggest 
the progression to symptoms and/or left ventricular sys-
tolic dysfunction in approximately 4% per year. Sudden 
death occurs very rarely, 0.1% per year, and asymptomatic 
left ventricular dysfunction occurs at a rate of 1 – 3% per 
year, depending on the frequency of follow - up.   

 There are limited data on asymptomatic patients with 
AR and reduced left ventricular systolic function. Avail-
able data would suggest that most of these patients will 

 Table 55.6     Outcomes of patients with severe aortic regurgitation 

   Outcome     Incidence  

   Asymptomatic patients with normal 
left venticrular systolic function    (69 – 75,101)     

    

  Progression to symptoms and/or left 

ventricular systolic dysfunction  

  2.4 – 5.7% per year 

(average 3.8% per year)  

  Progression to asymptomatic left 

ventricular dysfunction  

    

   –  follow - up at 12 - month intervals  c    (69)      0.9% per year  

   –  follow - up at 6 - month intervals  c    (73)      3.4% per year  

  sudden death    0.1% per year  

   Asymptomatic patients with left 
ventricular systolic dysfunction    (102,103)     

    

  Progression to cardiac symptoms     > 25% per year  

   Symptomatic patients    (66,96,104,105)         

  Mortality rate    Average  > 10% per year  

  Angina     > 10% per year  

  Heart failure     > 20% per year  

    a    see text for details.   

 Table 55.7     Likelihood of symptoms of left ventricular dysfunction or 
death 

  Left ventricular end - diastolic dimension      

   ≥ 70   mm    10% per year  

   < 70   mm    2% per year  

  Left ventricular end - systolic dimension      

   ≥ 50   mm    19% per year  

  End - systolic dimension  > 25   mm/m 2     8% per year  

  40 – 49   mm    6% per year  

   < 40   mm    0% per year  

develop symptoms warranting surgery within 2 – 3 years, 
at an average rate of  > 25% per year. Similarly, limited data 
are available on the natural history of symptomatic patients 
with severe AR. These patients have a poor prognosis 
despite medical therapy, with reported mortality rates of 
10% and 20% per year in patients with angina and heart 
failure, respectively. 

 Important limitations of some of the studies in the litera-
ture must be kept in mind. For example, the  “ natural 
history ”  group in one study was composed of several 
subsets of patients  74   and 36% of this group was on medica-
tion for symptoms. Another concern is the true rate of the 
development of asymptomatic left ventricular dysfunc-
tion.  69   At least 25% of patients who develop left ventricular 
systolic dysfunction do so before they have symptoms, 
thus emphasizing the need for regular quantitative assess-
ment of left ventricular systolic function at follow - up in 
asymptomatic patients with severe AR and previously 
normal left ventricular systolic function. More recent 
studies indicate a poor outcome of symptomatic patients 
with medical therapy, even among those with preserved 
systolic function (Table  55.7 ).  70,76     

 Sir William Broadbent stated 100 years ago that  “ The  age  
of the patient at the time when the lesion is acquired is the 
most important consideration in prognosis  …  ” .  77   In asymp-
tomatic patients with normal left ventricular systolic func-
tion, the independent predictors of symptoms, left 
ventricular systolic dysfunction, and death by multivariate 
analysis were: older age, decreasing resting left ventricular 
EF at rest, and left ventricular dimension on M - mode echo-
cardiography.  69   Importantly, most of these dimensions 
were obtained in the United States, and American women 
have smaller body surface area and thus smaller left ven-
tricular dimensions than men, in the absence of valve 
disease, or in the presence of AR, even when they become 
symptomatic.  78   Thus, recommendations for intervention 
based on left ventricular dimension alone will not be appli-
cable to most women and almost certainly will not be 
applicable to populations of smaller body size. The left 
ventricular dimension should be corrected to body surface 
area.  79   Patients also develop symptoms and/or left ven-
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tricular systolic dysfunction at a faster rate if their initial 
left ventricular end - diastolic volume is  ≥ 150   mL/m 2  when 
compared to those with volumes  < 150   mL/m 2 .  74   Older age 
also appears to increase the annual mortality.  79    

  Management 

 This chapter discusses indications for intervention in 
patients with chronic severe AR. It should be mentioned 
that acute severe AR usually causes sudden severe symp-
toms of heart failure or cardiogenic shock. The sudden 
large regurgitant volume load is imposed on a normal size 
left ventricle causing marked elevation in left ventricular 
end - diastolic pressure and left atrial pressure. Echocardiog-
raphy is invaluable in determining the severity and etiology 
of aortic valve regurgitation.  15   The etiology of acute aortic 
valve regurgitation may have an important impact on the 
treatment, which is usually emergency surgery.   

  Medical  m anagement 

 Angina is a recognized symptom in patients with severe 
AR and is a result of a relative reduction of myocardial 
blood fl ow because of an increased demand and/or associ-
ated obstructive CAD.  39   The treatment options are to 
reduce the degree of AR, reduce the myocardial demand 
or revascularize the myocardium. Clinical heart failure is 
treated with traditional therapy, including digitalis, diuret-
ics, and ACEI. Parenteral inotropic and vasodilator therapy 
may be needed for those in severe heart failure.  80   Ulti-
mately the only direct method to reduce the amount of AR 
is with AVR or valve repair. 

  Arterial  d ilators 
 The role of arterial dilators in chronic, severe, asymptom-
atic AR is controversial, partly because some of the patients 
in several of the studies that demonstrated benefi t were 
symptomatic and/or had associated systemic hyperten-
sion. Therapy with vasodilating agents should improve 
forward stroke volume and reduce regurgitant volume and 
these effects might then translate into reductions in left 
ventricular end - diastolic volume, wall stress, and after-
load, resulting in preservation of left ventricular systolic 
function and reduction in left ventricular mass. These 
effects have been observed in small numbers of patients 
receiving hydralazine.  81   In a trial of 80 patients treated with 
digitalis, diuretics, and hydralazine over two years, medical 
therapy produced very minor improvements in left ven-
tricular size and function.  82   Side effects associated with 
long - term use of hydralazine seriously impaired compli-
ance and only 46% of the patients completed the trial. 
Hydralazine is rarely used currently. 

 Inconsistent results have been reported with ACEI, 
depending on the degree of reduction in arterial pressure 

and end - diastolic volume. In an acute study in the catheter-
ization laboratory, 20 patients with severe AR were ran-
domized to either oral nifedipine or oral captopril.  83   
Nifedipine produced a reduction of regurgitant fraction 
but captopril did not. Nifedipine produced a greater 
increase of forward stroke volume and cardiac output and 
a greater fall of systemic vascular resistance. This study 
showed that, acutely, nifedipine was superior to an ACEI. 
A subsequent six - month randomized trial of a small 
number of patients showed that the results with captopril 
were similar to placebo, demonstrating no signifi cant 
changes in left ventricular dimensions.  84   

 The role of long - acting nifedipine on  patient outcome  was 
evaluated by Scognamiglio  et al  in a prospective, random-
ized trial of 143 asymptomatic patients with chronic severe 
AR, and normal left ventricular systolic function; 69 
patients were randomized to long - acting nifedipine and 74 
patients to digoxin. The patients underwent clinical and 
echocardiographic evaluation at six - month intervals. At six 
years, the need for AVR was 34    ±    6% in the digoxin - treated 
group and 15    ±    3% in the nifedipine - group,  P      <     0.001 (see 
Fig.  55.4 ).  73   Thus, for every 100 patients treated with nife-
dipine, 19 fewer AVRs were needed at the end of six years 
(see Fig.  56.4 ). Compared to the digoxin group, the nifedip-
ine - treated group demonstrated a reduction in left ven-
tricular volume and mass. Ejection fraction, left ventricular 
volumes and mass all increased during follow - up in the 
digoxin arm of the trial. Normal left ventricular EF was 
noted after AVR in 12 of 16 patients (75%) in the digoxin 
group and all six patients in the nifedipine group who had 
an abnormal left ventricular EF before surgery. This ran-
domized trial demonstrates that arteriolar dilator therapy 
with long - acting nifedipine delays the need for AVR in 
asymptomatic patients with severe AR and normal left 
ventricular systolic function. The same group has more 
recently reported a favorable recovery of left ventricular 
systolic function following AVR in patients with reduced 
left ventricular EF from chronic severe AR treated with 
nifedipine.  85   

 Evangelista and colleagues studied 95 patients with 
asymptomatic severe AR and normal left ventricular sys-
tolic function who were randomly assigned to open label 
nifedipine (20   mg every 12 hours), enalapril (20   mg per day) 
or no treatment.  86   In contrast to the fi ndings of Scognami-
glio  et al ,  71,73   they found that neither nifedipine nor enala-
pril reduced or delayed the need for AVR in patients with 
asymptomatic severe AR and normal left ventricular sys-
tolic function. In this study vasodilator therapy was not 
found to reduce the aortic regurgitant volume, decrease the 
size of the left ventricle, or improve left ventricular systolic 
function. This study has major fl aws with respect to meth-
odology (many patients did not have severe AR), very 
small numbers of patients (32 in the nifedipine arm of 
whom seven were lost to follow - up within a few months), 
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and the type as well as dosing of nifedipine used. 
Nevertheless, there is now less confi dence about the role 
of arterial vasodilators in chronic severe AR and the current 
ACC/AHA (Table  55.8 ) and ESC guidelines have down-
played the use of arterial vasodilators.     

  Surgical  m anagement 

 Surgery for primary AR should only be considered when 
the degree of regurgitation is severe. However, the pres-
ence of severe AR does not mandate surgery. The critical 
issue is to choose the best time for surgical intervention. 
Aortic valve repair or AVR should be performed in symp-
tomatic patients irrespective of left ventricular function. 
Postoperative survival is better after AVR in symptomatic 
patients with normal or mildly impaired left ventricular 
systolic function than in those with greater impairment of 
left ventricular systolic function.  87   

 Recently, an important study has documented the long -
 term outcome of surgically treated AR.  88   One hundred and 
seventy patients with severe isolated chronic AR had AVR 
between 1982 and 2002 according to predefi ned protocol. 
Patients were divided into two groups depending on their 
preoperative clinical status: Group A ( “ early ”  surgery) 
included asymptomatic patients and those in NYHA func-
tional class II with  “ moderate degrees ”  of LV dysfunction 
(EF 45 – 50% and/or end - systolic diameters 50 – 55   mm) and 
Group B ( “ too late ”  surgery) included patients with either 
severe symptoms (NYHA functional classes III and IV) or 
in NYHA functional class I/II with an left ventricular EF 
 < 45% or a left ventricular end - systolic diameter  > 55   mm. 
Follow - up was 10    ±    6 years (1 – 22 years). Survival up to 22 
years was signifi cantly better in Group A patients. Both 
groups showed signifi cant increases in left ventricular EF, 

reductions in left ventricular end - diastolic diameter and 
left ventricular end - systolic diameter and improvement in 
NYHA functional class (Table  55.9 ). The authors concluded: 
 “ Early operation as defi ned in the guidelines improves 
long - term survival in patients with chronic AR ” .   

 Extreme left ventricular dilation (end - diastolic dimen-
sion  > 80   mm) associated with AR occurs primarily in men 
and is often associated with left ventricular dysfunction. 
Extreme left ventricular dilation, however, is not a marker 
of irreversible left ventricular dysfunction. Operative risk 
and late postoperative survival are acceptable in these 
patients.  89   

 Chaliki  et al  reconfi rmed the excess mortality rates of 
AVR in patients with severe AR and markedly reduced left 
ventricular EF.  90   Importantly, they demonstrated that EF 
increases signifi cantly and that most patients have 
improved survival without recurrence of heart failure 
after AVR. Bhudia  et al  have demonstrated a dramatic 
reduction in operative mortality in this group of patients 
over the last 30 years.  91   Thus, even in patients with severe 
left ventricular systolic dysfunction, the risk of surgery and 
postoperative medical therapy for heart failure are usually 
less than the risk of long - term medical management. 

 After AVR, patients with normal preoperative left ven-
tricular systolic function have reduction in left ventricular 
volumes and hypertrophy.  88   In the majority of patients 
with normal preoperative left ventricular systolic function, 
there is an eventual increase in EF after AVR, presumably 
because of a reduction of myocardial stress.  88   Left ventricu-
lar hypertrophy continues to decline for up to 5 – 8 years in 
those with normal preoperative left ventricular systolic 
function, but at a slower rate after 18 – 24 months.  46,92   Most 
patients are symptomatically improved and are in NYHA 
class I (Boxes  55.4 ,  55.5 ).  39     

 Table 55.8      ACC / AHA  recommendations for vasodilator treatment in severe  AR    1    

        Class of recommendation     Level of evidence  

  Vasodilator therapy is indicated for chronic therapy in patients with severe aortic regurgitation 

who have symptoms or LV dysfunction whn surgery is not recommended because of 

additional cardiac or non cardiac factors  

  I    B  

  Vasodilator therapy is reasonable for short - term therapy to improve the hemodynamic profi le 

of patients with severe heart failure symptoms and severe LV systolic dysfunction before 

proceeding with AVR  

  IIa    C  

  Vasodilator therapy may be considered for long - term therapy in asymptomatic patients with 

severe aortic regurgitation who have LV dilation but have normal LV systolic function  
  IIb    C  

  Vasodilator therapy is not indicated for long - term therapy in asymptomatic patients with 

mild - moderate aortic regurgitation and normal LV systolic function  
  III    B  

  Vasodilator therapy is not indicated for long - term therapy in asymptomatic patients with LV 

systolic dysfunction who are otherwise candidates for AVR  
  III    C  

  Vasodilator therapy is not indicated for long - term therapy in symptomatic either normal LV 

function or mild - moderate LV systolic dysfunciton who are otherwise candidates for AVR  
  III    C  
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 Table 55.9     Long - term outcome after aortic valve replacement for aortic regurgitation 

        Group A ( “ Early ”  Surgery)     Group B ( “ Too Late ”  Surgery)      P  value  

  Patient, n    60    110     –   

  Hospital mortality    3 (5%)    9 (8%)    0.5  

  Later mortality    7/57 (12%)    37/101 (37%)    0.001  

  Survival * (%) at:              

     5 years    90    ±    4    75    ±    8      

     10 years    86    ±    5    64    ±    5      

     15 years    78    ±    7    53    ±    6    0.009  

  LVEDD (mm)              

     Preoperative    71    ±    7    75    ±    8    0.001  

     Postoperative (1   yr)    53    ±    6    59    ±    12    0.0001  

      P  value    0.0001    0.0001      

  LVESD (mm)              

     Preoperative    48    ±    6    55    ±    10    0.0001  

     Postoperative (1   yr)    38    ±    6    44    ±    14    0.0001  

      P  value    0.0001    0.0001      

  LVEF (%)              

     Preoperative    54    ±    7    42    ±    10    0.0001  

     Postoperative (1   yr)    57    ±    9    47    ±    16    0.0001  

   P  value    0.023    0.0001      

  Preoperative NYHA functional class              

     I    43%    25%      

     II    57%    15%      

     III     –     32%      

     IV     –     29%      

  End of follow - up NYHA functional class              

   LVEDD, left ventricular end - diastolic dimension; LVEF, left ventricular ejection fraction; LVESD, left ventricular end - systolic dimension; NYHA, New 

York Heart Association.

 *    Best - case scenario: 2 patients lost to follow - up considered to be alive. Data from Tornos  et al.   88     

BOX 55.4  Results of valve replacement in patients with 
severe chronic aortic valve regurgitation 

        •      Improved survival in those with mild to moderate 
impairment of left ventricular systolic function and in 
those with severe left ventricular enlargement 
irrespective of their symptomatic status  

   •      Improvement in left ventricular systolic dysfunction; 
function normalizes if the dysfunction is of  ≤ 12 months ’  
duration preoperatively  

   •      Regression of left ventricular hypertrophy  
   •      Improvement in functional class, particularly in those 

with preoperative mild to moderate impairment and in 
those with preoperative left ventricular dysfunction     

BOX 55.5  Factors predictive of a less favorable outcome 
after  AVR  for  AR  

        •      Extent and severity of associated co - morbid conditions  
   •      Severe obstructive coronary artery disease  
   •      Presence and severity of clinical heart failure 

preoperatively  
   •      Severity of depression of preoperative LVEF  
   •      Duration of preoperative left ventricular systolic 

dysfunction  
   •      Extent of preoperative irreversible myocardial damage  
   •      Severity of increase in left ventricular end - diastolic and 

end - systolic size (left ventricular end - diastolic and 
end - systolic volumes of  ≥ 210 and  ≥ 110   ml/m 2 , 
respectively, or end - diastolic and end - systolic 
dimensions of  ≥ 80   mm and  ≥ 60   mm, respectively)  

   •      Skill and experience of operating and associated 
professional teams, for example, anesthetists  

   •      Extent of perioperative myocardial damage  
   •      Complications of a prosthetic heart valve     



CHAPTER 55  Surgical indications in aortic valve disease

891

 After AVR in those with abnormal preoperative left ven-
tricular systolic function (EF 0.25 – 0.49), there is a reduction 
of heart size and left ventricular end - diastolic pressure, 
end - diastolic and end - systolic volumes and hypertrophy.  88   
Generally, left ventricular EF improves or normalizes 
only if the EF was abnormal for  ≤ 12 months prior to 
surgery.  92   Early after AVR, there may be a reduction in EF. 
The left ventricular end - diastolic volume has not yet 
decreased but the regurgitant volume has been eliminated; 
this causes a decline in EF. An early decrease in left ven-
tricular end - diastolic dimension is a good indicator of func-
tional success of AVR as the magnitude of reduction in 
end - diastolic dimension after operation correlates with the 
magnitude of late increase in EF.  1   Moreover, unless there 
is a perioperative complication, most patients are symp-
tomatically improved and are in NYHA class I or II after 
AVR for chronic AR.  39   In those with severe symptoms and 
severe reduction of EF or severe left ventricular dilation 
preoperatively, the operative mortality can still be rela-
tively low although survival as well as the benefi cial effects 
on left ventricular function and functional class are less 
marked.  93,94   

 The current status of aortic valve repair prevents recom-
mending this as an early prophylactic procedure. It is dif-
fi cult to determine which aortic valves will be amenable to 
repair and repair is feasible only in a minority of cases even 
at experienced and skilled centers. The rate of recurrent AR 
requiring reoperation is at a level that decreases the enthu-

siasm for this procedure in asymptomatic patients with 
minimal left ventricular enlargement.  95   

  Aortic  v alve  r eplacement in  a symptomatic  AR  
 Aortic valve surgery for asymptomatic patients with AR is 
controversial. AVR is indicated in the setting of left ven-
tricular dysfunction with an EF  ≤ 0.50  92   and in the setting 
of severe left ventricular dilation (end - diastolic dimension 
 > 70   mm, end - systolic dimension  > 50   mm, or left ventricular 
systolic dimension/body surface area  ≥ 0.25   mm/m 2 ), even 
if the EF is normal. Ideally, the threshold values of end -
 diastolic and end - systolic dimension recommended for 
AVR in asymptomatic patients should be adjusted to body 
surface area. It has been demonstrated that a left ventricu-
lar end - systolic dimension corrected for body surface area 
(left ventricular systolic dimension/body surface area) of 
 ≥ 25   mm/m 2  is associated with increased mortality when 
followed conservatively.  1,79,89   Aortic valve surgery for 
asymptomatic patients with severe AR is also recom-
mended for when these patients are being referred for 
cardiac surgery for associated conditions such as CAD, 
thoracic aortic aneurysmal disease, or another valve lesion. 
Asymptomatic patients who do not have severe left ven-
tricular dilation and those who do not have left ventricular 
dysfunction at rest or exercise should not have surgery for 
chronic AR, and can be safely followed. The current ACC/
AHA and European guidelines for AVR in patients with 
AR are shown in Tables  55.10  and  55.11 .      

 Table 55.10      ACC / AHA  guidelines for  AVR  in  AR    1    

        Class of recommendation     Level of evidence  

  AVR is indicated for symptomatic patients with severe aortic regurgitation irrespective of LV 

systolic function  
  I    B  

  AVR is indicated for asymptomatic patients with chronic severe aortic regurgitation and LV 

systolic dysfunction (EF  ≤ 50% at rest)  
  I    B  

  AVR is indicated for patiens with chronic severe AR while undergoing CABG or surgery on the 

aorta or other valves  
  I    C  

  AVR is reasonable for asymptomatic patients with severe aortic regurgition with normal LV 

systolic function (EF  > 50%) but with severe dilation of the LV (end - diastolic dimension 

 > 75   mm or end - systolic dimension  > 55   mm)  

  IIa    B  

  AVR may be considered in patients with moderate AR while undergoing surgery on the 

ascending aorta or CABG  
  IIb    C  

  AVR may be considered in asymptomatic patients with severe aortic regurgitation and normal 

LV systolic function (EF    > 50%) when the degree of LV dilation exceeds an end - diastolic 

dimension of 70   mm or end - systolic dimension of 50   mm, when there is evidence of 

progressive LV dilation, declining exercise tolerance, or abnormal hemodynamic responses to 

exercise  

  IIb    C  

  AVR is not indicated for asymptomatic patients with mild, moderate, or severe AR and normal 

LV systolic function at rest (EF  > 50%) when the degree of dilation is not moderate or severe 

(end - diastolic dimension  < 70   mm or end - systolic dimension  < 50   mm)  

  III    B  
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  Conclusion 

 The timing of AVR in aortic valve disease remains one of 
the more important decisions in cardiology. Although 
operative mortality has diminished with improvement in 
surgical techniques, the risk of AVR and the presence of an 
aortic valve prosthesis still outweigh the benefi ts in most 
patients without symptoms or evidence of LV remodeling/
dysfunction. The regular use of imaging techniques, espe-
cially echocardiography, plays an important role not only 
in quantifying the severity of the valve lesion but also in 
assessing LV geometry and function. A careful evaluation 
of evidence based on good studies and data from excellent 
databases is paramount in making decisions about surgical 
intervention in patients with aortic valve disease.  
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56  Non - surgical aortic valve therapy: 
balloon valvuloplasty and transcatheter 
aortic valve replacement  

   Robert H   Boone   and   John G   Webb  
  St Paul ’ s Hospital, University of British Columbia, Vancouver, British Columbia, Canada       

     Surgical valve replacement is the current standard of care 
for many patients with degenerative valve disease. In 
appropriate candidates outcomes are excellent and benefi t 
is durable. Nevertheless, surgical valve replacement may 
not be ideal for all patients and the search for less invasive 
options has been aggressively pursued. 

 There was initial enthusiasm for balloon aortic valvulo-
plasty as a palliative alternative for patients with severe 
aortic stenosis who were at high operative risk. However, 
multiple series have shown that although valvuloplasty 
can be completed with acceptable risk, it provides only 
short - term symptomatic benefi t without improved sur-
vival. Nevertheless, valvuloplasty may have a role in tem-
porary palliation or as a bridge to, or component of, a more 
defi nitive therapy. 

 Transcatheter aortic valve replacement is a new therapy 
which is progressing rapidly, and preliminary experience 
suggests it may be a viable alternative to conventional sur-
gical valve replacement while avoiding the need for median 
sternotomy and cardiopulmonary bypass. In selected high -
 risk patients mortality and morbidity may be superior to 
outcomes anticipated with conventional surgery. However, 
current information is primarily from relatively small, sin-
gle - center registries. Larger, multicenter and randomized 
evaluations are needed.  

  Introduction 

 There are three primary causes of aortic stenosis (AS): con-
genitally bicuspid valves with superimposed calcifi cation, 
rheumatic valve disease, and calcifi c disease of a trileafl et 
valve. Calcifi c AS is the most frequent expression of valvu-

lar heart disease in the Western world, is the leading indi-
cation for valve replacement, and its prevalence increases 
with increasing age. Community data document the preva-
lence of moderate or severe AS at 0.6%, 1.4% and up to 
4.6% in patients aged 55 – 64, 65 – 74, and  ≥ 75 years, respec-
tively.  1   Surgical aortic valve replacement (AVR) is the pre-
ferred treatment strategy for symptomatic patients, but has 
limitations in the presence of co - morbidities, including 
advanced age, which increase the operative risk.  

  Pathophysiology and  n atural  h istory 

 The early valve lesions of AS show features similar to ath-
erosclerosis with lipid accumulation and accompanying 
infl ammatory cells and calcifi cation. Myofi broblasts play a 
central role in the process, and it is believed these cells dif-
ferentiate into an osteoblast - like cell phenotype which in 
turn promotes formation of the calcifi ed nodules and bone.  2   
The calcifi cation process occurs over decades and causes 
reduced leafl et mobility, which leads to increased transval-
vular pressure gradients, left ventricular outfl ow obstruc-
tion, and systolic pressure overload. The left ventricular 
wall thickens to maintain chamber size, wall stress and 
ejection fraction,  3   which is both benefi cial and detrimental. 
Hypertrophied myocardium has less coronary fl ow per 
gram and less vasodilator reserve which makes it vulner-
able to ischemia, even in the absence of epicardial coronary 
disease.  4 – 6   Ischemic stress can be greater in the hypertro-
phied heart, which must be considered during transcath-
eter aortic valve replacement (TAVR) where transient left 
ventricular outfl ow obstruction and rapid pacing are pro-
cedurally required. 

 The natural history of adult AS consists of a prolonged 
latent period during which morbidity and mortality are 
very low. As the calcifi cation process continues, the trans-
valvular gradient increases and eventually the cardinal 
symptoms of AS are experienced: angina, syncope and 
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heart failure. The outlook changes dramatically once symp-
toms are present, and average survival is 2 – 3 years.  7 – 9   Pro-
gression from mild AS to severe AS is variable, but once 
moderate stenosis is present the average rate of progres-
sion is a decrease in aortic valve area (AVA) of 0.1cm 2 /
year.  10   Once symptoms are present the risk of sudden death 
is high and AVR must be considered.  11    

  Aortic  v alve  r eplacement  i ndications 
and  r isk 

 Surgical AVR may offer survival and symptom benefi t, and 
can be performed at low risk with excellent and durable 
results in most patient groups. The current American 
College of Cardiology (ACC)/American Heart Association 
(AHA) valvular heart disease guideline recommendations 
for AVR are provided in Table  56.1  and, simply stated, give 
a Class I recommendation to surgical aortic valve replace-

ment for patients with severe AS in combination with 
symptoms, left ventricular ejection fraction (LVEF)  < 50%, 
or concomitant coronary bypass, aortic or heart valve 
surgery. In the developing arena of transcatheter aortic 
valve replacement (TAVR), such guidelines do not exist, 
and the understanding of surgical risk is fundamental to 
the process of patient selection.   

 Among those centers reporting within the Society of 
Thoracic Surgeons (STS) database (1998 – 2005) the average 
perioperative mortality was 3 – 4% for isolated AVR, and 
5 – 7% for AVR plus coronary artery bypass grafts (CABG).  12   
In patients  ≥ 70 years of age, other large series report a 
5 – 15% operative mortality for isolated AVR, and rates are 
higher in the presence of co - morbidities or the need for 
additional cardiac procedures.  13 – 20   

 Beyond mortality, morbidity is a signifi cant risk with 
surgical AVR. For very elderly patients, postoperative stay 
is more than tw weeks, most are discharged to nursing care 
or rehabilitation facilities, and rehospitalization within one 

 Table 56.1      ACC / AHA  recommended indications for  AVR  in patients with  AS    37    

   Indication     Class  1       Level of evidence  2    

  Severe AS  3   and symptoms    I    B  
  Severe AS, undergoing CABG    I    C  
  Severe AS, undergoing aortic or other valve surgery    I    C  
  Severe AS and EF  < 50%    I    C  
  Moderate AS,  4   undergoing CABG, aortic or other valve surgery    IIa    B  
  Asymptomatic, severe AS, and abnormal exercise response  5      IIb    C  
  Asymptomatic, severe AS, and features suggesting rapid progression  6   or potential delay of surgery at the time of 

symptom onset  
  IIb    C  

  Mild AS, undergoing CABG, and features suggesting rapid progression  6      IIb    C  
  Asymptomatic, extremely severe AS  7  , and expected operative mortality  < 1%    IIb    C  
  Asymptomatic, no fi ndings listed above    III    B  

   ACC, American College of Cardiology; AHA, American Heart Association; AVR, aortic valve replacement; AS, aortic stenosis; CABG, coronary artery 

bypass grafting; EF, ejection fraction; AVA, aortic valve area.  

   1    Defi nitions for recommendation: 

 Class I: Conditions for which there is evidence and/or general agreement that the procedure or treatment is benefi cial, useful, and effective. 

 Class II: Conditions for which there is confl icting evidence and/or a divergence of opinion about the usefulness/effi cacy of a procedure or 

treatment: IIA Weight of evidence/opinion is in favor of usefulness/effi cacy; IIB Usefulness/effi cacy is less well established by evidence/

opinion. 

 Class III: Conditions for which there is evidence and/or general agreement that the procedure/treatment is not useful/effective and in some cases 

may be harmful.  

   2    Defi nitions for level of evidence: 

 A: Data derived from multiple randomized clinical trials. 

 B: Data derived from a single randomized trial or non - randomized studies. 

 C: Only consensus opinion of experts, case studies or standard of care.  

   3    Severe AS: AVA  < 1   cm 2 , AVA index  < 0.6   cm 2 /m 2 , mean gradient  > 40   mmHg, and/or jet velocity  > 4   m/s.  37    

   4    Moderate AS: AVA 1.5 – 1   cm 2 , mean gradient 25 – 40   mmHg, and/or jet velocity 3 – 4   m/s.  37    

   5    Development of symptoms or asymptomatic hypotension.  

   6    Age, calcifi cation, and CAD.  

   7    AVA  < 0.6   cm 2 , mean gradient  > 60   mmHg, and jet velocity  > 5   m/s.   
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month is required for  > 20%.  21,22   Nevertheless, some series 
show excellent outcomes.  23   

 The increased risk of morbidity and mortality may lead 
patients, or their physicians, to hesitate when considering 
surgical options. Iung  et al   24   performed a cross - sectional 
survey of patients with valvular heart disease presenting 
to 92 European hospitals or clinics over a three - month 
period in 2001, and found that 9.8% of those with aortic 
stenosis who had guideline indications for surgery were 
not offered intervention. Subsequently they looked at 
elderly patients with AS (age  > 75   yrs), and found that 33% 
of those with indications for surgery were not offered inter-
vention.  25   Others found that 40 – 60% of elderly patients 
with severe symptomatic AS were not offered interven-
tion.  26,27   Patient refusal of surgery has been a consistent 
reason for conservative management despite the one - , fi ve -  
and 10 - year survivals of 60%, 32%, and 18% respectively of 
medical therapy.  28   

 The growing series of successful TAVR procedures have 
been performed in an elderly cohort of  “ high - risk ”  or non -
 surgical candidates. This classifi cation has been based on 
the clinical opinion of senior surgeons in high - volume 
centers and the use of objective risk calculators as defi ned 
by the European System for Cardiac Operative Risk Evalu-
ation (EuroSCORE)  29,30   and/or the Society of Thoracic Sur-
geons (STS) database.  31   Both EuroSCORE and STS provide 
an estimate of mortality at 30 days or hospital discharge 
for patients undergoing CABG and/or valve surgery. 

 The EuroSCORE model considers 17 clinical risk factors, 
and was developed in a 13   302 patient cohort with valida-
tion in a 1479 patient cohort. It was subsequently tested in 
a North American cohort of 401   684 patients where the 
predicted mortality was almost identical to the observed 
mortality (predicted 3.994%, observed 3.992%). The STS 
model was developed from the STS National Adult Cardiac 
Surgery Database which collects information on cardiac 
surgery morbidity and mortality from 497 participating 
member sites throughout the United States.  31   The 11 STS 
models predict both 30 - day mortality and major morbidity, 
are updated and reported annually, and allow compari-
sons between the observed and predicted outcomes in an 
effort to improve quality of care. An alternative risk model 
for patients undergoing valve surgery has been published 
by Ambler  et al .  32   It was developed and validated using the 
database of the Society of Cardiothoracic Surgeons of Great 
Britain and Ireland, but remains less well utilized. All 
groups have facilitated risk calculations by providing on -
 line calculators: 66.89.112.110/STSWebRiskCalc/, euros-
core.org/calc.html and www.ucl.ac.uk/stats/research/
riskmodel/. 

 An objective assessment of individual risk has been com-
monly used to defi ne TAVR eligibility.  33   Published case 
series have seen average logistic EuroSCOREs  > 20.  34,35   Fur-
thermore, the inclusion criteria for upcoming randomized 

trials will likely have an objective risk measurement, with 
possible thresholds being in the range of logistic EuroS-
CORE  > 20 or STS score  > 10.  

  Balloon  v alvuloplasty 

 Percutaneous balloon aortic valvuloplasty (PBAV) was fi rst 
performed by Cribier in 1985, with the fi rst three patient 
series published in 1986.  36   Subsequently there have been 
many reports of the effectiveness and durability of PBAV, 
and in reviewing the literature for this chapter we collected 
50 publications documenting results from over 2400 
patients. Most procedures were performed in elderly 
patients with calcifi c AS who were considered either non -
 operative candidates or of high operative risk. All reports 
are case series (Level C1), and PBAV has never been sub-
jected to a large - scale randomized trial. The discussion 
below is not a formal systematic review, but is based on a 
comprehensive and representative sample of English - lan-
guage publications. We will not discuss the evidence for 
PBAV in young patients with congenital AS where it 
remains a Class I therapeutic option.  37   

 The 27 - center Mansfi eld Investigational Device Exemp-
tion Protocol employed standardized protocols with defi -
nite inclusion and exclusion criteria to study aortic 
valvuloplasty.  38   Patient recruitment occurred from Decem-
ber 1986 through November 1987. The data collected from 
492 patients undergoing PBAV were pooled to create the 
Mansfi eld Scientifi c Balloon Aortic Valvuloplasty Regis-
try.  38 – 45   Subsequently, the NHLBI Balloon Valvuloplasty 
Registry was organized, and enrolled 674 patients from 24 
centers between 1987 and 1989, generating reports on early 
and late procedure results.  46,47   The Cribier group in 
France  48 – 52   and the Duke University Medical Center 
group  53 – 55   have also contributed signifi cant numbers of 
patients to this literature. 

 To support PBAV as a therapeutic option, we must con-
sider the ability of the procedure to do what it claims: 
reduce the transaortic pressure gradient. Table  56.2  out-
lines the changes in AVA and mean transaortic gradient 
(MG) reported in a variety of series. Most reports show the 
AVA increases to between 0.8 and 1   cm 2 , and the largest 
series found AVA increased  < 0.4   cm 2  in 77% of patients.  47   
However, in 13% of this cohort there was either no change 
or  < 0.1cm 2  improvement in AVA. Similarly, 13% of the 
Mansfi eld group had an unsuccessful procedure (proce-
dural/in - hospital death, AVR within seven days, or  < 40% 
change in AVA).  42   It is clear that PBAV is successful in 
reducing the transaortic gradient in most, but not all 
patients with critical AS secondary to calcifi c disease.   

 Another measure of procedural success is symptom 
status, and all series report signifi cant initial improvement. 
We present a representative sample of the available data in 
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 Table 56.2     Summary of hemodynamic effectiveness and procedural complications of percutaneous aortic balloon valvuloplasty 

   Reference     Number of 
patients  

   Average 
age (yrs)  

   Hemodynamic outcomes     Complication rate 
(excluding in - hospital mortality)  

   In - hospital 
mortality  

   Baseline 
AVA (cm 2 )  

   Final AVA 
(cm 2 )  

   Baseline MG 
(mmHg)  

   Final MG 
(mmHg)  

   Overall     Vascular     Aortic 
insuffi ciency  

   Stroke  

  NHLBI Registry  47      674    78    ±    9    0.5    ±    0.2    0.8    ±    0.3    55    ±    21    29    ±    13    25%    7%    1%    3%    10.2%  

  Mansfi eld Scientifi c 

Registry  42    

  492    79    ±    8.4    0.5    ±    0.18    0.82    ±    0.3    59.8    ±    23    29.5    ±    13.4    20.5%    11%    2.1%    2.2%    7.5%  

  Letac  et al .  50      218        0.52    ±    0.18    0.93    ±    0.33            15%    13%        1.8%    4.6%  

  Agarwal  et al .  57      212    82    ±    8    0.61    ±    0.19    1.2    ±    0.3    44    ±    18    18    ±    9     ∼ 18%    13.5%    0.4%    1.1%    8%  

  Knutz  et al .  104      205    78    ±    10    0.6    ±    0.2    0.9    ±    0.3    55    ±    19    30    ±    12    12.7%    9.9%    1%    0%    4.4%  

  Lewin  et al .  105      125    12    ±    4    0.6    ±    0.2    1.0    ±    0.3    70    ±    26    30    ±    13    9%    4%    0%    3%    10%  

  Letac  et al .  51      92    84    ±    3.7    0.48    ±    0.16    0.91    ±    0.35    71    ±    27    27    ±    15    16.1%    15%        1.1%    6.5%  

  Klein  et al .  63      78    78    ±    11            50    ±    16    29    ±    14    22%    20%    0%    0%      

  Berland  et al .  52      55    77    ±    9    0.47    ±    0.15    0.83    ±    0.27    66    ±    24    28    ±    14    14.5    12.7    0%    1.8    5.5%  

   AVA, aortic valve area; MG, mean transaortic gradient.   
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Table  56.3 . The NHLBI registry found symptom improve-
ment in 75% of survivors at 30 - days, and 60 – 85% of survi-
vors report symptom improvement at follow - up out to 24 
months. Davidson  et al  [56] report LVEF was the only inde-
pendent predictor of overall symptom improvement at 3 
months, and found less than 50% of those with an ejection 

fraction (EF)  < 45% had symptom improvement. Taken in 
aggregate, the data suggests the majority of survivors have 
some initial symptom improvement.   

 However, the result is not durable, and most patients 
will see symptom recurrence with time. Agarwal  et al   57   
report that the mean duration of symptom relief after 

 Table 56.3     Summary of studies reporting symptom response to percutaneous aortic balloon valvuloplasty, sorted by duration of follow - up 

   Reference     Number of 
patients  

   Age (yrs)     Follow - up duration 
(months)  

   Symptom response  

  NHLBI Registry  47      674    78    ±    9    30 days    75% of survivors (86%) improved 1 NYHA class (or remained class I)  

                  53% experienced at least a quartile improvement in functional status 

score  

  Davidson  56      81        3    65.4% of patients had sustained symptom improvement  

                  LVEF was the only independent predictor of overall status at 3 months:  

                    •      EF  > 45% : 84% improvement in symptoms   

                    •      EF  < 45% :  < 50% had symptom improvement   

  Block  59      90    79    ±    1    5.5    ±    0.3    Baseline    →    follow - up:  

                  NYHA I: 1%    →    16%  

                  NYHA II: 1%    →    20%  

                  NYHA III: 25%    →    11%  

                  NYHA IV: 73%    →    25%  

  O ’ Neill  44      492    79    ±    8.4    Median 7 range 0  –  18.8    66% had subjective improvement of symptoms for  > 6 months  

                  Baseline    →    follow - up:  

                  NYHA I: 4%    →    26%  

                  NYHA II: 14%    →    42%  

                  NYHA III: 45%    →    26%  

                  NYHA IV: 36%    →    6%  

  Safi an  60      170    77    ±    5    9.1    60.6% subjective improvement  

                  25.9% had recurrent symptoms and had either medical therapy (n   =   11, 

25%), AVR (n   =   17, 38.6%), or repeat PBAV (n   =   16, 36.4%)    

  Lewin  105      125        12    ±    4    76.3% of survivors (57.6%) had sustained symptom improvement  

  Letac  51      92    84    ±    3.7    13    ±    5    84% of survivors (45.8%) had signifi cantly improved dyspnea  

                  Baseline    →    follow - up:  

                  NYHA II or IV: 86    →    20%  

                  Angina: 55    →    32%  

                  CCS III or IV: 27    →    9%  

  Otto  46      674    78    ±    9    48    Survivors at 2 years (35%):  

                  61% report improved symptoms  

                  11% NYHA class I or II  

                  Functional status score:  

                  Baseline: 47    ±    27 6 months: 63    ±    29  

                  5 weeks: 58    ±    30 3 years: 57    ±    31  

                  Patients reporting any limitation to activity:  

                  Baseline: 79%  

                  After procedure: 76%  

                  3 years: 73%  

  Agarwal  57      212    82    ±    8    32    ±    18    Duration of symptom alleviation after the fi rst, second, and third BAV 

procedures were 18    ±    3, 15    ±    4, and 10    ±    3 months, respectively  

   NYHA, New York Heart Association; AVR, aortic valve replacement; LVEF, left ventricular ejection fraction; LV, left ventricle; PBAV, percutaneous 

balloon aortic valvuloplasty; PG, peak gradient.   
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 Table 56.4     Comparison of periprocedural complications between  PBAV  and  TAVR  procedures 

   Complications  1       NHLBI BAV 
 Registry  47   *  
 % (n)  

   Core valve  34   †  
 % (n)  

   Edwards Lifesciences  35   *  
 % (n)  

  Death    3 (17)    6 (5)    2 (1)  

  Patients with any severe complication    25 (167)    26 (22)    16 (8)  

  Specifi c complications:              

     Hemodynamic              

        Cardiac tamponade    1 (10)    7 (6)    0  

        Mechanical circulatory support  2      2 (11)  2      69 (60)  2      0  2    

        Acute aortic valvular insuffi ciency    1 (6)    2 (2)    0  

        Cardiogenic shock    2 (15)     –      –   

        Valve malposition     –     2 (2)    4 (2)  

        Valve embolization     –     0    4 (2)  

        Emergent cardiac surgery    0    6 (6)    0  

     Neurologic              

        Vasovagal reaction    5 (36)     –      –   

        Stroke    2 (13)    10 (9)    4 (2)  

     AV block requiring pacing    4 (30)    NR    2 (1)  

     Vascular              

        Emergency vascular intervention  3      5 (33)    NR    6 (3)  

        Transfusion required    20 (136)    NR    18 (9) 4   

        Arterial rupture    0    NR    8 (4)  

   AV, atrioventricular; NR, not reported; n/r, not recorded;  – , not applicable.  

   1    Complications at time of procedure or within 24 hours ( * ), and within 48 hours ( † ).  

   2    Mechanical support was procedurally required for all 69% (n=60) in the Core Valve group, unplanned IABP    was inserted for support in the PBAV 

series. IABP, intra - aortic balloon pump.  

   3    Intervention defi ned as surgery or endovascular procedure beyond that normally required for the procedure.  

   4    % (number) of patients requiring  > 3 units packed red blood cells.   

PBAV was 18    ±    3 months. Upon repeat investigation, most 
patients with recurrent symptoms are found to have reste-
nosis (defi ned as  ≥ 50% loss in the AVA gained by PBAV), 
and this is assumed to be the cause of recurrent symptoms. 
The rate of restenosis has been reported to vary between 
25% and 47% at six months  58 – 60   and up to 80% at 15 months.  61   
Postprocedure AVA can be infl uenced by a variety of pro-
cedural modifi cations  42,47   and although initially thought to 
alter prognosis,  57 – 60   these techniques have not been found 
to change rates of restenosis or survival in larger series.  39   

 Reported periprocedural complication rates range from 
9% to 25% (see Table  57.2 ). The nature of periprocedural 
complications as reported in the NHLBI Registry can be 
found in Table  57.4 . Procedural morbidity and in - hospital 
mortality decreases with increased procedural experience 
and equipment refi nements.  50,62   Interestingly, the two most 
recent PBAV series report periprocedural complication 
rates of 22% and 18%.  57,63   Although Klein  et al   63   do report 
a trend toward a decrease in procedural complications over 
time, these complication rates are not signifi cantly less than 
that reported in the Mansfi eld Registry. Periprocedural 

stroke and aortic insuffi ciency are uncommon complica-
tions (see Table  56.2 ). 

 The fi nal analysis of PBAV must consider its effective-
ness in altering the natural history of the disease. Mortality 
rates address this question directly, and are presented in 
Table  56.5 . One -  and two - year survival ranged from 75% 
to 38% (average 65%) and 28% to 60% (average 35%), 
respectively. These rates are not signifi cantly different from 
the one -  and two - year survival of elderly patients with 
untreated AS (60% and 40%, respectively)  9,28   and suggest 
PBAV alone does not alter the natural history of AS for 
most patients. 

 Many authors employed multivariate techniques to 
identify clinical, historical and/or hemodynamic factors 
that might be signifi cantly associated with PBAV outcome. 
These results are presented in Table  56.5  and consistently 
show older age, low EF, and worse baseline NYHA class 
are all associated with a poor prognosis. In the largest 
series, Otto  et al  defi ned a  “ lower risk ”  subgroup (normal 
LVEF and mild functional limitation) who had a three - year 
survival of 36% as opposed to 17% in the rest of the group.  46     
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 Table 56.5     Summary of studies reporting long - term outcome of percutaneous aortic balloon valvuloplasty sorted by duration of follow - up 

   Reference     Number of 
patients  

   Patient age 
(years)  

   Mean 
follow - up 
(months)  

   Mortality     Actuarial 
survival  

   Incidence of 
AVR post 
PBAV  

   Incidence of 
repeat PBAV  

   Event - free 
survival  

   Predictors of outcome  

  NHLBI 

Registry  47    

  674    78    ±    9    30 day    14%     –      –      –      –     30 - day mortality associated with: hypotension and NYHA 

class IV (risk ratio, 4.4), blood urea nitrogen 

 > 10.7mmol/L (risk ratio, 3.7), use of an antiarrhythmic 

(risk ratio, 2.9), and cardiac output less than 3.0   L/min 

(risk ratio, 2.4)  

  O ’ Neill 

 et al .  44    

  492     –     7    24%    1y: 64%    16.6% 

 AVR  &  PBAV 

together  

  16.6% 

 AVR  &  PBAV 

together  

  1y: 43%    Independent predictors of long - term survival (discriminate 

function analysis): age, initial cardiac output, initial left 

ventricular systolic pressures, initial left ventricular 

end - diastolic pressures, presence of coronary artery 

disease, NYHA class, number of balloon infl ations and 

fi nal valve area: predict 1 - yr survival 20 - 80% 

 Postprocedure variables predicting worse prognosis: low 

LVEF, CAD, multiple balloon infl ations  

  Letac  et al .  50      144    74    ±    11    8    16.7%     –     14.6%    14.5%     –      –   

  Davidson 

 et al .  53    

  170    78    8.3    20.6%     –     12.4%    7.6%    1y: 62%    Independent variables signifi cantly associated with 

event - free survival in multivariate model: LV end - diastolic 

diameter, CHF at baseline, and age. BUT, when 

compared to predictive ability of baseline EF alone: no 

difference. Suggest baseline EF only important 

prognostic variable 

 EF  > 45% predicted good outcome (cardiac survival 80% at 

1   yr)  

  Safi an 

 et al .  60    

  170    77    ±    5    9.1    ±    5.5    18.2%    1y: 74%    2.9%    8.8%    1y: 50%     –   

  Lewin 

 et al .  105    

  125    76    12    ±    4    38%    1y: 62%    6.9%    13.9%     –     Mortality associated with: baseline EF, CO, severe HF  

  Klein  et al .  63      78    78    ±    11    122 

patient 

years  

  87%    1y: 38% 

 2y: 32% 

 3y: 20% 

 5y: 13%    

  22%    6.4%     –     Multivariate analysis showed that advancing age was the 

strongest predictor of mortality, while controling for 

gender, diabetes, and baseline LVEF, mean aortic 

pressure, and aortic valve index. For each 10 - year 

increase in age, the relative hazard was 2.0 (95% CI 

1.2 – 3.3;  P  = 0.005). No other demographic, clinical or 

baseline hemodynamic variables were independent 

predictors of mortality after PBAV  
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   Reference     Number of 
patients  

   Patient age 
(years)  

   Mean 
follow - up 
(months)  

   Mortality     Actuarial 
survival  

   Incidence of 
AVR post 
PBAV  

   Incidence of 
repeat PBAV  

   Event - free 
survival  

   Predictors of outcome  

  Otto  et al .  46      674    78    ±    9    18    ±    15    1y: 45%, 

 2y: 65%, 

 3y: 77%  

  1y: 55%, 

 2y: 35%, 

 3y: 23%  

  20%    15%     –     Independent predictors of survival: baseline functional 

status, baseline cardiac output, renal function, cachexia, 

female gender, left ventricular systolic function, and 

mitral regurgitation 

 A  “ lower - risk ”  subgroup (28% of the study population), 

defi ned by normal left ventricular systolic function and 

mild clinical functional limitation, had a 3 - year survival of 

36% compared with 17% in the remainder of the study 

group 

 PBAV   +   AVR: survival was 88% and 71% at 30 days and 

2   yrs respectively  

  Kuntz 

 et al .  104    

  205    78    ±    10    24    ±    12    30%    1y: 75% 

 2y: 60%  

  27.8%    20.5%    Event free 

survival: 

18% 

 Predicted: 

 1y: 50% 

 2y: 25%    

  Independent variables signifi cantly associated with 

event - free survival in multivariate model: 

   •      Baseline aortic systolic pressure ( < 110   mmHg. RR 2.03 

(1.33,3.08) vs  > =140   mmHg)  

   •      Pulmonary capillary wedge pressure ( > 25   mmHg. RR 1.73 

(1.18,2.55) vs  < =18   mmHg)  

   •      Reduction in peak aortic gradient ( <  40%. RR 1.75 

(1.17,2.63)  > =55%)   

  Agarwal 

 et al .  57    

  212    82    ±    8    32    ±    18    1y: 36%, 

 2y: 72%, 

 5y: 86%  

  1y: 64% 

 2y: 28% 

 5y: 14%  

  5%    24%     –     Independent variables signifi cantly associated with 

postdischarge mortality in multivariate model: women 

and multiple PBAV procedures (protective), and 

Charleston Co - Morbidity Index and chronic renal 

insuffi ciency (harmful)  

  Lieberman 

 et al .  54,55    

  165     –     46.8    66.7%    1y: 64% 

 2y: 48%, 

 3y: 37%  

  24%    19%    1y: 40%, 

 2y: 19%, 

 3y: 6%  

  Independent variables signifi cantly associated with adverse 

prognosis in multivariate Cox proportional hazards 

model: younger age and a lower LVEF 

 Actuarial survival by treatment group: 

 PBAV only:      PBAV * 2      PBAV   +   AVR: 

 1y: 44%,   1y: 77%   1y: 98% 

 2y: 21%,   2y: 61%   2y: 92% 

 3y: 13%   3y: 37%   3y: 83%  

   AVR, aortic valve replacement; PBAV, percutaneous balloon aortic valvuloplasty; NR, not reported; m, month; y, year; LV, left ventricle; EF, ejection fraction; NYHA, New York Heart Association; 

CO, cardiac output; CHF, congestive heart failure.   
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 Given the early benefi t but limited durability of PBAV, 
some investigators proposed that patients with restenosis 
be considered for repeat valvuloplasty. Table  56.5  provides 
details on the incidence of such treatment (roughly 5 – 20%), 
but the outcomes were most carefully considered in the 
three separate series.  40,49,57   Each series has shown a second 
procedure is effi cacious in reducing AVA and symptoms, 
but none was able to fi nd factors that would point to an 
increased durability of a second procedure. Although 
patients who underwent repeat procedures had higher 
three - year survival rates than those with a single proce-
dure,  54,57   there was a decrease in the duration of symptom 
relief with each subsequent dilation.  57   Several reports have 
highlighted the success of PBAV followed by AVR where 
two - year survival can be as high as 92%.  54   This is an attrac-
tive strategy but has limited applicability as it is unclear 
how delaying defi nitive treatment would improve opera-
tive risk for the majority of patients. In fact, the AHA/ACC 
guidelines give a Class III recommendation to the concept 
of PBAV as an alternative to AVR.  37   

 Despite the problems with PBAV, the current AHA/
ACC guidelines recognize the possibility that it may have 
a limited therapeutic role, and the following situations are 
given Class IIB recommendations. 
  1     Aortic balloon valvotomy might be reasonable as a 
bridge to surgery in hemodynamically unstable adult 
patients with AS who are at high risk for AVR.  
  2     Aortic balloon valvotomy might be reasonable for pallia-
tion in adult patients with AS in whom AVR cannot be 
performed because of serious co - morbid conditions.  37      
 Additionally, several groups have reported that PBAV can 
be used to successfully treat patients with cardiogenic 
shock secondary to severe AS.  64,65   Similarly, PBAV can be 
used to reduce the risk of non - cardiac surgery when a 
stepwise approach using AVR is not possible.  66,67   

 In an attempt to address the signifi cant problem of 
limited durability with PBAV, newer studies have focused 
on the mechanisms of restenosis. PBAV improves leafl et 
mobility by fracturing calcifi ed nodules and creating cleav-
age planes within collagenous stroma.  68,69   Feldman  et al   70   
suggest that the process of restenosis following PBAV 
is histologically distinct from that of calcifi ed valves 
not having undergone PBAV. They found granulation 
tissue, fi brosis, and ossifi cation present within the leafl ets 
of valves treated with PBAV, suggesting an active process 
of osteoblast - mediated calcifi cation. This lead Pedersen 
 et al  to perform a 20 - patient pilot study of external 
beam radiation applied 3 – 5 days following PBAV in 
elderly patients with calcifi c AS (the RADAR pilot trial).  71   
They found one - year restenosis rates of 21 – 30% in a 
dose - responsive manner. This is substantially less than 
the 15 - month 80% restenosis rates found by Letac  et al   61   and 
offers an interesting option for the future of PBAV 
techniques. 

 In summary, PBAV is successful in reducing left ven-
tricular outfl ow obstruction in most patients with severe 
calcifi c AS. However, the results are not durable, and the 
long - term survival resembles that of the natural history of 
critical AS. We conclude that PBAV currently has a limited 
role in palliation of some patients with critical AS, and 
surgical AVR remains the treatment of choice. However, 
new therapies targeting post - PBAV restenosis offer promise 
and may lead to expanded indications in the elderly popu-
lation. Furthermore, the future role of PBAV may be infl u-
enced by the development of TAVR as discussed below.  

  Transcatheter  h eart  v alve 

 Andersen  et al  pioneered the development of a balloon -
 expandable aortic valve, reporting experience with a 
porcine model in 1992.  72   Subsequently, others demon-
strated the feasibility of percutaneous prosthetic valve 
delivery.  73 – 77   In 2000, Bonhoeffer  et al  described the fi rst - in -
 man experience of a successfully implanted catheter - based 
stent valve in a pulmonary conduit.  78   In 2002, Cribier  et al  
demonstrated the feasibility of aortic valve implantation in 
man using an antegrade approach via the femoral vein and 
transseptal puncture,  79   following which we described the 
development of a retrograde approach via the femoral 
artery.  80   Subsequently, the experience and technology for 
transcatheter aortic valve replacement (TAVR) have 
evolved rapidly, and will be discussed below. Like the 
PBAV literature, the evidence for these procedures is 
limited to case series (Level C1), but randomized trials are 
under way. 

  Balloon -  e xpandable  a ortic  v alve 

 The currently available SAPIEN ™  valve (Edwards Life-
sciences LLC, Irvine, CA) consists of three bovine pericar-
dial leafl ets hand - sewn to a stainless steel, tubular, slotted, 
balloon expandable stent (Fig.  56.1 ). There is a fabric sealing 
cuff that covers the bottom portion of the stent and is 
intended to form a seal against the aortic annulus. Cur-
rently the valve is available in 20, 23 and 26   mm diameter 
sizes. The SAPIEN ™  valve replaces the Cribier – Edwards 
equine valve that was used for the majority of the pub-
lished experience with balloon - expandable valves described 
below. As of late October 2007, 494 patients have been 
treated with this prosthesis.   

 The procedure for TAVR with balloon - expandable stents 
utilizes three approaches: transvenous, transarterial and 
transapical. 

  Transvenous  p rocedure 
 Following the fi rst successful human TAVR by Cribier in 
2002, a formal European registry was initiated (I - REVIVE 
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(a) (b)

     Figure 56.1     (a) The SAPIEN ™  balloon - expandable aortic valve. (b) Aortogram showing the implanted valve.  

or Initial Registry of EndoVascular Implantation of Valves 
in Europe) for patients with critical AS and no surgical 
options. A single - center registry was also established by 
the group in Rouen for high - risk patients who had been 
refused surgery (RECAST or Registry of Endovascular 
Critical Aortic Stenosis Treatment). The results of the initial 
36 patients enrolled in these registries by Cribier were 
reported in 2006.  81   The majority of patients (79%) had a 
transvenous antegrade approach. Stent placement was suc-
cessful in 75%, with failures secondary to embolization of 
the stent valve, hemodynamic instability, and inability to 
cross the native aortic valve. Postprocedure hemodynam-
ics showed a signifi cant decrease in MG (from 37 to 
9   mmHg), increase in AVA (from 0.6 to 1.7   cm 2 ), and para-
valvular aortic insuffi ciency was graded moderate to 
severe in 63% of patients. There was a high rate of proce-
dure - related in - hospital complications (26%), and an addi-
tional 10 patients died in the subsequent six months. 
Nevertheless, extended follow - up demonstrated sustained 
normal bioprosthetic valve function for over three years. 
This experience provided proof that TAVR could be per-
formed with a durable result, but it became clear that the 
transvenous antegrade approach was technically complex 
and unpredictable.  82    

  Transarterial  p rocedure 
 The early attempts with the transarterial retrograde 
approach encountered a number of diffi culties which 
included: arterial access issues related to the need for large 
sheaths and catheters, passage of large - diameter prosthesis 

around the aortic arch, diffi culty crossing the stenotic aortic 
valve from the retrograde direction, and the use of stan-
dard valvuloplasty balloons for stent deployment which 
was only sporadically successful.  83   An important advance 
was the 2006 publication by Webb  et al  of an 18 - patient 
series of high - risk elderly patients (logistic EuroSCORE 
26%) in whom a reproducible transarterial approach had 
been developed.  80   Procedural advancements included the 
development of arterial access equipment and techniques 
and a steerable guiding catheter used to actively direct the 
prosthesis through the tortuous aorta and retrograde 
through the aortic valve. Transarterial TAVR was success-
ful in 14 of 18 patients, and there were no intraprocedural 
deaths. Thirty - day mortality was 11.1% with two early 
deaths related to procedural complications: one due to iliac 
artery perforation, and the other likely due to inadvertent 
obstruction of the left main coronary ostium by a displaced 
native aortic valve leafl et excrescence. 

 Recently Webb  et al  have published a 50 - patient series 
which confi rmed the success of the transarterial approach.  35   
Valve implantation was successful in 86% of patients with 
an intraprocedural mortality of 2%. Mortality at 30 days 
was 12%, which compared favorably to a logistic EuroS-
CORE estimate of 28%. With experience, procedural success 
increased from 76% in the fi rst 25 patients to 96% in the 
second half of this experience, and 30 - day mortality fell 
from 16% to 8%. There were signifi cant improvements in 
AVA, left ventricular ejection fraction, mitral regurgitation 
and functional class, and all were maintained at one year 
(Fig.  56.2 ). An 85 - patient series by our group confi rm and 
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rity of the valve with follow - up to one year, and the trans-
femoral (n   =   459 patients) 30 - day mortality was 6.3% with 
93.3% of the cohort having a logistic EuroScore of  > 20% 
(mean 33.3%). One - year survival was approximately 75%. 

 The demonstrated safety and feasibility of the transarte-
rial approach has lead to the development of a randomized 
clinical trial: the PARTNER (Placement of AoRTic TraNs-
cathetER Valves) Trial. This prospective, randomized, con-
trolled, multicenter pivotal trial will evaluate the safety 
and effectiveness of the SAPIEN ™  Transcatheter Heart 
Valve in a stratifi ed population of 600 patients with symp-
tomatic severe aortic stenosis. One cohort will consist of 
high - risk surgery patients (operative mortality estimated 
at  > 15% and STS  ≥ 10) randomized to either transarterial 
aortic valve implantation or surgical aortic valve replace-
ment. The second cohort will consist of inoperable patients 
(cardiologist and two cardiovascular surgeons agree that 
the probability of death or serious, irreversible morbidity 
should exceed 50%) randomized to medical therapy or 
TAVR. The primary outcome is one - year mortality, and 
enrolment began in 2007.  

  Transapical  a pproach 
 Some patients are poorly suited to the transarterial proce-
dure due to femoral, iliac or aortic size, tortuousity or ath-
eroma. Direct balloon catheter implantation of experimental 
prostheses through the left ventricular apex was used by 
our group in early studies of percutaneous valve implanta-
tion,  77   and was subsequently trialed extensively in animals.  87   
The fi rst human applications utilized a median sternotomy 
with cardiopulmonary bypass  88   but this has been sup-
planted by the current approach of intercostal thoracotomy 
without cardiopulmonary bypass.  89 – 90   The procedure is per-
formed by a combined team of interventional cardiologists 
and cardiac surgeons in an operating room or catheteriza-
tion laboratory using fl uoroscopy and echocardiographic 
guidance with the patient under general anesthesia.  88,91 – 93   

 The transapical approach avoids problems related to 
arterial access, and the short distance from the LV apex to 
the aortic valve may facilitate antegrade crossing and pros-
thesis positioning. However, disadvantages include the 
need for a thoracotomy, chest tube, apical repair, and the 
possibility of injury to the mitral apparatus. Experience 
with this procedure is limited. As of October 2007, 193 
procedures had been performed in seven centers in Canada, 
Europe and the United States with a 30 - day mortality of 
18% in a high - risk cohort (source: Edwards Lifesciences 
LLC, unpublished data). The largest experience from 
four centers in Europe and North America was recently 
published and highlights the success of this approach. 
Fifty - nine patients with average logistic EuroSCORE of 
26.8    ±    13.5% underwent transapical TAVR. Thirty - day 
mortality was 13.6%, and actuarial survival 75.7    ±    5.9% at 
a follow - up interval of 110    ±    77 days (range 1 – 255 days).  91   

improve the above fi ndings.  84   Importantly, procedural 
success increased to 91%, and 30 - day mortality was 11% in 
the group with a mean logistic EuroSCORE of 31%. None 
of the patients had moderate or severe aortic insuffi ciency, 
and although mild paravalvular aortic regurgitation was 
common, it remained stable with no clinical consequences 
at one year. Furthermore, at a median follow - up of 359 
days there was no structural valve deterioration, endocar-
ditis or late valve embolization. Survival at one, six and 12 
months was 89%, 84% and 77% respectively. Our largest 
series of combined transfemoral (n   =   113) and transapical 
(n   =   55) procedures was recently published.  85   Thirty - day 
mortality mortality was further reduced: transfemoral 8% 
vs transapical 18.2% ( P    =   0.07, overall 30 - day mortality of 
11.3%), and evidence of a learning curve continued with 
mortality falling from 14.3% to 8.3% between the fi rst and 
second half of the series. (From 12.3% to 3.6% ( P    =   0.16) in 
transfemoral patients and from 25% to 11.1% ( P    =   0.30) in 
transapical patients.) Functional class improved over the 
year following the procedure ( P     <    0.001). Survival at 1 year 
was 74%, with the bulk of late re - admissions and mortality 
occurring as a function of co - morbidities rather than pro-
cedure or valve - related events. The 1 - year survival of 74% 
compares favourably with the reported 1 - year survivals of 
51% and 66% in elderly patients with aortic stenosis who 
were not considered to be surgical candidates or who 
declined surgery (respectively).  86     

 Edwards Lifesciences (unpublished data) has main-
tained a worldwide registry of patients treated with TAVR. 
In September 2007, the SAPIEN ™  valve received CE mark 
in the European community and as of May, 2009 there have 
been over 2500 SAPIEN ™  implants world wide. The 
SOURCE registry contains data on over 1000 implants. 
These data confi rm the structural and hemodynamic integ-

–240

–210

–180

–150

–120

–90

–60

–30

–0

–240

–210

–180

–150

–120

–90

107 mmHg

Pr
es

su
re

 (
m

m
H

g
)

148 mmHg

219 mmHg

–60

–30

–0

     Figure 56.2     Hemodynamic results before and after transcatheter aortic 
valve replacement with the SAPIEN ™  valve. (a) Preprocedure 
simultaneous left ventricular and femoral artery peak to peak gradient 
was 108   mmHg and mean gradient was 108; calculated aortic valve area 
was 0.43   cm 2  using the Gorlin formula. (b) Postprocedure peak to peak 
gradient was 3   mmHg.  
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A slightly larger series of 61 patients showed six -  and 
12 - month survival of 74.4    ±    6.6% and 70.5    ±    7.3%, respec-
tively.  94   This procedural success was recently replicated by 
Walther  et al .  95   where procedural success was 92.8% in a 
cohort of 168 patients. Thirty - day and 6 - month mortality 
was 16% and 30% respectively.   

  Self -  e xpanding  a ortic  v alve 

 The CoreValve ReValving ™  System (CoreValve Inc, Irvine, 
CA) is delivered using a transcatheter procedure, but the 
prosthesis is self - expanding rather than balloon expand-
able. When the restraining sheath is retracted the nitinol 
stent alloy expands to its predetermined shape, forming a 
tubular rigid frame with a trileafl et pericardial tissue valve 
attached with PTFE sutures. It measures 50   mm in axial 
length and incorporates three distinct areas of radial force. 
The lower portion has a high radial force and implants 
within the subannular region. The middle portion contains 
the valve leafl ets and is tapered so as to be unopposed to 
the aorta and coronary sinuses, thereby allowing normal 
fl ow and access to the coronary ostia through the stent 
struts. The upper portion is fl ared and anchors the prosthe-
sis against the ascending aorta with low radial force while 
providing longitudinal stability.  96   The valve is currently 
available in two sizes depending on the diameter of the 
ascending aorta ( < 35   mm or  < 45   mm) with one aortic 
annular diameter (23   mm). Initially the delivery system 
was 24Fr, but subsequently evolved to 21Fr with a more 
recent 18Fr iteration.  34,96   Following PBAV, the CoreValve 
ReValving ™  System is correctly positioned in a transaortic 
position and the over - riding sheath slowly withdrawn. Ini-
tially, valve implantation required femoral – femoral cardio-
pulmonary support due to obstruction of transvalvular 
fl ow during valve release, but recent cases have been per-
formed without this support. 

 As of early 2007, over 168 CoreValve procedures had 
been performed.  34   Initial procedures were performed in 
India with procedural success but poor clinical outcomes. 
The fi rst case report from Germany was published in 2005  97   
and the fi rst series of 25 elderly patients (mean age 
80.3    ±    5.4) was published in 2006.  96   Valve implantation was 
successful in 88% patients. Mean transvalvular gradients 
were signifi cantly reduced (44 to 12   mmHg), and postpro-
cedure aortic regurgitation grade was unchanged. 
However, major in - hospital adverse events occurred in 
32%, and in - hospital mortality was 20% in this high - risk 
group with a median logistic EuroSCORE of 11%. 

 A more recent report describes 86 cases performed using 
the newer 21Fr and 18Fr systems.  34   The group had a mean 
age of 81.3    ±    5.2 (21Fr) and 83.4    ±    6.7 years (18Fr), and a 
mean logistic EuroSCORE of 23.4    ±    13.5% (21Fr) and 
19.1    ±    11.1% (18Fr). The valve was successfully implanted 
in 88% of patients, with a marked reduction in mean trans-

valvular gradient (44 to 9   mmHg) and no change in aortic 
regurgitation. Periprocedural major adverse cardiovascu-
lar and cerebral events were reported in 26% of patients 
within the fi rst 48 hours after device implantation, primar-
ily driven by stroke (10%) and tamponade (7%). Procedural 
mortality was 6%, and overall 30 - day mortality was 12% 
which was a signifi cant improvement over the earlier case 
series. The most recent series of 1243 patients shows 30 - day 
mortality has decreased to 6.7% (Logistic EUROscore 
22.9    ±    4.1%), and post - procedure pacemaker implant was 
required in 12%.  98   Importantly, the 18Fr system has allowed 
transition to a percutaneous approach under local anaes-
thesia without hemodynamic support.  34    

  Evidence  a round  p rocedural  i ssues 

  Paravalvular  i nsuffi ciency 
 Mild paravalvular aortic regurgitation (PVAR) is com-
monly found with the current transcatheter valves, but for 
the most part does not appear to have major clinical con-
sequences.  35,80   Severe leaks are uncommon but can occur. 
Accurate aortic annulus sizing has played a key role in 
minimizing paravalvular leak. Complicating sizing is vari-
ability in annular measurements obtained with the avail-
able imaging modalities and the apparent demonstration 
by multislice cardiac computed tomography that at least a 
portion of patients have an aortic annulus that is oval 
rather than round.  99   

 PVAR can sometimes be reduced with redilation. Our 
center found 31 of 124 (26%) balloon - expandable valves 
were redilated for signifi cant PVAR at the time of the initial 
procedure.  100   It appeared that cautious redilation appeared 
safe (no embolizations or persistent worsening of valvular 
insuffi ciency) and effective at reducing PVAR, and that 
oversizing the valve and using less compliant balloons may 
prove to be useful in reducing PVAR.  

  Learning  c urve 
 Transcatheter aortic valve implantation is a relatively 
complex procedure in which technical errors are not well 
tolerated and mortality may ensue. Like the previously 
outlined experience for PBAV, TAVR outcomes clearly 
improve with improvements in equipment, techniques and 
experience.  34,35   Consequently, cautious dissemination 
appears prudent. Formal educational programs, virtual 
simulators and proctoring have been utilized and appear 
helpful. Regional centers of expertise may be desirable to 
optimize outcomes.  

  Long -  t erm  f ollow -  u p 
 Early experience demonstrated an acute improvement in 
left ventricular systolic function.  101   Unlike the experience 
with PBAV, longer term follow - up has confi rmed that this 
is sustained and associated with a sustained improvement 
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 Table 56.6     Comparison of outcomes between  PBAV  and  TAVR  procedures 

        NHLBI BAV Registry  46,47       CoreValve  34       Edwards Lifesciences  35    

  Demographics              

     Number of patients    674    86    50  

     Age (years)    78    ±    9    82    ±    6    82    ±    7  

     Follow - up (days)    3 years    30    359  

  Mortality:              

     Logistic EuroSCORE    NR    21.7    ±    12.6%    28%  

     Mortality (30 days)    14%    12%    12%  

     Survival (1 year)    55%    n/a    81%  

     Survival (2 year)    35%    n/a    70%  1    

  Hemodynamic:              

  Aortic valve area (cm  2  ) 

 (Baseline    →    post procedure    →    6 month follow - up)  

  0.57    →    0.78 →  0.65    0.6    →    NR    →    n/a    0.6    →    1.7    →    1.6  

  Mean gradient (mmHg) 

 (Baseline    →    post procedure    →    6 month follow - up)  

  55    →    29    →    43  2      43.7    →     ∼ 8  3      →     ∼ 7  3,4      46    →    11    →    11  

  Symptoms:              

  Symptom improvement 

 (Baseline    →    1 year)  

   ∼ 75% NYHA III or IV 

  →  

  ∼ 30% NYHA III or IV  5    

  NHYA class 2.85    ±    0.73 

  →  

 NYHA class 1.85    ±    0.6  

  70% NYHA III 

  →  

 82.3% NYHA I or II 

 17.7% NYHA III  

   IQR, interquartile range; n/a, not applicable; NR, not reported; NYHA, New York Heart Association dyspnea classifi cation  

   1    2 - year survival data taken from Pasupati  et al .  102    

   2    Only 157 of 674 completed 6 - month echocardiographic follow - up.  

   3    VALUES are estimated from fi gure in paper, exact valves not provided in text.  

   4    30 - day follow - up, 6 - month data not available.  

   5    Only 214 of 674 completed 1 - year follow - up.   

 Table 56.7     Screening for transcatheter valve replacement 

   Questions to be answered     Evaluation     Comments  

  Should the patient have conventional AVR?    Surgical consult    Estimated operative mortality  < 20%  

          Acceptable morbidity  

  What is the annulus diameter?    Echocardiogram    Valves are specifi c to a range of diameters  

          Transesophageal echocardiogram if transthoracic 

parasternal long axis dimensions are borderline  

  Is percutaneous access adequate?    Iliofemoral angiogram with calibrated 

measurement catheter, CT or MR  

  Assess lumen diameter, tortuousity and 

calcifi cation  

  Is the aortic root adequate?    Aortic root angiogram with calibrated 

measurement catheter, CT or MR  

  Assess abnormal root, potential for coronary 

obstruction  

  Is the ascending aorta diameter suitable?    CT or MR    Relevant to the CoreValve device  

  Is there LV dysfunction?    Echocardiogram or left ventricular angiogram    Increases risk of myocardial ischemia during 

implantation  

  Is there the potential for ischemia?    Coronary angiogram    Is there increased risk of ischemia during 

implantation. Is revascularization required?  

  Is there anemia or a clotting disorder?    Hemoglobin concentration, platelet count, 

partial thromboplastin time, prothrombin time  

  There is a risk of blood loss from access sites  

  Is there renal dysfunction?    Serum creatinine, glomerular fi ltration rate    Contrast nephropathy and transient hypotension 

can occur  

  Are there anesthetic concerns?    Anesthetic consult    Intubation and ventilation may be utilized  

  Are expectations realistic?    History, family support, co - morbidities    Do co - morbidities permit a reasonable quality 

and duration of life?  

   CT, computed tomography; MR, magnetic resonance.   



CHAPTER 56  Non-surgical aortic valve therapy

909

 Recommendations 

     •      Surgical aortic valve replacement is currently the treatment of 
choice for patients with symptomatic critical aortic stenosis 
(Class I, Level B).  

   •      In symptomatic patients with critical aortic stenosis who are 
felt to be of high surgical risk (EuroSCORE  > 15, STS  > 10), 
TAVR may be a reasonable alternative (Class IIa, Level C1).  

   •      Current prosthesis size limits the procedure to patients whose 
annulus is appropriate ( ≥ 18   mm or  ≤ 26   mm diameter).  

   •      Patients with excessively bulky native valve leafl ets in close 
proximity to a coronary ostium may be at risk of coronary 
occlusion.  

   •      Selection between transarterial or transapical access should 
take into account local expertise, current more favorable 
outcomes with the transfemoral approach and the advantages 
of transapical access in the presence of arterial and aortic 
access limitations.  

   •      A variety of patient factors may increase procedural risk and 
should be considered individually: obstructive coronary artery 
disease, reduced ejection fraction, chronic renal insuffi ciency, 
immobility.  

   •      Percutaneous balloon aortic valvuloplasty may be a reasonable 
therapeutic alternative for patients with symptomatic critical AS 
in the following settings if they are NOT CANDIDATES for 
either transcatheter or surgical aortic valve replacement:  
   �      bridge to surgical AVR or TAVR in hemodynamically unstable 

patients (Class IIa, Level C1)  
   �      anticipated survival of  < 3 years (Class IIb, Level C1)  
   �      severe and/or disabling conditions that would limit the ability 

to undergo postoperative rehabilitation (Class IIb, Level 
C1).    

in mitral insuffi ciency and functional class.  35,102    In vitro  
valve testing of currently available devices anticipates 
durability in excess of 10 years and structural valve dete-
rioration has not been reported. However, only one report 
has documented late survival beyond one year in a signifi -
cant number of patients, and follow - up beyond three years 
has only been reported in a few patients to date.  35,81   Zajarias 
and Cribier (REF) recently published a review of over 4000 
transcatheter valve replacement procedures highlighting 
the lack of re - stenosis or prosthetic valve dysfunction over 
mid - term follow - up. Futhermore, a small series by Ussia  et 
al . have shown a striking improvements in physical and 
physical and mental quality of life scores 5 months follow-
ing transcatheter aortic valve replacement.  103      

  Non -  s urgical  a ortic  v alve 
 t herapy  c ompared 

 TAVR procedures are technically complex and evolving 
rapidly. Table  56.6  provides a comparison of the outcomes 
from PBAV and the two currently available TAVR devices. 

Procedural complications have been compared previously 
and can be reviewed in Table  56.4 . These comparisons form 
the basis for the recommendations below, but patient selec-
tion needs to be individualized. Table  56.7  is provided for 
reference and outlines some of the issues to be addressed 
for individualization.       

  Conclusion 

 Critical AS is a common problem and patients are often 
elderly and not well suited to surgery. For those with 
multiple co - morbidities and at high risk for morbidity and 
mortality from open heart surgery with cardiopulmonary 
bypass, therapeutic options are limited. Medical therapy 
provides no survival advantage and has limited effi cacy for 
symptom control. PBAV can be performed with some peri-
procedural morbidity and modest symptom control, but is 
limited in durability and does not alter the natural history 
of the disease process. It is early in the development of 
TAVR technology, but in a relatively short period of time it 
has become clear that the procedure can reduce symptoms 
and potentially improve longevity with a periprocedural 
morbidity and mortality rate that continues to improve. 
This technology offers a viable therapeutic alternative to 
patients at high risk for traditional surgical AVR. A poten-
tial role in routine management of lower risk aortic stenosis 
remains speculative and restraint remains desirable.  
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57  Balloon valvuloplasty: mitral valve  

   Zoltan G   Turi  
  Division of Cardiology, Cooper University Hospital, Camden, NJ, USA       
 

  Introduction and  h istorical  p erspective 

 Percutaneous balloon mitral valvuloplasty (PBMV) repre-
sents part of an evolution from early, primitive cardiac 
surgical techniques to the modern era of percutaneous 
valve interventions. This evolution began with Elliot Cutler 
advancing a knife retrograde through the apex of the left 
ventricle of a beating heart in 1923.  1   Neither he nor Henry 
Suttar, who performed what today would be considered 
an antegrade fi ngertip commissurotomy in England 2 
years later,  2   received the expected accolades. In part this 
refl ected disagreement over the role of mitral valve obstruc-
tion in defi ning the spectrum of mitral stenosis (MS). Sir 
Thomas Lewis ’  statement that valvotomy was based on an 
 “ erroneous idea, namely that the valve is the chief source 
of the trouble ”   3   has few proponents in the modern era. 
Nevertheless, because of the broad spectrum of cardiac and 
non - mitral valvular involvement resulting from rheumatic 
carditis and valvulitis,  4   relieving mitral valve obstruction 
largely palliates rather than cures patients with MS. 

 Some 20 years after the initial attempts to relieve mitral 
obstruction, the surgical experience in World War II battle-
fi eld hospitals with closed heart procedures led to the 
application of newly learned techniques to civilian use. 
Although early results were confounded by signifi cant 
morbidity and mortality, closed mitral valvotomy became 
a routine procedure for severe MS by the 1950s and 1960s, 
and is still performed in many parts of the world where 
the disease is endemic and medical facilities are limited. 
Large series  5,6   have claimed good long - term results, but 
lack of systematic follow - up or comprehensive objective 
data obscures the actual restenosis rate and survival. In a 

Mayo Clinic retrospective analysis  7   there was a 79% 10 -
 year and a 55% 20 - year survival rate with reoperation in 
34% by 10 years; however, nearly a quarter of patients were 
lost to follow - up and severity of disease at baseline could 
only be estimated. A more recent evaluation of a 36 - year 
experience included a 44% rate of repeat surgery by 12 
years.  8   Open commissurotomy, with the potential advan-
tages of direct vision, has supplanted closed procedures in 
industrial nations.  9   Controversy remains as to its superior-
ity,  10 – 12   with the advantages of direct vision favoring cases 
where thrombus is present. The relative role of open com-
missurotomy versus mitral valve replacement with or 
without chordal preservation has been explored with 
somewhat equivocal results.  13   Mitral valve replacement 
has higher periprocedural and postoperative event rates 
including mortality, but superior freedom from repeat 
mitral valve intervention; when the chordae to at least one 
leafl et are preserved, the outcomes of mitral valve replace-
ment are superior (Level C).  

  The  p ercutaneous  a pproach 

 Following the initial percutaneous structural heart disease 
interventions of Rashkind with balloon atrial septostomy,  14   
a device designed by Inoue to infl ate sequentially across 
the septum (Fig.  57.1 ) was instead adapted for PBMV.  15   
After initially demonstrating its ability to split fused com-
missures in the operating room,  16   the fi rst percutaneous 
PBMV was performed in 1982.  17   After several small series 
demonstrated feasibility,  18,19   a number of alternative tech-
niques were developed, including large single balloons,  18   
two cylindrical balloons used in parallel over two guide-
wires  20   through a single or two transseptal punctures,  21   a 
monorail technique for using two balloons,  22   a retrograde 
technique that avoided the transseptal approach  23   and 
a percutaneous metal commissurotome.  24   The initial 
technique and device developed by Inoue, with scant 

Evidence-Based Cardiology, 3rd edition. Edited by S. Yusuf, J.A. Cairns, 
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prosthetic valves,  35   have poor short -  and long - term results. 
Thus non - rheumatic MS secondary to calcifi cation of the 
mitral annulus, leafl ets or subvalvular apparatus, such as 
seen with elevated hyperparathyroid levels (e.g. patients 
on dialysis), lends itself poorly to balloon dilation (Level 
C). 

 Successful splitting of the commissures results in 
decreased gradient and improved mitral valve area, and 
typically leads to signifi cant clinical and hemodynamic 
improvement. This occurs progressively, with reduction in 
gradient, left atrial pressure and pulmonary artery pres-
sures continuing over a 3 - year period.  36   It is important to 
consider that relief of mitral valve obstruction will typically 
increase left ventricular volume loading secondary to facili-
tated left atrial emptying. In the relatively underfi lled ven-
tricle seen with  “ pure ”  MS this is typically well tolerated, 
although some degree of left ventricular dysfunction in 
patients with rheumatic heart disease may be present even 
without concomitant valvular regurgitation. In patients 
with concomitant mitral or aortic insuffi ciency, the left ven-
tricle may become volume loaded after PBMV. Thus, 
although the gradient may be substantially reduced, left 
heart fi lling pressures may rise and be accompanied by 
failure of clinical improvement or actual deterioration. 

  Indications 

 Balloon valvuloplasty is primarily indicated for moderate 
to severe MS (Table  57.1 ) and is the procedure of choice for 
symptomatic patients if the valve anatomy is suitable and 
there is neither left atrial thrombus nor greater than mild 
mitral insuffi ciency (Class I, Level A). The guidelines 
incorporate evidence that PBMV is benefi cial for patients 
with MS and pulmonary hypertension (Class I) or atrial 

     Figure 57.1     Deployment of the Inoue balloon via the transseptal approach. The catheter has been advanced across the interatrial septum from the 
right atrium (RA) into the left atrium (LA) and then into the left ventricle (LV) across the stenotic mitral valve. The balloon is designed to infl ate distally 
fi rst (left frame), then to be pulled back against the mitral valve after which the proximal portion infl ates (center frame), centering the balloon across the 
valve. As additional volume is injected into the balloon, full infl ation occurs, ideally causing splitting of the commissures (right frame).  

modifi cation, remains the predominant (and only US FDA 
approved) approach.   

 PBMV typically results in a doubling of the mitral valve 
area (on average from 1.0   cm 2  to 2.0   cm 2 ) with a 50% reduc-
tion in gradient and an 80 – 95% success rate, the latter 
defi ned as the mitral valve area increasing to  > 1.5   cm 2  and 
left atrial pressure decreasing to  < 18   mmHg without major 
complications.  25   Overall, the results are highly operator 
dependent with a steep learning curve.  26,27   As a result, the 
ACC/AHA guidelines  25   emphasize that the decision to 
proceed to PBMV must take into consideration the experi-
ence of the operators involved (Class I, Level B).  

  Mechanism of  b alloon  c ommissurotomy 
and  P athophysiology 

 In general, balloon valvuloplasty, regardless of the valve 
being dilated, has three possible mechanisms for relief of 
obstruction: stretching of the valve orifi ce, splitting of 
fused commissures, and cracking of valvular calcifi cations. 
In the case of PBMV, the mechanisms  28   responsible for the 
benefi ts seen arise from the substantial radial force  29   exerted 
by the enlarging balloon. This stretches the mitral annulus, 
has the capacity to split fused commissures, and occasion-
ally results in cracking of calcifi cations. The stretching 
mechanism has been described in the intraoperative 
setting.  30   The splitting of commissures  31   and cracking of 
calcifi cation  32   have been demonstrated by direct observa-
tion in excised valves. The largely successful nature of 
PBMV is derived virtually exclusively from commissural 
splitting of rheumatically fused leafl ets.  33   Balloon dilation 
procedures dependent on the other two mechanisms, such 
as balloon valvuloplasty for calcifi c aortic stenosis  34   or bio-
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 Table 57.1     Indications for percutaneous balloon mitral valvuloplasty, 
incorporating modifi cations from the 2006  ACC / AHA  guidelines.  25   
Note that the presence of pulmonary hypertension in asymptomatic 
patients is now a Class I indication. The effect of exercise has been 
incorporated. Pulmonary hypertension is assumed to be secondary to 
mitral stenosis. Where the guidelines specify valve morphology 
favorable for  PBMV , the table lists an echo score  ≤ 8 using the  MGH  
scoring system. It should be noted that a boundary effect likely exists, 
and the scoring system has signifi cant limitations so the guidelines do 
not specify either a specifi c scoring system or an absolute threshold. 
 AF , atrial fi brillation:  LA , left atrium;  MR , mitral insuffi ciency;  MVA , 
mitral valve area;  PA , pulmonary artery systolic pressure. 

   Symptoms     MVA     Score     Other     Class  

  +     ≤ 1.5   cm 2      ≤ 8        I  
   −      ≤ 1.5   cm 2      ≤ 8    PA    >    50   mmHg or 60 ex    I  
   II      ≤ 1.5   cm 2      > 8    PA    >    60   mmHg    IIa  
   III  –  IV      ≤ 1.5   cm 2      > 8    High risk for surgery    IIa  
   −      ≤ 1.5   cm 2      ≤ 8    New onset AF    IIb  
  +     > 1.5   cm 2      ≤ 8    PA    >    60, PAW    >    25, 

MVG    >    15 EX  
  IIb  

   III  –  IV      ≤ 1.5   cm 2      > 8    Low risk for surgery    IIb  

              LA thrombus, severe MR    III  

 Table 57.2     The Wilkins – Weyman echocardiographic scoring system of mitral valve characteristics 

   Grade     Mobility     Subvalvar thickening     Thickening     Calcifi cation  

  1    Highly mobile valve with 

only leafl et tips restricted  

  Minimal thickening just below the 

mitral leafl ets  

  Leafl ets near normal in 

thickness (4 – 5   mm)  

  A single area of increased 

echo brightness  

  2    Leafl et mid and base 

portions have normal 

mobility  

  Thickening of chordal structures 

extending up to one third of the 

chordal length  

  Midleafl ets normal, 

considerable thickening of 

margins (5 – 8   mm)  

  Scattered areas of brightness 

confi ned to leafl et margins  

  3    Valve continues to move 

forward in diastole, mainly 

from the base  

  Thickening extending to the distal third 

of the chords  

  Thickening extending through 

the entire leafl et (5 – 8   mm)  

  Brightness extending into the 

midportion of the leafl ets  

  4    No or minimal forward 

movement of the leafl ets in 

diastole  

  Extensive thickening and shortening of 

all chordal structures extending down 

to the papillary muscles  

  Considerable thickening of all 

leafl et tissue ( > 8 – 10   mm)  

  Extensive brightness 

throughout much of the 

leafl et tissue  

   The total echocardiographic score was derived from an analysis of mitral leafl et mobility, valar and subvalvar thickening, and calcifi cation which were 

graded form 0 to 4 according to the above criteria. The total possible score ranges from 0 to 16.   

 (Reprinted by kind permission of the BMJ Publishing Group from reference.) 38  

fi brillation (AF) (Class II, Level B). The guidelines have 
been expanded to include mild MS under limited circum-
stances (Class II, Level C).    

  Preprocedure  e valuation and  p rediction 
of  o utcomes 

 A variety of anatomic and physiologic factors determine 
suitability for PBMV. Anatomic features that correlate with 
procedural success as well as long - term outcomes have 
been described since the early development of PBMV.  37   
These include characteristics of the valve leafl ets, annulus 
and subvalvular apparatus. Although there are major limi-
tations, the most commonly used has been a scoring system 
described by Wilkins and colleagues  38   that incorporates 
thickening, mobility and calcifi cation of the valve leafl ets 
as well as disease of the subvalvular apparatus (Table  57.2 ). 
This, the so - called MGH (Massachusetts General Hospital) 
scoring system, assigns up to four points for the most 
severe disease for each characteristic, with a maximum of 
16 points. Ideal valves have a score of eight or less, and 
echo scores  > 12 have been predictive of poor short -  and 
long - term outcomes  39   (Fig.  57.2 ) (Level B).     

 Intermediate and long - term event - free survival has cor-
related well with the echo score, as well as the immediate 
postprocedure hemodynamics  39 – 42   (see Fig.  57.2 ). Five - year 
event - free survival is negligible in patients with echo scores 
of 12 or greater, but approximately two - thirds in those with 
favorable valve morphology (Level B). 

 While the correlation between the echo score and initial 
as well as long - term outcomes has been good, the MGH 
scoring system has been criticized because it is semiquan-
titative, does not include important anatomic elements 

such as the nature of commissural fusion, and because one 
element of the score, leafl et mobility, correlates more 
strongly with outcome (r value   =   0.67) than the complete 
score. Valve calcifi cation alone predicts a fourfold increase 
in cardiac complications and a 26% increase in 6 - year mor-
tality.  43   Anatomic features such as a funnel - shaped subval-
vular apparatus and eccentric commissural fusion  44   are not 
included in the score, nor is severe fusion and calcifi cation 
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is an independent predictor of adverse events at long - term 
follow - up.  39   Increase of mitral regurgitation by one grade is 
common after PBMV, occurring in some 33% of patients; an 
additional 13% increased by two grades or more.  54   Superim-
posed on pre - existing mitral insuffi ciency, developing post-
procedure mitral regurgitation of 3+ or greater is therefore 
a signifi cant risk, the latter being an independent predictor 
of adverse outcomes as well.  39   In contrast, PBMV in the 
setting of mild to moderate aortic insuffi ciency (AI) is 
usually well tolerated. Comparing outcomes in 315 patients 
with mild or moderate AI versus 361 patients without AI, 
the only signifi cant difference in outcomes was a higher rate 
of aortic valve replacement in patients with moderate AI, 
albeit at a mean of 4.1 years after PBMV  55   (Level C).   

  Transesophageal  e chocardiography 

 Routine preprocedure transesophageal echocardiography 
(TEE) has become the standard of care and has been raised 
to a Class I, Level C indication. Essential is the increased 
sensitivity for detection of left atrial thrombus,  56   as well as 
aspects of mitral valve morphology and regurgitation; 
however, the subvalvular apparatus is better interrogated 
with transthoracic echo. It should be noted that left atrial 
thrombus occurs outside the appendage in 43% of patients 
with rheumatic heart disease.  57   Although left atrial throm-
bus is primarily seen in patients in AF, it has been reported 
in approximately 2% of severe MS patients in sinus 
rhythm.  58   Based on a study of 100 patients referred for 
PBMV, there is a signifi cant increased risk of left atrial 
thrombus in the presence of spontaneous echo contrast.  59   
However, with successful resolution of the gradient, and 
perhaps with the detergent effect of any periprocedural 
mitral insuffi ciency, resolution of spontaneous echo con-
trast corresponds with relief of mitral obstruction.  60   An 
increasing body of evidence has also demonstrated 
increased coagulability in patients with mitral valve steno-
sis.  61   Finally, other structural abnormalities such as the 
presence of vegetations or ruptured chordae can be detected 
by TEE with much higher sensitivity than surface echo.  

  Cardiac  c atheterization 

 Cardiac catheterization to assess hemodynamics is indi-
cated only if the non - invasive evaluation is equivocal in 
assessing valve anatomy and physiology, ventricular func-
tion and pulmonary hypertension (Level C). Patients with 
angina, objective evidence of ischemia or known coronary 
artery disease should have coronary angiography before 
PBMV; coronary angiography for risk factors alone is not 
required (Level C). A new element in the guidelines is a 
Class IIb indication for so - called  “ drive - by ”  coronary angi-

     Figure 57.2     Survival free of repeat balloon dilation or mitral valve 
replacement in 879 patients undergoing percutaneous balloon mitral 
valvuloplasty with echo scores of  ≤ 8, 9 – 11, and  ≥ 12. (Reproduced from 
Palacios  39   with permission of the American Heart Association, Inc.)  

of the commissures  45  ; all are strong negative predictors of 
outcome.  46   In the case of calcifi cation, valve area varied 
inversely in 223 patients: 0.9   cm 2  in those with no calcifi ca-
tion versus 0.8, 0.7 and 0.6   cm 2  respectively in those with 
grade 1, 2 and 3 calcium ( P     <    0.05).  47   A number of other 
scoring systems have been proposed, some of which appear 
to have a strong correlation with outcomes,  48   including an 
echocardiographic system assessing characteristics of leaf-
lets and the subvalvular apparatus that correlates with 
PBMV - induced mitral regurgitation.  49   Perhaps the most 
compelling reason for routinely deriving the MGH echo 
score is to allow for comparison with known data: most 
PBMV trials have incorporated this system to defi ne base-
line severity of disease. As such, an echo score  ≤ 8 is com-
monly interpreted as representing the ideal valve anatomy 
for PBMV described in the ACC/AHA guidelines  25   (see 
Table  57.1 ). 

 Besides anatomic features, a number of other factors 
appear to predict acute and longer term results. The pres-
ence of AF is an independent risk factor for adverse out-
comes in several datasets.  50   A recent analysis of a 531 - patient 
cohort with long - term follow - up demonstrated inferior 
acute results (1.87 v 2.0   cm 2  mitral valve area (MVA) and 
higher restenosis rates (33% v 23% at 10 years, 66% v 54% 
at 15 years)  51   in patients with AF. Age  39,52   and severity of 
stenosis as defi ned by hemodynamics and functional class  53   
correlate with outcomes based on multivariate analyses 
(Level C). 

 Physiologic determinants of outcome may include the 
presence of left ventricular volume loading or dysfunction 
with or without concomitant valvular or myocardial disease. 
PBMV in the setting of more than mild mitral insuffi ciency 
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ography regardless of whether patients meet these criteria 
if they do require a hemodynamic study because of equivo-
cal non - invasive data; there is no evidence base for this 
recommendation, however (Level C). 

 The severity of MS can be determined by multiple 
methods including gradient, valve area as derived from 
multiple techniques, and fi nally the pulmonary artery pres-
sure. It is important to consider that each technique is 
fraught with signifi cant potential for inaccuracy. Impor-
tantly, the gradient is highly fl ow dependent, and is thus 
a poor proxy for severity of disease. It is particularly likely 
to lead to overestimation of severity of MS in the setting of 
poor heart rate control. Patients with new onset of AF are 
highly prone to having the extent of MS judged severe 
when it is mild or moderate, since these patients usually 
have poor initial rate control combined with loss of the 
contribution of atrial contraction to atrial emptying. 
Because tachycardia disproportionately shortens the dia-
stolic fi lling period, they also have disproportionately high 
gradients and far worse symptoms than their MS would 
otherwise warrant. Inappropriate intervention in these 
patients, when heart rate control or cardioversion would 
suffi ce, is a classic error in management of MS. In contrast, 
excessive bradycardia or dehydration (such as occurs when 
a patient is maintained without fl uids pending catheteriza-
tion for an extensive period of time) can lead to gross 
underestimation of severity of MS. The use of pulmonary 
artery wedge pressures as proxy for left atrial pressure 
leads to overestimation of the gradient and underestima-
tion of the mitral valve area because of the delayed decom-
pression of wedge pressure across the high resistance of 
the pulmonary vascular bed.  62    

  Contraindications 

 The ACC/AHA guidelines specifi cally cite left atrial 
thrombus and greater than mild mitral regurgitation as 
absolute contraindications and suggest that severe calcifi -
cation and severe subvalvular disease are relative 
contraindications. 

  Left  a trial  t hrombus 

 Several studies have explored chronic oral anticoagulation 
followed by repeat TEE to assess for thrombus resolution 
prior to PBMV. The rate of resorption is highly variable; 
the ACC/AHA guidelines recommend anticoagulation for 
3 months. However, a prospective survey found resorption 
at 6 months in only one - quarter of 219 candidates for 
PBMV  63  ; resorption was predicted by absence of spontane-
ous echo contrast, small thrombus size, and anticoagula-
tion to an INR of 2.5 or greater. If clot remains present, we 
generally would avoid PBMV in favor of surgery since 

avoiding the left atrial appendage with guidewires and 
balloons, while usually feasible, takes signifi cant addi-
tional skill, and even in the best of hands cannot be guar-
anteed. Nevertheless, Chen and colleagues  64   have described 
a large series of patients with apparent organized left atrial 
appendage clot who underwent uncomplicated PBMV 
despite documented left atrial appendage thrombus. We 
believe that clot elsewhere in the left atrium remains an 
absolute contraindication, although novel algorithms such 
as placing distal protection devices in both internal carotid 
arteries have been described  65   (Level C).  

  Mitral  r egurgitation 

 A comparison of 25 patients with moderate mitral regurgita-
tion and 25 age -  and gender - matched patients with mild or 
no regurgitation demonstrated an increased incidence of 
severe insuffi ciency post procedure in the former.  66   However, 
these patients had much higher echo scores and twice as 
frequently had severe calcifi cation. While 20% of those with 
initially moderate mitral regurgitation developed severe 
regurgitation, hemodynamic improvement overall was 
similar, as was the incidence of postprocedure mitral valve 
replacement. Even patients with mild mitral regurgitation 
tend to have less favorable anatomy at baseline and lower 
event - free survival but a similar success rate  67   (Level C).  

  Severe  c alcifi cation 

 Balloon dilation of a symmetric fused and severely calcifi ed 
and essentially immobile mitral apparatus as well as 
attempted dilation of a severely calcifi ed mitral annulus are 
largely futile. Thus patients with symmetric severely fused 
commissures may not respond at all.  45,68   In contrast, those 
with asymmetric calcifi cation are prone to leafl et tearing or 
rupture due to asymmetric application of force to the less 
diseased commissure or leafl et.  69   While high echo score 
alone does not predict the occurrence of severe post - PBMV 
mitral regurgitation,  70   one component, severe calcifi cation, 
does.  71   In general, greater degree of calcifi cation predicts 
less successful improvement in valve area, higher peripro-
cedural complications, and lower event - free survival.  43   
Nevertheless, when the risk of surgery is prohibitive, 
growing experience with predominantly elderly patients 
with high echo scores and poor overall morphology has 
shown moderate improvement in hemodynamics and pal-
liation of symptoms at the cost of high morbidity and mor-
tality  72   (Level C).   

  Procedure 

 Except for a small cohort of patients, virtually all PBMV 
has been performed via the antegrade transseptal route. 
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The retrograde approach avoids the need for transseptal 
puncture, an advantage that is offset by the need to intro-
duce relatively large hardware into the arterial circulation 
and to advance a balloon retrograde across the submitral 
apparatus over a guidewire, potentially causing entrap-
ment in the subvalvular apparatus. Nevertheless, the 
success rates and intermediate term follow - up of retro-
grade PBMV have been comparable to the antegrade 
approach (88% success in a 441 - patient cohort) with the 
usual fi nding of outcomes correlating with the MGH echo 
score.  73   A small, 72 - patient, single - site non - randomized 
comparison found no signifi cant difference in outcomes 
between the antegrade Inoue technique and retrograde 
approaches except for increase in mitral insuffi ciency with 
the latter, but the study was underpowered to assess trends 
in postprocedure adverse events.  74   

 The Inoue technique is virtually unchanged since the 
mid - 1980s. In a review of 19 series reporting results in a 
total of 7091 patients, the overall success rate was 93%.  75   
Success was variably defi ned, and in some studies the defi -
nition included patients with severe iatrogenic mitral 
insuffi ciency, atrial septal defect or embolic events, but 
typically included a doubling of valve area. The principal 
features of the Inoue device are a balloon with a stretchable 
distal shaft to facilitate transseptal passage, a nylon mesh 
over a latex balloon that allows for variable infl ation of the 
distal and proximal portions to promote straddling of the 
mitral valve (see Fig.  57.1 ), and a compliance curve that 
allows the balloon to dilate predictably over at least a 4   mm 
range of sizes. The device lends itself to a stepwise dilation 
technique, with repetitive infl ations at progressively 
increasing balloon sizes.  76   After each infl ation, residual gra-
dient, hemodynamics including blood pressure and left 
atrial pressure, and echocardiographic data are assessed; if 
residual MS is still substantial and mitral insuffi ciency has 
not increased, repeat infl ation with the balloon infl ated to 
a larger size is performed. No formal evidence base exists 
comparing this stepwise technique to a single infl ation at 
the calculated optimal balloon size based on patient height 
and body surface area. The compliance curve of the Inoue 
balloon results in an exponential rise in radial force within 
a mm of its maximal size and is a risk factor for post - PBMV 
mitral insuffi ciency  77   (Level C). 

 PBMV is typically performed with continuous TEE or, 
more recently, intracardiac echocardiographic guidance.  78   
The benefi ts include continuous monitoring for periproce-
dural mitral insuffi ciency, tamponade, and spontaneous 
echo contrast.  79   TEE is useful as an aid to optimize trans-
septal puncture  80   with decreased procedure time, mitral 
insuffi ciency, and residual atrial septal defects described in 
a randomized study of fl uoroscopy plus TEE versus fl uo-
roscopy without echo during PBMV.  81   The evidence base 
provided by these studies is not compelling, with the latter 
study including a 60% rate of major complications in the 

non - TEE group, suggesting limited experience on the part 
of the operators. Surface two - dimensional echo is sensitive 
enough to detect increasing mitral regurgitation during 
PBMV in most patients, and is an excellent tool for early 
appreciation of tamponade. A randomized prospective 
study comparing TEE with intracardiac echo guidance 
found equal utility to facilitate transseptal puncture, but 
otherwise superior imaging with TEE  82   (Level B).  

  Alternative  t echniques 

  Cylindrical  b alloons 

 The fi rst alternative technique to the Inoue device was a 
single large cylindrical balloon  18   but this gave way early to 
two parallel cylindrical balloons  20   with the rationale that 
two balloons better distributed lateral pressure along the 
planes of the commissures. Anecdotal results comparing 
single cylindrical (non - Inoue) versus double balloon infl a-
tions demonstrated superior acute gradient reduction with 
two balloons deployed in parallel.  19   More formal but non -
 randomized comparison also suggested superior results 
with the double balloon technique.  27,83,84   Additional confi r-
mation came from an  in vitro  study of operatively excised 
fused mitral valves that demonstrated superior splitting 
and increase in valve area.  33   

 Relatively few operators still perform cylindrical balloon 
valvuloplasty of the mitral valve. Disadvantages have 
included the need to dilate the septum to accommodate the 
bulk of hardware when two balloons are used, as well as 
risk of adverse events including  “ harpooning ”  of a balloon 
through the apex of the ventricle, in part due to a  “ water 
melon seed ”  effect with balloon infl ation. Nevertheless, 
cylindrical balloon series have had relatively good results, 
including an extraordinary 4832 patient experience in 120 
centers across China claiming a 99.3% success rate with 
virtually no complications, and a low 5.2% restenosis rate 
at a mean 32 months follow - up, likely suggesting signifi -
cant problems with data collection.  85   Nevertheless, PBMV 
studies using cylindrical balloons have been generally 
good when the anatomy was favorable.  86   This is particu-
larly true with a monorail system that simplifi es the double 
balloon technique and has potential cost advantages as 
well.  22   Regardless of technology used, the results are 
dependent on anatomic suitability. Thus, a 145 - patient 
cylindrical balloon trial by Cohen  et al   53   revealed only 51% 
5 - year freedom from mitral valve replacement, redilation 
or death in a setting where patients had unfavorable ana-
tomic features. Many of the cylindrical balloon studies 
occurred early in the development of PBMV and suffered 
from incomplete follow - up, non - overlapping endpoints, 
and lack of serial hemodynamic measurements for assess-
ing hemodynamic results and restenosis.  
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  Inoue  v ersus  c ylindrical  b alloons 

 A large number of studies have compared the Inoue tech-
nique to double balloons.  87   Generally, the former has 
greater simplicity, resulting in shorter procedure times. 
The Inoue balloon, unlike cylindrical balloons, is self - 
centering across the mitral valve (see Fig.  57.1 ) and does 
not predispose to the occasional catastrophic left ventricu-
lar apex perforations seen with cylindrical devices.  88   
Because of its low - profi le passage over a specially designed 
stainless steel guidewire across the septum, avoiding the 
need for balloon dilation of the septum itself, the rate of 
iatrogenic atrial septal defect with the Inoue balloon is 
substantially lower  89   ( ≤ 2.5% v approximately 10% for the 
double balloon technique  27  ) (Level B). Several randomized 
trials have compared Inoue and double balloon tech-
niques  90,91   and demonstrated similar outcomes. It is likely 
that an easier procedure with lower complication rates (the 
Inoue technique) is a trade - off for slightly greater mitral 
regurgitation,  92,93   possibly because the distal portion of the 
balloon is oversized and may traumatize the subvalvular 
apparatus. There are also suggestive data that the double 
balloon technique, by virtue of the lateralization of forces, 
is advantageous in less favorable anatomy. One example is 
the result of dilation of asymmetrically fused commissures: 
where the Inoue technique has been used, this led to sig-
nifi cant risk of mitral regurgitation  69   whereas with double 
balloon use this has been less common.  94   Other fi ndings, 
primarily from non - randomized or historical comparisons, 
refl ect inferiority of the double balloon technique com-
pared to Inoue, including longer procedure times, higher 
risk of left ventricular perforation  95 – 98   and higher complica-
tion rates  91,97   although the latter may refl ect operator learn-
ing curves with this more complex procedure (Level C). 

 A percutaneous metallic mitral valvulotome, designed to 
mimic the Tubbs dilator used by surgeons for closed com-
missurotomy but delivered percutaneously via a transsep-
tal route, was highly effective.  24   Its theoretic advantages 
included the ability to resterilize most of the valvulotome 
assembly, a potentially important cost benefi t in develop-
ing countries. The technique was challenging and had a 
signifi cant complication rate. Randomized comparisons  99   
suggested a somewhat lower success rate and higher com-
plication rate, though this device had the steepest learning 
curve of the PBMV technologies and is no longer available 
(Level B).   

  Balloon  V ersus  O pen and  C losed  S urgical 
 C ommissurotomy 

 Randomized trials comparing balloon and surgical com-
missurotomy began early in the development phase of the 
percutaneous technique. Because blind dilation of the valve 

with blunt instruments, typically via the retrograde 
approach through the left ventricular apex with instru-
ments like the Tubbs dilator, was the standard procedure 
in countries where MS was prevalent, the early random-
ized trials compared balloon and closed commissurotomy. 
In these trials, surgeons were typically highly experienced 
while the operators performing PBMV were in their learn-
ing curve. In 1988 we randomized 40 patients with rela-
tively ideal anatomy and severe MS  100  ; these patients were 
followed with serial invasive and non - invasive testing. 
There were similar hemodynamic improvements in both 
groups through 7 years (Fig.  57.3 ), with one cardiovascular 
death and a 25% clinical restenosis rate.  101   The actual 3 - year 
restenosis rate (26% in the balloon group and 35% in the 
surgical group), as defi ned by a 50% loss of the gain and a 
valve area  < 1.5   cm 2 , is signifi cantly higher than the repeat 
intervention rate because restenosis and functional class do 
not correlate strongly. Thus it is likely that restenosis rates 
in trials that have not done formal follow - up hemodynam-
ics or non - invasive testing underestimate the true severity 
of disease during follow - up.   

 Two other studies compared balloon and closed commis-
surotomy with shorter non - invasive follow - up only; these 
demonstrated PBMV to be superior  102   or similar to closed 
commissurotomy.  103   These studies had relatively unaggres-
sive dilation, with relatively small postprocedure mitral 
valve areas. A 90 - patient three - arm study by Ben Farhat 
and colleagues compared PBMV with closed and open 
commissurotomy and demonstrated superior acute results 
for PBMV (2.2    ±    0.4   cm 2 ) than for closed commissurotomy 
(1.6    ±    0.4   cm 2 ) and a 7 - year actuarial restenosis rate of 7% 
v 37%.  104   Thus, PBMV is at least equal and probably supe-
rior to closed mitral commissurotomy (Level A). 

 The hypothesis that open commissurotomy would be 
superior to PBMV and closed commissurotomy was based 
on the potential benefi ts of direct vision, including surgical 
splitting and remodeling of the subvalvular apparatus, 
neither of which is a feature of closed commissurotomy or 
PBMV. A prospective series of 100 open mitral commis-
surotomy patients had data analyzed specifi cally to 
compare to the then reported results of PBMV and con-
cluded that the latter was inferior to the 2.9   cm 2  they 
reported for open commissurotomy.  105   While these excep-
tional results were laudable, they likely were impacted by 
measurement technique as well, and exceed the results 
reported by others.  10   In our randomized prospective com-
parison of 60 patients with balloon or open commissurot-
omy, patients undergoing PBMV had superior mitral valve 
areas at 3 years,  36   fi ndings that were sustained through 
7 - year follow - up (see Fig.  57.3 ).  106   A possible explanation 
for the superior results of PBMV is the benefi t of hemody-
namic and echocardiographic feedback to the operator in 
the catheterization laboratory during stepwise dilation that 
allows for optimizing infl ations, feedback that is less avail-
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able to the surgeon. Ben Farhat and colleagues, in the three -
 arm trial referred to earlier, found similar results through 
7 years for both PBMV and open commissurotomy, in con-
trast to the inferior results for closed commissurotomy. 
Thus, PBMV is equal or superior to closed or open com-
missurotomy, acutely and at long - term follow - up (Class I, 
Level A).  

  Restenosis 

 Early mitral restenosis is likely secondary to a suboptimal 
result  107   although the possibility of a repeat bout of rheu-
matic fever and carditis should be considered, particularly 
in endemic areas.  108   Progressive thickening and calcifi ca-
tion of the leafl ets and subvalvular apparatus are consid-
ered the likely mechanisms of longer term restenosis, with 
pathologic evidence not supporting commissural refu-
sion.  109   Similar to the results of repeat valve surgery,  110   
balloon dilation for mitral valve restenosis after surgical 
commissurotomy has had inferior results.  111   Thus, patients 
have had less symptomatic improvement,  112   lower success 
rate (with only 51% having valve area  > 1.5   cm 2 ),  113   a higher 
incidence of subsequent mitral valve replacement (20% by 
4 years)  113   and a twofold  114   to 10 - fold  115   increase in resteno-
sis rates at 5 years for patients with prior surgical commis-
surotomy. Similarly, patients with restenosis after PBMV 
have had lower success rates and less improvement in 
mitral valve area.  116   However, the poorer outcomes appear 
to be related to a deterioration in valve morphology at the 
time of redilation, with results similar to those predictable 
by the echo scores of patients undergoing  de novo  dila-
tion.  113,117,118   Thus PBMV is appropriate fi rst - line therapy in 

restenosis patients with suitable anatomy (Class II, 
Level C). 

  Pulmonary  h ypertension 

 The improvement in hemodynamics after PBMV includes 
not only gradient reduction and improvement in mitral 
valve area, but also a progressive decrease in pulmonary 
artery pressure and pulmonary vascular resistance.  119   Even 
in patients with severe pulmonary hypertension, a marker 
for overall MS severity, there is parallel postprocedure 
improvement in hemodynamics,  120   a phenomenon that 
continues through 3 years of follow - up  36   (Class II, 
Level B).  

  Pregnancy 

 A number of studies have reported successful PBMV in 
pregnant women with initial results identical to the supe-
rior valve areas seen in non - pregnant patients in the same 
age groups.  121,122   In order to avoid the radiation exposure 
to the fetus, the procedure has been done with echo guid-
ance only, although appropriate shielding of the fetus is 
adequate in most instances  123   (Class II, Level C).  

  Tricuspid  i nsuffi ciency 

 Song and colleagues compared PBMV to mitral valve 
surgery and tricuspid valve repair for 92 patients with 
severe MS and severe functional tricuspid insuffi ciency.  124   
The 7 - year event - free survival was 77% in the PBMV - only 
group versus 95% for the operated group (Class II, 
Level C).  
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     Figure 57.3     Mitral valve area at baseline, 1 
week, 6 months, 3 and 7 years after balloon 
dilation, closed (CMC) or open (OMC) mitral 
commissurotomy, in prospective randomized 
trials conducted in Hyderabad, India.  36,100    
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  Bioprosthesis 

 A number of case reports have described balloon dilation 
of bioprosthetic mitral valves,  125 – 127   although the acute 
hemodynamic benefi ts, potential for complications, and 
long - term outcomes are questionable. Histologically, bio-
prosthetic valves resemble calcifi c native aortic stenosis 
and balloon dilation is of limited effectiveness.  128   Intraop-
erative balloon dilation, examining the morphology of 
severely stenosed bioprosthetic valves before and after 
balloon dilation, appeared  “ completely ineffectual ”  with 
leafl et tearing and cuspal perforation.  129     

  Complications 

 The rate of complications is inversely proportional to oper-
ator experience with a steep learning curve associated with 
the procedure.  26,27   The NHLBI reported substantially lower 
rates of all major complications except acute mitral insuf-
fi ciency at centers performing more than 25 cases and in 
the second year that sites enrolled patients; a willingness 
to attempt PBMV in higher risk subsets in the second year 
may explain the mitral insuffi ciency. The ACC/AHA 
guidelines emphasize that the decision to proceed to PBMV 
must take into consideration the experience of the opera-
tors involved (Level B). 

 Overall mortality has been approximately 1%, most com-
monly related to tamponade from transseptal catheteriza-
tion  130   but also from fenestration of the left ventricular 
apex. Tamponade has been reported in a range of  < 1 – 4% 
of PBMVs, the latter level reported in both a 146 - patient 
series from the Beth Israel Hospital in Boston  53   and the 
738 - patient NHLBI Mitral Valvuloplasty Registry.  27   Besides 
transseptal puncture and balloon  “ harpooning, ”  catheter 
manipulation in the left atrium has also been implicated. 
In an analysis of 10 cases of tamponade in a 903 - patient 
PBMV series,  88   Joseph  et al  demonstrated the following 
etiologies: perforation during transseptal puncture (2), har-
pooning of the left ventricular apex (3), perforation by an 
apical guidewire (2), stitch perforation caused by low 
transseptal puncture of the posterior wall of the right 
atrium (2), and temporary pacing - induced perforation 
of the right ventricle (1). There was an inverse relation-
ship between frequency of tamponade and operator 
experience. 

 Other complications include severe mitral insuffi ciency 
(1 – 6%) and cerebrovascular accident and thromboembo-
lism (up to 4%). Disturbingly, magnetic resonance imaging 
detected new hyperintensivity foci suggestive of peripro-
cedural cerebral infarcts in 18 of 63 post - PBMV patients  131   
although only one had relegatable symptoms. Clot in the 
left atrium had not been detected on TEE in these patients. 
Thus, embolization may be common even if not clinically 

apparent. The probable sources, besides intracavitary clot, 
are catheter - induced thrombus formation and showers of 
calcium; the latter has been associated with rare but cata-
strophic coronary artery occlusion.  132   

 Atrial septal defects were a signifi cant source of compli-
cations early in the development of technologies for PBMV, 
in part arising from tearing of the septum during balloon 
dilation to allow catheter passage, inadvertent proximal 
deployment of cylindrical balloons or withdrawal of 
winged balloons retrograde through the septum. Residual 
left to right fl ow is seen in  > 90% of patients  133   though the 
majority resolve within 3 months. Persistent left to right 
shunting is likely related to size of the hole and the residual 
gradient across the mitral valve. Because the Inoue balloon 
does not require balloon dilation of the septum and proxi-
mal infl ation is unlikely given its self - centering method, a 
comparison of Inoue and double or bifoil balloon tech-
niques demonstrated substantial reduction in residual 
shunt with the former.  134   The presence of a residual atrial 
septal defect does decompress the left atrium after PBMV 
and leads to overestimation of the mitral valve area because 
of lowering of the mitral valve gradient by left to right 
transseptal fl ow.  135    

  Postprocedure  m anagement 

 Oral anticoagulation is indicated in MS patients in AF, 
known clot in the left atrium or a history of prior embolic 
disease (Class I, Level A). When the left atrium is enlarged 
at 55   mm or greater, or in the presence of spontaneous echo 
contrast,  59   the guidelines suggest that anticoagulation be 
considered in the setting of severe MS (Class II, Level B). 
However, there is little evidence base regarding continua-
tion of anticoagulation in the latter patients after PBMV. 

 Patients with successful PBMV and therefore decompres-
sion of the left atrium have been shown to have some invo-
lution of left atrial size  136   with about a one - third reduction 
in left atrial volume, although this phenomenon is less pro-
nounced in patients with AF. Cardioversion after PBMV 
has been recommended predicated on successful mainte-
nance of sinus rhythm in patients operated for MS routinely 
shocked during recovery from cardioplegic arrest.  137   Suc-
cessful post - PBMV cardioversion has correlated strongly 
with duration of pre - PBMV AF.  138   In a recent study using 
an inclusion threshold of left atrial size  < 60   mm, two - thirds 
of patients undergoing cardioversion remained in sinus 
rhythm 12 months after PBMV  139   (Class II, Level C).  

  Conclusion 

 Percutaneous balloon mitral valvuloplasty is both safe 
and effective. Short - term results in ideal patients include a 
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doubling of the mitral valve area and a relatively low com-
plication rate, with freedom from reintervention at 7 – 10 
years of  > 50% (Level A). Less favorable outcomes are seen 
in patients with signifi cant thickening and calcifi cation of 
the leafl ets and subvalvular apparatus, as well as older 
patients and those in AF (Level C). The procedure has a 
steep learning curve and success and complication rates are 
directly related to operator experience (Level B). Based on 
a sizable evidence base of randomized controlled trials, 
PBMV is the treatment of choice for patients with rheu-
matic MS and suitable valve anatomy who require inter-
vention (Class I, Level A).  
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  Introduction 

 The ideal replacement cardiac valve is yet to be developed. 
The ideal valve would be easy to implant, would be non -
 thrombogenic, would last the patient ’ s lifetime, and in chil-
dren it would grow with the child. Currently available 
mechanical and biologic heart valves are imperfect and 
heart valve repair should always be considered prior to 
replacement. 

 This chapter reviews the information on the surgical 
management of heart valve disease excluding transcatheter 
therapies. The heterogeneity of heart valve disease and the 
variability of outcome of complex procedures make the 
design and execution of randomized clinical trials diffi cult. 
The majority of the present evidence is derived from single -
 center reports. Our recommendations refl ect the position 
of the American College of Cardiology and American 
Heart Association (ACC/AHA) 2006 Practice Guidelines.  1    

  Nomenclature and  d efi nitions 

 Since the publication of the  Guidelines for Reporting Morbid-
ity and Mortality After Cardiac Valvular Operations  approved 
by the Society of Thoracic Surgeons and the American 
Association for Thoracic Surgery in 1988, and revised in 
1996,  2   surgical journals require that authors conform to 
those guidelines, which are presented in Box  58.1 .    

  Natural  h istory and  i ndications 
for  s urgery 

 The ACC/AHA 2006 guidelines contain a comprehensive 
review of the natural history of heart valve disease and the 

indications for surgery.  1   This information is also covered 
in Chapters  53  –  55 , and  81 .    

  Valve  r epair 

  Aortic  v alve  r epair 

 The morphologic characteristics and function of the aortic 
valve are interrelated to the aortic root and are best 
described as a single functional unit. The aortic root is the 
anatomic segment that connects the left ventricle with the 
ascending aorta and has four components: aortoventricular 
junction or aortic annulus, aortic cusps, aortic sinuses or 
sinuses of Valsalva, and sinotubular junction. Although the 
aortic cusps are the most important component of the aortic 
valve, aortic insuffi ciency (AI) can occur in patients with 
normal aortic cusps that have dilation of the sinotubular 
junction and/or aortic annulus. 

 Congenital aortic stenosis used to be managed by means 
of open surgical valvotomy but this procedure has been 
largely replaced by transcatheter valvotomy (see Chapter 
 56 )  . Acquired aortic stenosis is not suitable for aortic valve 
repair. 

 Patients with AI are potential candidates for aortic valve 
repair and the aortic cusps are the most important deter-
minant of reparability.  3,4   If the cusps are thin and mobile 
and have smooth free margins, the feasibility of aortic 
valve repair is high. Calcifi ed, fi brotic or excessively over-
stretched cusps preclude aortic valve repair. Aortic insuf-
fi ciency caused by prolapse of a single cusp in patients with 
tricuspid aortic valves is uncommon but repairable. Pro-
lapse of one cusp in patients with bicuspid aortic valve 
is common and is also suitable for repair.  5   Aortic valve 
repair frequently is needed in combination with aortic 
valve - sparing operations.  6   However, isolated repair of the 
aortic valve is not routinely carried out given the durability 
of contemporary mechanical and bioprosthetic valves 
(Class I, Level C). 

Evidence-Based Cardiology, 3rd edition. Edited by S. Yusuf, J.A. Cairns, 
A.J. Camm, E.L. Fallen, and B.J. Gersh. © 2010 Blackwell Publishing, 
ISBN: 978-1-4051-5925-8.
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  Operative  m ortality 
 This is defi ned as death within the index hospitalization or 
within 30 days of the operation.  

  Structural  v alve  d eterioration 
 This is defi ned as any change in function (including a 
decrease in New York Heart Association functional class) of 
an operated valve resulting from an intrinsic abnormality of 
the valve that causes either stenosis or regurgitation. This 
defi nition, however, does not include deterioration because of 
infection or thrombosis of the valve as determined by 
reoperation, autopsy or clinical investigations. The term 
includes changes that are intrinsic to the valve such as wear, 
fracture, poppet escape, calcifi cation, leafl et tear, stent creep, 
and suture line disruption of components of an operated 
valve.  

  Non -  s tructural  d ysfunction 
 This is defi ned as any abnormality resulting in stenosis or 
regurgitation at the operated valve that is not intrinsic to the 
valve itself. Again, this term is exclusive of thrombosis and/
or infection but includes entrapment by pannus, tissue or 
suture; paravalvular leak; inappropriate sizing or positioning; 
residual leak or obstruction; and clinically important 
hemolytic anemia.  

  Valve  t hrombosis 
 This includes any thrombosis, in the absence of infection, 
attached to or near an operated valve that occludes part of 
the blood fl ow path or that interferes with the function of the 
valve.  

  Embolism 
 This is any embolic event that occurs in the absence of 
infection after the immediate perioperative period (when 
anesthesia - induced unconsciousness is completely reversed). 
Importantly, a neurologic event includes any new, temporary 
or permanent focal or global neurologic defi cit, but does not 
include psychomotor defi cits elicited by specialized testing. 
Patients who do not awaken or who awaken after operation 
with a new stroke are excluded from tabulations of 
valve - related morbidity. A peripheral embolic event is 
also tabulated under this defi nition.  

  Bleeding  e vent ( f ormerly  a nticoagulant  h emorrhage) 
 This is any episode of major internal or external bleeding that 
causes death, hospitalization or permanent injury or that 
requires blood transfusion. Notably, this defi nition applies 
also to patients who are not taking anticoagulants or 
antiplatelet agents.  

  Operated  v alvular  e ndocarditis 
 This is defi ned as an infection involving an operated valve. It 
is based on the traditional criteria including an appropriate 
combination of positive blood cultures, clinical signs, and/or 
autopsy or operative fi ndings. Importantly, morbidity 
associated with endocarditis, such as valve thrombosis, 
thrombotic embolus, bleeding event or paravalvular leak, is 
included under this category and is not included in other 
categories of morbidity. 

  Note added in proof  : these guidelines have recently been 
updated. See Atkins CW  et al.   J Thorac Cardiovasc Surg  
2008; 135 (4):732 – 8.  

also referred to as a root remodeling or Yacoub 
procedure)  9    
   •      full root replacement with reimplantation of the aortic 
valve in a tube graft (David procedure).  10      

 Aortic valve - sparing operations are technically demand-
ing. They can be applied to aortic dissection that extends 
into the root,  11   Marfan ’ s syndrome patients with aortic root 
aneurysms,  9,10   in patients with bicuspid aortic valves  5,12   and 
in patients with aortic root aneurysms of unknown etiol-
ogy. The competing options for dealing with aortic root 
and ascending aortic aneurysms are the composite valve 
graft (mechanical or bioprosthetic valve in a Dacron graft 
or a biologic valve conduit such as aortic valve homograft 
or xenograft)  13,14   and aortic valve replacement and supra-
coronary replacement of the ascending aorta.  15,16   

 The long - term outcomes of aortic valve - sparing opera-
tions in patients with ascending aortic aneurysms are excel-
lent.  17   Reoperation rate at 10 years after replacement of the 
ascending aorta with reduction of the diameter of the sino-
tubular junction is only 3%, which is better than the results 
of valve replacement (Fig.  58.1 ). However, if the surgeon is 
not familiar with aortic cusp repair, presence of an eccen-

BOX 58.1  Guidelines for reporting morbidity and mortality after cardiac valvular operations 

 Patients with aortic root aneurysm often have normal or 
minimally stretched aortic cusps and reconstruction of the 
aortic root with preservation of the native aortic cusps is 
feasible. Most patients with aortic root aneurysms have 
normally functioning aortic valve or mild AI. If the AI is 
severe, the cusps may be thinned and overstretched, or 
have stress fenestrations along the commissural areas. 
These valves are not suitable for repair. Patients with 
ascending aortic aneurysm and AI often have dilated sino-
tubular junction and normal or minimally altered aortic 
cusps. The AI is central and caused by outward displace-
ment of the commissures of the aortic valve. 

 Aortic valve - sparing operations are usually feasible in 
patients with aortic root aneurysms without AI or with AI 
and fairly normal aortic cusps as well as in patients with 
ascending aortic aneurysm and AI due to dilated sinotu-
bular junction. These operations can be classifi ed into three 
types  7,8  : 
   •      replacement of the ascending aorta with downsizing of 
the sinotubular junction  
   •      replacement of diseased aortic sinuses (one, two or 
all three sinuses  –  in the latter group the procedure is 
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tric AI jet at preoperative echocardiography should alert 
him or her to other concomitant aortic valve pathology and 
the need for more complex surgery.   

 Aneurysm of the sinuses of Valsalva requires either a 
remodeling or a reimplantation procedure. Long - term 
results indicate a reoperation rate of about 10% at 10 years 
for progressive AI  18   with the remodeling technique. In our 
own experience, return of moderate to severe AI occurred 
in 15% of patients at 10 years.  6   This rate is suboptimal in 
young patients but may be acceptable in an older patient 
population.  5   In patients with dilated aortic annuli, further 
strategies to stabilize the annulus should be employed.  19   
Otherwise, these patients, and patients with connective 
tissue disorders such as Marfan ’ s syndrome, will have pro-
gressive annular dilation, which would cause AI again.  6,20   
The reimplantation technique allows stabilization of the 
annulus within the cylindrical graft and avoids moderate 
to severe AI in 94% of patients at 10 years.  21,22   Some ques-
tion the appropriateness of preserving the aortic valve in 
patients with Marfan ’ s syndrome, but valve repair is safe 
and durable in this patient population.  6,23   Composite valve 
graft replacement of the valve and aortic root remains the 
gold standard across most centers given the reproducibility 
of the procedure (Class I, Level C).  

  Mitral  v alve  r epair 

 The mitral valve, which includes the annulus, leafl ets, 
chorda tendineae, papillary muscles, and left ventricular 
wall, may become dysfunctional for a variety of reasons.  24   
Rheumatic heart disease causes fi brosis of all components 
of the mitral valve with resulting mitral stenosis (MS) and/
or regurgitation (MR) (see Chapter  53   ). Myxomatous mitral 
valve disease typically causes MR because of elongated/
ruptured chordae and redundant and prolapsing leafl ets. 
Ischemic functional MR is caused by infarction of the left 
ventricular wall that tethers the mitral leafl ets. This causes 
an increase in the septolateral dimension of the annulus 
toward the posteromedial commissure or may result in 
leafl et prolapse due to papillary muscle rupture and/or 
fi brosis and elongation. Non - ischemic functional MR is 
caused by global left ventricular and mitral annular 
dilation. 

  Rheumatic  m itral  v alve  d isease 
 Mitral balloon valvotomy, in the MS patient without MR 
and with low echocardiographic calcium scores, is the fi rst 
line of intervention (see Chapter  57   ). Patients with moder-
ate distortion of mitral valvular anatomy, but in whom the 

     Figure 58.1     Freedom from structural valve deterioration. If data from more than two reports were available, only data from the two largest reports 
were included. (Modifi ed from Grunkemeier  et al.   110  )  
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anterior leafl et and chordae tendineae still appear to be 
pliable, may be candidates for open mitral commissurot-
omy and repair. However, in patients in whom there is 
severe distortion of the valve apparatus preoperatively, 
mitral valve replacement is more appropriate. Repair of 
rheumatic MR has been relatively successful but may be 
attempted by experienced surgeons only if the mitral appa-
ratus is not signifi cantly damaged (Class IIa, Level C). 

 The failure of mitral valve repair in patients with rheu-
matic disease is related to progressive primary valve 
disease, leaftlet fi brosis and retraction.  25   Valve repair in this 
population is not as durable as valve repair in patients with 
non - rheumatic disease. Freedom from reoperation is 
approximately 70 – 85% at 5 – 10 years of follow - up.  26 – 29   A 
recent meta - analysis, however, demonstrated superior sur-
vival of patients with repair as compared to replacement.  30   
If a patient has an indication for anticoagulation, serious 
consideration should be given to mechanical mitral valve 
replacement (Class IIa, Level C). In this context, we 
emphasize the critical importance of preserving the chordae 
tendineae  31 – 35   (Class I, Level C).  

  Myxomatous or  d egenerative  m itral  v alve  d isease 
 The two major subcategories as initially defi ned by Car-
pentier are: myxomatous degeneration where typically the 
valve leafl ets are redundant with elongated chordae, and 
fi broelastic defi ciency which occurs in the older patient 
with minimal thickening of the leafl et.  36   In the extreme 
form of myxomatous degeneration, the so - called  “ Barlow ’ s 
disease ”  of the mitral valve, there is also atrialization of the 
posterior mitral annulus that may have bearing on the tech-
nique of repair.  37   Valve repair for these patients involves 
resection of the prolapsing segment,  38   replacement and/or 
transposition of the chorda if necessary, and mitral valve 
annuloplasty.  39,40   Mitral valve repair for degenerative 
mitral disease may be possible in greater than 90% of cases 
in experienced hands with excellent results and is recom-
mended (Class I, Level C). 

 Several groups have reported long - term survival out-
comes of mitral valve repair in comparison with mitral 
valve replacement.  41 – 44   In broad terms, repair provides 
better survival and clinical outcomes than replacement, but 
more often than not, patients who undergo mitral valve 
replacement are sicker. The longest follow - up on mitral 
valve repair to date shows a freedom from reoperation of 
92% at 20 years.  45   At our center, freedom from reoperation 
ranged from 88% to 96% at 10 years depending on the 
prolapsing leafl et. Anterior leafl et prolapse or bileafl et pro-
lapse portends worse outcome.  46,47   Results of the edge - to -
 edge repair in a somewhat younger but similar patient 
population (with an incomplete follow - up) documented a 
freedom from reoperation of 96% at 10 years.  48   The supe-
rior results obtained in the repair of the mitral valve in 
myxomatous disease,  46   given the natural history of asymp-

tomatic but severe MR,  49   argues for early surgical interven-
tion (Class IIa, Level C). Caution and judgement, however, 
must be exercised when the mitral valve is affected by 
rheumatic disease, if MR is caused by complex valvular 
abnormalities that include anterior leafl et prolapse, or if the 
surgical team has inadequate experience with valve repair.  

  Endocarditis 
 Mitral valve replacement had been the standard surgical 
therapy for patients with mitral valve endocarditis but 
repair is feasible depending on the degree of tissue destruc-
tion.  50 – 52   A recent pooled analysis of the reported series 
demonstrated low rates of early and late repeat mitral 
valve surgery after mitral valve repair for endocarditis.  53   
The principles of mitral valve repair in endocarditis are to 
remove all infected tissue and to avoid implantation of 
foreign material. Autologous pericardium, which may be 
fi xed with glutaraldehyde, or bovine pericardium can be 
used in place of prosthetic annuloplasty rings.  

  Ischemic  m itral  r egurtitation ( IMR ) 
 The role of mitral valve replacement versus repair in 
chronic IMR is controversial.  54   Mitral replacement is typi-
cally reserved for patients with higher preoperative risk 
factors and co - morbidity at experienced centers.  55 – 57   
Although the results of mitral valve repair appear to be 
superior to mitral valve replacements in early follow - up, 
these differences disappear and possibly reverse in longer 
follow - up.  55 – 57   This suggests that mitral valve replacement 
may be the procedure of choice at centers that have limited 
experience with mitral valve repair (Class IIa, Level C). 

 The most common technique of mitral valve repair for 
IMR is undersized annuloplasty. Considering the asym-
metric alteration in the mitral valve annulus, some advo-
cate the use of a rigid and geometric ring that reduces the 
septal - lateral annular dimension in particular in the pos-
teromedial segment.  58   Clinical outcomes do not support the 
use of a complete over a partial ring  59   but given that the 
intertrigonal region dilates over time, it is reasonable to 
suggest that complete rings are likely to provide better 
long - term durability.  60,61   Most support the use of a rigid 
ring,  62   although concerns that rigid ring annuloplasty may 
adversely affect LV function remain.  63,64   The long - term 
result of mitral repair for IMR is poor with return of sig-
nifi cant MR in nearly 30% of patients.  59   Perhaps an under-
sized annuloplasty does not fully address the multifaceted 
alterations in the mitral apparatus of a patient with IMR.  24   
We have clinically introduced Levine ’ s concept of severing 
secondary chordae tendineae.  65,66   Our initial results are 
encouraging.  65    

  Non -  i schemic  m itral  r egurgitation 
 The principal repair techniques are undersized annulo-
plasty and the edge - to - edge repair. Correction of severe 
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MR in end - stage heart failure is safe.  67,68   In spite of symp-
tomatic benefi t, no survival benefi t is currently appar-
ent.  69,70   Importantly, the Acorn clinical trial confi rmed the 
impact of MR repair alone on patient symptoms and also 
documented progressive decline in left ventricular volume 
in a randomized trial setting  71   (Class IIa, Level B). The 
results of the edge - to - edge technique in patients with LV 
dysfunction have been somewhat mixed.  72,73     

  Tricuspid  v alve  r epair 

 Commonly, tricuspid regurgitation (TR) occurs as a result 
of left heart pathology. In these instances, the tricuspid 
apparatus is normal, but dilation of the tricuspid annulus 
results in signifi cant regurgitation. Organic tricuspid valve 
disease is less common. Functional TR may be repaired by 
suture annuloplasty (De Vega procedure) or by ring annu-
loplasty. Ring annuloplasty provides superior long - term 
outcomes  74 – 76   (Class IIa, Level C). Plication of the posterior 
leafl et (bicuspidalization) is now rarely performed.  77     

  Valve  r eplacement 

  Types of  h eart  v alves 

 The two main categories of valves are mechanical and 
tissue valves. Within the former category, three principal 
valve types are available: caged - ball valves, single tilting 
disc valves, and bileafl et valves. Tissue valves may also be 
divided in to three major subtypes: xenografts, homografts, 
and pulmonary autograft. Xenograft valves are either 
porcine aortic valves or constructed pericardial valves. 
Xenograft valves can also be subdivided into stented and 
stentless.  

  Randomized  c linical  t rials:  m echanical 
 v ersus  b iologic 

 Two randomized clinical trials have compared the outcome 
of aortic and mitral valve replacement. The Edinburgh 
Heart Valve Trial  78 – 80   enrolled patients between 1975 and 
1979 and the Department of Veterans Affairs Trial  81 – 83   
enrolled patients between 1977 and 1982. Both of these 
trials compared the Bjork – Shiley tilting disk valve to the 
fi rst - generation Hancock or Carpentier – Edwards porcine 
valve. Although these valves are no longer used in North 
America, certain principles of valve behavior may be dis-
tilled from these two trials. 

  Edinburgh  H eart  V alve  T rial 
 In this study, a total of 541 men and women undergoing 
either aortic or mitral valve replacement were included. 
The major fi nding of this trial was the lack of survival 

benefi t for a particular valve type at 20 years. Porcine 
valves had a substantially higher structural valve deterio-
ration and reoperation rate. Bioprosthesis had structural 
valve deterioration 12 – 14 years after implantation in the 
aortic position and 8 – 10 years after implantation in the 
mitral position. The bleeding rates were substantially 
higher with the mechanical valves, implanted in the aortic 
but not in the mitral position.  

  Department of  V eterans  A ffairs  T rial 
 This multicenter trial enrolled a total of 575 men only. It 
showed that patients randomized to receive a mechanical 
valve had improved survival after aortic valve replacement 
(AVR) but not after mitral valve replacement (MVR). 
Importantly, differences in mortality started to diverge 
after 10 years. As with the Edinburgh trial, porcine valves 
had substantially higher primary valve failure. The 
outcome in the two groups at 15 years is summarized in 
Table  58.1 .    

  Differences  b etween the  t rials 
 In the Edinburgh trial, the linearized rates of major hemor-
rhage requiring hospital admission and/or blood transfu-
sions were 1.5% per year in the porcine group and 2% per 
year in the mechanical valve group. In the VA trial the 
linearized bleeding rates were 2.5% per year in the porcine 
group and 4.3% in the mechanical group. Higher intensity 
of anticoagulation in the USA likely accounts for this dif-
ference.  84   In the contemporary data from the Stroke Preven-
tion in Atrial Fibrillation III  85   trial with international 
normalized ratio (INR) of 2.0 – 3.0, the incidence of bleeding 
was 1.5% per year. The linearized rates of thromboembo-
lism were not different between the two types of valve.   

  New  d evelopments in  v alve  p rostheses 

 Since the above two trials were concluded, other single -
 center or multi - center but non - randomized studies have 
been published documenting the performance of newer 
biologic and mechanical prostheses in terms of structural 
valve deterioration  86 – 98   (Fig.  58.1 ) and patient survival.  90,99 – 109   
These are reviewed in Table  58.2  and Table  58.3 . Most 
biologic valves are now treated with anticalcifi cation 
agents, undergo zero - pressure fi xation, have a lower 
profi le, and are hemodynamically superior to the older 
valves. These advances have generally meant longer dura-
bility of the bioprosthetic valves. At the same time, new 
mechanical valve designs such as the bileafl et design have 
improved the hemodynamic performance. By and large, 
the majority of the valves that have received FDA approval 
based on 800 patient - years of experience are similar in 
terms of valve function and valve durability (see Fig.  58.1 ) 
and risk of complications (Fig.  58.2 ). Leaders in the fi eld 
have generalized the comparison of the various valves by 
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 Table 58.1     Probability of an outcome event at 15 years after valve replacement 

        Aortic valve replacement      P - v alue     Mitral valve replacement      P - v alue  

  Mechanical  
   n   =   198  

  Bioprosthetic  
   n   =   196  

  Mechanical  
   n   =   88  

  Bioprosthesis  
   n   =   93  

  Death from any cause    66    ±    3%    79    ±    3%    0.02    81    ±    4%    79    ±    4%    0.3  

  Any valve - related complication    65    ±    4%    66    ±    5%    0.26    73    ±    6%    81    ±    5%    0.56  

  Systemic embolism    18    ±    4%    18    ±    4%    0.66    18    ±    5%    22    ±    5%    0.96  

  Bleeding    51    ±    4%    30    ±    4%    0.0001    53    ±    7%    31    ±    6%    0.01  

  Endocarditis    7    ±    2%    15    ±    5%    0.45    11    ±    4%    17    ±    5%    0.37  

  Valve thrombosis    2    ±    1%    1    ±    1%    0.33    1    ±    1%    1    ±    1%    0.95  

  Perivalvular regurgitation    8    ±    2%    2    ±    1%    0.09    17    ±    5%    7    ±    4%    0.05  

  Reoperation    10    ±    3%    29    ±    5%    0.004    25    ±    6%    50    ±    8%    0.15  

  Primary valve failure    0    ±    0%    23    ±    5%    0.0001    5    ±    4%    44    ±    8%    0.0002  

   n, number of patients randomized;  P , signifi cance of difference between mechanical and bioprosthetic valve groups.   

 From Hammermeister  et al .  81   

     Figure 58.2     Linearized rates of thromboembolic and bleeding 
complications from major mechanical valve replacement data for AVR 
and MVR are shown. (Modifi ed from Grunkemeier  et al.   110  ) OPC 
(objective performance criteria) are used by the FDA to approve new 
values; the upper confi dence interval should not cross twice the OPC rate 
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for approval. Circles indicate that only late events were included. SE, Starr 
Edwards; BS, Bj ö rk - Shiley; MS, Monostrut; MH, Medtronic Hall; OS, 
Omniscience; OC, Omnicarbon; UC, Ultracar; SJ, St Jude; CM, 
Carbomedics; ET, Edwards Tekna or Duromedics; SB, Sorin Bicarbon.  
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 Table 58.2     Structural valve deterioration. Modifi ed from Bonow  et al .  1   

   Author, reference     Type of PHV     Number of 
valves  

   Time of SVD 
estimate, y  

   Age, y     Freedom from 
SVD, %  

   AVR     MVR     AVR     MVR  

  Jamieson  et al    92      Carpentier – Edwards standard porcine bioprosthesis    572    509    10    30 – 59    81    ±    4    78    ±    5  

               > 60    91    ±    3    71    ±    9  

  Cohn  et al    89      Hancock porcine bioprosthesis (includes 146 combined 

AVR   +   MVR procedures)  

  971    708    15     ≤ 40    68    ±    9    68    ±    10  

              41 – 69    86    ±    2    84    ±    13  

                   ≥ 70    94    ±    3    84    ±    10  

  Jones  et al    95      Hancock or Carpentier – Edwards porcine bioprosthesis 

(includes 88 combined AVR   +   MVR procedures)  

  610    528    10     < 40    46    ±    7    47    ±    8  

              40 – 49    60    48    ±    8  

              50 – 59    79    61  

                  60 – 69    92    ±    2    80    ±    6  

  Burdon  et al    87      Hancock I and Hancock modifi ed orifi ce porcine 

bioprosthesis  

  857    793    15    16 – 39    33    ±    7    37    ±    6  

              40 – 49    54    ±    10    38    ±    12  

                  50 – 59    57    ±    6    38    ±    5  

                  60 – 69    73    ±    6    61    ±    15  

                   > 70    93    ±    3    62    ±    6  

  Burr  et al    88      Carpentier – Edwards standard porcine bioprosthesis 

(similar results were obtained with Carpentier – Edwards 

supra - annular porcine bioprosthesis)  

  574    500    7     < 65    94    ±    1    88    ±    2  

              65 – 69    98    ±    1    90    ±    4  

              70 – 79    100    95    ±    3  

               ≥ 80    100    100  

              13 – 15     < 65    62    ±    8    37    ±    7  

                  65 – 69    98    ±    3    63    ±    8  

                  70 – 79    95    ±    5    74    ±    19  

                   ≥ 80    100     –   

  Pelletier  et al    96      Carpentier – Edwards standard (302 AVR, 324 MVR) 

improved annulus (97 AVR, 135 MVR), supra - annular 

(52 AVR, 88 MVR) porcine bioprostheses (includes 

121 combined AVR   +   MVR and 5 combined 

MVR   +   TVR procedures)  

  451    547    10     < 45    70    55  

              45 – 54    84    64  

              55 – 64    84    69  

               ≥ 65    93    95  

  Cosgrove  et al    91      Carpentier – Edwards pericardial aortic bioprosthesis    310     –     10     < 65    88.6     –   

               ≥ 65    95.5     –   

  Pelletier  et al    97      Carpentier – Edwards pericardial aortic bioprosthesis    416     –     10     < 60    86.3     –   

              60 – 69    95.3     –   

                   ≥ 70    100     –   

  Cohn  et al    90      Hancock modifi ed orifi ce porcine aortic valve    843     –     10     ≤ 50    57     –   

              51 – 69    77     –   

                   ≥ 70    96     –   

              15     ≤ 50    16     –   

                  51 – 69    54     –   

                   ≥ 70    87     –   

  Banbury  et al    86      Carpentier – Edwards pericardial aortic bioprosthesis    267     –     15    45    58     –   

              55    70     –   

                  65    82     –   

                  75    91     –   

  Jamieson  et al    94      Medtronic Intact porcine bioprosthesis    836    332    12    51 – 60    92    ±    3    90    ±    3  

                  61 – 70    96    ±    2      

                   > 70    98    ±    1    97    ±    3  
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 Table 58.3     Long - term mortality after  AVR . Modifi ed from Rahimtoola.  111   

   Author, reference     Type of PHV     No. of patients     Mortality  

   at yr     %  

  Orszulak  et al   107      Starr – Edwards    1,100    10    40.4  

          15    55.1  

          20    68.8  

  Lindblom  et al   104      Bjork – Shiley    1,753    10    30  *    

          15    46  *    

  Lund  et al   106      St Jude    694    10    42    ±    5  

  Butchart  et al   99      Medtronic Hall    736    10    36  

          15    55  

  Peterseim  et al   108      St Jude    412    10    50    ±    6  

  C - E porcine    429    10    46    ±    3  

  Yun  et al   109      Hancock porcine    652    12    49    ±    2  

  Hancock MO porcine    561    12    58    ±    3  

  C - E porcine    389    12    56    ±    7  

  Jamieson  et al   102      C - E supra - annular porcine    1,335    10    40.6    ±    2.1  

      12    45.8    ±    2.8  

  Cohn  et al   90      Hancock MO porcine    843    10    48    ±    2  *    

          15    72    ±    3  *    

  Khan  et al   103      Hancock porcine/Hancock MO porcine    243    10    45  *    

      15    64  *    

  Frater  et al   101      C - E pericardial    267    14    60.7    ±    3.1  *    

  David  et al   100      Hancock II porcine    670    10    39    ±    2  

          15    53    ±    3  

    *    Excluding operative mortality.  

  AVR, aortic valve replacement; C - E, Carpentier – Edwards; MO, modifi ed orifi ce; PHV, prosthetic heart valve.   

concluding that patient - related factors are more important 
than valve - related factors.  110,111       

  Stentless  x enograft  v alves 
 Conventional porcine and bovine pericardial valves, which 
are mounted on a stent, cause some degree of obstruction 
with persistent gradients that may be clinically impor-
tant.  112   Stentless xenograft valves were developed to 
provide superior hemodynamics  113   which may not neces-
sarily be evident at rest.  114   Stentless valve implantation 
appears to be associated with greater left ventricular mass 
regression and improved survival.  115,116   Long - term follow -
 up on the Toronto SPV bioprostheis, however, has demon-
strated suboptimal durability with a freedom from 
reoperation of 69% at 12 years.  117    

  Aortic  h omograft 
 Aortic valve homograft has been used with satisfactory 
results since 1962.  118 – 121   Cryopreservation is the preferred 
technique of valve preservation during storage  122 – 124   (see 
Fig.  58.1 ). Freedom from reoperation for structural valve 
deterioration at 15 years of follow - up is age dependent 
(0 – 20 years of age, 47%; 21 – 60 years of age, 80%;  > 60 years 

of age, 94%).  121   Aortic valve homograft is an excellent 
choice for patients with active valve endocarditis, particu-
larly with aortic root abscess.  121,125 – 127   Aortic valve homo-
graft may be used as a full root replacement, as a root 
inclusion or in the subcoronary position. When the homo-
graft is used as a full root replacement, better long - term 
durability and valve function are obtained, but neo - root 
dilation may occur in patients with annuloaortic ectasia.  128,129   
The recreation of normal aortic root anatomy may be dif-
fi cult with the subcoronary technique, and emphasizes the 
importance of surgical expertise.  124   Reoperation on homo-
grafts is technically diffi cult because of extensive 
calcifi cation.  130    

  Pulmonary  a utograft 
 Aortic valve homograft has high failure rates in the younger 
patient. The Ross procedure was developed to overcome 
this limitation in 1967.  131,132   In the pioneer series, the mean 
age at time of operation was 32 years and the majority of 
the patients received the autograft in the subcoronary posi-
tion and not as a root inclusion or root replacement. Twenty 
years after operation, survival was 61%, freedom from 
autograft replacement was 75%, and freedom from replace-
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ment of homograft in the pulmonary position was 80%.  133   
Others have also reported excellent outcome with this 
operation.  134 – 137   A subset of patients developed AI, likely 
because of technical diffi culties of placing the valve in the 
subcoronary position, as with the experience with aortic 
valve homograft.  133   Surgeons adopted the root inclusion or 
the root replacement, because the technique was more 
reproducible.  138   Stabilization of the aortic annulus and 
downsizing of the sinotubular junction provide improved 
results.  138   

 Given the superior performance of today ’ s bioprosthe-
ses, the lifespan of the patient has to be judged to be greater 
than 20 years for the patient to derive benefi t from the Ross 
procedure. Relative contraindications to this procedure 
have been proposed: 
   •      multiple valve disease  
   •      Marfan ’ s syndrome  
   •      variety of autoimmune diseases such as systemic lupus 
erythematosus, rheumatoid arthritis, acute rheumatic 
fever, ankylosing spondylysis, Reiter ’ s syndrome, Libman –
 Sachs endocarditis  
   •      dilated aortic root and/or annulus.  139 – 141        

   ACC / AHA   g uidelines 

 The use of biologic prostheses is increasing. The ACC/
AHA guidelines documented fi ve principal reasons for this 
observation: 
  1     current bioprostheses have longer durability  
  2     the risk of reoperation has continued to decrease with 
time  
  3     patients receiving AVR are now more likely to be older 
than in the previous era  
  4     young patients are more reluctant to accept the risks of 
anticoagulation and the restraints that the therapy places 
on lifestyle  
  5     recent non - randomized trials have now suggested 
an apparent survival benefi t for patients receiving 
bioprosthesis.    
 The most recent guidelines regarding prosthesis choice for 
aortic valve replacement (Table  58.4 ), mitral valve repair 
(Table  58.5 ) and mitral valve replacement (Table  58.6 ) are 
summarized.     

  Conclusion 

 Valve repair, when feasible, remains the best option only 
in experienced hands. Valve replacement remains quite 
reproducible from center to center with excellent long - term 
results and should be, in most instances, the procedure of 
choice. The currently available biologic valves have very 
good durability. As a result, there will most likely be a 
decrease in the age cut - off at which patients are recom-

 Table 58.4     Major criteria for valve selection in aortic valve 
replacement ( AVR ) 

   Class of recommendation     Level of 
evidence  

   Class I   
  A mechanical prosthesis is recommended for AVR in 

patients with a mechanical valve in the mitral or 

tricuspid position  

   C   

  A bioprosthesis is recommended for AVR in patients of 

any age who will not take warfarin or who have 

major medical contraindications to warfarin therapy  

   C   

   Class IIa   

  Patient preferences is a reasonable consideration in the 

selection of aortic valve operation and valve 

prosthesis. A mechanical prosthesis is reasonable for 

AVR in patients under 65 years of age. A 

bioprosthesis is reasonable for AVR in patients under 

65 years of age who elect to receive this valve for 

lifestyle considerations after detailed discussion of the 

risks of anticoagulation versus the likelihood that a 

second AVR may be necessary in the future  

   C   

  A bioprosthesis is reasonable for AVR in patients aged 

65 years or older without risk factors for 

thromboembolism  

   C   

  Aortic valve replacement with a homograft is reasonable 

for patients with active prosthetic valve endocarditis  
   C   

   Class IIb   

  A bioprosthetic might be considered for AVR in a 

woman of child - bearing age  
   C   

 Table 58.5     Major criteria for mitral valve ( MV ) repair 

   Class of recommendation     Level of 
evidence  

   Class I   
  Degenerative mitral valve disease: MV repair is 

recommended when anatomically possible for patients 

who fulfi ll clinical indications, only by surgeons who 

are experts in mitral valve repair  

   C   

  Rheumatic mitral valve disease: percutaneous or surgical 

commissurotomy is indicated when anatomically 

possible for treatment of severe mitral valve stenosis, 

when clinically indicated  

   C   

   Class IIa   

  Functional mitral valve regurgitation: MV repair is 

recommended in patients who fulfi ll clinical 

indications, only by surgeons who are experts in 

mitral valve repair, and only in patients who are 

clinically stable  

   C   
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mended to have a biologic valve substitute. The pulmonary 
autograft and the homograft will continue to occupy a 
specialized niche, but will not become routine given the 
inherent complexity of the procedures. Stentless valves and 
biologic aortic roots are increasingly used, but the long -
 term data on their durability remain to be seen. Valve 
surgery is rapidly evolving and new technologies now 
allow implantation of a bioprosthetic valve in a stent using 
catheter - based techniques or transapical approach. Simpli-
fi ed mitral valve repair with percutaneous edge - to - edge 
techniques or annular cinching is under clinical trials. 
There is no evidence to allow proper evaluation of these 
new techniques. Although these procedures may be widely 
used in the future, they have not been discussed here. 
Advances in tissue - engineering techniques may fi nally 
allow the manufacture of the perfect living valve 
prosthesis.  

  References 

1.     Bonow   RO  ,   Carabello   BA  ,   Kanu   C    et al.   ACC/AHA 2006 guide-
lines for the management of patients with valvular heart 
disease: a report of the American College of Cardiology/Amer-
ican Heart Association Task Force on Practice Guidelines 
(Writing Committee to Revise the 1998 Guidelines for the Man-
agement of Patients With Valvular Heart Disease): developed 
in collaboration with the Society of Cardiovascular Anesthesi-
ologists: endorsed by the Society for Cardiovascular Angiogra-
phy and Interventions and the Society of Thoracic Surgeons . 
 J Am Coll Cardiol   2006 ; 48 ( 3 ): e1  –  148 .  

2.     Edmunds   LH   Jr  ,   Clark   RE  ,   Cohn   LH  ,   Grunkemeier   GL  ,   Miller  
 DC  ,   Weisel   RD  .  Guidelines for reporting morbidity and mortal-
ity after cardiac valvular operations. Ad Hoc Liaison Commit-
tee for Standardizing Defi nitions of Prosthetic Heart Valve 
Morbidity of the American Association for Thoracic Surgery 
and The Society of Thoracic Surgeons .  J Thorac Cardiovasc Surg  
 1996 ; 112 ( 3 ): 708  –  11 .  

3.     Yacoub   MH  ,   Cohn   LH  .  Novel approaches to cardiac valve 
repair: from structure to function: Part II .  Circulation  
 2004 ; 109 ( 9 ): 1064  –  72 .  

4.     Yacoub   MH  ,   Cohn   LH  .  Novel approaches to cardiac valve 
repair: from structure to function: Part I .  Circulation  
 2004 ; 109 ( 8 ): 942  –  50 .  

5.     Aicher   D  ,   Langer   F  ,   Kissinger   A  ,   Lausberg   H  ,   Fries   R  ,   Schafers  
 HJ  .  Valve - sparing aortic root replacement in bicuspid aortic 
valves: a reasonable option?   J Thorac Cardiovasc Surg   2004 ; 128 ( 5 ):
 662  –  8 .  

6.     David   TE  ,   Feindel   CM  ,   Webb   GD  ,   Colman   JM  ,   Armstrong   S  , 
  Maganti   M  .  Long - term results of aortic valve - sparing opera-
tions for aortic root aneurysm .  J Thorac Cardiovasc Surg  
 2006 ; 132 ( 2 ): 347  –  54 .  

7.     Hopkins   RA  .  Aortic valve leafl et sparing and salvage surgery: 
evolution of techniques for aortic root reconstruction .  Eur J 
Cardiothorac Surg   2003 ; 24 ( 6 ): 886  –  97 .  

8.     Miller   DC  .  Valve - sparing aortic root replacement: current state 
of the art and where are we headed?   Ann Thorac Surg  
 2007 ; 83 ( 2 ): S736  – S 739 .  

9.     Sarsam   MA  ,   Yacoub   M  .  Remodeling of the aortic valve anulus . 
 J Thorac Cardiovasc Surg   1993 ; 105 ( 3 ): 435  –  8 .  

10.     David   TE  ,   Feindel   CM  .  An aortic valve - sparing operation for 
patients with aortic incompetence and aneurysm of the ascend-
ing aorta .  J Thorac Cardiovasc Surg   1992 ; 103 ( 4 ): 617  –  21 .  

11.     Kallenbach   K  ,   Pethig   K  ,   Leyh   RG  ,   Baric   D  ,   Haverich   A  ,   Har-
ringer   W  .  Acute dissection of the ascending aorta: fi rst results 
of emergency valve sparing aortic root reconstruction .  Eur J 
Cardiothorac Surg   2002 ; 22 ( 2 ): 218  –  22 .  

12.     Alsoufi    B  ,   Borger   MA  ,   Armstrong   S  ,   Maganti   M  ,   David   TE  . 
 Results of valve preservation and repair for bicuspid aortic 
valve insuffi ciency .  J Heart Valve Dis   2005 ; 14 ( 6 ): 752  –  8 .  

13.     Gott   VL  ,   Greene   PS  ,   Alejo   DE  ,   Cameron   DE  ,   Naftel   DC  ,   Miller  
 DC    et al.   Replacement of the aortic root in patients with Mar-
fan ’ s syndrome .  N Engl J Med   1999 ; 340 ( 17 ): 1307  –  13 .  

14.     Kallenbach   K  ,   Pethig   K  ,   Schwarz   M  ,   Milz   A  ,   Haverich   A  , 
  Harringer   W  .  Valve sparing aortic root reconstruction versus 
composite replacement  –  perioperative course and early com-
plications .  Eur J Cardiothorac Surg   2001 ; 20 ( 1 ): 77  –  81 .  

15.     Sundt   TM ,  III  ,   Mora   BN  ,   Moon   MR  ,   Bailey   MS  ,   Pasque   MK  , 
  Gay   WA   Jr  .  Options for repair of a bicuspid aortic valve and 
ascending aortic aneurysm .  Ann Thorac Surg   2000 ; 69 ( 5 ):
 1333  –  7 .  

16.     Yun   KL  ,   Miller   DC  ,   Fann   JI  ,   Mitchell   RS  ,   Robbins   RC  ,   Moore  
 KA    et al.   Composite valve graft versus separate aortic valve and 
ascending aortic replacement: is there still a role for the sepa-
rate procedure?   Circulation   1997 ; 96 ( 9  suppl): II  –  75 .  

17.     David   TE  ,   Feindel   CM  ,   Armstrong   S  ,   Maganti   M  .  Replacement 
of the ascending aorta with reduction of the diameter of the 
sinotubular junction to treat aortic insuffi ciency in patients 
with ascending aortic aneurysm .  J Thorac Cardiovasc Surg  
 2007 ; 133 ( 2 ): 414  –  18 .  

 Table 58.6     Major criteria for mitral valve ( MV ) replacement 

   Class of recommendation     Level of 
evidence  

   Class I   
  A bioprosthesis is indicated for MV replacement in a 

patient who will not take warfarin, or has a clear 

contraindication to warfarin therapy  

   C   

   Class IIa   

  A mechanical prosthesis is reasonable for MV 

replacement in patients under 65 years of age with 

long - standing atrial fi brillation  

   C   

  A bioprosthesis is reasonable for MV replacement in 

patients 65 years of age or older  
   C   

  A bioprosthesis is reasonable for MV replacement in 

patients under 65 years of age in sinus rhythm who 

elect to receive this valve for lifestyle considerations 

after detailed discussions of the risks of 

anticoagulation versus the likelihood that a second 

MV replacement may be necessary in the future  

   C   



CHAPTER 58  Valve repair and choice of valve

937

18.     Yacoub   MH  ,   Gehle   P  ,   Chandrasekaran   V  ,   Birks   EJ  ,   Child   A  , 
  Radley - Smith   R  .  Late results of a valve - preserving operation in 
patients with aneurysms of the ascending aorta and root .  J 
Thorac Cardiovasc Surg   1998 ; 115 ( 5 ): 1080  –  90 .  

19.     Erasmi   AW  ,   Sievers   HH  ,   Bechtel   JF  ,   Hanke   T  ,   Stierle   U  , 
  Misfeld   M  .  Remodeling or reimplantation for valve - 
sparing aortic root surgery?   Ann Thorac Surg   2007 ; 83 ( 2 ):
 S752  – S 756 .  

20.     Miller   DC  .  Valve - sparing aortic root replacement in patients 
with the Marfan syndrome .  J Thorac Cardiovasc Surg   2003 ; 125 ( 4 ):
 773  –  8 .  

21.     Kallenbach   K  ,   Leyh   RG  ,   Salcher   R  ,   Karck   M  ,   Hagl   C  ,   Haverich  
 A  .  Acute aortic dissection versus aortic root aneurysm: com-
parison of indications for valve sparing aortic root reconstruc-
tion .  Eur J Cardiothorac Surg   2004 ; 25 ( 5 ): 663  –  70 .  

22.     Leyh   RG  ,   Fischer   S  ,   Kallenbach   K  ,   Kofi dis   T  ,   Pethig   K  , 
  Harringer   W    et al.   High failure rate after valve - sparing aortic 
root replacement using the  “ remodeling technique ”  in acute 
type A aortic dissection .  Circulation   2002 ; 106 ( 12  suppl 
 1 ): I229  –  I233 .  

23.     Karck   M  ,   Kallenbach   K  ,   Hagl   C  ,   Rhein   C  ,   Leyh   R  ,   Haverich   A  . 
 Aortic root surgery in Marfan syndrome: comparison of aortic 
valve - sparing reimplantation versus composite grafting .  J 
Thorac Cardiovasc Surg   2004 ; 127 ( 2 ): 391  –  8 .  

24.     Fazel   SS  ,   Ihlberg   L  ,   David   TE  .  Mitral valve reconstruction in 
the failing heart .  Scand J Surg   2007 ; 96 ( 2 ): 111  –  20 .  

25.     Gometza   B  ,   Al Halees   Z  ,   Shahid   M  ,   Hatle   LK  ,   Duran   CM  . 
 Surgery for rheumatic mitral regurgitation in patients below 
twenty years of age. An analysis of failures .  J Heart Valve Dis  
 1996 ; 5 ( 3 ): 294  –  301 .  

26.     Chauvaud   S  ,   Fuzellier   JF  ,   Berrebi   A  ,   Deloche   A  ,   Fabiani   JN  , 
  Carpentier   A  .  Long - term (29 years) results of reconstructive 
surgery in rheumatic mitral valve insuffi ciency .  Circulation  
 2001 ; 104 ( 12   suppl 1 ):I 12  – I 15 .  

27.     Galloway   AC  ,   Colvin   SB  ,   Baumann   FG  ,   Grossi   EA  ,   Ribakove  
 GH  ,   Harty   S    et al.   A comparison of mitral valve reconstruction 
with mitral valve replacement: intermediate - term results .  Ann 
Thorac Surg   1989 ; 47 ( 5 ): 655  –  62 .  

28.     Grossi   EA  ,   Galloway   AC  ,   Miller   JS  ,   Ribakove   GH  ,   Culliford  
 AT  ,   Esposito   R    et al.   Valve repair versus replacement for mitral 
insuffi ciency: when is a mechanical valve still indicated?   J 
Thorac Cardiovasc Surg   1998 ; 115 ( 2 ): 389  –  94 .  

29.     Yau   TM  ,   El Ghoneimi   YA  ,   Armstrong   S  ,   Ivanov   J  ,   David   TE  . 
 Mitral valve repair and replacement for rheumatic disease . 
 J Thorac Cardiovasc Surg   2000 ; 119 ( 1 ): 53  –  60 .  

30.     Shuhaiber   J  ,   Anderson   RJ  .  Meta - analysis of clinical outcomes 
following surgical mitral valve repair or replacement .  Eur 
J Cardiothorac Surg   2007 ; 31 ( 2 ): 267  –  75 .  

31.     David   TE  ,   Uden   DE  ,   Strauss   HD  .  The importance of the mitral 
apparatus in left ventricular function after correction of mitral 
regurgitation .  Circulation   1983 ; 68 ( 3 Pt 2 ): II76  –  II82 .  

32.     David   TE  ,   Burns   RJ  ,   Bacchus   CM  ,   Druck   MN  .  Mitral valve 
replacement for mitral regurgitation with and without preser-
vation of chordae tendineae .  J Thorac Cardiovasc Surg   1984 ; 88 ( 5 
Pt 1 ): 718  –  25 .  

33.     DeAnda   A   Jr  ,   Komeda   M  ,   Nikolic   SD  ,   Daughters   GT  ,   Ingels  
 NB  ,   Miller   DC  .  Left ventricular function, twist, and recoil after 
mitral valve replacement .  Circulation   1995 ; 92 ( 9  suppl):
 II458  –  II466 .  

34.     Lee   EM  ,   Shapiro   LM  ,   Wells   FC  .  Importance of subvalvular 
preservation and early operation in mitral valve surgery .  Cir-
culation   1996 ; 94 ( 9 ): 2117  –  23 .  

35.     Moon   MR  ,   DeAnda   A   Jr  ,   Daughters   GT  ,   Ingels   NB  ,   Miller  
 DC  .  Effects of chordal disruption on regional left ventricular 
torsional deformation .  Circulation   1996 ; 94 ( 9  suppl):
 II143  –  II151 .  

36.     Fornes   P  ,   Heudes   D  ,   Fuzellier   JF  ,   Tixier   D  ,   Bruneval   P  ,   Carpen-
tier   A  .  Correlation between clinical and histologic patterns of 
degenerative mitral valve insuffi ciency: a histomorphometric 
study of 130 excised segments .  Cardiovasc Pathol   1999 ; 8 ( 2 ):
 81  –  92 .  

37.     Eriksson   MJ  ,   Bitkover   CY  ,   Omran   AS  ,   David   TE  ,   Ivanov   J  ,   Ali  
 MJ    et al.   Mitral annular disjunction in advanced myxomatous 
mitral valve disease: echocardiographic detection and surgical 
correction .  J Am Soc Echocardiogr   2005 ; 18 ( 10 ): 1014  –  22 .  

38.     Carpentier   A  .  Cardiac valve surgery  –  the  “ French correction  ” . 
 J Thorac Cardiovasc Surg   1983 ; 86 ( 3 ): 323  –  37 .  

39.     David   TE  ,   Bos   J  ,   Rakowski   H  .  Mitral valve repair by replace-
ment of chordae tendineae with polytetrafl uoroethylene 
sutures .  J Thorac Cardiovasc Surg   1991 ; 101 ( 3 ): 495  –  501 .  

40.     David   TE  .  Update on mitral valve repair .  Ann Thorac Surg  
 1995 ; 59 ( 5 ): 1257  –  8 .  

41.     Gillinov   AM  ,   Faber   C  ,   Houghtaling   PL  ,   Blackstone   EH  ,   Lam  
 BK  ,   Diaz   R    et al.   Repair versus replacement for degenerative 
mitral valve disease with coexisting ischemic heart disease . 
 J Thorac Cardiovasc Surg   2003 ; 125 ( 6 ): 1350  –  62 .  

42.     Lee   EM  ,   Shapiro   LM  ,   Wells   FC  .  Superiority of mitral valve 
repair in surgery for degenerative mitral regurgitation .  Eur 
Heart J   1997 ; 18 ( 4 ): 655  –  63 .  

43.     Mohty   D  ,   Orszulak   TA  ,   Schaff   HV  ,   Avierinos   JF  ,   Tajik   JA  , 
  Enriquez - Sarano   M  .  Very long - term survival and durability of 
mitral valve repair for mitral valve prolapse .  Circulation  
 2001 ; 104 ( 12   suppl 1 ): I1  –  I7 .  

44.     Yacoub   M  ,   Halim   M  ,   Radley - Smith   R  ,   McKay   R  ,   Nijveld   A  , 
  Towers   M  .  Surgical treatment of mitral regurgitation caused by 
fl oppy valves: repair versus replacement .  Circulation   1981 ; 64 ( 2 
Pt 2 ): II210  –  II216 .  

45.     Braunberger   E  ,   Deloche   A  ,   Berrebi   A  ,   Abdallah   F  ,   Celestin   JA  , 
  Meimoun   P    et al.   Very long - term results (more than 20 years) 
of valve repair with carpentier ’ s techniques in nonrheumatic 
mitral valve insuffi ciency .  Circulation   2001 ; 104 ( 12   suppl 
1 ): I8  –  11 .  

46.     David   TE  ,   Ivanov   J  ,   Armstrong   S  ,   Rakowski   H  .  Late outcomes 
of mitral valve repair for fl oppy valves: Implications for 
asymptomatic patients .  J Thorac Cardiovasc Surg   2003 ; 125 ( 5 ):
 1143  –  52 .  

47.     David   TE  ,   Ivanov   J  ,   Armstrong   S  ,   Christie   D  ,   Rakowski   H  .  A 
comparison of outcomes of mitral valve repair for degenerative 
disease with posterior, anterior, and bileafl et prolapse .  J Thorac 
Cardiovasc Surg   2005 ; 130 ( 5 ): 1242  –  9 .  

48.     De Bonis   M  ,   Lorusso   R  ,   Lapenna   E  ,   Kassem   S  ,   De Cicco   G  , 
  Torracca   L    et al.   Similar long - term results of mitral valve repair 
for anterior compared with posterior leafl et prolapse .  J Thorac 
Cardiovasc Surg   2006 ; 131 ( 2 ): 364  –  70 .  

49.     Enriquez - Sarano   M  ,   Avierinos   JF  ,   Messika - Zeitoun   D  ,   Detaint  
 D  ,   Capps   M  ,   Nkomo   V    et al.   Quantitative determinants of the 
outcome of asymptomatic mitral regurgitation .  N Engl J Med  
 2005 ; 352 ( 9 ): 875  –  83 .  



PART IIIF  Specifi c cardiovascular disorders: valvular heart disease

938

50.     Lee   EM  ,   Shapiro   LM  ,   Wells   FC  .  Conservative operation for 
infective endocarditis of the mitral valve .  Ann Thorac Surg  
 1998 ; 65 ( 4 ): 1087  –  92 .  

51.     Muehrcke   DD  ,   Cosgrove   DM     III ,  Lytle   BW  ,   Taylor   PC  , 
  Burgar   AM  ,   Durnwald   CP    et al.   Is there an advantage to repair-
ing infected mitral valves?   Ann Thorac Surg   1997 ; 63 ( 6 ):
 1718  –  24 .  

52.     Sternik   L  ,   Zehr   KJ  ,   Orszulak   TA  ,   Mullany   CJ  ,   Daly   RC  ,   Schaff  
 HV  .  The advantage of repair of mitral valve in acute endocar-
ditis .  J Heart Valve Dis   2002 ; 11 ( 1 ): 91  –  7 .  

53.     Feringa   HH  ,   Shaw   LJ  ,   Poldermans   D  ,   Hoeks   S  ,   van der   Wall  
 EE  ,   Dion   RA    et al.   Mitral valve repair and replacement in endo-
carditis: a systematic review of literature .  Ann Thorac Surg  
 2007 ; 83 ( 2 ): 564  –  70 .  

54.     Miller   DC  .  Ischemic mitral regurgitation redux  –  to repair or to 
replace?   J Thorac Cardiovasc Surg   2001 ; 122 ( 6 ): 1059  –  62 .  

55.     Al Radi   OO  ,   Austin   PC  ,   Tu   JV  ,   David   TE  ,   Yau   TM  .  Mitral repair 
versus replacement for ischemic mitral regurgitation .  Ann 
Thorac Surg   2005 ; 79 ( 4 ): 1260  –  7 .  

56.     Gillinov   AM  ,   Wierup   PN  ,   Blackstone   EH  ,   Bishay   ES  ,   Cosgrove  
 DM  ,   White   J    et al.   Is repair preferable to replacement for isch-
emic mitral regurgitation?   J Thorac Cardiovasc Surg   2001 ; 122 ( 6 ):
 1125  –  41 .  

57.     Grossi   EA  ,   Goldberg   JD  ,   LaPietra   A  ,   Ye   X  ,   Zakow   P  ,   Sussman  
 M    et al.   Ischemic mitral valve reconstruction and replacement: 
Comparison of long - term survival and complications .  J Thorac 
Cardiovasc Surg   2001 ; 122 ( 6 ): 1107  –  24 .  

58.     Daimon   M  ,   Fukuda   S  ,   Adams   DH  ,   McCarthy   PM  ,   Gillinov   AM  , 
  Carpentier   A    et al.   Mitral valve repair with Carpentier - 
McCarthy - Adams IMR ETlogix annuloplasty ring for ischemic 
mitral regurgitation: early echocardiographic results from a 
multi - center study .  Circulation   2006 ; 114 ( 1  suppl): I588  –  I593 .  

59.     McGee   EC   Jr  ,   Gillinov   AM  ,   Blackstone   EH  ,   Rajeswaran   J  , 
  Cohen   G  ,   Najam   F    et al.   Recurrent mitral regurgitation after 
annuloplasty for functional ischemic mitral regurgitation .  J 
Thorac Cardiovasc Surg   2004 ; 128 ( 6 ): 916  –  24 .  

60.     Gorman   J    H  III,  Gorman     RC ,  Jackson     BM ,  Enomoto     Y ,  John -
 Sutton     MG ,  Edmunds     LH   Jr  .  Annuloplasty ring selection for 
chronic ischemic mitral regurgitation: lessons from the ovine 
model .  Ann Thorac Surg   2003 ; 76 ( 5 ): 1556  –  63 .  

61.     Hueb   AC  ,   Jatene   FB  ,   Moreira   LF  ,   Pomerantzeff   PM  ,   Kallas   E  , 
  de   Oliveira   SA  .  Ventricular remodeling and mitral valve 
modifi cations in dilated cardiomyopathy: new insights 
from anatomic study .  J Thorac Cardiovasc Surg   2002 ; 124 ( 6 ):
 1216  –  24 .  

62.     Spoor   MT  ,   Geltz   A  ,   Bolling   SF  .  Flexible versus nonfl exible 
mitral valve rings for congestive heart failure: differential dura-
bility of repair .  Circulation   2006 ; 114 ( 1  suppl): I67  –  I71 .  

63.     David   TE  ,   Komeda   M  ,   Pollick   C  ,   Burns   RJ  .  Mitral valve annu-
loplasty: the effect of the type on left ventricular function .  Ann 
Thorac Surg   1989 ; 47 ( 4 ): 524  –  7 .  

64.     Okada   Y  ,   Shomura   T  ,   Yamaura   Y  ,   Yoshikawa   J  .  Comparison of 
the Carpentier and Duran prosthetic rings used in mitral recon-
struction .  Ann Thorac Surg   1995 ; 59 ( 3 ): 658  –  62 .  

65.     Borger   MA  ,   Murphy   PM  ,   Alam   A  ,   Fazel   S  ,   Maganti   M  ,   Arm-
strong   S    et al.   Initial results of the chordal - cutting operation for 
ischemic mitral regurgitation.  J Thorac Cardiovasc     Surg ery  
 2007 ; 133 ( 6 ): 1483  –  92 .  

66.     Levine   RA  ,   Schwammenthal   E  .  Ischemic mitral regurgitation 
on the threshold of a solution: from paradoxes to unifying 
concepts .  Circulation   2005 ; 112 ( 5 ): 745  –  58 .  

67.     Bolling   SF  ,   Deeb   GM  ,   Brunsting   LA  ,   Bach   DS  .  Early outcome 
of mitral valve reconstruction in patients with end - stage car-
diomyopathy .  J Thorac Cardiovasc Surg   1995 ; 109 ( 4 ): 676  –  82 .  

68.     Bolling   SF  ,   Pagani   FD  ,   Deeb   GM  ,   Bach   DS  .  Intermediate - term 
outcome of mitral reconstruction in cardiomyopathy .  J Thorac 
Cardiovasc Surg   1998 ; 115 ( 2 ): 381  –  6 .  

69.     Wu   AH  ,   Aaronson   KD  ,   Bolling   SF  ,   Pagani   FD  ,   Welch   K  ,   Koel-
ling   TM  .  Impact of mitral valve annuloplasty on mortality risk 
in patients with mitral regurgitation and left ventricular sys-
tolic dysfunction .  J Am Coll Cardiol   2005 ; 45 ( 3 ): 381  –  7 .  

70.     Bishay   ES  ,   McCarthy   PM  ,   Cosgrove   DM  ,   Hoercher   KJ  ,   Smedira  
 NG  ,   Mukherjee   D    et al.   Mitral valve surgery in patients with 
severe left ventricular dysfunction .  Eur J Cardiothorac Surg  
 2000 ; 17 ( 3 ): 213  –  21 .  

71.     Acker   MA  ,   Bolling   S  ,   Shemin   R  ,   Kirklin   J  ,   Oh   JK  ,   Mann   DL    et al.  
 Mitral valve surgery in heart failure: insights from the Acorn 
Clinical Trial .  J Thorac Cardiovasc Surg   2006 ; 132 ( 3 ): 568  –  77 .  

72.     Bhudia   SK  ,   McCarthy   PM  ,   Smedira   NG  ,   Lam   BK  ,   Rajeswaran  
 J  ,   Blackstone EH  .  Edge - to - edge (Alfi eri) mitral repair: results in 
diverse clinical settings .  Ann Thorac Surg   2004 ; 77 ( 5 ): 1598  –  606 .  

73.     De Bonis   M  ,   Lapenna   E  ,   La Canna   G  ,   Ficarra   E  ,   Pagliaro   M  , 
  Torracca   L    et al.   Mitral valve repair for functional mitral regur-
gitation in end - stage dilated cardiomyopathy: role of the 
 “ edge - to - edge ”  technique .  Circulation   2005 ; 112 ( 9  suppl):
 I402  –  I408 .  

74.     Tang   GH  ,   David   TE  ,   Singh   SK  ,   Maganti   MD  ,   Armstrong   S  , 
  Borger   MA  .  Tricuspid valve repair with an annuloplasty ring 
results in improved long - term outcomes .  Circulation   2006 ; 114 ( 1  
suppl): I577  –  I581 .  

75.     McCarthy   PM  ,   Bhudia   SK  ,   Rajeswaran   J  ,   Hoercher   KJ  ,   Lytle  
 BW  ,   Cosgrove   DM    et al.   Tricuspid valve repair: durability and 
risk factors for failure .  J Thorac Cardiovasc Surg   2004 ; 127 ( 3 ):
 674  –  85 .  

76.     Rivera   R  ,   Duran   E  ,   Ajuria   M  .  Carpentier ’ s fl exible ring versus 
De Vega ’ s annuloplasty. A prospective randomized study .  J 
Thorac Cardiovasc Surg   1985 ; 89 ( 2 ): 196  –  203 .  

77.     Nakano   S  ,   Kawashima   Y  ,   Hirose   H  ,   Matsuda   H  ,   Shimazaki   Y  , 
  Taniguchi   K    et al.   Evaluation of long - term results of bicuspi-
dalization annuloplasty for functional tricuspid regurgitation. 
A seventeen - year experience with 133 consecutive patients . 
 J Thorac Cardiovasc Surg   1988 ; 95 ( 2 ): 340  –  5 .  

78.     Bloomfi eld   P  ,   Kitchin   AH  ,   Wheatley   DJ  ,   Walbaum   PR  ,   Lutz   W  , 
  Miller   HC  .  A prospective evaluation of the Bjork - Shiley, 
Hancock, and Carpentier - Edwards heart valve prostheses .  Cir-
culation   1986 ; 73 ( 6 ): 1213  –  22 .  

79.     Bloomfi eld   P  ,   Wheatley   DJ  ,   Prescott   RJ  ,   Miller   HC  .  Twelve - year 
comparison of a Bjork - Shiley mechanical heart valve with 
porcine bioprostheses .  N Engl J Med   1991 ; 324 ( 9 ): 573  –  9 .  

80.     Oxenham   H  ,   Bloomfi eld   P  ,   Wheatley   DJ  ,   Lee   RJ  ,   Cunningham  
 J  ,   Prescott   RJ    et al.   Twenty year comparison of a Bjork - Shiley 
mechanical heart valve with porcine bioprostheses .  Heart  
 2003 ; 89 ( 7 ): 715  –  21 .  

81.     Hammermeister   K  ,   Sethi   GK  ,   Henderson   WG  ,   Grover   FL  , 
  Oprian   C  ,   Rahimtoola   SH  .  Outcomes 15 years after valve 
replacement with a mechanical versus a bioprosthetic valve: 



CHAPTER 58  Valve repair and choice of valve

939

fi nal report of the Veterans Affairs randomized trial .  J Am Coll 
Cardiol   2000 ; 36 ( 4 ): 1152  –  8 .  

82.     Hammermeister   KE  ,   Henderson   WG  ,   Burchfi el   CM  ,   Sethi   GK  , 
  Souchek   J  ,   Oprian   C    et al.   Comparison of outcome after valve 
replacement with a bioprosthesis versus a mechanical prosthe-
sis: initial 5 year results of a randomized trial .  J Am Coll Cardiol  
 1987 ; 10 ( 4 ): 719  –  32 .  

83.     Hammermeister   KE  ,   Sethi   GK  ,   Henderson   WG  ,   Oprian   C  ,   Kim  
 T  ,   Rahimtoola   S  .  A comparison of outcomes in men 11 years 
after heart - valve replacement with a mechanical valve or bio-
prosthesis. Veterans Affairs Cooperative Study on Valvular 
Heart Disease .  N Engl J Med   1993 ; 328 ( 18 ): 1289  –  96 .  

84.     Hirsh   J  ,   Levine   MN  .  The optimal intensity of oral anticoagulant 
therapy .  JAMA   1987 ; 258 ( 19 ): 2723  –  6 .  

85.    Adjusted - dose warfarin versus low - intensity, fi xed - dose war-
farin plus aspirin for high - risk patients with atrial fi brillation: 
Stroke Prevention in Atrial Fibrillation III randomised clinical 
trial .  Lancet   1996 ; 348 ( 9028 ): 633  –  8 .  

86.     Banbury   MK  ,   Cosgrove   D    M  III,  White     JA ,  Blackstone     EH , 
 Frater     RW ,  Okies     JE  .  Age and valve size effect on the long - term 
durability of the Carpentier - Edwards aortic pericardial bio-
prosthesis .  Ann Thorac Surg   2001 ; 72 ( 3 ): 753  –  7 .  

87.     Burdon   TA  ,   Miller   DC  ,   Oyer   PE  ,   Mitchell   RS  ,   Stinson   EB  , 
  Starnes   VA    et al.   Durability of porcine valves at fi fteen years in 
a representative North American patient population .  J Thorac 
Cardiovasc Surg   1992 ; 103 ( 2 ): 238  –  51 .  

88.     Burr   LH  ,   Jamieson   WR  ,   Munro   AI  ,   Miyagishima   RT  ,   Janusz  
 MT  ,   Ling   H    et al.   Structural valve deterioration in elderly 
patient populations with the Carpentier - Edwards standard 
and supra - annular porcine bioprostheses: a comparative study . 
 J Heart Valve Dis   1992 ; 1 ( 1 ): 87  –  91 .  

89.     Cohn   LH  ,   Collins   JJ   Jr  ,   DiSesa   VJ  ,   Couper   GS  ,   Peigh   PS  ,   Kow-
alker   W    et al.   Fifteen - year experience with 1678 Hancock 
porcine bioprosthetic heart valve replacements .  Ann Surg  
 1989 ; 210 ( 4 ): 435  –  42 .  

90.     Cohn   LH  ,   Collins   JJ   Jr  ,   Rizzo   RJ  ,   Adams   DH  ,   Couper   GS  , 
  Aranki   SF  .  Twenty - year follow - up of the Hancock modifi ed 
orifi ce porcine aortic valve .  Ann Thorac Surg   1998 ; 66 ( 6  
suppl): S30  – S 34 .  

91.     Cosgrove   DM  ,   Lytle   BW  ,   Taylor   PC  ,   Camacho   MT  ,   Stewart  
 RW  ,   McCarthy   PM    et al.   The Carpentier - Edwards pericardial 
aortic valve. Ten - year results .  J Thorac Cardiovasc Surg  
 1995 ; 110 ( 3 ): 651  –  62 .  

92.     Jamieson   WR  ,   Rosado   LJ  ,   Munro   AI  ,   Gerein   AN  ,   Burr   LH  , 
  Miyagishima   RT    et al.   Carpentier - Edwards standard porcine 
bioprosthesis: primary tissue failure (structural valve deterio-
ration) by age groups .  Ann Thorac Surg   1988 ; 46 ( 2 ): 155  –  62 .  

93.     Jamieson   WR  ,   Tyers   GF  ,   Janusz   MT  ,   Miyagishima   RT  ,   Munro  
 AI  ,   Ling   H    et al.   Age as a determinant for selection of porcine 
bioprostheses for cardiac valve replacement: experience with 
Carpentier - Edwards standard bioprosthesis .  Can J Cardiol  
 1991 ; 7 ( 4 ): 181  –  8 .  

94.     Jamieson   WR  ,   Lemieux   MD  ,   Sullivan   JA  ,   Munro   IA  ,   Metras   J  , 
  Cartier   PC  .  Medtronic Intact porcine bioprosthesis experience 
to twelve years .  Ann Thorac Surg   2001 ; 71 ( 5  suppl): S278  – S 281 .  

95.     Jones   EL  ,   Weintraub   WS  ,   Craver   JM  ,   Guyton   RA  ,   Cohen   CL  , 
  Corrigan   VE    et al.   Ten - year experience with the porcine bio-
prosthetic valve: interrelationship of valve survival and patient 

survival in 1,050 valve replacements .  Ann Thorac Surg  
 1990 ; 49 ( 3 ): 370  –  83 .  

96.     Pelletier   LC  ,   Carrier   M  ,   Leclerc   Y  ,   Dyrda   I  ,   Gosselin   G  . 
 Infl uence of age on late results of valve replacement with 
porcine bioprostheses .  J Cardiovasc Surg (Torino)   1992 ; 33 ( 5 ):
 526  –  33 .  

97.     Pelletier   LC  ,   Carrier   M  ,   Leclerc   Y  ,   Dyrda   I  .  The Carpentier -
 Edwards pericardial bioprosthesis: clinical experience with 600 
patients .  Ann Thorac Surg   1995 ; 60 ( 2  suppl): S297  –  S302 .  

98.     Pomar   JL  ,   Jamieson   WR  ,   Pelletier   LC  ,   Gerein   AN  ,   Castella   M  , 
  Brownlee   RT  .  Mitrofl ow pericardial bioprosthesis: clinical per-
formance to ten years .  Ann Thorac Surg   1995 ; 60 ( 2  suppl):
 S305  –  S309 .  

99.     Butchart   EG  ,   Li   HH  ,   Payne   N  ,   Buchan   K  ,   Grunkemeier   GL  . 
 Twenty years ’  experience with the Medtronic Hall valve . 
 J Thorac Cardiovasc Surg   2001 ; 121 ( 6 ): 1090  –  100 .  

100.     David   TE  ,   Ivanov   J  ,   Armstrong   S  ,   Feindel   CM  ,   Cohen   G  .  Late 
results of heart valve replacement with the Hancock II biopros-
thesis .  J Thorac Cardiovasc Surg   2001 ; 121 ( 2 ): 268  –  77 .  

101.     Frater   RW  ,   Furlong   P  ,   Cosgrove   DM  ,   Okies   JE  ,   Colburn   LQ  , 
  Katz   AS    et al.   Long - term durability and patient functional 
status of the Carpentier - Edwards Perimount pericardial bio-
prosthesis in the aortic position .  J Heart Valve Dis   1998 ; 7 ( 1 ):
 48  –  53 .  

102.     Jamieson   WR  ,   Burr   LH  ,   Tyers   GF  ,   Miyagishima   RT  ,   Janusz   MT  , 
  Ling   H    et al.   Carpentier - Edwards supraannular porcine bio-
prosthesis: clinical performance to twelve years .  Ann Thorac 
Surg   1995 ; 60 ( 2  suppl): S235  –  S240 .  

103.     Khan   SS  ,   Chaux   A  ,   Blanche   C  ,   Kass   RM  ,   Cheng   W  ,   Fontana   GP   
 et al.   A 20 - year experience with the Hancock porcine xenograft 
in the elderly .  Ann Thorac Surg   1998 ; 66 ( 6  suppl): S35  –  S39 .  

104.     Lindblom   D  .  Long - term clinical results after aortic valve 
replacement with the Bjork - Shiley prosthesis .  J Thorac Cardio-
vasc Surg   1988 ; 95 ( 4 ): 658  –  67 .  

105.     Lindblom   D  .  Long - term clinical results after mitral valve 
replacement with the Bjork - Shiley prosthesis .  J Thorac Cardio-
vasc Surg   1988 ; 95 ( 2 ): 321  –  33 .  

106.     Lund   O  ,   Nielsen   SL  ,   Arildsen   H  ,   Ilkjaer   LB  ,   Pilegaard   HK  . 
 Standard aortic St. Jude valve at 18 years: performance profi le 
and determinants of outcome .  Ann Thorac Surg   2000 ; 69 ( 5 ):
 1459  –  65 .  

107.     Orszulak   TA  ,   Schaff   HV  ,   Puga   FJ  ,   Danielson   GK  ,   Mullany   CJ  , 
  Anderson   BJ    et al.   Event status of the Starr - Edwards aortic 
valve to 20 years: a benchmark for comparison .  Ann Thorac Surg  
 1997 ; 63 ( 3 ): 620  –  6 .  

108.     Peterseim   DS  ,   Cen   YY  ,   Cheruvu   S  ,   Landolfo   K  ,   Bashore   TM  , 
  Lowe   JE    et al.   Long - term outcome after biologic versus mechan-
ical aortic valve replacement in 841 patients .  J Thorac Cardiovasc 
Surg   1999 ; 117 ( 5 ): 890  –  7 .  

109.     Yun   KL  ,   Miller   DC  ,   Moore   KA  ,   Mitchell   RS  ,   Oyer   PE  ,   Stinson  
 EB    et al.   Durability of the Hancock MO bioprosthesis compared 
with standard aortic valve bioprostheses .  Ann Thorac Surg  
 1995 ; 60 ( 2  suppl): S221  –  S228 .  

110.     Grunkemeier   GL  ,   Li   HH  ,   Naftel   DC  ,   Starr   A  ,   Rahimtoola   SH  . 
 Long - term performance of heart valve prostheses .  Curr Probl 
Cardiol   2000 ; 25 ( 2 ): 73  –  154 .  

111.     Rahimtoola   SH  .  Choice of prosthetic heart valve for adult 
patients .  J Am Coll Cardiol   2003 ; 41 ( 6 ): 893  –  904 .  



PART IIIF  Specifi c cardiovascular disorders: valvular heart disease

940

112.     Pibarot   P  ,   Dumesnil   JG  .  Prosthesis - patient mismatch: defi ni-
tion, clinical impact, and prevention .  Heart   2006 ; 92 ( 8 ): 1022  –  9 .  

113.     David   TE  ,   Ropchan   GC  ,   Butany   JW  .  Aortic valve replacement 
with stentless porcine bioprostheses .  J Card Surg   1988 ; 
3 ( 4 ): 501  –  5 .  

114.     Cohen   G  ,   Christakis   GT  ,   Joyner   CD  ,   Morgan   CD  ,   Tamariz   M  , 
  Hanayama   N    et al.   Are stentless valves hemodynamically supe-
rior to stented valves? A prospective randomized trial .  Ann 
Thorac Surg   2002 ; 73 ( 3 ): 767  –  75 .  

115.     Borger   MA  ,   Carson   SM  ,   Ivanov   J  ,   Rao   V  ,   Scully   HE  ,   Feindel  
 CM    et al.   Stentless aortic valves are hemodynamically superior 
to stented valves during mid - term follow - up: a large retrospec-
tive study .  Ann Thorac Surg   2005 ; 80 ( 6 ): 2180  –  5 .  

116.     Lehmann   S  ,   Walther   T  ,   Kempfert   J  ,   Leontjev   S  ,   Rastan   A  ,   Falk  
 V    et al.   Stentless versus conventional xenograft aortic valve 
replacement: midterm results of a prospectively randomized 
trial .  Ann Thorac Surg   2007 ; 84 ( 2 ): 467  –  72 .  

117.     David   TE  ,   Feindel   CM  ,   Armstrong   S  ,   Bos   J  ,   Ivanov   J  .  Aortic 
valve replacement with Toronto SPV bioprosthesis: excellent 
patient survival but poor valve survival .  J Thorac Cardiovasc 
Surg   2008 ; 135 ( 1 ): 19  –  24   .  

118.     Ross   DN  .  Homograft replacement of the aortic valve .  Lancet  
 1962 ; 2 : 487 .  

119.     Barratt - Boyes   BG  ,   Roche   AH  ,   Whitlock   RM  .  Six year review 
of the results of freehand aortic valve replacement using an 
antibiotic sterilized homograft valve .  Circulation   1977 ; 55 ( 2 ):
 353  –  61 .  

120.     Byrne   JG  ,   Karavas   AN  ,   Mihaljevic   T  ,   Rawn   JD  ,   Aranki   SF  ,   Cohn  
 LH  .  Role of the cryopreserved homograft in isolated elective 
aortic valve replacement .  Am J Cardiol   2003 ; 91 ( 5 ): 616  –  19 .  

121.     O ’ Brien   MF  ,   Harrocks   S  ,   Stafford   EG  ,   Gardner   MA  ,   Pohlner  
 PG  ,   Tesar   PJ    et al.   The homograft aortic valve: a 29 - year, 99.3% 
follow up of 1,022 valve replacements .  J Heart Valve Dis  
 2001 ; 10 ( 3 ): 334  –  44 .  

122.     O ’ Brien   MF  ,   McGiffi n   DC  ,   Stafford   EG  ,   Gardner   MA  ,   Pohlner  
 PF  ,   McLachlan   GJ    et al.   Allograft aortic valve replacement: 
long - term comparative clinical analysis of the viable cryopre-
served and antibiotic 4 degrees C stored valves .  J Card Surg  
 1991 ; 6 ( 4  suppl): 534  –  43 .  

123.     Daly   RC  ,   Orszulak   TA  ,   Schaff   HV  ,   McGovern   E  ,   Wallace   RB  . 
 Long - term results of aortic valve replacement with nonviable 
homografts .  Circulation   1991 ; 84 ( 5  suppl): III81  –  III88 .  

124.     Lund   O  ,   Chandrasekaran   V  ,   Grocott - Mason   R  ,   Elwidaa   H  , 
  Mazhar   R  ,   Khaghani   A    et al.   Primary aortic valve replacement 
with allografts over twenty - fi ve years: valve - related and pro-
cedure - related determinants of outcome .  J Thorac Cardiovasc 
Surg   1999 ; 117 ( 1 ): 77  –  90 .  

125.     Dearani   JA  ,   Orszulak   TA  ,   Schaff   HV  ,   Daly   RC  ,   Anderson   BJ  , 
  Danielson   GK  .  Results of allograft aortic valve replacement 
for complex endocarditis .  J Thorac Cardiovasc Surg   1997 ; 113 ( 2 ):
 285  –  91 .  

126.     Donaldson   RM  ,   Ross   DM  .  Homograft aortic root replacement 
for complicated prosthetic valve endocarditis .  Circulation  
 1984 ; 70 ( 3 Pt 2 ): I178  –  I181 .  

127.     Haydock   D  ,   Barratt - Boyes   B  ,   Macedo   T  ,   Kirklin   JW  ,   Blackstone  
 E  .  Aortic valve replacement for active infectious endocarditis 
in 108 patients. A comparison of freehand allograft valves with 
mechanical prostheses and bioprostheses .  J Thorac Cardiovasc 
Surg   1992 ; 103 ( 1 ): 130  –  9 .  

128.     Palka   P  ,   Harrocks   S  ,   Lange   A  ,   Burstow   DJ  ,   O ’ Brien   MF  .  Primary 
aortic valve replacement with cryopreserved aortic allograft: an 
echocardiographic follow - up study of 570 patients .  Circulation  
 2002 ; 105 ( 1 ): 61  –  6 .  

129.     Athanasiou   T  ,   Jones   C  ,   Jin   R  ,   Grunkemeier   GL  ,   Ross   DN  . 
 Homograft implantation techniques in the aortic position: to 
preserve or replace the aortic root?   Ann Thorac Surg  
 2006 ; 81 ( 5 ): 1578  –  85 .  

130.     Sundt   TM   III,   Rasmi   N  ,   Wong   K  ,   Radley - Smith   R  ,   Khaghani   A  , 
  Yacoub   MH  .  Reoperative aortic valve operation after homo-
graft root replacement: surgical options and results .  Ann Thorac 
Surg   1995 ; 60 ( 2  suppl):S 95  – S 99 .  

131.     Ross   DN  .  Replacement of aortic and mitral valves with a pul-
monary autograft .  Lancet   1967 ; 2 ( 7523 ): 956  –  8 .  

132.     Ross   DN  ,   Radley - Smith   R  ,   Somerville   J  .  Pulmonary autograft 
replacement for severe aortic valve disease .  Br Heart J  
 1969 ; 31 ( 6 ): 797  –  8 .  

133.     Chambers   JC  ,   Somerville   J  ,   Stone   S  ,   Ross   DN  .  Pulmonary auto-
graft procedure for aortic valve disease: long - term results of 
the pioneer series .  Circulation   1997 ; 96 ( 7 ): 2206  –  14 .  

134.     Elkins   RC  .  The Ross operation: a 12 - year experience .  Ann 
Thorac Surg   1999 ; 68 ( 3  suppl): S14  –  S18 .  

135.     Kouchoukos   NT  ,   Davila - Roman   VG  ,   Spray   TL  ,   Murphy   SF  , 
  Perrillo   JB  .  Replacement of the aortic root with a pulmonary 
autograft in children and young adults with aortic - valve 
disease .  N Engl J Med   1994 ; 330 ( 1 ): 1  –  6 .  

136.     Melo   JQ  ,   Abecasis   M  ,   Neves   JP  ,   Canada   M  ,   Ribeiras   R  ,   Parreira  
 L    et al.   What are the limits for the Ross operation?   Cardiovasc 
Surg   1996 ; 4 ( 4 ): 526  –  9 .  

137.     Jaggers   J  ,   Harrison   JK  ,   Bashore   TM  ,   Davis   RD  ,   Glower   DD  , 
  Ungerleider   RM  .  The Ross procedure: shorter hospital stay, 
decreased morbidity, and cost effective .  Ann Thorac Surg  
 1998 ; 65 ( 6 ): 1553  –  7 .  

138.     Sievers   HH  ,   Hanke   T  ,   Stierle   U  ,   Bechtel   MF  ,   Graf   B  ,   Robinson  
 DR    et al.   A critical reappraisal of the Ross operation: renais-
sance of the subcoronary implantation technique?   Circulation  
 2006 ; 114 ( 1  suppl): I504  –  I511 .  

139.     Kouchoukos   NT  .  Aortic allografts and pulmonary autografts 
for replacement of the aortic valve and aortic root .  Ann Thorac 
Surg   1999 ; 67 ( 6 ): 1846  –  8 .  

140.     David   TE  ,   Omran   A  ,   Ivanov   J  ,   Armstrong   S  ,   de Sa   MP  ,   Son-
nenberg   B    et al.   Dilation of the pulmonary autograft after the 
Ross procedure .  J Thorac Cardiovasc Surg   2000 ; 119 ( 2 ): 210  –  20 .  

141.     de   Sa   M  ,   Moshkovitz   Y  ,   Butany   J  ,   David   TE  .  Histologic abnor-
malities of the ascending aorta and pulmonary trunk in patients 
with bicuspid aortic valve disease: clinical relevance to the Ross 
procedure .  J Thorac Cardiovasc Surg   1999 ; 118 ( 4 ): 588  –  94 .   

    

        

    



941

59  Infective endocarditis  

   Zainab   Samad   and   Andrew   Wang  
  Duke University Medical Center, Durham, NC, USA       

   Introduction and  h istorical  p erspective 

 Infective endocarditis (IE) is a non - contagious, microbial 
infection of the valves and endocardium of the heart. The 
disease was fi rst described by a French physician, Jean 
Francois Fernel, in his book  Medicina  in 1554.  1   Almost 300 
years later, in 1885, Sir William Osler gave a comprehen-
sive account of endocarditis in three Gulstonian lectures.  2   
Osler astutely noted the host factors which predisposed to 
developing endocarditis, describing it  “  as a primary disease 
of the lining membrane of the heart or its valves, either attacking 
persons in previous good health or more often attacking the 
debilitated and dissipated and those with old valve lesions . ”   

  Nomenclature 

 Initially known as bacterial endocarditis, infective endocar-
ditis (IE) is the current nomenclature used since fungi are 
recognized as potential causative organisms.  3   Infection of 
arteriovenous shunts, arterio - arterial shunts (such as patent 
ductus arteriosus), and coarctation of the aorta, although 
known as infectious endarteritis, are clinically and patho-
logically similar to infective endocarditis. Endocarditis is 
classifi ed as acute or subacute based on the rapidity of 
progression and presentation of the illness prior to diagno-
sis, factors related to both the virulence of the causative 
organism and host immune response. Acute endocarditis 
develops over days to weeks with marked toxicity and a 
course involving valvular destruction, extracardiac compli-
cations and, if untreated, death. In contrast, subacute endo-
carditis follows an indolent course, progressing slowly 

over weeks to months, causing less severe valvular destruc-
tion and rarely metastatic infection or extracardiac compli-
cations.  4   Native valve endocarditis involves any of the four 
native cardiac valves, whereas prosthetic valve endocardi-
tis involves a biologic or mechanical valve replacement or 
prosthetic repair material (e.g. annuloplasty ring). Pros-
thetic valve endocarditis is further classifi ed into early 
(within 12 months of valve replacement) and late (greater 
than 12 months after implantation). Nosocomial endocar-
ditis is defi ned as developing in a patient hospitalized for 
more than 48 hours before the onset of signs or symptoms 
consistent with endocarditis. Cardiac device infection 
refers to an infection of an intracardiac device such 
as a permanent pacemaker or implantable cardioverter -
 defi brillator, the infection of which may also be associated 
with IE.  

  Incidence and  e pidemiology 

 The incidence of IE varies regionally from 2.6/100   000 pop-
ulation reported in France  5   to 11.6/100   000 population in 
Philadelphia.  6   This range of incidence has been attributed 
to differences in predisposing cardiac conditions or risk 
factors, such as injection drug use. The incidence of native 
valve endocarditis increases with age and exceeds 14.5 –
 30/100   000 after 30 years of age. The average age of the 
patient with endocarditis has increased over time, likely 
related to the decreased prevalence of rheumatic heart 
disease (the major predisposing cardiac condition in Osle-
rian times)  7   and increased prevalence of degenerative val-
vular disease in the aging population. IE is more commonly 
diagnosed in men, with studies showing male - to - female 
ratios of 1.7:1.  8   

 In earlier eras, streptococcal species were the predomi-
nant cause of native valve IE. However, changes in the 
delivery of healthcare, with increasing exposure to inva-
sive procedures and devices, and the changing demo-
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     Plate 38.1     Typical lesion set used to perform pulmonary vein isolation. The fi gure shows an ESI/NavX reconstruct of the left atrium in two views. On 
the left is an anteroposterior view; on the right is a posteroanterior view. The RF lesion points are represented by the red dots. It can be appreciated that 
ablation is performed encircling the right -  and left - sided veins as two separate units. The ablation points are distant from the ostia of the pulmonary 
veins, thereby minimizing the risk of pulmonary vein stenosis. The above representation is the usual minimal ablation set in most electrophysiology 
laboratories; additional ablation may be performed along the posterior LA wall, LA roof, mitral isthmus (from the left inferior pulmonary vein to the 
mitral valve), along the interatrial septum and also in areas where complex fractionated atrial electrograms are observed.  

     Plate 38.2     Atypical fl utter in a patient following previous RF ablation for atrial fi brillation. An ESI/NavX electroanatomic activation map of the 
tachycardia in the same patient. This demonstrates activation breaking through the roof of the left atrium, where a region of slow conduction was 
observed. Ablation at this point terminated the tachycardia.  



     Plate 38.3     Atypical fl utter in a patient following previous RF ablation for atrial fi brillation. Carto electroanatomic activation map of the tachycardia in 
the same patient. This demonstrates a gap between the right superior PV and a septal scar in gray. Such gaps between an area of scar and an 
anatomical boundary can facilitate atypical atrial fl utter in patients following left atrial ablation.  

     Plate 48.1     Lymphocytic myocarditis. A mixed infl ammatory infi ltrate 
with lymphocytes associated with damaged myocytes. Granulomas and 
giant cells are absent.  (Courtesy of Dylan Miller MD.)   

     Plate 48.2     Giant cell myocarditis. Multinucleated giant cells are seen in 
association with a lymphocytic infi ltrate and extensive myocyte damage.  



     Plate 59.1     Histopathology of an excised mitral valve demonstrating distortion of normal valve architecture and intense infl ammation.  

     Plate 59.2     A TEE view demonstrating color fl ow between the aorta and right ventricle.  



     Plate 68.2     Antibody - mediated rejection with intensity of C4d staining, 0 to 3+.  

     Plate 68.1     Cell - mediated rejection  –  2004 ISHLT grading.  
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graphics of patients and their risk factors for endocarditis 
have led to major changes in the microbiologic causation 
of endocardits.  9   In the contemporary, multinational study, 
the International Collaboration on Endocarditis or ICE reg-
istry (n   =   1179 patients with defi nite native or prosthetic 
endocarditis), 32% cases were attributable to  S. aureus , 18% 
viridans streptococci, 11% enterococci, 11% coagulase - neg-
ative staphylococci, 5% other streptococcal species, 2% 
non - HACEK gram - negative bacteria, 2% fungi, and 2% 
HACEK group.  10   Among those with  S. aureus  endocarditis, 
healthcare - associated infection accounted for 39% of 
cases.  10   

 Similarly, the microbiology of prosthetic valve endocar-
ditis (PVE) has changed. Whereas coagulase - negative 
staphylococcal infection (such as  S. epidermidis ) was previ-
ously the most common causative species, a recent, large 
study of 556 cases of defi nite PVE found that  S. aureus  
(23.0%) was the predominant cause of infection, with coag-
ulase - negative staphylococci accounting for 16.9%.  11    

  Pathogenesis 

 A pre - existing valvular or endocardial condition, such as 
mitral valve prolapse with regurgitation, degenerative 
aortic valve disease (including bicuspid aortic valve) and 
congenital heart disease, is a major host factor related to 
development of IE. Endothelial damage and denudation of 
the endothelium exposes the underlying basement mem-
brane and fosters platelet and fi brin deposition, a process 
that occurs spontaneously in individuals with valvular 
heart disease. These deposits are called non - bacterial 
thrombotic endocarditis and form the nidus for vegetations 
in the setting of bacteremia. The ability of micro - organisms 
to adhere to denuded endothelium is another factor related 
to development of IE. The classic lesion of endocarditis, the 
vegetation, is thus made up of fi brin, platelets, infl amma-
tory cells and micro - organisms, adherent to the endothe-
lium of the heart (Plate  59.1   ).  

  Diagnosis 

 The diagnosis of endocarditis is dependent on fi ndings of 
bacteremia with an organism associated with endocarditis 
and evidence of endocardial involvement. Because these 
objective fi ndings may not be sought unless the possibility 
of endocarditis is considered, careful attention to the 
patient ’ s history and physical examination is critical to the 
eventual diagnosis. The clinical presentation of IE is highly 
variable, and can range from chronic fatigue with low -
 grade fever to acute heart failure due to new, severe val-
vular regurgitation. While the virulence of the organism 
can infl uence acuity of presentation, the onset of infection 

in most cases is quickly followed by the onset of symptoms. 
Most patients with endocarditis develop symptoms within 
two weeks of bacteremia.  12   In general, four processes con-
tribute to the clinical presentation of endocarditis: (1) infec-
tion on the valve, including the local intracardiac 
complications; (2) septic or aseptic embolization to distant 
organs; (3) continuous bacteremia, often with metastatic 
foci of infection; and (4) circulating immune complexes and 
other immunopathologic factors.  8   

 Approximately 85% patients present with fever, although 
this fi nding may not be present in immunosuppressed 
states and in patients who have previously been on anti-
biotic therapy. Non - specifi c symptoms such as chills 
(42 – 75%), sweats (25%), anorexia (25 – 55%), weight loss 
(25 – 35%), malaise (25 – 40%), dyspnea (20 – 40%), and cough 
(25%) are common. In addition, predisposing conditions or 
risk factors for the development of endocarditis, including 
a history of structural heart disease, injection drug use or 
recent invasive procedure, should be sought in the patient ’ s 
history. 

 Evidence of a  new or changing  regurgitant murmur in the 
presence of fever of undetermined origin should prompt 
further, objective evaluation for possible endocarditis. 
Embolic phenomena, a common extracardiac complication 
of endocarditis, may present with localizing symptoms.  8   
The patient should be carefully examined for any periph-
eral stigmata of endocarditis such as petechiae, splinter 
hemorrhages, Janeway lesions (10%), Osler nodes (10 – 25%) 
and Roth spots. Many of these fi ndings are immune medi-
ated. Although Janeway lesions, Osler nodes, and Roth 
spots are more specifi c abnormalities for endocarditis, they 
may occur in other conditions and their low frequency in 
cases of proven endocarditis limits their diagnostic utility 
for this condition. 

  Laboratory  t esting 

  Blood  c ultures 
 Blood cultures remain the defi nitive microbiologic proce-
dure for the diagnosis of IE. Continuous and low - grade 
bacteremia makes it unnecessary to await fever spikes or 
chills to obtain blood cultures and the fi rst two blood cul-
tures yield an etiologic agent in 90% of cases.  13   In antibiotic -
 na ï ve patients, it is recommended that at least three blood 
culture sets from separate venepunctures should be 
obtained over the fi rst 24 hours, which will increase the 
yield to more than 95% in cases of untreated endocarditis 
with continuous bacteremia (Class I, Level A). Finally, 
each culture media bottle should be inoculated with at least 
10   mL of blood to increase the number of colony - forming 
units per culture (Class I, Level B). The results of blood 
cultures should be interpreted based on the specifi c micro -
 organisms identifi ed as well as the recognized, constant 
nature of bacteremia in endocarditis. 



CHAPTER 59  Infective endocarditis

943

 Other laboratory data, although useful clues, are not 
diagnostic due to their lack of specifi city. Hematologic 
parameters are often abnormal. A normocytic, normochro-
mic anemia (70 – 90%), thrombocytopenia (5 – 15%) and 
leukocytosis (30%) dominate the peripheral blood picture. 
The differential cell count is usually normal, but there may 
be a neutrophil predominance. The erythrocyte sedimenta-
tion rate (ESR) and C - reactive protein concentrations are 
usually elevated.  13   Rheumatoid factor assay is positive in 
up to half of the cases, especially if the illness is protracted.  14   
Urinalysis may demonstrate microscopic hematuria and 
mild proteinuria. Red blood cell casts and heavy protein-
uria can be seen in patients with immune complex 
glomerulonephritis.  8,13    

  Electrocardiography 
 Although the electrocardiogram lacks suffi cient sensitivity 
and specifi city for the diagnosis of endocarditis, electrocar-
diographic abnormalities commonly occur in patients with 
endocarditis (26% in one cohort) and are associated with 
invasive infection and increased in - hospital mortality. The 

 Table 59.1     The modifi ed Duke Criteria and case defi nitions of infective endocarditis 

   Modifi ed Duke Criteria     Case defi nitions  

   Major Criteria  

  Blood culture positive for IE  

 Typical microbes consistent with IE from 2 separate blood cultures: viridans streptococci, 

 Strep bovis , HACEK group,  Staph aureus , community - acquired enterococci in absence of 

another focus; or 

 Micro - organisms consistent with IE from persistently positive blood cultures defi ned as 

follows: at least 2 blood cultures drawn  > 12   h apart or all of three or majority of  > 4 

separate blood cultures 

 Single positive blood culture for  Coxiella burnetti  or antiphase IgG antibody titer  > 1:800 

  Evidence of endocardial involvement  

 Echo positive for IE defi ned as follows: 

    Oscillating intracardiac mass on valve or supporting structure 

    Abscess 

    New partial dehiscence of prosthetic valve 

 New valvular regurgitation 

  Minor criteria  

 Predisposition; predisposing heart condition or injection drug use 

 Fever, temperature  >  38    ° C 

 Vascular phenomena, major arterial emboli, septic pulmonary infarcts, mycotic aneurysm, 

intracranial hemorrhage, conjunctival hemorrhage, and Janeway lesions 

 Immunologic phenomena; glomerulonephritis, Osler ’ s nodes, Roth ’ s spots, rheumatoid 

factor 

 Microbiologic evidence: positive blood cultures but does not meet a major criterion as 

noted above, or serologic evidence of active infection with organism consistent with 

causing IE  

   Defi nitive Infective Endocarditis  

  Pathologic criteria 

   1.     Micro - organisms demonstrated by culture or 

histologic examination of a vegetation, a vegetation 

that has embolized or an intracardiac abscess 

specimen; or  

  2.     Pathologic lesions; vegetation or intracardiac abscess 

confi rmed by histologic examination showing active 

endocarditis    

  Clinical criteria 

   1.     2 major criteria; or  

  2.     1 major and 3 minor criteria; or  

  3.     5 minor criteria     

   Possible Infective Endocarditis 

   1.     1 major criterion and 1 minor criterion; or  

  2.     3 minor criteria     

   Rejected  

  1.     Firm alternative diagnosis explaining evidence of 

infective endocarditis; or  

  2.     Resolution of infective endocarditis syndrome with 

antibiotic therapy for  ≤ 4 days; or  

  3.     No pathologic evidence of infective endocarditis at 

surgery or autopsy, with antibiotic therapy for    <    

4 days; or  

  4.     Does not meet criteria for possible infective 

endocarditis, as above     

 Adapted from Li  8  . 

presence of atrioventricular heart block in a patient with IE 
is diagnostic of the presence of a ring abscess, typically of 
the aortic valve with invasion posteriorly toward the atrio-
ventricular conduction system. Meine  et al  found that 53% 
of patients with invasive infection had EKG changes and 
about a third of the patients with EKG conduction abnor-
malities died during hospitalization in their cohort of 137 
patients with defi nite endocarditis.  15     

  Diagnostic  c riteria for  IE  

 Diagnostic criteria developed by Petersdorf and Pellitier in 
1977  13   and subsequently by Von Reyn in 1981  16   have been 
replaced by the Duke Criteria, fi rst proposed in 1994,  17   
which incorporated echocardiographic fi ndings and isola-
tion of  “ typical ”  micro - organisms into the case defi nitions. 
Several comparative studies of the Von Reyn and Duke 
Criteria in various cohorts established the superior sensi-
tivity of the Duke criteria.  18 – 25   Recent modifi cations of the 
Duke criteria have added more specifi city to the schema  26   
(Table  59.1 ). In addition to their diagnostic utility in clinical 
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in which TEE should be performed, even as the primary 
imaging modality (without TTE) include those with pros-
thetic heart valves and suspected endocarditis (Class I, 
Level B) and those with persistent staphylococcal bactere-
mia without known source (Class IIa, Level B) or nosoco-
mial staphylococcal bacteremia (Class IIb, Level C). For 
instance, TEE has been shown to be a cost - effective method 
for determining the duration of antibiotic therapy (two 
weeks vs four weeks) compared to empiric duration in 
patients with intravascular catheter associated  S. aureus  
bacteremia.  31   TEE has a high sensitivity and specifi city 
(87% and 95%, respectively) and therefore should be per-
formed in patients with endocarditis when perivalvular 
abscess is suspected (Class I, Level A).  32   

   Cardiac magnetic resonance imaging with contrast 
appears promising for the detection of perivalvular 
abscesses, thrombus associated with vegetations, valvular 
complications and aortocameral fi stulas, although temporal 
resolution may limit its use for detection of vegetation 
(Level C). Cardiac computed tomography has also been 
used to detect aortic root abscess. However, clinical experi-
ence with these techniques in IE patients is limited and their 
operating characteristics (sensitivity and specifi city) in com-
parison to echocardiography are not well defi ned.  33 – 35   

 Routine coronary angiography is recommended in 
patients over age 55 prior to surgery for IE or in those at 
high risk for coronary artery disease.   

  Treatment 

 The management of IE has evolved over the last few 
decades with improvements in diagnostic capabilities and 
therapy.  17,32   Rapid diagnosis, early risk stratifi cation, insti-
tution of appropriate bactericidal therapy, and prompt rec-
ognition and treatment of complications are key elements 
in a good outcome. Central to the care of these complex 
patients is the involvement and close collaboration of mul-
tiple interdisciplinary teams including the general medi-
cine team, infectious diseases specialists, cardiologists, and 
cardiothoracic surgeons. 

  Antibiotic  t herapy 

 Antibiotic therapy has improved survival in IE by 70 – 80%, 
and has been shown to reduce the incidence of complica-
tions of endocarditis. Although the choice of antimicrobial 
therapy is mainly guided by the infecting organism and its 
antibiotic susceptibilities, there are three basic tenets of 
treatment that are aimed at eradicating the infecting organ-
ism from vegetations. 

 First, a prolonged course of antibiotic treatment (4 – 6ix 
weeks) is necessary to eradicate infection because bacterial 
concentration within vegetations is as high as 10 9  to 

     Figure 59.1     TTE parasternal long axis view demonstrating a large 
vegetation on the ventricular aspect of the anterior mitral valve leafl et 
extending into the left ventricular outfl ow tract.  

care, these criteria provide a common case defi nition for 
studies of this condition.    

  Echocardiography and  o ther  c ardiac 
 i maging  m odalities 

 Echocardiography provides not only non - invasive evi-
dence of endocardial infection that, as described above, 
is among the major diagnostic criteria for endocarditis, 
but also important hemodynamic information regarding 
the presence and severity of valvular regurgitation. It is 
of fundamental importance in detecting vegetations, visu-
alized as  “ echogenic distinct masses ”  from the adjacent 
valve with  “ independent motion ” , from the valve itself 
(Fig.  59.1 ).   

 The diagnostic utility of transthoracic echocardiography 
(TTE) for suspected IE is highest in patients with interme-
diate to high likelihood of this disease  27   (e.g. a patient with 
a new or changed heart murmur and bacteremia). Hence, 
TTE should be performed in all patients with suspected IE 
(Class I, Level A). However, the diagnostic sensitivity of 
TTE for the visualization of an intracardiac vegetation or 
abscess is limited, ranging from 40% to 80%, and thus the 
diagnosis of endocarditis cannot be  “ ruled out ”  on the 
basis of a negative study. 

 Transesophageal echocardiography (TEE) has greater 
spatial resolution than TTE and thus is more sensitive than 
TTE for the detection of intracardiac vegetations As a 
result, TEE should be performed in patients with a high 
likelihood of IE and a negative TTE  28,29   (Class I, Level A) 
(Plate  59.2   ). Although TTE and TEE have been found to 
have concordant results in approximately half of patients 
with suspected endocarditis, TEE results in additional 
diagnostic information in a high percentage, particularly 
those with prosthetic valves.  30   Specifi c subsets of patients 
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10 11 CFU/gram of tissue and organisms deep within vege-
tations are inaccessible to phagocytic cells  36,37   (Class I, 
Level A). Consensus dictates that the counting of days for 
recommended duration of treatment should begin on the 
fi rst day of negative blood cultures in cases where blood 
cultures had been positive previously (Class IIa, Level B). 
For patients who undergo valve replacement for endocar-
ditis, the postoperative course of antibiotics should be 
similar to that prescribed for PVE rather than native valve 
endocarditis. If the excised native valve tissue is culture 
negative,   then the recommended duration of treatment for 
PVE should be given after subtracting the duration of anti-
biotics administered prior to valve replacement surgery 
(Class IIa, Level C).  38   

 Second, parenteral administration of antibiotic therapy 
is necessary to achieve adequate drug levels required to 
eradicate infection (Class I, Level A). Parenteral therapy is 
typically initiated in the hospital setting, and the patient 
may be transitioned to outpatient parenteral antibiotic 
therapy for the remaining duration after an initial period 
of observation to assess for clinical response to therapy 
(e.g. clearance of bacteremia, absence of complications). 
Oral therapy for endocarditis has been described in certain 
situations but is not recommended, particularly for left -
 sided endocarditis  39,40   (Class IIb, Level B). 

 Third, because of rising antimicrobial resistance amongst 
organisms, combination therapy typically involving a beta -
 lactam and aminoglycoside antibiotic is recommended. 
Combination therapy has been shown to reduce the dura-
tion of bacteremia in  S. aureus  endocarditis  41   although this 
more rapid resolution of bacteremia was not associated 
with an improved clinical response or outcome. While 
administering combination therapy, both antibiotics should 
be given temporally close together so that maximum syn-
ergistic killing effect is obtained.  38   In addition, careful 
monitoring of the dosage and renal function should be 
performed, as combination therapy has been associated 
with a higher rate of renal dysfunction.  41   

 Initial choice of therapy should be guided by clinical 
fi ndings and microbiologic evidence. Antibiotic therapy 
should only be administered after obtaining at least three 
sets of blood cultures, since a high percentage of  “ culture -
 negative ”  endocarditis may be attributable to prior antibi-
otic therapy. In uncomplicated cases with a subacute 
course, treatment can be delayed up to 48 hours till the 
results of the initial blood cultures are available. In cases 
complicated by sepsis, valvular dysfunction, conduction 
disturbances or embolic phenomena, empiric antimicrobial 
therapy should be initiated after obtaining blood cultures.  42   
Clinical effi cacy studies support the use of antibiotics regi-
mens described in the American Heart Association (AHA) 
and European Society of Cardiology (ESC) scientifi c state-
ments. Specifi c recommendations of the AHA and ESC 
for antimicrobial treatment of native and prosthetic valve 

endocarditis, based on common causative micro - 
organisms, are shown in Tables  59.2 – 59.7 .  38,42      

  Surgical  t reatment:  i ndications and  o utcome 

 Surgical intervention for endocarditis may be performed in 
either the acute or active phase of infection or after the eradi-
cation of infection. Surgery during the active phase is gener-
ally considered for those patients in whom the likelihood of 
cure with antibiotic therapy alone is low or in whom severe 
complications of endocarditis have occurred or will likely 
occur. Surgery after eradication of infection is predomi-
nantly performed for adverse hemodynamic effects of val-
vular regurgitation that results from valve damage. In native 
valve endocarditis, heart failure due to valvular regurgita-
tion, which often develops and progresses rapidly due to 
ongoing valvular damage and the lack of ventricular adapta-
tion in the acute setting, is a primary indication for urgent 
surgical intervention (Class I, Level B). In the absence of 
overt heart failure symptoms, hemodynamic evidence of 
severe regurgitation (such as premature closure of the mitral 
valve in severe aortic regurgitation or pulmonary hyperten-
sion in severe mitral regurgitation) should also prompt sur-
gical intervention since valvular regurgitation, or rarely 
stenosis, is a mechanical or structural complication of endo-
carditis that will not improve with antimicrobial therapy 
alone. For mitral valve regurgitation, surgical repair of the 
native valve without replacement of the valve with a pros-
thesis has been reported in a number of case series.  43,44   
However, the role of repair has not been evaluated in con-
trolled studies and its feasibility will be limited by the extent 
of infection and valvular damage as well as the experience 
of the surgeon. Because embolic complications often involve 
the central nervous system and may worsen neurologic 
function after cardiopulmonary bypass, the timing of 
surgery after a cerebral embolic infarct is controversial. One 
recent study found that neurologic deterioration did not 
occur among patients with IE who experienced transient 
ischemic attacks or asymptomatic emboli, even if surgery 
was performed acutely (median 9 days after cerebrovascular 
complication) (Class IIb, Level C). Overall mortality as well 
as neurologic death were independently associated with 
lower Glasgow Coma Scale, and valve surgery had a sur-
vival benefi t.  45   Regarding persistent bacteremia as an indica-
tion for surgery, it is important to recognize that certain 
micro - organisms, particularly  S. aureus , may be associated 
with prolonged bacteremia (up to 10 days) after initiation of 
antibiotic therapy. Because of possible diffi culty in eradicat-
ing infection from prosthetic materials, all cases of prosthetic 
valve endocarditis should receive surgical consultation. 
Other indications for surgery are described in Box  59.1 .   

 With valve conservation and improved surgical tech-
niques, the surgical mortality rates have declined over time 
with recent reported rates in the range of 7 – 14%.  46,47   The 
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 Table 59.2     Native valve endocarditis:  Strep  species 

   Antibiotic susceptibility      AHA/ACC antibiotic duration      ESC antibiotic duration  

  Penicillin - susceptible 

viridans streptococci and 

 Strep bovis  

 (MIC  < 0.12    μ g/mL)  

  Aqueous crystalline penicillin G sodium 12 – 18 million U/24   h IV 

either continuously or in 4 – 6 doses 

 Or 

 Ceftriaxone sodium 2   g/24   h IV/IM in 1 dose 

 Or 

 Vancomycin hydrochloride 30   mg.kg per 24   h IV in 2 equally 

divided doses not to exceed 2   g/24   h unless concentrations in 

serum are inappropriately low  

  4 weeks    Pencillin G 12 – 20 million U/24   h IV in 4 – 6 divided doses (4 weeks) 

 Or 

 Ceftriaxone 2   g/24   h IV in 1 dose (4 weeks) 

 Or 

 Vancomycin 30   mg/kg per 24   h IV in 2 doses 

 Or 

 Penicillin G 12 – 20 million U/24   h IV in 4 – 6 divided doses for 4 

weeks   +   gentamicin 3   mg/kg per 24   h IV (max 240   mg/g) divided in 

2 or 3 doses for 2 weeks  

  4 weeks  

  Relatively resistant strains of 

viridans streptococci and 

 Strep bovis  MIC  > 0.12    μ g/

mL  < 0.5    μ g/mL  

  Aqueous crystalline penicillin G sodium 24 million U/24   h IV 

either continuously or in 4 – 6 divided doses (4 weeks) 

 Or 

 Ceftriaxone sodium 2 g/24 h IV/IM in 1 dose (4 weeks) 

 Plus 

 Gentamicin sulfate 3 mg/kg per 24   h IV/IM in 1 dose or in 2 – 3 

equally divided doses (2 weeks)  

  4 weeks    Penicillin G 20 – 24 million U/24   h IV in 4 – 6 divided doses (4 weeks) 

 Or 

 Ceftriaxone 2   g/24   h IV/IM in 1 dose (4 weeks) 

 Plus 

 Gentamicin 3   mg/kg per 24   h IV (max. 240   mg/d) divided in 2 – 3 

doses for the fi rst 2 weeks 

 Followed by 

 Cefriaxone 2   g/24   h IV/IM for additional 2 weeks for a total 

treatment course of 6 weeks 

 Or 

 Vancomycin 30   mg/kg per 24   h IV in 2 doses for 4 weeks  

  4 weeks  

 Adapted from Baddour  et al ,  38   Sexton,  77   Karchmer.  78   
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 Table 59.3     Prosthetic valve endocarditis:  Strep  species 

   Antibiotic 
susceptibility  

    AHA/ACC antibiotic duration      ESC antibiotic duration  

  Penicillin susceptible 

viridans streptococci and 

 Strep bovis  

 (MIC  <  0.12    μ g/mL)  

  Aqueous crystalline penicillin G sodium 24 million U/24   h IV either 

continuously or in 4 – 6 doses (6 weeks) 

 Or 

 Ceftriaxone sodium 2   g/24   h IV/IM in 1 dose for 6 weeks 

 With or without 

 Gentamicin sulfate 3   mg/kg per 24   h IV/IM in 1 dose for 2 weeks 

 Or 

 Vancomycin hydrochloride 30   mg/kg per 24   h IV in 2 equally 

divided doses not to exceed 2   g/24   h unless concentration in 

serum are inappropriately low for 6 weeks  

  6 weeks    Penicillin G 20 – 24 million U/24   h IV in 4 – 6 divided doses for 4 weeks 

 Or 

 Ceftriaxone 2   g/24   h IV in 1 dose for 4 weeks 

 Plus 

 Gentamicin 3   mg/kg per 24   h IV (max 240   mg/d) divided in 2 or 3 doses 

for 2 weeks 

 Followed by 

 Cefriaxone 2   g/24   h IV/IM for additional 2 weeks for a total treatment 

course of 6 weeks 

 Or 

 Vancomycin 30   mg/kg per 24   h IV in 2 doses for 4 weeks  

  6 weeks  

  Relatively resistant 

strains of viridans 

streptococci and  Strep 

bovis  MIC  > 0.12   ug/mL  

  Aqueous crystalline penicillin G sodium 24 million U/24   h IV either 

continuously or in 4 – 6 doses (6 weeks) 

 Or 

 Ceftriaxone sodium 2   g/24   h IV/IM in 1 dose for 6 weeks 

 Plus 

 Gentamicin sulfate 3   mg/kg per 24   h IV/IM in 1 dose for 6 weeks 

 Or 

 Single drug treatment 

 Vancomycin hydrochloride 30   mg/kg per 24   h IV in 2 equally 

divided doses not to exceed 2   g/24   h unless concentration in 

serum are inappropriately low for 6 weeks  

  6 weeks    Penicillin G 20 – 24 million U/24   h IV in 4 – 6 divided doses for 4 weeks 

 Or 

 Ceftriaxone 2   g/24   h IV in 1 dose for 4 weeks 

 Plus 

 Gentamicin 3   mg/kg per 24   h IV (max 240   mg/d) divided in 2 or 3 doses 

for 2 weeks 

 Followed by 

 Cefriaxone 2   g/24   h IV/IM for additional 2 weeks for a total treatment 

course of 6 weeks 

 Or 

 Vancomycin 30   mg/kg per 24   h IV in 2 doses for 4 weeks  

  6 weeks  

 Adapted from Baddour  et al ,  38   Sexton,  77   Karchmer.  78   
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 Table 59.4     Native valve endocarditis: enterococci 

   Antibiotic 
susceptibility  

    AHA/ACC antibiotic duration      ESC antibiotic duration  

  Enterococci strains 

susceptible to penicillin, 

gentamicin, and 

vancomycin  

  Gentamicin sulfate 3   mg/kg per 24   h IV/IM in 3 equally divided doses 

for 4 – 6   wks 

 Plus one of the following: 

 Aqueous crystalline penicillin G sodium 18 – 30 million U/24   h IV either 

continuously or in 6 equally divided doses for 4 – 6   wks 

 Or 

 Ampicillin sodium 12   g/24   h IV in 6 equally divided doses for 4 – 6 wks 

 Or 

 Vancomycin hydrochloride 30   mg/kg per 24   h IV in 2 equally divided 

doses for 6   wks; not to exceed 2   g/24   h unless concentrations in serum 

are inappropriately low  

  4 – 6 weeks    One of the following: 

 Aqueous crystalline penicillin G sodium 16 – 20 million U/24   h 

IV in 4 – 6 equally divided doses for 4   wks 

 Plus 

 Gentamicin 3   mg/kg per 24   h IV divided in 2 doses for 4   wks 

 Or 

 Vancomycin 30   mg/kg per 24   h IV in 2 divided doses for 

6   wks 

 Plus 

 Gentamicin 3   mg/kg per 24   h IV divided in 2 doses for 6   wks  

  4  –  6 wks  

  Enterococci strains 

resistant to penicillin and 

susceptible to 

aminoglycoside and 

vancomycin  

   B - Lactamase producing  

 One of the following: 

 Gentamicin sulfate 3   mg/kg per 24   h IV/IM in 3 equally divided doses 

for 6   wks 

 Plus either 

 Ampicillin - sulbactam 12   g/24   h IV in 4 equally divided doses for 6   wks 

 Or 

 Vancomycin *  hydrochloride 30   mg/kg per 24   h IV in 2 equally divided 

doses for 6   wks; not to exceed 2   g/24   h unless concentrations in serum 

are inappropriately low 

  Intrinsic penicillin resistance  

 Vancomycin *  30   mg/kg per 24   h IV in 2 divided doses for 6   wks 

 Plus 

 Gentamicin sulfate 3   mg/kg per 24   h IV/IM in 3 equally divided doses 

for 6   wks  

  6 weeks    Vancomycin *  30   mg/kg per 24   h IV in 2 divided doses for 

6   wks 

 Plus 

 Gentamicin 3   mg/kg per 24   h IV divided in 2 doses for 6   wks  

  6   wks  

 Adapted from Baddour  et al ,  38   Sexton,  77   Karchmer.  78   
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 Table 59.5     Prosthetic valve endocarditis: enterococci 

   Antibiotic 
susceptibility  

    AHA antibiotic duration      ESC antibiotic duration  

  Enterococci strains 

susceptible to penicillin 

and vancomycin  

  Aqueous crystalline penicillin G 18 – 30 million U/24   h IV either continuously or in 6 

equally divided doses for 6   wks 

 Or 

 Ampicillin sodium 12   g/24   h IV in 6 equally divided doses for 6   wks 

 Or 

 Vancomycin *  hydrochloride 30   mg/kg per 24   h IV in 2 equally divided doses for 6   wks; 

not to exceed 2   g/24   h unless concentrations in serum are inappropriately low 

 Plus 

 Gentamicin sulfate 3   mg/kg per 24   h IV/IM in 3 equally divided doses for 6 weeks  

  6 weeks    Aqueous crystalline penicillin G 16 – 20 million 

U/24   h IV in 4 – 6 equally divded doses for 6   wks 

 Or 

 Vancomycin *  30   mg/kg per 24   h IV in 2 divided 

doses for 6   wks 

 Plus 

 Gentamicin sulfate 3   mg/kg per 24   h IV/IM in 3 

equally divided doses for 6 weeks  

  6 weeks  

  Enterococci strains 

resistant to penicillin and 

susceptible to 

aminoglycoside and 

vancomycin  

   Intrinsic penicillin resistance  Penicillin/ampicillin MIC 32    μ g/mL: 

 Vancomycin 30   mg/kg per 24   h IV in 2 divided doses for 6   wks 

 Plus 

 Gentamicin sulfate 3   mg/kg per 24   h IV/IM in 3 equally divided doses for 6   wks 

  B - Lactamase producing  

 One of the following: 

 Ampicillin - sulbactam 12   g/24   h IV in 4 equally divided doses for 6   wks 

 Or 

 Vancomycin hydrochloride 30   mg/kg per 24   h IV in 2 equally divided doses for 6   wks; not 

to exceed 2   g/24   h unless concentrations in serum are inappropriately low 

 Plus 

 Gentamicin sulfate 3   mg/kg per 24   h IV/IM in 3 equally divided doses for 6   wks  

  6 weeks    Vancomycin 30   mg/kg per 24   h IV in 2 divided 

doses for 6   wks 

 Plus 

 Gentamicin 3   mg/kg per 24   h IV divided in 2 

doses for 6   wks  

  6 weeks  

 Adapted from Baddour  et al ,  38   Sexton,  77   Karchmer.  78   
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 Table 59.6     Native valve endocarditis:  Staph  species 

   Antibiotic susceptibility      AHA/ACC antibiotic duration      ESC antibiotic duration  

  Methicillin susceptible    Nafcillin or oxacillin 12   g/24   h IV in 4 or 6 

equally divided doses for 6   wks 

 Plus 

 Optional addition of gentamicin sulfate 

3   mg/kg per 24   h IV/IM in 2 or 3 equally 

divided doses for 3 to 5 days 

 Or 

 Cefazolin 6   g/24   h IV in 3 equally divided 

doses for 6   wks 

 Plus 

 Optional addition of gentamicin sulfate 

3   mg/kg per 24   h IV/IM in 2 or 3 equally 

divided doses for 3 to 5 days  

  6 weeks    Oxacillin or nafcillin 8 to 12   g/24   h IV in 4 

equally divided doses for 4   wks 

 Plus 

 Gentamicin 3   mg/kg per 24   h IV (maximum 

240   mg/d), divided in 3 doses for 3 – 5 days 

 Or 

 Vancomycin 30   mg/kg per 24   h IV in 2 doses 

for 4 – 6   wks 

 Plus 

 Gentamicin 3   mg/kg per 24   h IV (maximum 

240   mg/d), divided in 3 doses for 3 – 5 days  

  4 – 6 weeks  

  Methicillin resistant    Vancomycin hydrochloride 30   mg/kg per 

24   h IV in 2 equally divided doses for 6   wks; 

not to exceed 2   g/24   h unless concentrations 

in serum are inappropriately low  

  6 weeks    Vancomycin 30   mg/kg per 24   h IV in 2 doses 

for 6   wks  

  6 weeks  

 Adapted from Baddour  et al ,  38   Sexton,  77   Karchmer.  78   

 Table 59.7     Prosthetic valve endocarditis:  Staph  species 

   Antibiotic susceptibility      AHA/ACC antibiotic duration      ESC antibiotic duration  

  Methicillin susceptible    One of the following: 

 Nafcillin or oxacillin *  12   g/24   h IV in 6 divided 

doses for 6   wks 

 Or 

 Cefazolin 6   g/24   h IV in 3 divided doses for 

6   wks 

 Or 

 Vancomycin 30   mg/kg per 24   h IV in 2 divided 

doses for 6   wks 

 Plus 

 Rifampin 900   mg/24   h IV/PO in 3 divided doses 

for 6 wks 

 Plus 

 Gentamicin sulfate 3   mg/kg per 24   h IV/IM in 2 

or 3 divided doses for 2   wks  

  6 weeks    One of the following: 

 Oxacillin or nafcillin 8 to 12   g/24   h IV in 4 

divided doses for 6 – 8   wks 

 Or 

 Vancomycin 30   mg/kg per 24   h IV in 2 

doses for 4 to 6 – 8   wks 

 Plus 

 Gentamicin 3   mg/kg per 24   h IV 

(maximum 240   mg/d), divided in 3 doses 

for 2   wks 

 Plus 

 Rifampin 900   mg/24   h IV in 3 divided 

doses for 6 – 8   wks  

  6 – 8 weeks  

  Methicillin resistant strains    Vancomycin 30   mg/kg per 24   h IV in 2 divided 

doses for 6   wks 

 Plus 

 Rifampin 900   mg/24   h IV/PO in 3 divided doses 

for 6   wks 

 Plus 

 Gentamicin 3   mg/kg per 24   h IV/IM in 2 or 3 

divided doses for 2   wks  

  6 weeks    Vancomycin 30   mg/kg per 24   h IV in 2 

doses for 6 – 8   wks 

 Plus 

 Rifampin 900   mg/24   h IV in 3 divided 

doses for 6 – 8   wks 

 Plus 

 Gentamicin 3   mg/kg per 24   h IV 

(maximum 240   mg/d), divided in 3 doses 

for 6 – 8   wks  

  6 – 8 weeks  

 Adapted from Baddour  et al ,  38   Sexton,  77   Karchmer.  78   
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BOX 59.1  Surgical indications in native valve infective 
endocarditis 

      Class I recommendation 
   •      Heart failure (Level B)  
   •      Aortic regurgitation or mitral regurgitation with 

evidence of elevated left ventricular end - diastolic or left 
atrial pressure (Level B)  

   •      Fungal endocarditis or highly resistant organism 
(left - sided IE with  S. marcescens  and  Pseudomonas  species, 
persistent infection with blood cultures positive despite 1 
week of antibiotic therapy, or 1 or more embolic event 
during fi rst 2 weeks of therapy (Level B)  

   •      Echocardiographic evidence of valve dehiscence, 
per foration, rupture, fi stula or large perivalvular abscess 
(Level B)   

  Class IIa recommendation 
    •     Recurrent emboli and persistent vegetations despite 

appropriate antibiotic treatment (Level B)   

  Class IIb recommendation 
    •     Mobile, large( > 10   mm) vegetation with or without emboli 

(Level C)    

 Adapted from Bonow  et al .  29    

optimal timing of surgery in the setting of active endocar-
ditis has not been well evaluated. In patients with serious, 
life - threatening complications of endocarditis, surgery 
should be performed urgently. A number of case series 
have shown that surgery in the active phase of endocarditis 
can be performed with acceptable risk and without an 
obvious risk of prosthetic valve infection.  48   

 An understanding of outcomes with surgical treatment 
of endocarditis is infl uenced by the inherent selection bias 

     Figure 59.2     Kaplan - Meir survival curve 
relating the effect of congestive heart failure 
to time to death among propensity - matched 
patients receiving medical therapy or surgery. 
 (From Vikram  et al  49  with permission.)   
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in observational cohorts and the lack of randomized, con-
trolled trials for this therapy. One recent, retrospective 
study of 513 cases of complicated, left - sided endocarditis 
found that valve surgery was independently associated 
with reduced six - month mortality (hazard ratio (HR) 0.40; 
95% confi dence interval (CI) 0.18 – 0.91;  P    =   0.03) in propen-
sity - matched subgroups. Patients with moderate to severe 
heart failure appeared to derive the greatest benefi t from 
surgery, whereas surgical treatment had a neutral effect on 
mortality for patients without heart failure  49   (Fig.  59.2 ). 
Other factors which have been related to a survival benefi t 
from surgery include patients with aortic valve disease and 
prosthetic endocarditis.  50     

 This differential effect of surgery on outcome depending 
on the presence or absence of complications may simply 
refl ect that surgery confers the greatest clinical benefi t or 
absolute risk reduction for patients at highest risk, but 
demonstrating a benefi t for patients at lower risk is more 
challenging. Along these lines, when propensity score 
adjustment is used to assess the effect of surgery on outcome 
of endocarditis as compared to medical therapy alone, 
studies have shown differing results, including survival 
benefi t,  49   neutral effect,  51   and poorer survival  52   associated 
with surgery. These contrasting results likely refl ect 
signifi cant differences in the study cohorts, the clinical vari-
ables collected and included in the analyses, statistical 
methodologies, and the time points for the survival 
endpoint.   

  Complications and  o utcome 

 In the absence of appropriate therapy, endocarditis typi-
cally progresses to the development of various intra -  and 
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extracardiac complications. Heart failure or pulmonary 
edema is probably the most common complication, occur-
ing in about a third to one half of patients with IE, as well 
as the most frequent indication for urgent surgery. Heart 
failure occurs as a result of valvular destruction and 
ensuing insuffi ciency or, in rare cases of large vegetations, 
as a result of valvular stenosis. Heart failure complicates 
aortic valve endocarditis more frequently than mitral or 
tricuspid endocarditis and may result in the setting of mod-
erate, rather than severe, regurgitation, particularly in case 
of involvement of the aortic valve,  53   since the left ventricle 
is unable to compensate for the acute increase in preload 
and afterload in this condition. 

 Medical therapy alone is generally insuffi cient in manag-
ing endocarditis complicated by heart failure, particularly 
in the setting of severe or progressive valvular regurgita-
tion. Surgery should be prompt and unnecessary delays 
avoided (Class III, Level C).  42   

 Paravalvular abscess complicates 30 – 40% cases of IE  32   
and is a result of invasive infection that spreads generally 
along contiguous tissue planes, particularly with aortic 
valve infection. In the International Collaboration on Endo-
carditis (ICE) cohort, 22% cases of defi nite aortic valve 
endocarditis were complicated by a periannular abscess. 
These patients were more likely to have prosthetic valves 
and coagulase - negative staphylococcal infection. Trans-
esophageal echocardiography is the diagnostic test of 
choice when an abscess is suspected clinically. An abscess 
is diagnosed by TEE as the visualization of a  “ thickened 
area ”  or  “ mass with a heterogeneous echogenic or echolu-
cent appearance ” .  32   Rarely, antibiotic therapy may be used 
to treat an intracardiac abscess, though this treatment alone 
is generally reserved for patients who are poor surgical 
candidates. The vast majority of patients with an intracar-
diac abscess require cardiac surgery for debridement (Class 
I, Level C) as evidenced in a recent large study in which 
86% of patients with periannular abscess underwent 
surgery.  54   In addition, surgery represents the gold standard 
for the diagnosis of abscess. 

 In rare cases, due to high intravascular pressures and 
progressive burrowing infection, these perivalvular cavi-
ties can form fi stulous connections (aorto - atrial or aorto -
 ventricular), and even myocardial perforation (Plate  59.2   ). 
Fistula formation complicated endocarditis in 1.6% cases of 
native valve endocarditis and 3.5% cases of PVE in a cohort 
of 4681 cases of IE. These occurred with similar frequency 
in the three sinuses of Valsalva and among all the cardiac 
chambers. Despite surgical intervention (87%), the mortal-
ity rate in this group of patients was 41%.  54   The develop-
ment of cavitary fi stulas thus heralds a poor outcome and 
must prompt surgical intervention. 

 Embolic phenomena frequently complicate the clinical 
course in endocarditis. Although clinical signs of emboliza-
tion manifest in approximately one - third of patients with 

IE,  55   atleast another third of patients have silent embo-
lism.  56   In the majority of cases, embolic events occur before 
the initiation of antibiotic therapy, whereas only 7% of 
events occur after treatment has begun.  57   In a subset of 66 
patients with embolic complications among 178 patients 
with endocarditis, the most frequent sites of embolic events 
were central nervous system (41%), lungs (18%), spleen 
(21%), peripheral artery (14%), and kidney (12%).  58   

 Factors including vegetation size, mobility, and location 
as well as the causative organism have been associated 
with the likelihood of embolic event. Vegetations larger 
than 10   mm in greatest diameter pose an increased risk of 
embolization.  57,59   Causative organisms such as  S. aureus  
and  Strep. bovis  confer an independent risk of emboliza-
tion.  60   Also, there is a 2 – 3 times higher frequency of embo-
lism in endocarditis caused by enterococci,  Abiotrophia  spp, 
fastidious gram - negative organisms (HACEK) and fungi as 
compared to streptococci.  61,62   In addition to causing infarc-
tion of distal vascular beds, embolic events may result in 
metastatic sites of infection. 

 Cerebral embolization occurs in 10 – 35% and is at times 
complicated by meningitis, brain abscess or intracerebral 
hemorrhage. In the ICE cohort, stroke complicated endo-
carditis in 15% of patients.  63   The risk of stroke dramatically 
decreases with initiation of antibiotic therapy. Findings 
from the ICE merged database suggested a 65% reduction 
in stroke incidence by week two of initiating antimicrobial 
therapy.  63   Given the low incidence of embolic events after 
initiation of antibiotic therapy, routine screening for emboli 
in patients with IE is not recommended (Class IIb, Level 
C). However, patients with persistent fever or bacteremia 
or localizing symptoms of possible infarction should 
undergo computed tomographic imaging with radio-
graphic contrast for the diagnosis of embolic 
complications. 

 Embolic events have been found to be an independent 
predictor of in - hospital death in endocarditis.  64   In patients 
who experience recurrent embolic events, particularly if 
occurring after initiation of antibiotic therapy, surgical 
treatment is indicated (Class IIa, Level C). For the preven-
tion of embolic events, surgery may be considered for 
patients with endocarditis who have large (greater than 
10   mm), mobile vegetations, especially with involvement of 
left - sided heart valves (Class IIb, Level C). 

 The issue of anticoagulation in patients with endocardi-
tis remains controversial. There is no demonstrable benefi t 
of anticoagulation in native valve endocarditis. In patients 
with PVE, continuation of oral anticoagulation or switch-
ing to intravenous heparin has been advocated by some 
experts, while others have recommended discontinuation 
of all anticoagulation in patients with  S. aureus  endocarditis 
and recent stroke until completion of two weeks of antibi-
otic therapy,  65   presumably to avoid hemorrhagic transfor-
mation.  66   Regarding antiplatelet therapy with aspirin, no 
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benefi cial effect on outcome has been found, and aspirin 
therapy has been associated with a higher risk of bleeding 
complications in IE (Class III, Level A).  67,68   

  Mortality in  n ative  v alve  e ndocarditis 

 The six - month mortality estimate from various reports is 
approximately 27%.  69,70   Such unacceptably high mortality 
rates despite therapeutic and diagnostic advances have 
lead many investigators to risk stratify patients with endo-
carditis. Amongst host factors, age, female sex, presence of 
diabetes mellitus, APACHE II score, elevated white blood 
cell count, serum creatinine level  > 2   mg/dL, and lower 
serum albumin have been associated with poor outcomes. 
Moderate to severe congestive heart failure, periannular 
abscess formation, vegetation length  > 10   mm, absence of 
surgical therapy, and infection with virulent organisms, 
particularly  S. aureus , are disease factors related to embolic 
events and death.  57,64,69,71,72    

  Mortality in  p rosthetic  v alve  e ndocarditis 

 Medical progress has similarly allowed the in - hospital 
mortality rates of PVE to fall from 50 – 60% in earlier series  73   
to approximately 23% as reported in a recent large, multi-
national study.  11   Studies have found that long - term sur-
vival after the active phase of infection is similar for early 
and late PVE (74% and 82% survival at four - year 
follow - up).  74   

 Heart failure severity was the only predictor of death 
among 66 patients with PVE, in the Veterans Affairs Co -
 operative Study on Valvular Heart Disease.  75   More recently, 
results of the International Collaboration on Endocarditis -
 Prospective Cohort Study (ICE - PCS) confi rmed that com-
plications of heart failure, persistent bacteremia, abscess, 
and stroke are important, independent prognostic factors 
in PVE. In addition, older age, healthcare - associated infec-
tion and  S. aureus  infection were factors associated with a 
higher mortality.  11   Recent guidelines support the use of 
surgery for PVE associated with these complications.  29     

  Prevention 

 Over the past few decades, the effi cacy of antimicrobial 
prophylaxis in preventing IE has been questioned. Recently, 
after an extensive review of all available literature and 
consensus of experts, the American Heart Association pub-
lished updated guidelines for IE prophylaxis.  76   These 
guidelines have concluded that endocarditis was more 
likely to result from bacteremia associated with daily activ-
ities than with a dental procedure. Antibiotic prophylaxis, 
even if 100% effective, is estimated to prevent only an 
extremely small number of cases of endocarditis. These 

recommendations surmised that antibiotic prophylaxis 
should not be prescribed solely on the basis of an increased 
life - time risk of endocarditis but on the basis of cardiac 
conditions associated with highest risk of an adverse 
outcome from endocarditis.  76   

 Conditions that warrant IE prophylaxis prior to dental 
procedures, and procedures on respiratory tract, skin and 
musculoskeletal structures are listed in Box  59.2  (Class I, 
Level C). The American Heart Association no longer rec-
ommends prophylaxis before gastrointestinal or genitouri-
nary procedures solely for the prevention of IE.  76      
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60  Antithrombotic therapy after heart 
valve replacement  

   Jack C J   Sun   and   John W   Eikelboom  
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    Introduction and  h istorical  p erspective 

 Valvular heart disease affects more than 100 million 
patients worldwide and is a growing problem because of 
the increasing survival of patients with rheumatic heart 
disease in the developing world and the growing burden 
of degenerative valve disease in the aging population.  1 – 2   
Prosthetic valve replacement is the only defi nitive treat-
ment for valvular heart disease and is performed in about 
100 000 patients each year in North America.  3   Thromboem-
bolism is one of the most important complications of pros-
thetic heart valves and although the thrombogenicity of 
newer valves is less than with older valves, all patients 
undergoing valve replacement surgery require antithrom-
botic therapy. 

 This chapter reviews the evidence for antithrombotic 
therapy in patients with prosthetic heart valves and makes 
treatment recommendations based on the strength and 
quality of the evidence. The class of evidence refl ects 
opinion about the usefulness of the treatment, and balances 
the positive effects of treatment against the negative effects 
on patient - important outcomes. Class I recommendations 
are strong and indicate that the benefi ts of the treatment 
outweigh the risks. Class II recommendations are weak 
and suggest that there are differences between patients in 
the balance of the benefi ts and risks of treatment. Class III 
recommendations indicate that the treatment does not 
have any benefi ts or that the risks outweigh the benefi ts. 
The level of evidence refl ects the quality of the evidence. 
Level A is high - quality evidence from well - conducted 
randomized controlled trials or meta - analyses of well - 

conducted randomized trials with clear results. Level B is 
evidence from randomized trials or overviews of random-
ized trials that have signifi cant limitations. Level C1 is evi-
dence from high - quality and persuasive cohort studies, 
case – control studies or case series while Level C2 is lower 
quality evidence from non - randomized studies or opinions 
of experts.  

  Nomenclature and  d efi nitions 

  Mechanical  v alves 

 Mechanical heart valves comprise three major components: 
an occluder (closure mechanism), housing and sewing 
ring.  4   There are three main types of mechanical valves: 
caged ball, single leafl et/tilting disk and bileafl et valves 
(Figure  60.1 ). All mechanical valves have some degree of 
regurgitant fl ow that acts as a  “ washing jet ”  to prevent 
thrombus formation on the surfaces of the valve. 

  Caged - ball  v alves 
 The fi rst prosthetic heart valve was the Starr – Edwards 
caged - ball valve introduced in 1960.  5   The original version 
of the Starr – Edwards valve had a silicone rubber (Silastic) 
ball or poppet that freely moved within the confi nes of a 
three - strut alloy cage (Fig.  60.1 a). Subsequent models had 
a metal ball and a four - strut cage. The free ball design theo-
retically prevents thrombus growth from the sewing ring 
onto the occluder  6   but the ball generates a large wake of 
stagnant fl ow that may account for the high risk of throm-
boembolism associated with caged - ball valves.  7   The Starr –
 Edwards valve was the  “ gold standard ”  against which new 
mechanical valves were compared for more than 20 years.  8    

  Single  l eafl et/ t ilting  d isk  v alves 
 Single leafl et/tilting disk valves consist of a major orifi ce 
and a minor orifi ce. The single tilting disk enables central 

Evidence-Based Cardiology, 3rd edition. Edited by S. Yusuf, J.A. Cairns, 
A.J. Camm, E.L. Fallen, and B.J. Gersh. © 2010 Blackwell Publishing, 
ISBN: 978-1-4051-5925-8.
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  Bileafl et  v alves 
 The St Jude Medical valve introduced in 1977  10   was the fi rst 
bileafl et valve and is the single most commonly implanted 
mechanical valve. Made of pyrolytic carbon coated with 
graphite, it consists of two leafl ets hinged on a ring (Fig 
 60.1 d). Encircling this structure is a sewing ring. The bile-
afl et valves listed in Table  60.1  have a similar design. Bile-
afl et valves provide symmetric, relatively non - turbulent, 
central blood fl ow.  6     

  Bioprosthetic  v alves 

 Most bioprosthetic valves are porcine or made from bovine 
pericardium that is fashioned into valve leafl ets. The valves 
are preserved in glutaraldehyde and mounted on a frame 
or stent made of metal or plastic covered with fabric that 
acts as the sewing ring.  11   Bioprosthetic valves mimic native 
heart valves more closely than mechanical valves because 
they have unobstructed central fl ow which provides excel-

     Figure 60.1     Different models of mechanical valves. (a) Starr – Edwards caged ball (courtesy of Edwards Lifesciences LLC, Irvine, California). (b) Bjork –
 Shiley tilting disk (courtesy of Sorin Group of Canada Inc.). (c) Medtronic Hall tilting disk  ( © Medtronic Inc. Printed with permission.). (d) St Jude Medical 
bileafl et (courtesy of Sorin Group of Canada Inc.) .  

(a) (b)

(c) (d)

fl ow of blood, which may reduce the risk of thromboem-
bolism compared to the circumferential blood fl ow of 
caged - ball valves. Single tilting disk valves appear to be 
associated with a slightly higher risk of thromboembolism 
than bileafl et mechanical valves, possibly because they 
have a region of stagnant blood fl ow located adjacent to 
the wall immediately downstream from the minor orifi ce 
and because the regurgitant washing jet volume is lower 
than for bileafl et valves.  7   

 The fi rst successful tilting disk valve was the Bjork – 
Shiley valve introduced in 1969.  9   This valve consists of a 
single leafl et of pyrolytic carbon held in place by large 
infl ow and small outfl ow alloy struts encircled by a Tefl on 
sewing ring  6   (Fig.  60.1 b). The Bjork – Shiley convexoconcave 
valve was withdrawn in 1986 because of several cases of 
strut fracture and embolization of the disk.  6   Figure  60.1 c 
displays the Medtronic Hall single leafl et/tilting disk 
valve. Table  60.1  lists other models of single leafl et/tilting 
disk valves.      
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lent hemodynamics. The surfaces of bioprosthetic valves 
also are less thrombogenic than mechanical valves and do 
not require lifelong anticoagulant therapy. Porcine and 
pericardial (bovine) valves do not differ importantly in 
thrombogenicity. 

  Porcine  b ioprosthetic  v alves 
 Porcine valves are the most widely used bioprosthetic 
valves.  8   The fi rst commercial porcine valve was the Hancock 

valve introduced in 1970. Figure  60.2 a displays the 
Medtronic valve and Figure  60.2 b displays a freestyle 
model consisting of a porcine valve housed within its 
native aorta. Table  60.1  lists other types of porcine valves.    

  Bovine  p ericardial  b ioprosthetic  v alves 
 Bovine pericardial valves have several theoretic advan-
tages over porcine valves. The valve leafl ets are larger, 
which accommodates shrinkage over the life of the valve; 
leafl et opening is more complete and symmetric, which 
improves valve hemodynamics; and the collagen content 
of the valves is higher, which improves valve durability. 
The Carpentier – Edwards Perimount valve (Fig.  60.2 c) is 
the only pericardial valve presently available in North 
America. It is unclear whether the theoretic advantages of 
pericardial over porcine valves translate into improved 
outcomes for patients. Bovine valves appear to be at least 
as durable as contemporary porcine valves.  12,13     

  Oral  a nticoagulants 

 Vitamin K antagonists (VKAs) are the only oral anti-
coagulants available for clinical use and warfarin is the 
most widely used VKA in North America. Other VKAs 
commonly used in Europe include acenocoumarol and 
phenprocoumon. VKAs are challenging to use in clinical 
practice because they have a slow onset and offset, narrow 
therapeutic window, and variable dose response and are 
subject to numerous food and drug interactions.  14   Thus 
close laboratory monitoring of the anticoagulant effect of 
VKAs is required. The international normalized ratio (INR) 
is a standardized method of reporting the intensity of anti-
coagulant therapy with VKAs adopted in 1982.  15,16   Studies 
completed prior to 1982 often reported anticoagulant inten-
sity based on the ratio of the patient ’ s plasma value to that 
of plasma from a healthy control and it is diffi cult to 
compare these results with subsequent studies that reported 
anticoagulant intensity based on the INR. 

  Starting  d ose of  VKA  for  p atients  r equiring  o ral 
 a nticoagulant  t herapy 
 One randomized trial has studied the optimal starting dose 
of VKA for patients who have undergone valve replace-
ment. Ageno  et al  randomized, in an open - label fashion, 
197 patients after heart valve replacement to an initial 
2.5   mg (n   =   84) versus 5   mg dose of warfarin (n   =   113).  17   The 
INR was measured daily and the dose of warfarin was 
adjusted according to the result of the INR in the 5   mg 
starting dose group. The dose of warfarin was not modifi ed 
in the 2.5   mg group until day 3 and then only if the INR 
was less than 1.5 or greater than 3.0. The primary outcome 
of the study was the proportion of patients with an INR of 
 > 2.6 within 6 days of surgery. A greater percentage of 
patients in the 5   mg than the 2.5   mg group had an INR level 

 Table 60.1     Models of prosthetic valves 

   Type of valve     Model name  

   Mechanical       

  Caged ball    Starr – Edwards 

 Magovern – Cromie 

 Smeloff – Cutter  

     Single leafl et/

tilting disk  

  Bjork – Shiley 

 Medtronic – Hall 

 Omniscience, Omnicarbon 

 Sorin Allcarbon 

 Beall 

 Cooley – Cutter 

 Cross – Jones 

 Gott Daggett 

 Harken 

 Kay – Shiley 

 Starr – Edwards Disc 

 AorTech Ultracor 

 Wada – Cutter  

     Bileafl et    St. Jude Medical 

 ATS Open Pivot 

 Carbomedics Standard, TopHat, Orbis, Optiform 

 Edwards Duromedics, Tekna, Mira 

 Medtronic Parallel 

 MCRI On - X, Conform - X 

 Sorin Bicarbon  

   Bioprosthetic       

     Porcine    Medtronic Hancock Standard, Hancock II, Hancock 

MO, MO II, MI, Mosaic, Ultra 

 Carpentier – Edwards, SAV 

 St. Jude Medical Biocor 

 Tissuemed 

 Angell – Shiley  

     Pericardial    Carpentier – Edwards Perimount 

 Sorin Mitrofl ow, Pericarbon 

 Ionescu – Shiley Standard, Low Profi le 

 Hancock 

 Labcor – Santiago  

     Stentless    CryoLife stentless porcine 

 Edwards Prima Plus stentless porcine 

 Medtronic Freestyle Aortic Root porcine 

 St. Jude Medical Toronto stentless porcine 

 St. Jude Medical Quattro Valve  
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(a)

(c)

(b)

     Figure 60.2     Different models of 
bioprosthetic valves. (a) Medtronic HK II Ultra 
porcine. (b) Medtronic Freestyle porcine 
 ( © Medtronic Inc. Printed with permission.). 
(c) Carpentier – Edwards Perimount bovine 
pericardial (courtesy of Edwards Lifesciences 
LLC, Irvine, California) .  

 > 2.6 within 6 days of surgery (42% v 26%,  P     <    0.05). There 
was no difference in the rate of bleeding between the two 
groups although the study was not powered for clinical 
outcomes (Level A).    

  Incidence,  n atural  h istory and  p rognosis 

  Thromboembolism after  m echanical  v alve 
 r eplacement without  a ntithrombotic  t herapy 

 Information concerning the risk of thromboembolism 
after mechanical valve replacement in patients not treated 
with anticoagulants primarily comes from small case series 
of patients who had a contraindication to VKAs. Cannegi-
eter and colleagues performed a systematic review in 
which they examined the risk of thromboembolism and 
bleeding in patients with mechanical heart valves.  18   
Included in the review were seven studies involving 460 
patients who did not receive oral anticoagulant therapy. 
During 1225 patient - years of follow - up the rates of throm-
boembolism per 100 patient - years were (95% confi dence 
intervals (CI) in parentheses): valve thrombosis 1.8 (0.9 –
 3.0), major embolism 4.0 (2.9 – 5.2), total embolism 8.6 (7.0 –
 10.4). The risk thromboembolism was reduced by more 
than 75% in a parallel group of patients who received VKA 
therapy (Level C1).  

  Thromboembolism after  b ioprosthetic 
 v alve  r eplacement 

 The largest study of thromboembolism risk after biopros-
thetic valve replacement is by Heras and colleagues who 
followed 816 patients with aortic, mitral or combined aortic 
and mitral bioprosthetic valves for a median of 8.6 years.  19   
The rate of thromboembolism during the fi rst 10 days 
among patients who did not receive any antithrombotic 
therapy was approximately 50% for aortic valves and 60% 
for mitral valves. Patients who were commenced immedi-
ately postoperatively on VKA therapy had higher rates of 
thromboembolism during the fi rst 10 days (aortic 41%, 
mitral 55%) compared with between day 11 and 30 (aortic 
3.6%, mitral 10%) and after day 30 (aortic 1.9% per year, 
mitral 2.4% per year) (Level C2). The unexpectedly high 
rate of early thromboembolism in the study by Heras and 
colleagues is unexplained and is inconsistent with other 
reports. Multiple small cases series of patients with bio-
prosthetic valves have reported thromboembolism rates of 
between 0.7% and 2.8% per patient - year during long - term 
follow - up ranging from 18 months to 6 years.  20 – 21,22,23,24,25,26   
Most patients in the latter studies received oral anticoagu-
lants, antiplatelet therapy or a combination of anticoagu-
lants and antiplatelet therapy for 2 – 3 months after surgery 
(Level C2).   
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  Pathophysiology 

 Factors that contribute to the thrombogenicity of prosthetic 
heart valves include altered blood fl ow and hemostatic 
activation caused by endothelial injury during surgery or 
exposure of artifi cial surfaces (sutures, sewing ring, 
occluder and valve housing) to the circulating blood.  27   
Because almost all prosthetic valves are stented, they have 
a smaller effective orifi ce area than the native valve that 
results in a transvalvular fl ow gradient. Stagnant fl ow may 
also result from growth of endocardial tissue (pannus) into 
the leafl ets or valve mechanism. Endothelialization of 
foreign surfaces occurs over a period of about 3 months 
after which the risk of thrombosis decreases.  21    

  Antithrombotic  t herapy 

 In this section, we review the evidence for the benefi ts and 
risks of antithrombotic therapy in patients with prosthetic 
heart valves and make recommendations based on the use-
fulness of the treatment and the quality of the evidence. We 
focus on the results of high - quality studies (randomized 
controlled trials and meta - analyses of randomized con-
trolled trials) whenever available and consider lower 
quality studies only when there are no high - quality studies. 

  Mechanical  v alves 

  Acute 
 Possible approaches to antithrombotic therapy immedi-
ately after mechanical heart valve replacement include 
aspirin, oral VKA therapy with or without initial  “ bridg-
ing ”  unfractionated heparin (UFH) or low molecular 
weight heparin (LMWH) therapy, or aspirin in combina-
tion with oral VKA therapy. 

  Oral  VKA   t herapy     There are no randomized trials compar-
ing oral anticoagulation to placebo (or no anticoagulation) 
in the immediate postoperative period. A systematic 
review by Kulik  et al  of primarily observational studies 
comparing different initial anticoagulation strategies 
involving 3056 patients who received VKA therapy imme-
diately after surgery  28   revealed an absolute rate of throm-
boembolism of 0.9% and a bleeding rate of 3.3% during the 
fi rst 30 days (Level C1).  

  Oral  VKA    +    LMWH      There are no randomized trials com-
paring VKA plus LMWH to VKA alone in patients with a 
mechanical heart valve. A prospective observational 
“before - and - after” study by Talwar and colleagues com-
pared initial LMWH plus oral VKA therapy to VKA therapy 
alone in 538 patients.  29   Group A (n   =   245) consisted of con-

secutive patients undergoing mechanical valve replace-
ment over a 2 - year period who were started on VKAs on 
postoperative day 1. Group B (n   =   293) consisted of con-
secutive patients undergoing mechanical valve replace-
ment over a subsequent 2 - year period who received 
enoxaparin 1   mg/kg started 6 hours after surgery, repeated 
every 12 hours, in combination with VKA therapy (started 
day one) and continued until the INR was therapeutic. The 
target INR was 2.5 (range 2.5 – 3.5) for patients with a mitral 
valve replacement (MVR) or multiple mechanical valves 
and 2.0 (range 2.0 – 3.0) for patients with an aortic valve 
replacement (AVR). All patients received aspirin 150   mg 
daily and were followed for 6 months. The incidence of 
prosthetic valve thrombosis (PVT) was signifi cantly lower 
in patients who received enoxaparin compared with those 
who did not receive enoxaparin (6.1% v 2.0%,  P    =   0.01) and 
there was no signifi cant difference in bleeding (Level C1). 

 Three observational studies reviewed by Kulik and col-
leagues involving a total of 168 patients who received oral 
anticoagulation in combination with LMWH showed a rate 
of thromboembolism of 0.6% and bleeding 4.8% during the 
fi rst 30 days after surgery  30   (Level C2).  

  Oral  VKA   t herapy   +    UFH      There have been no randomized 
trials comparing the combination of VKA therapy and 
UFH with VKA therapy alone in patients with a mechani-
cal heart valve. Kulik  et al  reviewed seven observational 
studies involving 2535 patients who received oral antico-
agulation and intravenous UFH postoperatively and 
reported thromboembolism rates of 1.1% and bleeding 
7.2% during the fi rst 30 days.  30   Bleeding data were avail-
able from only two studies (n   =   261) (Level C2).  

  Oral  VKA   t herapy   +    UFH   v ersus  o ral  VKA  therapy 
+    LMWH      There have been no randomized comparisons 
between UFH and LMWH for immediate postoperative 
anticoagulation in patients with mechanical heart valves 
receiving VKA therapy but UFH and LMWH have been 
compared in observational studies. 

 Montalescot and colleagues studied 208 consecutive 
patients undergoing mechanical heart valve replacement.  30   
The fi rst 106 patients were treated with intravenous UFH 
as soon as postoperative chest tube drainage had decreased 
to acceptable levels (approximately 2 days after surgery) 
and were switched from intravenous to subcutaneous UFH 
three times daily in conjunction with oral VKAs starting on 
postoperative day 6. The target activated partial thrombo-
plastin time (APTT) was 1.5 – 2.5 times control for both 
intravenous and subcutaneous heparin therapies. The next 
102 patients were treated with LMWH (enoxaparin or nad-
roparin) immediately after surgery and were started on 
oral VKAs on postoperative day 6. LMWH doses were 
titrated according to anti - Xa levels (target 0.5 – 1.0   IU/mL). 
In both groups, intravenous or subcutaneous anticoagula-
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tion was discontinued once the INR was therapeutic. One 
patient treated with UFH suffered a TIA while there were 
no thromboembolic events in the LMWH group. There 
were two major bleeds in each treatment group (Level C2). 

 Fanikos and colleagues compared 29 patients receiving 
postoperative LMWH to 34 retrospectively matched 
patients who had received UFH.  31   In both groups treatment 
was continued until the INR was therapeutic. One patient 
in the LMWH group and four in the UFH group died 
within 90 days of discharge. There were two (6%) throm-
boembolic events in the UFH group and none in the LMWH 
group. Three patients in each group experienced major 
bleeding (Level C2).   

  Long -  t erm 
 Possible approaches to long - term antithrombotic therapy 
after mechanical heart valve replacement include antiplate-
let therapy alone, oral VKA therapy alone or antiplatelet 
therapy in combination with oral VKA therapy. 

  Oral  VKA   a lone     There have been no randomized studies 
comparing the VKA therapy with placebo or no VKA 
therapy in patients with mechanical prosthetic heart valves. 
However, there is a widespread belief that lifelong antico-
agulation is necessary, based on the inherent thromboge-
nicity of mechanical valves and the results of studies of the 
natural history of thromboembolism in patients with 
mechanical valves who did not receive anticoagulation (see 
Incidence, natural history and prognosis above) (Level C2).  

  Oral  VKA   v ersus  a ntiplatelet  t herapy     Only one randomized 
trial has compared oral VKA therapy to antiplatelet therapy 
for the long - term management of patients with mechanical 
heart valves. Mok  et al   32   treated patients with either Starr –
 Edwards or Bjork – Shiley valves with warfarin (target INR 
range 1.8 – 2.5) for the fi rst 6 months after surgery. After 6 
months, patients were randomized to continue warfarin 
(n   =   97) or to switch to dipyridamole - aspirin (dipyridamole 
75   mg twice daily and aspirin 650   mg once daily) (n   =   81) 
or pentoxifylline - aspirin (pentoxifylline 400   mg twice daily 
and aspirin 650   mg daily) (n   =   76). Follow - up was contin-
ued for a mean of 24 months in the warfarin group and 
approximately 18 months in each of the antiplatelet groups. 

 The incidence of thromboembolism was signifi cantly 
lower in the warfarin group compared to the dipyridam-
ole - aspirin and pentoxifylline - aspirin groups (4.1% v 13.6% 
v 10.5% respectively,  P     <    0.05). Rates of bleeding were 
higher in the warfarin group compared to the dipyridam-
ole - aspirin and pentoxifylline - aspirin groups (5.2% v 0% v 
1.3% respectively) (Level B).  

  Optimal  i ntensity of  a nticoagulation     In 1995 Cannegieter and 
colleagues published the results of a cohort study in which 
they examined the relationship between thromboembo-

lism, bleeding, anticoagulant intensity and type of mechan-
ical valve.  33   The study included retrospective and 
prospective data on 1608 patients with mechanical pros-
thetic valves treated with oral VKA therapy who were 
monitored by regional anticoagulation clinics. The target 
INR was 3.6 – 4.8 and patients were followed for up to 6 
years. The number of thromboembolic events and major 
bleeding episodes were recorded as well as the most recent 
INR prior to the event (to a maximum of 8 days before). 
The study included patients with mechanical aortic (59.8%), 
mitral (30.2%), and combined aortic and mitral (9.8%) 
valves. Valve types included tilting disk (76.7%), bileafl et 
(19.6%), and caged - ball or caged - disk valves (3.0%). Fol-
low - up was 6475 patient - years and 123 254 INR measure-
ments. INRs were within the target range 61% of the time, 
below therapeutic range 31% of the time, and above thera-
peutic range 8% of the time. 

 The lowest rates of bleeding and thromboembolism 
occurred when the INR was between 2.5 and 4.9 (2 per 100 
patient - years). The incidence of thromboembolic events 
increased signifi cantly when the INR was below 2.5 and 
bleeding increased sharply when the INR was greater than 
4.9. The rates of thromboembolism were higher for valves 
in the mitral compared to the aortic position (0.9 and 0.5 
per 100 patient - years respectively), and were still higher in 
patients with two mechanical valves (1.2 per 100 patient -
 years). Caged - ball and caged - disk valves were the most 
thrombogenic (2.5 per 100 patient - years), followed by 
tilting disk valves (0.7 per 100 patient - years) and bileafl et 
valves (0.5 per 100 patient - years).  P  - values were not 
reported for the comparisons of thromboembolism rates 
between valve in the aortic compared with the mitral posi-
tion or between different valve types (Level C1). 

 Two open - label randomized controlled trials have tested 
the hypothesis that a lower target INR level is safe and 
effective for patients with a bileafl et mechanical valve in 
the aortic position. The AREVA trial  34   randomized 380 
patients with a St Jude bileafl et mechanical valve (81%) or 
Omniscience single leafl et/tilting disk valve (19%) to 
receive VKA therapy with a target INR range of 2.0 – 3.0 
(n   =   188) or 3.0 – 4.5 (n   =   192). Patients were followed for an 
average of 2.2 years and the majority (96%) had a mechani-
cal aortic valve replacement. Rates of thromboembolism 
were similar in both groups (5.3% v 4.7%,  P    =   0.78) but 
those with a lower intensity target INR group had fewer 
non - major hemorrhages (12.2% v 22.9%,  P     <    0.01) and a 
non - signifi cant reduction in major hemorrhages (6.9% v 
9.9%,  P    =   0.29) (Level B). 

 The GELIA trial  35   randomized 2735 patients 3 months 
after surgery for a St Jude bileafl et mechanical valve 
replacement to one of three target INR ranges: 2.0 – 3.5, 
2.5 – 4.0 or 3.0 – 4.5. Most patients had a mechanical aortic 
valve (74%) and there were 6801 patient - years of follow - up. 
Rates of thromboembolic events and clinically important 
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bleeding were not signifi cantly different in the three 
groups. The overall incidence of thromboembolic events 
for patients with an AVR was 0.53 per patient - year of fol-
low - up and for patients with a MVR was 1.64 per patient -
 year of follow - up (Level A). 

 A meta - analysis of 35 (mostly observational) studies 
reported the incidence of thromboembolic and hemor-
rhagic events in 23 145 patients with mechanical valves and 
found that patients had signifi cantly fewer thromboem-
bolic events when the target INR was at least 3.0 compared 
to less than 3.0.  36   Among patients with a mechanical aortic 
valve, those targeted with higher - intensity VKA therapy 
had an incidence of valve thrombosis of 0.87 compared 
with 1.16 per 1000 patient - years in the low - intensity group 
(relative risk (RR) 0.75, 95% CI 0.50 – 1.13,  P    =   0.13). The 
incidence of thromboembolism was 9.83 per 1000 patient -
 years versus 13.09 per 1000 patient - years favoring the 
higher intensity therapy (RR 0.75, 95% CI 0.70 – 0.81, 
 P     <    0.01) but at the cost of more bleeding (14.89 versus 12.06 
per 1000 patient - years, RR 1.23, 95% CI 1.16 – 1.31,  P     <    0.01). 
Among patients with a mechanical mitral valve the inci-
dence of adverse events (thromboembolism or bleeding) 
was 29.76 per 1000 patient - years in the high - intensity 
group compared with 35.33 per 1000 patient - years in the 
lower intensity group (RR 0.84, 95% CI 0.79 – 0.89,  P     <    0.001) 
(Level C1).  

  Self - monitoring of  o ral  a nticoagulation     The Early Self - Con-
trolled Anticoagulation Trial (ESCAT I) randomized 600 
patients with mechanical heart valves to self - management 
(n   =   305) or conventional management (n   =   295) of anti-
coagulation.  37   The target INR range for all patients was 
2.5 – 4.5. After a mean follow - up period of 38 months, 
the conventional monitoring group had mean INRs 
consistently around 2.0 and anticoagulation was frequently 
subtherapeutic. The self - monitoring group tended to be 
subtherapeutic for the fi rst 6 – 8 weeks, but was consistently 
within the therapeutic range thereafter. Complications 
leading to hospital admission during the study were sig-
nifi cantly lower in the self - monitoring group compared 
with conventionally monitored patients (9.5% v 15.3%, 
 P    =   0.03) (Level B). 

 The ESCAT II study randomized 2673 patients with 
mechanical heart valves to self - monitoring of the INR, tar-
geting a range of 2.5 – 4.5 (n   =   1346) versus 1.8 – 2.8 for aortic 
valves or 2.5 – 3.5 for mitral and combined aortic and mitral 
valves (n   =   1327).  38,39   The majority of the valves were St 
Jude Medical (49%) or Medtronic Hall (47%) valves and 
81% were in the aortic position. Patients were followed for 
24 months. The proportion of patients requiring hospital 
admission was similar between the low -  and high - intensity 
groups (0.19% v 0.37% per patient - year,  P    =   NS) as was the 
rate of bleeding (1.42% v 1.52% per patient - year,  P    =   NS) 
(Level A).  

  Oral  VKA   t herapy  c ombined with  a ntiplatelet  t herapy     The 
results of the three largest randomized studies and a meta -
 analysis of randomized controlled trials comparing oral 
VKA therapy versus oral VKA in combination with anti-
platelet therapy are summarized below. 

 Turpie and colleagues randomized 370 patients with a 
mechanical (76%) or tissue (24%) valve treated with warfa-
rin (target INR range 3.0 – 4.5) to receive low - dose aspirin 
(100   mg daily) or placebo for a median of 2.5 years.  40   
Patients receiving both aspirin and warfarin experienced 
less major systemic embolism or death from vascular 
causes (1.9% v 8.5% per year, relative risk reduction (RRR) 
77%,  P     <    0.001) and less all - cause death (2.8% v 7.4%, RRR 
63%,  P    =   0.01). There were more bleeding events in the dual 
therapy group (35% v 22%, relative risk increase (RRI) 55%, 
 P    =   0.02) but major bleeding was not signifi cantly increased 
(12.9% v 10.3%, RRI 27%,  P    =   0.43) (Level A). 

 Meschengieser and colleagues randomized 503 patients 
with a mechanical heart valve to receive low - dose aspirin 
(100   mg per day) plus low - intensity warfarin (target INR 
2.5 – 3.5) (n   =   258) or high - intensity warfarin alone (target 
INR 3.5 – 4.5) (n   =   245) using an open - label design.  41   Types 
of valves included single leafl et tilting disk (65%), Starr –
 Edwards caged ball (26%) and St Jude bileafl et (5%) with 
the remaining types unknown. During a median follow - up 
of 23 months, median INRs for both groups were within 
the respective target INR ranges. Rates of thromboembo-
lism were similar: 2.7% in the combined aspirin and war-
farin group and 2.8% in the high - intensity warfarin group 
( P    =   0.7). There was an excess of major bleeding in patients 
receiving combined anticoagulant and antiplatelet therapy 
(4.5% v 2.3%,  P    =   0.11) but the difference was not statisti-
cally signifi cant (Level B). 

 Laffort and colleagues  42   randomized 229 patients with a 
mechanical St Jude bileafl et valve in the mitral position to 
receive oral anticoagulation (target INR 2.5 – 3.5) plus 
aspirin (200   mg per day) (n   =   109) or oral anticoagulation 
alone (target INR 2.5 – 3.5) (n   =   120) using an open - label 
design. Transesophageal echocardiogram was performed 
at 9 days, 5 months, and 1 year. The group receiving com-
bined therapy had signifi cantly fewer thromboembolic 
events (9% v 25%,  P    =   0.004) and fewer valvular thrombi 
seen on echocardiogram (5% v 13%,  P    =   0.03), but more 
major hemorrhage (19.2% v 8.3%,  P    =   0.02) due to an excess 
number of gastrointestinal bleeds (7% v 0%,  P    =   0.003) 
(Level B). 

 The Cochrane Collaboration published a systematic 
review and meta - analysis of 11 studies involving 2428 
patients comparing oral anticoagulation plus antiplatelet 
therapy with anticoagulation alone in patients with pros-
thetic heart valves in 2003.  43   Studies were eligible for inclu-
sion if they were randomized, followed patients for at least 
1 year, and reported thromboembolism, death and major 
bleeding. The addition of antiplatelet therapy to oral anti-
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coagulation reduced thromboembolism (3.8% v 9.0%, odds 
ratio (OR) 0.39, 95% CI 0.28 – 0.56,  P     <    0.01) and death (5.2% 
v 9.0%, OR 0.55, 95% CI 0.40 – 0.77,  P     <    0.01) but increased 
major bleeding (8.6% v 5.4%, OR 1.66, 95% CI 1.18 – 2.34, 
 P     <    0.01). A subgroup analysis suggested that the mortality 
benefi ts of adding aspirin to oral anticoagulation were also 
evident when the dose of aspirin was lowered to 100   mg 
daily but that bleeding was not increased with low - dose 
aspirin  42,43   (Level A).   

  Recommendations 
 For all patients with a mechanical heart valve we recom-
mend oral anticoagulation with a VKA (Class I, Level C1). 
Oral VKAs should be started immediately after surgery 
and continued lifelong (Class I, Level C2). It is reasonable 
to “bridge” patients with UFH or LMWH in the immediate 
postoperative period until INR level reaches the target 
therapeutic range (Class IIa, Level C1). For patients with 
a mechanical valve in the aortic position we recommend a 
target INR of 2.5 (range 2.0 – 3.0) (Class I, Level A). For 
patients with a caged - ball or single leafl et/tilting disk 
valve in the aortic position it is reasonable to target an INR 
of 3.0 (range 2.5 – 3.5) instead of 2.5 (range 2.0 – 3.0) (Class 
IIa, Level C1). For patients with a mechanical valve in 
the mitral position we recommend a target INR of 3.0 
(range 2.5 – 3.5) (Class I, Level B). We recommend that all 
patients with a mechanical heart valve receive low - dose 
aspirin ( ≤ 100   mg daily) in combination with a VKA (Class 
I, Level A).   

  Bioprosthetic  v alves 

  Acute 
 Possible approaches to immediate antithrombotic therapy 
after bioprosthetic heart valve replacement include aspirin, 
oral VKA with or without initial  “ bridging ”  UFH or LMWH 
therapy, or aspirin in combination with oral VKA. 

  Oral  VKA      There are no randomized studies comparing 
immediate oral VKA with placebo in patients who have 
received a bioprosthetic valve. 

 Blair  et al  performed a retrospective study comparing 
patients with Carpentier – Edwards Perimount aortic or 
mitral valve replacements who received either warfarin 
starting on day 3 or 4 after surgery (n   =   103), aspirin alone 
started on day 1 after surgery (n   =   509) or no antithrom-
botic therapy (n   =   136).  44   During a mean follow - up of 7 
years the rates of thromboembolism were not signifi cantly 
different between the warfarin, aspirin, and no therapy 
groups but rates of bleeding were signifi cantly greater with 
warfarin (16.7% per patient - year) compared with aspirin or 
no antithrombotic therapy (3.4% and 3.1% per patient - year 
respectively)( P    =   0.03). The data on VKA therapy in this 
study are diffi cult to interpret because laboratory measure-

ment of the intensity of anticoagulation was not standard-
ized (Level C2). 

 Moinuddeen and colleagues retrospectively studied a 
cohort of bioprosthetic AVR patients who received imme-
diate postoperative with warfarin (in combination with 
UFH) (n   =   109) or no anticoagulant therapy (n   =   76).  45   War-
farin was continued for 3 months. There was no signifi cant 
difference in death, embolism or bleeding between the two 
groups (Level C2).  

  Optimal  i ntensity of  VKA      Turpie and colleagues have per-
formed the only randomized controlled trial comparing 
different intensities of VKA therapy for patients with bio-
prosthetic heart valves.  46   Two hundred and ten patients 
with bioprosthetic valves were randomized to receive war-
farin at a target INR range of 2.5 – 4.0 (n   =   108) or 2.0 – 2.25 
(n   =   102) using an open - label design. Patients started war-
farin after surgery as soon as they were able to tolerate oral 
medications. The rates of major and minor embolism 
during 3 months of follow - up were similar in both groups 
(1.9% v 2.0% for major embolism and 10.2% v 10.8% for 
minor embolism,  P  - value not reported). There were signifi -
cantly more bleeds in patients treated with high -  compared 
with low - intensity VKA therapy (13.9% v 5.9%,  P    =   0.04). 
Different laboratory methods were used to monitor the 
intensity of VKA therapy in the two groups and it is unclear 
whether this impacted the results (Level B).  

  Oral  VKA  s   v ersus  a ntiplatelet  t herapy     Whether patients 
with bioprosthetic valves should receive initial oral antico-
agulation with a VKA or antiplatelet therapy is controver-
sial.  47 – 48     49   One randomized trial has compared antiplatelet 
therapy with VKA for the initial antithrombotic manage-
ment of patients with bioprosthetic heart valves. Aramendi 
 et al   50   randomized 191 patients to either antiplatelet therapy 
with trifl usal 600   mg/d (an antiplatelet agent similar to 
aspirin that irreversibly inhibits cyclo - oxygenase) or aceno-
coumarol (target INR range 2.0 – 3.0) using an open - label 
design. The study included patients with aortic (93.8%) and 
mitral (5.2%) bioprosthetic valves. Study treatments were 
started within 48 hours of surgery and were continued for 
3 months with follow - up to 180 days. The primary outcome 
was the composite of thromboembolism, hemorrhage, and 
valve - related death. There was no signifi cant difference 
between the treatment groups in the rates of the primary 
effi cacy outcome (hazard ratio (HR) 1.07,  P    =   0.57) or treat-
ment - related bleeding (three versus six events,  P    =   0.33) 
(Level B). 

 Three prospective observational studies have compared 
antiplatelet therapy with VKA in patients undergoing bio-
prosthetic valve replacement. Most patients included in 
these studies received a bioprosthetic valve in the aortic 
position and the results may not be generalizable to patients 
with a bioprosthetic valve in the mitral position. 
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 Aramendi  et al   51   treated 162 patients with bioprosthetic 
valves (34% AVR, 33% MVR), annuloplasty rings (28%), or 
homografts (3%) with ticlopidine (250   mg twice daily) 
(n   =   122) or warfarin (target INR 2.0 – 3.0) (n   =   40) for 3 
months after surgery. After a mean follow - up of 3.2 years, 
the incidence of thromboembolism was 0.5% per patient -
 year in the ticlopidine group and 3% per patient - year in the 
warfarin group ( P     <    0.01). There was no difference in the 
incidence of bleeding or overall survival at 5 years. This 
study had signifi cant limitations and methodologic weak-
nesses. Patients in the warfarin group had a signifi cantly 
higher prevalence of preoperative atrial fi brillation (50% v 
30%), and 15 patients originally started on ticlopidine 
therapy were excluded from the study due to intolerance 
of the drug (Level C2). 

 Gherli  et al   52   treated 249 patients undergoing biopros-
thetic aortic valve replacement with or without coronary 
artery bypass grafting (CABG) with aspirin 100   mg daily 
started on day 2 after surgery (n   =   141) or with LMWH 
started day 1 after surgery and with oral anticoagulation 
started on day 2 (n   =   108). There were no differences in the 
rates of death, stroke or major bleeding between the two 
groups (Level C2). 

 Di Marco  et al   53   treated 200 patients receiving aortic bio-
prosthetic valves with aspirin (100   mg daily) (n   =   100) or 
warfarin (target INR 2.0 – 3.0) (n   =   100). An additional 50 
patients were randomized to one of the two treatment 
groups. There was no difference in death, thromboembo-
lism or bleeding between the two treatment groups (Level 
C2). 

 The results of the above studies are consistent with the 
fi ndings of multiple small retrospective observational 
studies and case series suggesting either no benefi t of post-
operative oral anticoagulation over antiplatelet therapy 
after bioprosthetic aortic valve replacement  54 – 55,56   or that 
antiplatelet therapy is adequate  22,57   (Level C2).  

  Oral  VKA   t herapy   +    UFH  or  LMWH      There are no studies 
comparing oral VKA therapy in combination with UFH or 
LMWH and VKA therapy alone in the immediate postop-
erative period after bioprosthetic valve replacement 
surgery.   

  Long -  t erm 
  Oral  VKA   t herapy     There are no studies comparing short -
 term with lifelong VKA therapy for patients with biopros-
thetic valves. However, observational studies suggest that 
the risk of thrombosis is low after 3 months  22 – 28   and its is 
likely therefore that the risk of bleeding associated with 
continued VKA therapy will outweigh any benefi t (Level 
C2).  

  Antiplatelet  t herapy     There are no randomized studies com-
paring long - term antiplatelet versus no antithrombotic 

therapy after the initial 3 - month period following surgery. 
The only observational study addressing this question was 
performed by David  et al   20   who followed 215 patients with 
a porcine aortic valve replacement treated with warfarin 
for the fi rst 3 months. After 3 months, patients either 
received aspirin at a dose of either 325   mg or 650   mg daily 
(n   =   80) or no antithrombotic therapy at all (n   =   135) based 
on the preference of the attending cardiologist. Patients 
were followed for a mean of 36 months. Multivariate analy-
sis found that not being on aspirin therapy was signifi -
cantly associated with an increased risk of thromboembolism 
( P     <    0.01). The incidence of transient ischemic attacks and 
strokes was lower in the aspirin group compared to the 
control group (1.3% v 5.2% per patient - year,  P     <    0.02). 
Bleeding rates were not reported (Level C2).   

  Recommendations 
 For all patients with a bioprosthetic heart valve we recom-
mend antithrombotic therapy for the fi rst 3 months after 
surgery (Class I, Level C2). For patients with a biopros-
thetic valve in the aortic position it is reasonable to treat 
with low - dose aspirin ( ≤ 100   mg daily) instead of VKA 
therapy for the fi rst 3 months (Class IIb, Level C2). For 
patients with a bioprosthetic mitral valve replacement we 
recommend VKA therapy over aspirin (Class IIa, Level 
C2). For patients in whom a decision has been made to treat 
with oral anticoagulants who have a bioprosthetic valve in 
the aortic position we recommend a target INR of 2.5 
(range 2.0 – 3.0) and for patients who have a bioprosthetic 
valve in the mitral position we recommend a target INR of 
3.0 (range 2.5 – 3.5) (Class IIa, Level C2). It is reasonable to 
bridge patients with UFH or LMWH in the immediate 
postoperative period until INR level reaches the target 
therapeutic range (Class IIb, Level C2). We recommend 
against continuing oral VKA therapy after the fi rst 3 
months unless patients have another indication for antico-
agulation (e.g. atrial fi brillation) (Class III, Level C1). It is 
reasonable for patients with bioprosthetic valves to con-
tinue life - long aspirin ( ≤ 100   mg daily) after the fi rst 3 
months (Class IIb, Level C2).    

  Conclusion 

 Prosthetic heart valves have been in use for almost 50 years 
and have transformed the management of patients with 
advanced valvular heart disease. Mechanical and biopros-
thetic valves differ in their durability and thrombogenicity: 
mechanical valves are more durable than bioprosthetic 
valves but are associated with a higher risk of thromboem-
bolism. Caged - ball valves are more thrombogenic than 
other types of mechanical valves, valves in the mitral posi-
tion are associated with higher risk of thromboembolism 
than valves in the aortic position and the risk of thrombo-
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embolism is highest during the fi rst 3 months after pros-
thetic valve replacement surgery.  
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   Management of  a cute  i schemic  s troke    
(CI) 2.09 – 2.45) which was higher than event rates in the 
coronary and peripheral vascular beds  5   (Table  61.1 ). Event 
rates rose steeply with age with 80% of strokes occurring 
in the 14% of the study population aged 65 and older. 
Long - term trends in stroke incidence have been reported 
over a 20 - year period in Oxfordshire. The age - specifi c 
incidence of stroke has fallen by 40% largely due to 
increased use of preventive medications and risk factor 
modifi cations.  8      

  Nomenclature,  d efi nitions 

 Stroke is divided broadly into either ischemic or hemor-
rhagic types with ischemic strokes accounting for the 
majority of stroke ( > 80%).  9   The treatment of these stroke 
subtypes is dramatically different and as a result, one of 
the fi rst steps in managing stroke patients is to evaluate 
them for the presence of hemorrhage. Clinical features of 
hemorrhagic and ischemic stroke overlap and as a result, 
the distinction is often made with hyperacute computed 
tomography (CT) imaging. Specialized magnetic resonance 
imaging (MRI) sequences are more sensitive than CT to 
acute and chronic hemorrhage and better at detecting early 
ischemia and are becoming more commonly used for the 
early diagnosis of stroke.  10   

 Ischemic strokes can be further classifi ed based on clini-
cal fi ndings and the results of investigations into subtypes. 
The value of identifying stroke subtype is that identifying 
the most likely mechanism of vessel occlusion helps guide 
early treatment and subsequent investigations. The Trial of 
Org 10172 in Acute Stroke Treatment (TOAST) criteria is 
one of the most widely employed classifi cation systems for 
ischemic stroke.  11   Ischemic stroke, based on the presumed 
pathophysiologic mechanism of occlusion, is subdivided 
into small vessel occlusion ( “ lacunes ” ), large artery athero-
sclerosis (embolus or thrombosis) and cardioembolic. The 
TOAST criteria also recognize that a proportion of ischemic 
stroke will remain cryptogenic in etiology or will result 
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  Introduction 

  Epidemiology 

 Worldwide, stroke is the second most common cause of 
death after coronary heart disease (CHD)  1   and accounts for 
4.38 million deaths annually, with almost three million of 
those in developing countries. Most strokes are not fatal  2   
and consequently mortality data underestimate the true 
global burden of stroke which is chronic disability.  3   Stroke 
is the sixth most common cause of disability - adjusted life 
years (DALYs).  4   More than 80% of strokes occur in the 14% 
of the population aged 65 and older  5   and 20 – 25% of indi-
viduals will have a stroke if they live until 85 years.  6   Con-
sequently the incidence of stroke and socioeconomic 
burden is expected to increase globally and particularly in 
Western countries, where there is expected to be a shift in 
the age distribution of the population towards older ages. 
By 2030 stroke is projected to be the fourth most common 
cause of reduced DALYs.  7   

 Estimates of the incidence of stroke come from a number 
of population - based epidemiologic studies. One of the 
largest studies to examine the incidence of vascular disease 
including stroke is the Oxford Vascular Study (OXVASC) 
in which  > 91   000 individuals were followed over a three -
 year period in Oxfordshire, United Kingdom (UK). The 
rate per 1000 population per year of fi rst - ever incident 
cerebrovascular events was 2.27 (95% confi dence interval 
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stroke treatments with Level A evidence are summarized 
in Table  61.2 .     

  Acute  s troke  m anagement 

  Prehospital  m anagement 

 The treatment of acute ischemic stroke (AIS) is exquisitely 
time sensitive and the speed and accuracy of evaluating 
and managing patients are important in optimizing patient 
outcomes. Based on data extrapolated from experimental 
studies of ischemic stroke, with each minute that passes 
there is a loss of 1.9 million neurons.   15   Accordingly, timely 
reperfusion of ischemic brain is the primary goal of most 
acute stroke therapies. 

 The narrow time window for the delivery of reperfusion 
therapies such as intravenous (IV) recombinant tissue plas-
minogen activator (tPA) necessitates the development of 
stroke - specifi c prehospital algorithms to ensure the timely 

 Table 61.1     Incidence of fi rst and recurrent stroke compared to ischemic heart disease and peripheral vascular disease in  O xford  V ascular  S tudy 
population  5   

             Total number  *       Rate  †   (95% CI)  

  Cerebrovascular events    Ischemic stroke    550    2.01 (1.85 – 2.19)  

  Intracerebral hemorrhage    41    0.15 (0.11 – 0.20)  

  Subarachnoid hemorrhage    27    0.10 (0.07 – 0.14)  

  Transient ischemic attack    300    1.10 (0.98 – 1.23)  

  All events    918    3.36 (3.14 – 3.58)  

  Coronary vascular events    Sudden cardiac death    163    0.60 (0.51 – 0.7)  

  STEMI    159    0.58 (0.49 – 0.68)  

  NSTEMI    316    1.16 (1.03 – 1.29)  

  Unstable angina    218    0.80 (0.70 – 0.91)  

  All coronary events    856    3.13 (2.93 – 3.35)  

  Peripheral vascular events    All events    188    0.69 (0.59 – 0.79)  

   STEMI, ST segment elevation acute myocardial infarction; NSTEMI, non - ST segment elevation acute myocardial infarction.  

   *    Number of events during 3 years.  

   †    Number of events per 1000 population per year.   

 Reproduced from Donnan and colleagues  95   with permission. 

from some combination of mechanisms or other causes 
such as dissection or a vasculitis. 

 There are two subtypes of hemorrhagic stroke: intrace-
rebral hemorrhage (ICH) and subarachnoid hemorrhage 
(SAH). Primary ICH is more common (about 8% of total 
strokes) and is most often caused by hypertensive small 
vessel disease which causes the rupture of small lipohyali-
notic aneurysms.  12   SAH accounts for about 5% of strokes 
and is usually caused by the rupture of saccular aneurysms 
within the subarachnoid space. The acute management of 
ICH frequently involves admission to an intensive care 
unit and management of increased intracranial pressure, a 
discussion of which is beyond the scope of the current 
chapter (see American Heart Association guidelines for 
detailed review  13  ). With the exception of a recently reported 
negative Phase III trial of hemostasis with recombinant 
activated factor VII,  14   treatments for ICH have not been 
subjected to large randomized trials. There are no therapies 
for ICH with Level A evidence and in general, the evidence 
guiding therapy for ICH is less established. Acute ischemic 

 Table 61.2     Acute stroke management strategies of proven benefi t (Level A) 

   Intervention     Outcome     RRR     ARR     NNT     Reference  

  Stroke unit    Death or dependency    9% (4 – 14%)    5.6%    18    96  

  Thrombolysis with 3 hours of symptom onset (IV tPA)    Minimal or no disability at 3 months    30%    11 – 13%    7 – 9    46  

  ASA    Recurrent stroke    24%    0.5%    200    74  

  Decompressive hemicraniectomy for malignant MCA 

infarct (within 48 hours)  

  Survival with favorable outcome    68%    51%    2    91  

   RRR, relative risk reduction; ARR, absolute risk reduction; NNT, numbers needed to treated; IV tPA, intravenous tissue plasminogen activator; ASA, 

acetylsalicylic acid; MCA, middle cerebral artery.   
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transport of patients to hospitals capable of providing 
acute stroke care. The most time - effi cient means for stroke 
patients to seek medical care is by activating Emergency 
Medical Services (EMS) by calling 911 or the equivalent 
 “ immediate ”  EMS response phone service. Compared to 
patients who contact their primary physician or hospital 
directly, stroke patients who call EMS are more likely to 
arrive within the three - hour time window.  16   Currently only 
about half of patients with signs and symptoms of acute 
stroke will use EMS to fi rst access medical care.  17   The deci-
sion to call 911 either by patients or other bystanders is 
infl uenced by the knowledge that stroke is a serious and 
treatable disease.  18   There is evidence that patients trans-
ported to hospitals through the activation of emergency 
stroke pathways receive neurologic attention sooner, more 
frequently are treated with tPA, and have better outcomes  19   
(Level C1). 

 Early recognition of stroke by EMS paramedics helps 
ensure that patients are provided with appropriate initial 
stabilization and therapy, and advance notice is provided 
to the receiving emergency department. Diagnosis of stroke 
in the prehospital setting can be facilitated by the use of 
validated prehospital screening tools (Class I, Level B) 
such as the Los Angeles Prehospital Stroke Screen  20   and the 
Cincinnati Prehospital Stroke Scale.  21   Once a diagnosis of 
stroke is made, patients with acute symptoms that may 
eligible for fi brinolytic therapy can then be transported to 
the closest facility that provides emergency stroke care. In 
rural areas where long distances prevent timely transport 
of patients to specialized stroke centers, telestroke systems 
can facilitate the safe delivery of intravenous tPA adminis-
tration  22 – 24   (Class IIa, Level B).  

  Emergency  m anagement 

 The initial management of acute stroke patients most often 
occurs in the emergency department (ED) of hospitals. A 
number of conditions can mimic stroke including seizures, 
tumors, infection, hypoglycemia and other metabolic 
abnormalities. Stroke mimics are common and 13 – 31% of 
patients initially diagnosed with acute stroke in the emer-
gency room have other conditions.  25,26   Early brain imaging 
of stroke patients is required to help make decisions about 
the emergency management. A non - contrast enhanced CT 
(NCCT) scan is recommended to exclude non - vascular 
causes of neurologic symptoms and identify brain hemor-
rhage (Class I, Level A). NCCT will often show early signs 
of brain ischemia and identify arterial occlusion; however, 
the interobserver agreement for these early infarction signs 
on NCCT is general poor ( κ  statistic range 0.14 – 0.78).  27   
NCCT (performed within 14 hours of symptom onset) will 
reveal brain parenchymal abnormalities in up to 94% of 
ischemic stroke patients  28  ; however, the sensitivity 
decreases at earlier time points. In the fi rst six hours the 

sensitivity of NCCT is 66% (range, 20 – 87%) with a specifi c-
ity of 87% (range, 56 – 100%).  27   At under three hours, which 
is the time window for treatment with intravenous fi brino-
lytics, the diagnostic sensitivity of NCCT has been reported 
as low as 7% (range 3 – 14%).  10   

 The sensitivity of MRI with diffusion - weighted suscep-
tibility images (DWI) is greater than NCCT for the detec-
tion of acute stroke (83% vs 26%).  10   DWI MRI sequences 
measure the degree of free diffusion of water molecules. 
With cerebral ischemia and subsequent cytotoxic edema, 
water diffusion becomes restricted and will result in abnor-
mal DWI signal  29   that can be seen within minutes of stroke 
onset.  30   Case – control studies have suggested that the use 
of MRI with DWI may improve the safety and effi cacy 
outcomes of fi brinolytic therapy  31  ; however, at present 
there is insuffi cient evidence to recommend the routine use 
of MRI for the initial management of acute stroke (Class II, 
Level C). 

 Early infarction signs such as extent of brain parenchy-
mal hypoattenuation, hyperattenuation within the intra-
cranial artery, and swelling in the affected hemisphere 
increase the risk of poor functional outcome (overall odds 
ratio (OR) 3.11; 95% CI 2.77 – 3.49) but do predict response 
to fi brinolytic therapy.  27   Other than the identifi cation of 
intracerebral hemorrhage, no fi nding on NCCT should pre-
clude treatment of AIS patients with tPA within three 
hours of symptom onset (Class IIb, Level A).  

  General  s upportive  c are 

 There are few data from clinical trials to guide initial 
medical care of acute stroke patients. It is generally agreed 
that ventilatory assistance should be provided to patients 
with decreased level of consciousness or bulbar dysfunc-
tion compromising the airway. Supplemental oxygen 
should be provided to prevent hypoxia but in general most 
stroke patients do not need or benefi t from routine oxygen 
supplementation.  32   Furthermore, increasing brain tissue 
oxygenation with hyperbaric oxygen therapy has been the 
focus of a Cochrane review and the authors concluded that 
there was no evidence of clinical benefi t.  33   

 Fever in the setting of acute stroke has been consistently 
associated with stroke severity, infarct size and poor neu-
rologic outcomes  34,35   and should be treated with antipyret-
ics such as acetaminophen (Class I, Level C). In experimental 
studies, small elevations in ischemic brain temperature 
have a large impact on the extent of ischemic neuronal 
injury.  36   A few small trials have examined whether prophy-
lactic antipyretic use improves clinical outcomes. These 
studies have shown a small mean decrease in body tem-
perature in treated patients but without any clear benefi t 
on clinical outcomes. There is both experimental and clini-
cal evidence to suggest that more aggressive lowering of 
body temperature (induced hypothermia) can protect the 
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brain after cardiac arrest.  37   The value of induced hypother-
mia in stroke is not yet established but is the focus of 
ongoing investigations. 

 Hyperglycemia is commonly detected in acute stroke 
patients  38   and has been associated with poor outcomes and 
increased odds of symptomatic intracerebral hemorrhage 
(OR 1.75 per 100   mg/dL increase in admission glucose, 
95% CI 0.61 – 0.95), independent of fi brinolytic treatment.  39   
Hyperglycemia is thought to increase hemorrhage by pro-
voking anaerobic metabolism, lactic acidosis, and free 
radical production, resulting in membrane lipid peroxida-
tion and cell lysis in ischemic brain tissue.  40   A randomized 
clinical trial (GIST - UK) of aggressive treatment of hyper-
glycemia in acute stroke with glucose - potassium - insulin 
infusions found lower blood pressures and blood glucose 
in treated patients but no differences in stroke outcomes  41   
(Level A). In all stroke patients, monitoring of blood 
glucose is recommended and persistent extreme hypergly-
cemia should be treated with insulin (Class II, Level C). 
Hypoglycemia can result in brain injury and mimic stroke 
symptoms and should be corrected as part of the emer-
gency management of stroke patients (Class I, Level C).  

  Acute  m anagement of  b lood  p ressure 

 The goal of blood pressure (BP) management in acute 
stroke is to maximize perfusion to the ischemic penumbra 
while minimizing the risk of hemorrhagic transformation. 
Both high and low blood pressures are associated with 
poor outcomes.  42   Data from the IST trial showed that early 
death increased by 17.9% for every 10   mm   Hg of systolic 
blood pressure (SBP) below 150   mm   Hg and by 3.8% for 
every 10   mm   Hg SBP above 150   mm   Hg, suggesting a  “ U 
shaped ”  curve.  43   The optimal blood pressure in the setting 
of acute stroke remains poorly defi ned with little clinical 
trial evidence to guide decisions about blood pressure 
thresholds. Current guidelines for blood pressure manage-
ment are largely empirically derived.  44   

 BP elevation is often seen in the fi rst minutes to hours 
after the onset of focal cerebral ischemia  45   and represents a 
compensatory reaction to vascular occlusion. Targets for 
the treatment of hypertension depend on whether the 
patient is a potential candidate for fi brinolytic therapy. A 
systolic blood pressure  > 185   mm   Hg or a diastolic blood 
pressure  > 110   mm   Hg is a contraindication to intravenous 
administration of tPA, which is based on the criteria for the 
NINDS trial  46   rather than experimental data. Patients with 
blood pressures above this level should be treated prior to 
starting lytic therapy (Class I, Level B). 

 There is a theoretic basis for not being overly aggressive 
with BP lowering in the hyperacute phase of ischemic 
stroke. Cerebral autoregulation is disrupted by acute isch-
emia and subsequent tissue acidosis and in turn leads to 
maximal vasodilation.  47   As a result, with vascular occlu-

sion, overly aggressive treatment of blood pressure could 
reduce cerebral blood fl ow (CBF) through stenotic and col-
lateral vessels  48   and cause tissue in the ischemic penumbra 
to progress to infarction. As a result, AIS patients not 
receiving tPA therapy should be treated with antihyperten-
sive medications only when blood pressure exceeds 
220/120   mm   Hg.  44   This blood pressure upper limit corre-
sponds to a mean arterial pressure of around 150   mm   Hg, 
which is the normal upper limit of cerebral autoregulation 
(Class II, Level C). 

 In acute stroke, tolerating elevated blood pressures in 
order to maintain CBF ( “ permissive hypertension ” ) needs 
to be balanced with the potentially harmful effects of severe 
hypertension. Acute blood pressure elevation in stroke 
may increase the risk of ICH and worsen cerebral edema. 
However, the benefi ts of early BP reduction have yet to be 
confi rmed in large clinical trials. Only fi ve trials and a total 
of 218 patients were identifi ed in a recent systematic review 
of blood pressure alterations in acute stroke and the con-
clusion was that data were too limited to assess the effect 
of BP modulation on clinical outcomes.  49    

  Intravenous  t hrombolysis 

 Within the fi rst hours after the onset of stroke symptoms, 
most patients with persistent arterial occlusion will have 
brain tissue that is hypoperfused and functionally inac-
tive.  50   Hypoperfused brain tissue that has not been irre-
versibly damaged is termed ischemic penumbra. Penumbral 
tissue is present in almost all stroke patients at under three 
hours but after three hours the number of patients with 
salvable penumbra rapidly diminishes.  51   

 Early vessel recanalization and cerebral reperfusion is 
goal of most acute stroke therapies and it is the most effec-
tive means to salvage penumbral tissue and improve clini-
cal outcomes. A meta - analysis of pooled data from 53 
studies of acute stroke therapies that reported recanaliza-
tion rates found that good functional outcomes at three 
months were more frequent in recanalized than in non -
 recanalized patients (OR 0.24, 95% CI 0.16 – 0.35) with no 
difference in symptomatic hemorrhage  52   (Level B). 

 Currently the only approved and recommended reperfu-
sion therapy for AIS is thrombolysis with intravenous tPA 
administered within three hours of symptom onset (Class 
I, Level A). Intravenous tPA was approved for use in AIS 
by the US Food and Drug Administration in 1996 based 
partly on the National Institute of Neurologic Disease and 
Stroke (NINDS) tPA Stroke Study.  46   In the study, 624 
patients with ischemic stroke were treated with placebo or 
tPA (0.9   mg/kg IV, maximum 90   mg; 10% given as a bolus 
with the remainder given over one hour) within three 
hours of symptom onset and almost half of patients were 
treated within 90 minutes. The NINDS study was con-
ducted in two parts. The primary endpoint in part I was 
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neurologic improvement in 24 hours as indexed by an 
improvement of  ≥ 4 points on the National Institutes of 
Health Stroke Scale (NIHSS) (Table  61.3 ) or complete neu-
rologic recovery. Part II of the study used a global test 
statistic to assess clinical outcome at three months, with 
favorable outcome defi ned as a complete or nearly com-
plete neurologic recovery. The trial showed no group 
difference in percentages of patients with neurologic 
improvement at 24 hours. At three months, however, tPA 
treatment resulted in a 32% relative (12% absolute) increase 
in the proportion of patients with minimal or no disabil-
ity.  46   The major risk of treatment with tPA is symptomatic 
hemorrhage, which in the NINDS trial occurred in 6.4% of 
treated patients compared to 0.6% in the placebo group. 
Despite the increased hemorrhage risk, there was no dif-
ference in the three - month mortality between the tPA -
 treated and placebo groups (17% vs 20%, respectively). 
Recently a large prospective, open - label, observational 
study of 6438 patients from 14 countries confi rmed that 
tPA is safe, with hemorrhage rates comparable to clinical 
trials, when used within three hours of stroke onset follow-
ing protocols, even in centers with little prior experience in 
treating acute stroke patients.  53     

 In addition to the NINDS trial, there have been a number 
of other trials of intravenous fi brinolytic agents in stroke. 
These trials all had important differences from the NINDS 
trial, including the use of higher doses of tPA,  54   the ran-
domization of patients beyond three hours,  54 – 57   and treat-
ment with other fi brinolytics such as streptokinase along 
with antithrombotic drugs.  58 – 60   Streptokinase trials were 
halted prematurely due to high hemorrhage rates and its 
use is not recommended (Class III, Level A). Intention to 
treat analysis of data pooled from randomized trials of tPA 
in stroke patients treated up to six hours (NINDS, ECASS - I, 
ECASS - II and ATLANTIS) has highlighted the important 
relationship between time to initiate treatment and clinical 
outcomes.  54 – 57   Combined data from 2775 stroke patients 
treated in more than 300 hospitals in 18 countries was used 
to analyze the relationship between tPA benefi t and time 
to treatment.  61   This study showed that the odds ratio for 
favorable outcome at three months and adjusted for base-
line clinical features decreases as time to treatment increases 
(Fig.  61.1 ). The odds of a favorable outcome was greatest 
in the 0 – 90 minute interval (1.2, 95% CI 1.8 – 4.5). The benefi -
cial effect of tPA extended beyond three hours to 270 
minutes at which point the lower confi dence interval for 
the odds ratio crosses unity (see Fig.  61.1 ).   

 The recently completed ECASS - 3 trial provides new data 
on the tPA treatment in an extended time window.  61a   The 
trial randomized ischemic stroke patients (n   =   821) between 
3 and 4.5 hours after symptom onset to treatment with IV 
tPA or standard medical care. The tPA dosing regimen and 
enrollment criteria were similar to the current guidelines 
for treating stroke patients within 3 hours. More patients 

 Table 61.3     National Institutes of Health Stroke Scale ( NIHSS ) used to 
measure the severity of stroke defi cit. Total  NIHSS  score is calculated 
by adding scores on the 11 items 

   Tested 
item  

   Title     Responses and scores  

  1A    Level of 

consciousness  

  0  –  alert  

  1  –  drowsy  

  2  –  obtunded  

  3  –  coma/unresponsive  

  1B    Orientation questions 

(2)  

  0  –  answers both correctly  

  1  –  answers one correctly  

  2  –  answers neither correctly  

  1C    Response to 

commands (2)  

  0  –  performs both tasks correctly  

  1  –  performs one task correctly  

  2  –  performs neither  

  2    Gaze    0  –  normal horizontal movements  

  1  –  partial gaze palsy  

  2  –  complete gaze palsy  

  3    Visual fi elds    0  –  no visual fi eld defect  

  1  –  partial hemianopia  

  2  –  complete hemianopia  

  3  –  bilateral hemianopia  

  4    Facial movement    0  –  normal  

  1  –  minor facial weakness  

  2  –  partial facial weakness  

  3  –  complete unilateral palsy  

  5    Motor function (arm)    0  –  no drift  

  a. Left    1  –  drift before 5 seconds  

  b. Right    2  –  falls before 10 seconds  

      3  –  no effort against gravity  

      4  –  no movement  

  6    Motor function (leg)    0  –  no drift  

  a. Left    1  –  drift before 5 seconds  

  b. Right    2  –  falls before 5 seconds  

      3  –  no effort against gravity  

      4  –  no movement  

  7    Limb ataxia    0  –  no ataxia  

  1  –  ataxia in 1 limb  

  2  –  ataxia in 2 limbs  

  8    Sensory    0  –  no sensory loss  

  1  –  mild sensory loss  

  2  –  severe sensory loss  

  9    Language    0  –  normal  

  1  –  mild aphasia  

  2  –  severe aphasia  

  3  –  mute or global aphasia  

  10    Articulation    0  –  normal  

  1  –  mild dysarthria  

  2  –  severe dysarthria  

  11    Extinction or 

inattention  

  0  –  absent  

  1  –  mild (loss 1 sensory modality)  

  2  –  severe (loss 2 modalities)  
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treated with tPA had good outcomes (no or minimal dis-
ability) than with placebo (52.4% vs 45.2%; odds ratio, 1.34; 
95% CI, 1.02 to 1.76;  P    =   0.04) although the degree of benefi t 
was less than that of patient enrolled from 0 to 3 hours in 
the NINDS study. The tPA treated group had higher rates 
of symptomatic intracranial hemorrhage (2.4% vs 0.2%) but 
this did not result in any increase in mortality. ECASS - 3 
provides further evidence that although the benefi ts of tPA 
are attenuated at later time points, IV tPA therapy can be 
administered safely from 3 to 4.5 hours in select patients 
and improves clinical outcomes (Class I, Level B).  61b   

 Recent studies have examined whether specialized 
stroke MRI sequences that include DWI and images of 
brain perfusion can identify ischemic stroke patients with 
penumbral tissue who may benefi t from perfusion with IV 
tPA beyond three hours.  62,63   These studies show that 
patients with large regions of hypoperfusion and relatively 
small areas of tissue infarction (i.e. large amounts of pen-
umbral tissue) may safely be given tPA beyond three 
hours. The subset of patients with large amounts of pen-
umbral tissue and early reperfusion shows the greatest 
improvement in clinical outcomes.  63   The value of MRI 
selection of stroke patients for IV tPA therapy beyond three 
hours has yet to be replicated in larger Phase III trials. 

 Other reperfusion therapies that are currently being 
evaluated in clinical trials include alternative fi brinolytic 
agents such as reteplase, desmoteplase, and tenecteplase, 
and augmenting IV tPA with transcranial Doppler.  64   At 
present, there are insuffi cient data to support the use of any 
of these reperfusion approaches (Class III, Level C).  

  Intra -  a rterial  t hrombolysis 

 Endovascular methods of achieving vessel recanalization 
in AIS include mechanical and pharmacologic approaches.  65   
Intra - arterial (IA) delivery of fi brinolytic agents offers the 
potential advantage of more rapid removal of thrombus 

compared to intravenous approaches as agents are infused 
at high concentration in close proximity to sites of occlu-
sion with a microcatheter system. IA therapies, at least in 
theory, may expand the time window for reperfusion 
therapy by reducing or eliminating systemic exposure to 
fi brinolytic agents. 

 The only randomized trial to assess the effi cacy and 
safety of IA fi brinolytic therapy was the Prolyse in Acute 
Cerebral Thromboembolism Trial (PROACT - II).  66   In PRO-
ACT - II, 180 patients with acute stroke of less than six hours 
and angiographically confi rmed occlusion of the middle 
cerebral artery (MCA) were randomized to receive IA 
recombinant prourokinase (r - proUK) plus heparin or 
heparin alone. The primary outcome was the proportion of 
patients with mild or no neurologic disability at 90 days. 
Based on an intention to treat analysis, 40% of r - proUK 
treated patients had good outcomes, which was signifi -
cantly better than the 25% of control patients. Rates of 
partial or full recanalization were also markedly higher in 
the r - proUK group than controls (66% versus 18%). Mortal-
ity rates were around 25% for both groups. Symptomatic 
hemorrhage rates were, however, higher in the r - proUK 
patients compared to controls (10% vs 2% respectively). 

 The only other randomized data of IA fi brinolytics come 
from the recently published MELT trial.  67   In this study, 
conducted in Japan prior to the availability of IV tPA, isch-
emic stroke patients presenting within six hours were ran-
domized to IA UK or placebo. The trial was halted 
prematurely largely over ethical concerns about the ran-
domization once IV tPA was approved for use in Japan. 
The incomplete MELT dataset, however, when pooled with 
other trials of r - proUK, further supports a benefi t of IA 
fi brinolytics in AIS.  68   

 In addition to pharmacologic approaches to recanaliza-
tion, there have been a number of endovascular approaches 
to treat intracranial or extracranial occlusions that do not 
involve the delivery of fi brinolytics (see Molina and Saver  65   
for review). At present, the only devices approved by the 
FDA for the revascularization of patients with AIS are the 
Merci Retriever device (Concentric Medical) and the Pen-
umbra System (Penumbra Inc.) aspiration catheter. While 
these devices can achieve high rates of vessel recanalization 
when used in AIS,  69,70   they lack any evidence of improved 
clinical outcomes from randomized controlled trials. 

 The treatment of acute stroke with endovascular thera-
pies suffers a number of important limitations that prevent 
their widespread adoption. Endovascular procedures 
require substantially more infrastructure support, there are 
insuffi cient numbers of neurointerventionalists, treatment 
is limited to more proximal vessel occlusions, and time to 
initiate therapy is longer than IV fi brinolysis. Current 
guidelines recognize the value of IA fi brinolysis as a treat-
ment option for patients with major anterior circulation 
stroke within six hours of symptom onset and up to 24 

     Figure 61.1     Model estimating odds ratio for favorable outcome at 
3 months in rt - PA treated patients compared with controls by OTT. 
Adjusted for age, baseline glucose concentration, baseline NIHSS 
measurement, baseline diastolic blood pressure, previous hypertension, 
and interaction between age and baseline NIHSS measurement.  (From 
Hack  et al .   61   with permission) .  
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hours for vertebrobasilar occlusion (Class I, Level B). IA 
therapies should not take precedence over the administra-
tion of IV tPA to eligible patients.  

  Anticoagulants 

 There is no evidence that urgent anticoagulation with 
either unfractionated or low molecular weight heparin 
(LMWH) reduces the rate of recurrent stroke, improves 
neurologic outcomes or can be used either along with or in 
place of IV tPA (Class III, Level A). The largest study of 
anticoagulation in AIS was the International Stroke Trial 
(IST).  71   This was a randomized, open - label trial, which 
compared the safety and effi cacy of acetylsalicylic acid 
(ASA) and subcutaneous heparin (5000 or 12   500   IU) in 
19   435 patients. Neither heparin regimen offered any clini-
cal advantage over ASA. The higher dose of heparin was 
associated with an excess of morbidity and mortality.  Post 
hoc  analysis of the IST data examined stroke patients with 
atrial fi brillation and presumed cardiac embolism. Even in 
this subgroup of patients, the absolute risk of recurrent 
stroke in the fi rst 14 days was relatively low (3.9%) and 
there was no net benefi t to use of heparin.  72   Other trials 
have similarly found no benefi t of emergency anticoagula-
tion for AIS behond prevention of deep vein thrombosis 
and pulmonary embolism.  73    

  Antiplatelet  a gents 

 ASA has been evaluated for the treatment of AIS in two 
large randomized controlled trials (CAST and IST) and one 
smaller trial (MAST).  58,71,74   In the CAST trial (n   =   21   106), 
patients with acute ischemic stroke were randomized 
within 48 hours to ASA or placebo. There was a small but 
signifi cant reduction in mortality amongst ASA - allocated 
patients (relative risk reduction (RRR) 14%, absolute risk 
reduction (ARR) 0.6%) and patients treated with ASA had 
signifi cantly fewer recurrent strokes than patients in the 
placebo arm (1.6% vs 2.1%, respectively). ASA was associ-
ated with slightly more (0.2%) recurrent hemorrhagic 
strokes but this did not affect overall mortality, as ASA 
patients were less likely to be dead or dependent at dis-
charge (11.4 fewer per 1000). 

 Meta - analysis of nine trials (n   =   41   399) confi rmed that 
acute ASA treatment was associated with a signifi cant 
decrease in death or dependency at the end of follow - up (OR 
0.94; 95% CI 0.91 – 0.98) and increased odds of making a com-
plete recovery from the stroke (OR 1.06; 95% CI 1.01 – 1.11).  75   
For every 1000 ischemic stroke patients treated with ASA 
within 48 hours, there were 13 more patients alive and inde-
pendent at follow - up and 10 additional patients made a 
complete recovery. In addition, per 1000 ASA treated patients 
there was reduction of seven recurrent ischemic strokes and 
one pulmonary embolus but at a cost of two excess symp-
tomatic intracranial hemorrhages. Based on these data, ASA 

is recommended for all ischemic stroke patients within 48 
hours of stroke onset provided there are no strong contrain-
dications, and hemorrhagic stroke has been excluded (Class 
I, Level A). In patients treated with fi brinolytic therapy, ASA 
should not be given in the fi rst 24 hours.  

  Neuroprotection 

 The development of neuroprotective therapies that attenu-
ate the cascade of pathophysiologic events that occur with 
ischemia in acute stroke has been disappointing. A large 
number of neuroprotective agents have been developed 
based on animal models of focal ischemia but all have 
failed in translation to clinical practice.  76   Most recently, the 
results of a large trial using NXY - 059 was reported. The 
initial NXY - 059 trial suggested the drug was safe and effec-
tive in improving stroke outcomes  77   but a subsequent 
Phase III trial found no evidence of effi cacy.  78   The failure 
to develop neuroprotective agents using current para-
digms has led researchers to explore different strategies 
such as prehospital delivery of neuroprotective drugs.  79   
Currently, no neuroprotective therapy is recommended for 
treating stroke (Class III, Level A).   

  Preventing  e arly  c omplications 

  Stroke  c are  u nits 

 The intervention that has the greatest potential to improve 
outcomes of stroke patients is the establishment of special-
ized stroke care units (SCU). A recent Cochrane analysis 
pooled data from 31 trials and a total of 6936 patients 
examining the benefi ts of routine management of stroke 
patients in SCUs.  80   Stroke patients who received organized 
care in a SCU had signifi cantly lower odds of being dead 
or dependent at follow - up (OR 0.82; 95% CI 0.73 – 0.92; 
 P    =   0.001) than patients receiving care on general medical 
wards. Subgroup analyses showed that stroke patients 
benefi t regardless of sex, age or stroke severity. Based on 
data extrapolated from a community - based epidemiologic 
study, it is estimated that the establishment of SCUs has 
the potential to prevent death and disability for 50 patients 
per 1000 strokes compared to six per 1000 for tPA treatment 
and four per 1000 with ASA therapy.  81   

 The precise components of an SCU that account for the 
benefi t in functional outcomes are not well delineated. It is 
established that SCUs that occupy a separate physical 
space are associated with better outcomes than care pro-
vided by mobile stroke teams in general wards.  82   Likely 
interventions that are important for improved outcomes 
include early mobilization, better blood pressure control, 
and prevention of complications such as deep venous 
thrombosis through closer adherence to current evidence -
 based guidelines. All stroke patients should be admitted to 
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SCUs (Class I, Level A). Stroke units ideally should be 
geographically distinct, with well - defi ned protocols that 
address common problems such as early mobilization, 
screening for dysphagia, treatment of infections with anti-
biotics, and subcutaneous administration of anticoagulants 
for deep vein thrombosis (DVT) prophylaxis.  

  Venous  t hromboembolism 

 Venous thromboembolism is an important cause of mor-
bidity in stroke patients. The risk of venous thromboembo-
lism in patients with AIS approaches that of surgical 
patients and without thromboprophylaxis, about 20% of 
patients will develop pulmonary embolus (PE) and 1 – 2% 
of stroke patients will have a fatal PE. Unfractionated 
heparin is associated with an 81% reduction in deep vein 
thrombosis and 58% reduction in PE with a small increased 
risk of hemorrhagic transformation of the infarct.  83   The 
recently completed PREVAIL trial showed that thrombo-
prophylaxis with LMWH may further reduce the risk of 
venous thromboembolism by 43% compared to unfraction-
ated heparin; however, most (95%) of the DVT detected in 
the trial were asymptomatic.  84   Current guidelines recom-
mend thromboprophylaxis for all ischemic stroke patients 
with anticoagulants (Class I, Level A) although there is 
still controversy about whether LMWH or unfractionated 
heparin is superior.  

  Acute  n eurologic  c omplications 

 Many patients with ischemic stroke will worsen during the 
fi rst 24 – 48 hours after stroke onset. The main neurologic 
causes of early worsening are the development of intrace-
rebral hemorrhage and space - occupying cerebral edema 
and, less commonly, seizures. The risk of hemorrhagic 
transformation of ischemic stroke is increased with fi brino-
lytic drugs, anticoagulation or antiplatelet agents. Hemor-
rhage after ischemic stroke can be petechial, which is often 
asymptomatic, or result in hematoma formation that 
increases intracranial pressure and results in neurologic 
decline. There are currently no proven therapies for the 
treatment of hemorrhagic transformation. Seizures occur in 
about 3% of stroke patients within the fi rst 24 hours.  85   Pro-
phylactic anticonvulsant therapy is not recommended 
(Class III, Level C). 

 About 10% of patients with supratentorial infarction will 
develop life - threatening, space - occupying brain edema 
( “ malignant infarction ” ) usually on the second to fi fth day 
after stroke.  86   The prognosis of patients with malignant 
MCA territory infarctions is poor, with mortality rates 
of around 80%  87   and no effective medical therapy. There 
is evidence from three European randomized trials 
(DECIMAL, DESTINY and HAMLET) that suggests that 
decompressive surgery improves functional outcomes in 
patients with malignant MCA infarction  88 – 90   (Level A). 

Pooled data from these three trials (n   =   93) showed that 
patients in the decompressive surgery group (treated 
within 48 hours, mean age 45) were more likely than con-
trols to survive their stroke, free of severe disability (75% 
vs 24%; pooled ARR 51%; 95% CI 34 – 69).  91   Surgery in these 
trials was performed within 48 hours of stroke onset and 
the NNT   =   4 for survival with a moderate defi cit or better. 
These results highlight that decompressive hemicraniec-
tomy increases survival at a cost of more survivors with at 
least moderate defi cits. The timing of surgery and the clini-
cal characteristics of patients ’  most likely to benefi t are still 
not well established. Decompressive hemicraniectomy is 
usually reserved for younger patients and after discussion 
about the potential outcomes, including survival with 
moderate to severe disability (Class II, Level B). 

 The only other clear indication for surgery in acute stroke 
is for space - occupying cerebellar infarction (Class I, Level 
B). In about 11 – 25% of cerebellar stroke the edema becomes 
space occupying within the posterior fossa, and brainstem 
compression and acute obstructive hydrocephalus result.  92   
The indications for surgical intervention in cerebellar 
strokes are a decreased level of consciousness and/or clini-
cal signs of brainstem compression. The management 
involves the insertion of an external ventricular drain 
(EVD) and/or suboccipital decompressive craniectomy; 
however, the optimal procedure is controversial.  93   While 
the effi cacy is not supported by clinical trials, case series 
have established decompressive surgical evacuation of 
space - occupying cerebellar infarction as a potentially life -
 saving procedure.  94     

  Conclusion 

 Over the past decade, there have been signifi cant advances 
in our knowledge of the epidemiology, pathophysiology, 
and treatment of acute stroke. Management of acute stroke 
has emerged from a long period of therapeutic nihilism, 
largely the result of the recognition that, with emergent 
evaluation and treatment, ischemic brain can be salvaged 
and patient outcomes improved. 

 Perhaps the most signifi cant advance in acute stroke 
management is the development of specialized stroke 
units. From a population health perspective, stroke care 
units have the potential to be widely implemented and 
benefi ts can extend to almost all stroke patients. Stroke 
units provide an opportunity to implement evidence - based 
treatment pathways focused on salvaging penumbral 
tissue, preventing post - stroke complications, initiating sec-
ondary prevention regimens, and promoting recovery 
through early rehabilitation. Compared to stroke units, no 
other acute stroke treatment strategy has the potential to 
have such a large impact on saving lives and reducing 
long - term dependency. 
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 Almost all patients with AIS can benefi t from the early 
administration of ASA. ASA is the only medical therapy 
proven to improve stroke outcomes, prevent recurrent 
stroke, and reduce stroke mortality. In comparison, the 
narrow time window for administration of IV tPA limits 
the potential benefi t to only a small percentage of stroke 
patients. IV tPA remains, however, the only approved 
reperfusion therapy and when administered within three 
hours of symptom onset, results in a more than 30% 
increase in the number of patients returning to their pre-
morbid level of functioning. 

 Novel neuroimaging methods and new strategies to 
open occluded vessels offer the potential to extend the 
therapeutic window for reperfusion of penumbral tissue 
although at present there is a paucity of evidence to support 
the expanded use of these treatment approaches. The chal-
lenge of the next decades will be to expand the availability 
of those acute stroke therapies with well - established evi-
dence of effi cacy to help offset the predicted rise in stroke -
 related morbidity and mortality expected over the next 
decades.  

  Secondary  p revention of  s troke 

   

  Diagnosis of  s troke and  t ransient 
 i schemic  a ttack 

 Stroke is a clinical diagnosis, as outlined in a standard defi -
nition, of  “ rapidly developing clinical signs of focal (or 
global) disturbance of cerebral function with symptoms 
lasting 24 hours or longer (or leading to death), with no 
apparent cause other than vascular origin ” .  108   The term TIA 
refers to acute stroke symptoms (and signs) of the brain or 
eye that resolve within 24 hours.  109   However, the advent of 
modern neuroimaging and use of thrombolysis for acute 
ischemic stroke has called into question the usefulness of 
the defi nition of TIA with a 24 - hour time window for clini-
cal decision making in the fi rst few hours after the onset of 
symptoms.  110   Even so, TIA remains a useful concept, both 
clinically and epidemiologically, as it does not rely on brain 
imaging and is a well - accepted diagnosis all over the world. 

 Pathologically, stroke generally occurs as a result of 
either ischemia or hemorrhage. Ischemic stroke, which 
accounts for about 80% of strokes in  “ white ”  populations, 
may occur via various mechanisms that include cardio -
 embolism (20 – 25% in Western population, e.g. secondary 
to atrial fi brillation (AF), valvular heart disease or patent 
foramen ovale), large - vessel atherosclerosis (approximately 
50%, e.g.  in situ  occlusion of intracerebral arteries, or artery -
 to - artery embolism from carotid atheroma or aortic 
plaques), small vessel disease (10 – 20%; lacunar stroke) and, 
more rarely, secondary to arterial dissection, hematologic 
or other disorders. In black African - Americans, Hispanics 
and Asians, the proportion of lacunar ischemic strokes is 
increased and the proportion of cardioembolic strokes is 
decreased. In addition, the distribution of atheroma also 
differs between ethnic groups: Caucasians tend to have the 
disease around the extracranial carotid vessels, whereas 
intracranial large vessel disease is more common in Asian 
populations.  111 – 114   However, it is often diffi cult to assign an 
exact single etiologic mechanism in a case of ischemic 
stroke because of non - specifi c or overlapping risk factors, 
clinical features and underlying pathology. Hemorrhagic 
stroke includes primary intracerebral hemorrhage occur-
ring in 10 – 15% of non - Asian and 20 – 40% of Asian cases 
(due mainly to spontaneous rupture of an intracerebral 
vessel)  114   and subarachnoid hemorrhage in 5 – 8% (due 
mainly to rupture of an intracranial aneurysm),  115   which 
are both associated with a worse prognosis than ischemic 
stroke.  

  Blood  p ressure -  l owering  t herapy 

 Elevated blood pressure (BP) is the single most important 
reversible risk factor for both fi rst - ever and recurrent (sec-
ondary) stroke,  116 – 119   with near continuous associations 

 Craig   Anderson 

  Introduction 

 With an estimated 20 million events occurring in the world 
each year, stroke is ranked as the sixth leading cause of 
global disease burden.  97   Although declines in stroke inci-
dence are emerging,  98 – 100   aging and adverse lifestyle 
changes in populations will further intensify the impact of 
stroke and re - emphasize the importance of prevention and 
management strategies.  101   Patients who experience a stroke 
or transient ischemic attack (TIA) are at substantial risk of 
a further serious vascular event (recurrent stroke, myocar-
dial infarction or death from vascular cause). The risks of 
recurrent stroke are about 10% in the fi rst week, 14% at one 
month, and 20% by three months after onset.  102,103   Thereaf-
ter, the annual risks of recurrent stroke and myocardial 
infarction are around 5% and 2 – 3%, respectively.  104   Given 
that 30 – 40% of patients with ischemic stroke have had a 
preceding TIA or minor stroke,  105   and accumulating evi-
dence indicates benefi ts from early assessment and man-
agement,  106,107   TIAs serve as an important opportunity to 
intervene to prevent stroke. 

 This section reviews current evidence - based medical and 
surgical strategies used in reducing the risk of recurrent 
stroke and other vascular events after an ischemic stroke 
or TIA, or an intracerebral hemorrhage. Approaches to the 
prevention of subarachnoid hemorrhage or rarer forms of 
stroke, such as arterial dissection, are not considered.  
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between risk and usual levels of BP, without threshold. The 
association attenuates with increasing age, but remains 
strongly positive at all ages, across different ethnic popula-
tions,  118,120,121   and is greater for intracerebral hemorrhage 
than ischemic stroke.  118,121   

 Substantial evidence indicates benefi cial effects of lower-
ing BP after stroke or TIA (Class I, Level A). Randomized 
trials support the observational data in demonstrating that 
a modest (e.g. 8/4   mm   Hg) average reduction in BP is associ-
ated with a 20 – 25% reduction in the risk of serious vascular 
events.  118,119   From the trials in which there was about a 5% 
annual risk of vascular events among control group patients, 
BP - lowering treatment produces an absolute reduction of 
1%, or 10 vascular events avoided per 1000 patients treated 
per year.  119,122   Meta - analyses of all the trials of BP lowering 
among different types of patients, including those with 
stroke or TIA, indicate that the degree of BP lowering is far 
more important than the particular BP - lowering agent used 
in determining the size of the benefi t in reducing the risks 
of stroke, myocardial infarction and all other vascular out-
comes including heart failure  122   (Class I, Level A). Among 
the agents that inhibit the renin - angiotensin system, though, 
evidence is emerging that angiotension receptor blockers 
(ARBs) are better tolerated and may be modestly superior 
to angiotensin - converting enzyme (ACE) inhibitors in pre-
venting stroke  123 – 125   (Class IIa, Level A). 

  Who should be  t reated? 

 The relative benefi ts of BP - lowering treatment after stroke 
or TIA are similar irrespective of different characteristics 
of patients including the initial level of BP, age, and patho-
logic type of stroke  122   (Class I, Level A). BP - lowering 
therapy should, therefore, be commenced in almost all 
patients with a stroke or TIA, irrespective of whether or 
not they would be considered  “ hypertensive ”  according to 
standard defi nitions (Class I, Level A). However, in very 
old patients with consistently low levels of BP (i.e. below 
130 systolic), it would seem reasonable to consider with-
holding such therapy, given the risks associated with 
hypotension, including dizziness and falls, and less cer-
tainty regarding the net benefi t of treatment at such low 
levels (Class IIb, Level C).  

  How  s oon to  c ommence  t reatment after 
 a   s troke or  TIA ? 

 With a paucity of randomized data, and observational 
studies showing U -  or J - shaped associations between levels 
of BP and the risk of a poor outcome after ischemic stroke, 
there is much uncertainty about the effects of early inten-
sive BP lowering with intravenous agents in the acute 
phase of stroke,  126,127   including intracerebral hemorrhage.  128   

Therefore, various guidelines recommend that such treat-
ment be avoided in the fi rst 24 – 48 hours, unless the BP is 
very high (systolic  > 180 – 220   mm   Hg or diastolic  > 110 –
 120   mm   Hg), and depending on whether the stroke is hem-
orrhagic or rtPA is being used for cerebral ischemia  129   
(Class IIb, Level B). Otherwise, BP - lowering treatment 
should be started promptly within the fi rst week in almost 
all patients with mild -  or non - disabling stroke, to not only 
maximize effi cacy but also adherence. Although direct evi-
dence of benefi t is lacking,  123,130   trials have not shown any 
excess in adverse effects related to potential cerebral hypo-
perfusion due to impaired cerebral auto - regulation wors-
ening cerebral ischemia, from such an approach (Class IIb, 
Level B).  

  How  l ow should the  BP  be  l owered? 

 Secondary analyses of the Perindopril Protection against 
Recurrent Stroke Study (PROGRESS) trial  131   indicate that 
the lowest risk of recurrent stroke occurs in patients with 
the lowest levels of BP during follow - up. However, the 
intensity of treatment (use of an ACE inhibitor alone or in 
combination with a diuretic) in PROGRESS was deter-
mined by the randomizing clinician, who took into account 
the various characteristics of patients, including the level 
of BP, at baseline. Thus, the lower risks seen in patients 
with lower BP levels during follow - up may not necessarily 
have been due entirely to the treatment. Moreover, PROG-
RESS and most other trials of BP lowering have tested a 
specifi c agent(s) added onto a background of standard care 
and/or have included patients whose BP had been stabi-
lized (usually less than 160   mm   Hg systolic and 90   mm   Hg 
diastolic) prior to randomization. Therefore, as shown in 
the recently completed Ongoing Telmisartan Alone and 
in Combination with Ramipril Global Endpoint Trial 
(ONTARGET) study,  120   the benefi t of additional BP lower-
ing at levels below 140   mm   Hg systolic in patients with 
cardiovascular disease, including a history of stroke, has 
yet to be determined. 

 It seems reasonable, therefore, to be more aggressive 
with treatment in those patients with initially high levels, 
with the aim of achieving target levels of 130/80   mm   Hg, 
as recommended in most current guidelines (Class I, Level 
A). Moreover, since most of the evidence of benefi t specifi -
cally in patients with stroke or TIA has come from either a 
thiazide alone or the combination of a thiazide with an 
ACE inhibitor, similar such therapy is recommended 
(Class I, Level A). Ultimately, though, the choice of agent(s) 
will likely to depend on the patient ’ s age, associated co -
 morbid factors and treatment, tolerance, adherence issues, 
and cost (Class I, Level A). Such treatment is recom-
mended for as long as the benefi ts are considered worth-
while for the patient, and even in those who are very 
elderly (over 80 years of age)  132   (Class I, Level A).   
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  Antiplatelet  t herapy 

 Strong evidence exists for the benefi ts of long - term anti-
platelet therapy, with relative reduction of about one - fi fth 
in serous vascular events (including stroke), in patients 
with prior stroke or TIA  133,134   (Class I, Level A). With about 
an average 7% annual rate of vascular events among 
patients in the control groups of the relevant trials, this 
effect translates into an absolute reduction of about 14 vas-
cular events per 1000 patients treated per year. The abso-
lute excess risk of major bleeding in the trials was less than 
one intracranial hemorrhage, and 102 serious extracranial 
hemorrhages per 1000 patients treated per year. Thus, the 
overall benefi ts of antiplatelet therapy greatly outweigh the 
bleeding risks, so the therapy is appropriate for all patients 
with ischemic stroke or TIA unless there are specifi c con-
traindications, such as aspirin sensitivity, or if anticoagula-
tion to reduce the risk of cardioembolic events is considered 
more appropriate (Class I, Level A). Patients with recent 
gastrointestinal or other major bleeding, or with symptoms 
suggestive of active peptic ulceration, should generally not 
receive antiplatelet drugs, although the addition of a proton 
pump inhibitor can reduce upper gastrointestinal adverse 
effects  135   (Class IIa, Level A). It seems reasonable and safe 
to use them in patients with a history of intracerebral hem-
orrhage if they are at high risk of future ischemic vascular 
events, for example in those with ischemic heart disease or 
prior ischemic stroke  136   (Class IIb, Level C). 

  How  s oon to  c ommence  a ntiplatelet  t herapy 
after an  i schemic  s troke or  TIA ? 

 Two large randomized trials which between them included 
nearly 40   000 patients showed a net benefi t from aspirin 
160 – 300   mg daily commenced within 48 hours of acute 
ischemic stroke  137   (Class I, Level A). A CT is recommended 
to exclude intracerebral hemorrhage before commencing 
aspirin. However, signifi cant proportions of the patients 
included in these two trials were given aspirin prior to CT, 
and were later shown to have had an intracerebral hemor-
rhage, but they did not experience any adverse effects of 
the treatment. Thus, it is probably safe to give low - dose 
aspirin to patients with a mild disabling stroke or TIA 
should there be a delay in obtaining a CT (Class IIa, Level 
A). In situations where the CT shows a hemorrhagic trans-
formation of an ischemic stroke, which is often the situa-
tion with large MCA cardioembolic cerebral infarcts, it is 
probably wise to wait for 1 – 2 weeks before commencing 
antiplatelet therapy (Class IIb, Level C).  

  Which  s ingle  a ntiplatelet  a gent to  u se? 

 Until recently, aspirin has been the undisputed gold stan-
dard antiplatelet agent for the long - term prevention of ath-

erothrombotic events.  134   The optimal dose for both effi cacy 
and tolerability has been established as low, anything from 
30   mg to 300   mg daily  134,138   (Class I, Level A). Gastrointes-
tinal side effects such as gastritis and hemorrhage are more 
common in older people, and with higher doses and longer 
duration of treatment with aspirin (Class I, Level A). In 
one study, treatment with dipyridamole alone was found 
to reduce the risk of major vascular events by a similar 
amount as aspirin,  139   while clopidogrel was shown to be 
slightly superior to aspirin in the trial of Clopidogrel versus 
Aspirin in Patients at Risk of Ischemic Events (CAPRIE), 
which overall reducing the risk of stroke and other major 
vascular events by about 10%, from about 6.0% (aspirin) to 
5.4% (clopridogrel) per year, in a broad group of patients 
with a history of cardiovascular disease  140,141   (Class I, Level 
A). There was no statistically signifi cant difference in the 
subset of patients with previous ischemic stroke in CAPRIE, 
with an average annual event rate of 7.2% for clopidogrel 
versus 7.7% for aspirin, for a relative risk reduction of 
about 7.3%. However, a meta - analysis confi rms a modest 
superiority of clopidogrel over aspirin, but also differences 
in their side effect profi le  141,142   (Class I, Level A). While 
aspirin produces more upper gastrointestinal adverse 
effects, clopidogrel produces more diarrhea and skin rash, 
and a very small risk of thrombocytopenia and thrombotic 
thrombocytopenic purpura. Moreover, prior to the avail-
ability of generic versions, clopidogrel has been substan-
tially more expensive than aspirin, so it is generally 
recommended as an alternative to aspirin in patients who 
are genuinely intolerant or allergic to aspirin.  142   In the 
meta - analyses, dipyridamole and trifusal have not been 
shown to clearly reduce vascular events, and may be infe-
rior, compared with aspirin alone  134   (Class I, Level A).  

  Does a  c ombination of  a ntiplatelet  a gents  o ffer 
 b enefi ts over  a spirin  a lone? 

 Clinical trials have shown that, in long - term secondary 
prevention, the combination of aspirin and clopidogrel is 
associated with a higher risk of bleeding complications, 
most importantly intracranial hemorrhage, than either 
agent alone, which offsets any modest additional benefi t 
in terms of reducing vascular events  143,144   (Class I, Level 
A). However, in subgroup analysis of these studies, data 
showing a reduction in embolic signals seen on transcranial 
Doppler ultrasound in patients with severe carotid steno-
sis,  145   and the benefi t seen in acute coronary syndromes,  146,147   
suggest that such combination therapy may be benefi cial 
very early after ischemic stroke or TIA when the risk of 
recurrence is very high.  106,148   

 Two randomized trials which included nearly 6000 
patients with ischemic stroke or TIA have both shown that 
the combination of low - dose (25   mg) aspirin and dipyrid-
aomle (specifi cally modifi ed - release dipyridamole 200   mg) 
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twice daily reduces the risk of vascular events by about 
one - fi fth compared with aspirin alone, without an increase 
in the risk of major bleeding  139,149   (Class I, Level A). The 
benefi ts of adding dypiridamole were independent of 
gender, history of ischemic heart disease, and dose of 
aspirin (Class I, Level A). Most recently, the Prevention 
Regime for Effectively avoiding Second Strokes (PRoFESS) 
trial which involved nearly 20   000 patients showed that the 
aspirin - dipyridamole combination regime offered compa-
rable overall effi cacy in preventing future serious vascular 
events to clopidogrel alone in patients with recent ischemic 
stroke, although statistically it failed to demonstrate a non -
 inferior difference of 7.5%.  150   Thus, it is appropriate to con-
sider the addition of dipyridamole to aspirin (or use of the 
marketed aspirin and extended - release dipyridamole com-
bination pill) for modest superior benefi cial effect over 
aspirin for secondary prevention, so long as clinicians and 
patients consider the additional absolute benefi t and 
increased costs to be worthwhile (Class I, Level A). Patients 
should be warned about the potential for dipyridamole -
 related headache, which may occur in up to a third of 
people taking the medication, but which usually settles 
after a few weeks.   

  Anticoagulation 

 Valvular and non - valvular AF (including paroxysmal AF 
and atrial fl utter) are major risk factors for stroke, although 
the former is now uncommon in developed countries due 
to low rates of rheumatic heart disease. Non - valvular AF 
predisposes to the formation of intracardiac thrombi, mainly 
within the atria, which can embolize to the brain and other 
organs. AF affects about 1% of the population, with the 
prevalence increasing sharply with age from 0.5% in those 
aged 50 – 59 years to about 9% in those over the age of 70 
years.  151   AF is associated with a fi vefold increase in stroke 
risk, and the strokes tend to be larger, more disabling and 
have a worse prognosis.  152   Overall, the annual risk of stroke 
in the setting of AF is about 5%, but rates vary from less 
than 2% to more than 10% according to the presence of one 
or more clinical characteristics such as congestive cardiac 
failure, hypertension, older age ( ≥ 75 years), diabetes, and a 
history of stroke or TIA  153   (Class I, Level A). 

 Substantial evidence indicates that warfarin is highly effi -
cacious in preventing stroke (and other vascular and 
embolic events) in patients with AF, even in people up to 85 
years and over  154   (Class I, Level A). Several systematic 
reviews and meta - analyses of randomized trials of anti-
thrombotic agents in patients with non valvular AF  155 – 157   
show that adjusted - dose warfarin (with an average achieved 
international normalized ratio (INR) of about 2.5) reduces 
the risk of stroke by about two - thirds, whereas aspirin 
reduces the risk of stroke by about one - fi fth. In direct com-

parison, adjusted - dose warfarin was substantially more 
effi cacious than antiplatelet therapy (including aspirin and 
clopidogrel).  158   Excess risks of intracranial hemorrhage and 
major extracranial hemorrhage with warfarin are small, 
about 1 – 2% and less than 0.3% per year, respectively. There-
fore, since patients with co - existing AF and a prior ischemic 
stroke or TIA are at very high risk of recurrent stroke (about 
12% per year), the absolute benefi t in these patients is sub-
stantial, about 70 strokes prevented per 1000 patients 
treated for a year with warfarin compared to about 50 
strokes prevented per 1000 patients treated a year for 
aspirin. Thus, for most patients with ischemic stroke or TIA 
that is related to AF, the benefi ts of adjusted - dose warfarin 
with a target INR of around 2.5 far outweigh the risks, pro-
vided there are no major contraindications and good moni-
toring of the INR can be organized (Class I, Level A). 

  Which  p atients should not be  t reated 
with  w arfarin? 

 Contraindications to warfarin include an active source of 
gastrointestinal bleeding, alcoholic liver disease, dementia, 
prior major hemorrhage, and an inability to ensure regular 
monitoring of INR (Class IIb, Level C).  Post hoc  analysis 
of trials  159   suggests an increased risk of intracerebral hem-
orrhage in patients with extensive cerebral white matter 
disease ( “ leukoaraiosis ” ) and in older people with a high 
tendency to fall  160   (Class IIb, Level C). In some of these 
situations, warfarin can still be justifi ed as the estimated 
net benefi t from reducing the risk of future ischemic stroke 
far outweighs the potential hazards of bleeding. For 
patients unable or unwilling to take warfarin, aspirin is a 
reasonable but less effective alternative (Class I, Level A).  

  When to  s tart  t reatment? 

 There is no randomized evidence to support the early 
(within the fi rst 1 – 2 weeks) use of anticoagulation follow-
ing an ischemic stroke that is related to AF in order to 
prevent recurrent cardioembolic events. Given that AF -
 related ischemic strokes tend to be larger and more likely 
to have  in situ  micro - hemorrhage due to cerebral reperfu-
sion, consideration should be given to early use of antico-
agulation increasing the risk of hemorrhagic transformation 
of the infarct while the risks of recurrent ischemic stroke 
are around 5% in the fi rst two weeks after the initial event  161   
(Class IIb, Level C). It is recommended, therefore, to wait 
1 – 2 weeks before commencing warfarin, although it seems 
reasonable to commence such treatment earlier in patients 
who have experienced a small ischemic stroke or TIAs, or 
in situations where the embolic risk is considered to be 
extremely high. In the latter case, LMWH may be used as 
a bridge before the therapeutic effect of warfarin is achieved 
(Class IIb, Level C).  
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  What is the  t arget  INR ? 

 Data from both randomized trials and observational studies 
suggest that the optimal target INR is about 2.5. Below 2.0, 
the risks of both ischemic stroke and extracranial bleeding 
increase, while above 3.0 there is an increased risk of major 
bleeding, death and hospitalization  162 – 164   (Class I, Level A).  

  What are the  b enefi ts of  c ombining  a ntiplatelet 
 t herapy with  w arfarin? 

 Randomized trials and observational data indicate that the 
combination of aspirin (or other antiplatelet agent) and 
warfarin should generally be avoided because of an 
increased risk of major bleeding  165   (Class I, Level A). 
However, in situations where the risk of cardio - emboli is 
particularly high, such as with mechanical heart values, the 
potential benefi ts outweigh the increased risks of bleed-
ing  166   (Class I, Level A).  

  Are there  a ny  b enefi ts of  a nticoagulation in 
 p atients without  AF ? 

 In patients with a presumed non - cardio - embolic source of 
an ischemic stroke or TIA, that is in those with presumed 
or established large artery atheromatous disease of the 
intra -  or extracranial vessels, there is no evidence of a 
benefi t of oral anticoagulation (mainly warfarin, with 
target INRs in the range of 1.4 – 4.5) over antiplatelet therapy 
(mainly aspirin) and an increase in the risk of hemor-
rhage  167 – 170   (Class I, Level A).   

  Cholesterol -  l owering  t herapy 

 The relation between serum cholesterol and stroke is 
complex due largely to the diversity of stroke pathogenesis, 
with qualitatively different associations of serum choles-
terol with the risks of ischemic and hemorrhagic stroke.  171 – 175   
Elevated serum cholesterol is an important risk factor for 
ischemic stroke, more so in Western populations than in 
Asian populations,  175   whereas a weak inversion association 
is apparent between serum cholesterol and the risk of intra-
cerebral hemorrhage. Part of the latter association may 
relate to the confounding infl uence of heavy alcohol con-
sumption which tends to lower cholesterol levels.  176   

 Evidence from systematic reviews of randomized trials 
shows that reducing total (and more importantly low - den-
sity lipoprotein (LDL)) cholesterol with a 3 - hydrozy - 3 -
 methylglutaryl co - enzyme A reductase inhibitor (statin) 
signifi cantly reduces the risks of major cardiovascular 
events, including stroke, across a wide range of lipid levels 
in patients with high cardiovascular risk (Class I, Level A). 
Relative risk reductions are proportional to the absolute 

reduction in LDL cholesterol, such that a 1   mmol reduction 
is associated with almost a one - quarter reduction in the risk 
of coronary events, and about a 15% reduction in the risk 
of stroke, over about fi ve years of treatment  177   (Class I, 
Level A). Two major randomized controlled trials have 
specifi cally evaluated the benefi ts of statin therapy against 
placebo by including patients with a history of ischemic 
stroke or TIA. In the Heart Protection Study (HPS)  178   under-
taken in a broad population of patients with high cardio-
vascular risk, simvastatin 40   mg per day, which reduced 
LDL cholesterol by 1   mmol/L, resulted in about a 20% 
reduction in major vascular events and non - signifi cantly by 
a similar amount for ischemic stroke. In the Stroke Preven-
tion by Aggressive Reduction in Cholesterol Levels 
(SPARCL),  179   specifi cally undertaken in patients with prin-
cipally ischemic stroke, atorvastatin 80   mg daily, which 
reduced LDL cholesterol by 1.4   mmol/L, was associated 
with about a 25% reduction in major vascular events, 
including a signifi cant 20% reduction in the risk of recur-
rent ischemic stroke, as well as a 30% reduction in the risk 
of coronary events. In contrast to a meta - analysis of ran-
domized trials which did not fi nd a specifi c effect of treat-
ment on hemorrhagic stroke,  180   both of these trials showed 
a slight increase in the risk of intracerebral hemorrhage. 
Secondary analysis of SPARCL has shown that hemor-
rhagic stroke was more frequent in those patients with a 
hemorrhagic stroke at entry, in men, with older age, and in 
those high BP levels during follow - up. However, there was 
no relationship between hemorrhage risk and baseline LDL 
cholesterol level or the most recent LDL cholesterol level in 
treated patients.  181   In the trials, the average annual risk of 
serious vascular events among patients in the placebo 
groups was about 6%, so that the observed one - fi fth relative 
reduction equates to an absolute reduction of about 12 vas-
cular events avoided per 1000 patients treated by year. 

    Who should be and should not be  t reated? 

 The randomized evidence indicates that statin therapy 
should be used routinely in most patients with a history of 
ischemic stroke or TIA, since the trials demonstrated sub-
stantial benefi ts in patients whose baseline total cholesterol 
level was greater than 3.5   mmol/L or LDL cholesterol 
levels of greater than 2.6   mmol/L, which would account for 
most patients with vascular disease in developing coun-
tries (Class I, Level A). Moreover, there are benefi ts in 
terms of the prevention of not only recurrent ischemic 
stroke but also myocardial infarction, indicating that 
underlying coronary artery disease is common in patients 
with cerebrovascular disease (Class I, Level A). As statins 
are expensive, the cost – benefi t ratio is likely to be favorable 
in those patients without frailty or major non - vascular co -
 morbidity who are likely to derive the most benefi t from 
the avoidance of future vascular events.  
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  What  s tatin and at  w hat dose? 

 Systematic overviews of trials and observational studies 
indicate that greater benefi ts can be derived from larger 
degrees of cholesterol lowering  175,177,181   (Class I, Level A). 
  While direct comparisons of different intensities of statin -
 based cholesterol - lowering regimes have been undertaken 
in patients with coronary heart disease,  182 – 184   the benefi t of 
intensive cholesterol lowering has not been reliably estab-
lished in patients with ischemic stroke and is potentially 
complicated by an increase in the frequency of myalgia 
and gastrointestinal symptoms. In the absence of direct 
evidence, it seems reasonable to use standard doses of 
statins in patients with ischemic stroke or TIA, reserving 
an increase in dose and/or combining with other lipid -
 lowering agents in those people with a persistently abnor-
mal lipid profi le and high risk of large vessel atheromatous 
ischemic events.  

  When to  s tart  t herapy after  i schemic 
 s troke or  TIA ? 

 There is no defi nite evidence that statins, through any non -
 lipid lowering (antithrombotic) effects, offer benefi ts in the 
acute phase of ischemic stroke or early after TIA.  148   
However, as statins are safe and well tolerated, and treat-
ments commenced in hospital are likely to lead to better 
compliance, it seems reasonable to commence a statin 
within a few days after the onset of ischemic stroke or 
TIA (Class IIb, Level C). As statins are expensive, they 
should be ceased in those patients with signifi cant stroke -
 related disability and/or who require long - term residential 
care, where it is unlikely that quality of life will be improved 
by avoiding recurrent stroke and other vascular events.   

  Carotid  r evascularization 

 Atherosclerotic disease of the extracranial vessels is an 
important cause of stroke, particularly in Caucasian popu-
lations, where the atheromatous narrowing at, or around, 
the origin of the internal carotid artery accounts for up to 
50% of  “ large artery ”  ischemic stroke and TIA. Patients 
with higher degrees of carotid stenosis are at higher risks 
of ipsilateral ischemic stroke, but they are also more likely 
to have advanced atheroma elsewhere in the body, espe-
cially the heart. 

 Carotid stenosis carries a risk of embolization from 
the atheromatous plaque debris or thrombus which may 
block a more distal vessel in the cerebral circulation. 
Carotid stenosis rarely causes stroke due to low fl ow 
(i.e. hemodynamic compromise), only doing so if the 
underlying stenosis is very severe ( > 95% stenosis), and 
even then there appears to be a reduced risk of ipsilateral 

stroke on medical treatment,  185,186   possibly due to the pres-
ence of good collateral circulation. Most of the strokes that 
occur in the fi rst few years after a minor stroke or TIA in 
patients with carotid stenosis are ischemic, and they occur 
in the territory of the  “ symptomatic ”  vessel. The risk of 
stroke is related to the severity of stenosis and is time 
dependent.  187   The risk of stroke is highest in the fi rst few 
days after a TIA, remains fairly high for the next year and 
then falls. Overall, the risks of stroke are approximately 
10% for the fi rst month, 15% for the subsequent year, 5% 
for the second year and 2% thereafter.  188,189   The high early 
risk of stroke is probably caused by plaque  “ activation ” . 
Atheromatous plaques are typically slow growing or qui-
escent for long periods but may develop ruptures or fi s-
sures, which trigger platelet activation and thrombus 
formation. Ulcerated carotid plaques are more likely than 
smooth plaques to be associated with coronary vascular 
events, suggesting the plaque activation is a systemic 
phenomenon.  190   

  Who  b enefi ts from  c arotid  e ndarterectomy? 

 Several randomized trials including the North American 
Symptomatic Carotid Endarterectomy Trial (NASCET) and 
the European Carotid Surgery Trial (ECST) have shown 
that the addition of carotid endarterectomy to best medical 
therapy is benefi cial in reducing the absolute risk of stroke 
or death over the next few years by about 16% for patients 
with severe ( ≥ 70%) and 8% for patients with moderate 
(50 – 69%) degrees of symptomatic carotid stenosis,  191   and of 
some benefi t (5%) in patients with neurologically asymp-
tomatic severe (60 – 99%) carotid stenosis.  192   Furthermore, 
the durability of carotid endarterectomy in preventing ipsi-
lateral ischemic stroke has been shown up to 13 years of 
follow - up  188   (Class I, Level A). However, the benefi ts of 
carotid endarterectomy are dependent on two important 
caveats, fi rst that the surgical complication rate undertaken 
by experienced surgeons must be low ( < 5%) and second 
that the measurement of the degree of stenosis is robust. 
Conventional angiography carries a 1% risk of stroke, and 
one out of every fi ve of these is disabling.  193   Modern non - 
invasive carotid imaging such as MRI, CT, and duplex and 
Doppler ultrasound avoids the risk associated with con-
ventional intra - arterial catheter carotid angiography, but it 
is important that reliable images are obtained in order to 
avoid operating on patients with false - positive scans, or 
denying benefi ts of the intervention to those with false -
 negative scans.  194   Moreover, carotid ultrasound alone will 
not identify important lesions of the intracranial arteries 
where aneurysms and stenosis of intracranial vessels exist 
in about 2% and 5% of patients symptomatic with extracra-
nial stenosis, respectively. 

 A systematic review of the randomized data provides 
information about the effects of treatment according to dif-
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ferent patient characteristics (Class I, Level A). The benefi t 
of surgery appears greatest in the elderly, in men, after 
stroke compared with TIA, decreased with time from the 
last ischemic event, and tended to be greater in patients 
with ulcerated plaques than in those with smooth plaques  192   
(Class I, Level A). In particular, the subgroup in whom the 
benefi t of surgery was highest was patients who were ran-
domized within two weeks of an ischemic event, again 
emphasizing the need for rapid assessment and treatment 
of patients with stroke and TIA to identify those with 
carotid stenosis (Class I, Level A).  

  Is  c arotid  s tenting more  e ffective than 
 c arotid  e ndarterectomy? 

 The last decade has witnessed a rapid growth in the use of 
percutaneous, transluminal stenting techniques for carotid 
stenosis, in part to avoid some of the drawbacks (i.e. admis-
sion to hospital, general anesthetic, incision in the neck) 
and complications associated with endarterectomy, and in 
part due to the awareness and accessibility of the carotid 
to such treatment. Initial endovascular techniques primar-
ily used angioplasty, which was randomly evaluated in the 
Carotid and Vertebral Artery Transluminal Angioplasty 
Study (CAVATAS) involving over 500 patients, most of 
whom had symptomatic carotid stenosis. The results 
showed 30 - day outcomes were comparable between the 
randomized groups  195  ; the rate of death or any major stroke 
was 9.9% after surgery and 10.0% after angioplasty. 
However, analysis of the other risks confi rmed that angio-
plasty was safer than surgery in terms of minor morbidity 
and reduced hospital length of stay, but was associated 
with a higher rate of (asymptomatic) restenosis during 
follow - up. 

 Subsequently, there have been several more randomized 
trials that have compared the safety and effi cacy of endo-
vascular techniques by means of angioplasty or stenting 
with carotid endarterectomy, involving a total of 3.227 
patients.  196   Overall, the results to date suggest similar risks 
of early stroke (about 5 – 8%) or death (about 1%), although 
among the individual larger trials, the results vary from 
favoring stenting (SAPPHIRE  197  ), equivalence (CAVATAS  195   
and SPACE  198  ), to favoring endarterectomy (EVA - 35  199  ). 
However, the characteristics of patients and the revascu-
larization techniques used varied across the studies. Long -
 term follow - up data suggest that there are no signifi cant 
differences between the treatments in preventing stroke or 
death, but there are wide confi dence intervals around the 
effect estimates and signifi cant heterogeneity across studies 
(Class I, Level A). Endovascular procedures clearly reduce 
the risk of local complications (e.g. cranial nerve injury and 
hematoma) but may be associated with a greater risk of 
silent cerebral ischemic lesions detected on MRI irrespec-

tive of whether or not a distal embolic protection device 
was used.  200,201   Despite the presence of such lesions, though, 
one study has shown similar risk of cognitive changes 
between endarterectomy and stenting.  202   Finally, as well as 
advancing age,  203   unfavorable anatomic aspects of the 
carotid artery, such as calcifi cation, great vessel origin ste-
nosis, tortuosity and the severity of the stenosis may make 
stenting of the carotid artery more diffi cult and hazard-
ous  204   (Class IIa, Level A).  

  What is the  a ppropriate  t iming of  c arotid 
 r evascularization after  i schemic  s troke or  TIA ? 

 Histologic examination of carotid endarterectomy speci-
mens has highlighted certain features such as the presence 
of a large lipid - rich necrotic core, a thin overlying fi brous 
cap, an infl ammatory infi ltrate, neovasculature growth, 
and intraplaque hemorrhage, which support the  “ vulner-
able plaque ”  theory to produce an embolic source of 
thrombosis.  205,206   In the meta - analysis of the trials, the ben-
efi ts of carotid endarterectomy were highest in patients 
randomized within two weeks of an ischemic event  192   
(Class I, Level A). Thus, it is probably best to perform 
carotid endarterectomy early (within the fi rst few weeks) 
of a non -  or mildly disabling ischemic stroke or TIA. Con-
versely, early use of carotid stenting appears more hazard-
ous  199,207   and should be reserved for when the patient is 
stable several weeks or more after the onset of the event 
(Class IIa, Level B).   

  Conclusion 

 Major progress has been made in the evidence base sup-
porting approaches to the prevention of second stroke. 
Several key points emerge. 
   •      Given continuous associations of risk factors and stroke 
rates, effective prevention of stroke involves the manage-
ment of the patient as a  whole  person defi ned by their 
absolute risk of future major vascular events rather than by 
a single variable defi ned by a particular threshold level of 
BP or cholesterol.  
   •      BP - lowering therapy is pivotal to the prevention of 
recurrent stroke in all patients with cerebrovascular disease, 
irrespective of BP levels, age and other characteristics.  
   •      Aspirin (optimal dose 30 – 300   mg) is cheap, safe, familiar 
and acceptable as the antiplatelet agent of fi rst choice for 
patients with vascular disease, but clopidogrel and the 
combination of low - dose aspirin and dypridamole provide 
comparable modest additional benefi t over aspirin.  
   •      Warfarin is indicated in patients with a cardiac (embolic) 
source of stroke including AF unless there are contraindi-
cations or the risk of stroke is low, in which case aspirin is 
recommended.  



PART IIIG  Specifi c cardiovascular disorders: other conditions

986

   •      Cholesterol - lowering therapy with statins is safe, well 
tolerated and effective in preventing major vascular events 
including stroke in all high - risk individuals irrespective of 
baseline cholesterol levels.  
   •      Carotid endarterectomy or stenting is indicated for 
patients with severe carotid artery stenosis who have had 
symptoms of retinal or brain ischemia appropriate to the 
stenosis, and are willing to undergo a small but defi nite 
risk of death or disability related to the procedure under-
taken by an experienced proceduralist.     
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  Introduction 

 Women with heart disease comprise approximately 1% of 
the population in obstetric referral centers.  1   The majority 
of pregnant women with heart disease seen at referral 
centers have congenital or rheumatic lesions.  1,2   Other 
important but less frequently encountered conditions 
include cardiac arrhythmias, peripartum cardiomyopathy, 
hypertrophic cardiomyopathy and coronary artery disease. 
Most current management recommendations have been 
based on expert opinion and/or retrospective series. To 
date, there has been only one large multicenter study to 
prospectively ascertain maternal and fetal outcomes in 
women with cardiac disease. This Canadian study also 
derived and validated a risk index for the prediction of 
maternal cardiac complications during pregnancy.  1   

 With the exception of patients with pulmonary vascular 
obstructive disease, Marfan syndrome with aortopathy, 
peripartum cardiomyopathy, severe aortic stenosis or 
mechanical heart valves, maternal death during pregnancy 
in women with heart disease is rare.  1 – 6   However, pregnant 
women with heart disease do remain at risk for cardiac, 
obstetric, and fetoneonatal complications.  1,2,7 – 9   Commonly 
encountered complications include congestive heart failure 
(CHF) and arrhythmia.  1,2,9,10    

  Cardiovascular  p hysiology 
and  p regnancy 

 Increases in blood volume, red cell mass, and heart rate 
result in a 50% antepartum increase in cardiac output.  11   

Increases in left ventricular (LV) volume are present by 14 
weeks gestation and reach maximum levels early in the 
third trimester but contractility remains in the normal 
range. Gestational hormones, circulating prostaglandins, 
and the low - resistance vascular bed in the placenta result 
in decreased peripheral vascular resistance and blood pres-
sure. During labor and delivery, there are additional 
increases in cardiac output and oxygen consumption. 
Immediately following delivery, relief of caval compres-
sion and autotransfusion from the emptied uterus result in 
a transient increase in cardiac output. Most of the hemody-
namic changes of pregnancy have resolved by the second 
postpartum week but complete return to baseline may not 
occur until six months after delivery.  

  Outcomes  a ssociated with  s pecifi c 
 c ardiac  l esions 

  Congenital  h eart  l esions 

  Volume  o verload  l esions 
  Left - to - right  s hunts     The effect of increased cardiac output 
on the volume - loaded right ventricle (RV) in atrial septal 
defect (ASD) or LV in ventricular septal defect (VSD) and 
patent ductus arteriosus (PDA) is counterbalanced by a 
decrease in peripheral vascular resistance during preg-
nancy. Therefore, pregnancy and delivery are well toler-
ated in the absence of pulmonary hypertension.  1,12 – 15   In a 
recent overview, signifi cant arrhythmia requiring therapy 
was reported in 1/123 pregnancies with ASD (0.8%) and 
in no pregnancies with VSD; there were no reports of CHF.  9   
Paradoxic embolization may be encountered, albeit infre-
quently, if systemic vasodilation and/or elevation of pul-
monary resistance promotes transient right - to - left shunting 
(particularly in the setting of an ASD). 

 Atrioventricular septal defect (AVSD), a more complex 
form of septal defect, may be less well tolerated in preg-
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nancy as compared with simpler defects described above. 
A recent retrospective review of 48 pregnancies reported 
postpartum persistence of NYHA class deterioration, 
arrhythmias and worsening of pre - existing left atrioven-
tricular valvular regurgitation in 23%, 19% and 17%, 
respectively.  16    

  Regurgitant  v alves     Signifi cant pulmonary regurgitation 
(PR) is commonly seen after tetralogy of Fallot (TOF) 
repair, particularly if a transannular patch was applied. 
Sequelae of severe PR include RV dilation and dysfunction. 
From a retrospective review of 82 successful pregnancies 
(including 20 pregnancies in women with unrepaired 
TOF), cardiovascular events occurred in six women (14%) 
and included supraventricular arrhythmia, CHF, pulmo-
nary hypertension and pulmonary embolus. In 5/6 women, 
cardiovascular complications were associated with the fol-
lowing: severe PR with RV dilation, RV hypertension and 
peripartum LV dysfunction.  17   Another study of 50 preg-
nancies in women with corrected TOF found cardiac com-
plications in 12% of pregnancies, consisting of CHF, 
arrhythmia or both.  18   

 Important congenital tricuspid valve insuffi ciency is 
commonly related to structural disease, such as Ebstein 
anomaly. Apical displacement of the tricuspid valve results 
in atrialization of the RV and commensurate compromise 
in functional RV size. A diminutive functional RV may not 
be able to accommodate the increased stroke volume of 
pregnancy, resulting in worsening tricuspid insuffi ciency, 
raised right atrial pressure and right - to - left shunting across 
the atrial septum. A study of 111 pregnancies in women 
with Ebstein anomaly did not fi nd any serious maternal 
complications but did note increased risk of prematurity 
and fetal loss; birth weight was signifi cantly lower in those 
born to cyanotic women.  19   

 Both mitral and aortic regurgitation during pregnancy 
are generally well tolerated, even if severe, due to reduced 
antenatal systemic vascular resistance resulting in reduced 
afterload. Symptoms usually respond to medical therapy.  20,21     

  Pressure  o verload  l esions:  l eft  h eart 
  Left  v entricular  o utfl ow  t ract  o bstruction     When aortic steno-
sis (AS) complicates pregnancy it is usually due to a bicus-
pid aortic valve (BAV), which may also be associated with 
aortic coarctation and/or ascending aortopathy. Subvalvu-
lar and supravalvular AS have similar hemodynamic con-
sequences to valvular AS. Women with symptomatic AS 
should delay pregnancy until after surgical correction  20   
(Class I, Level C2). Women with moderate or severe AS 
continue to be at increased risk for pulmonary edema or 
arrhythmia during pregnancy, even if they are asymptom-
atic prior to conception.  1,12,22,23   Contemporary studies report 
either no or low maternal mortality despite including a 
signifi cant number of women with severe AS.  23 – 25   Antena-

tal percutaneous balloon valvuloplasty for symptomatic 
AS is preferable to cardiac surgery which carries substan-
tial fetal mortality (Class I, Level C1).  22,26 – 29   In the absence 
of prosthetic valve dysfunction or residual AS, those with 
a tissue prosthesis usually tolerate pregnancy well. Preg-
nancy has not been clearly shown to accelerate degenera-
tion of bioprosthetic or homograft valves.  30,31   In two reports, 
24 completed pregnancies in women post Ross operation 
(pulmonary autograft aortic valve replacement) were 
described and no cardiac complications were reported 
during pregnancy; one woman developed a dilated cardio-
myopathy six months after delivery unrelated to aortic 
valve dysfunction.  32,33   

 Pregnancy in a woman with a mechanical valve prosthe-
sis carries increased risk of valve thrombosis as a result of 
the prothombotic state of pregnancy. Thrombosis risk 
during pregnancy is also infl uenced by valve type (more 
likely in older - generation valves), position (greater in 
the mitral as compared with the aortic position), prenatal 
level of valve function, and type of anticoagulation 
used.  34    

  Coarctation of the  a orta     In 308 pregnancies reported in four 
contemporary studies, the only maternal death occurred as 
a result of dissection in a woman with Turner syndrome 
who had previously undergone coarctation repair.  1,12,35,36   In 
uncorrected coarctation, satisfactory control of upper body 
hypertension may lead to excessive hypotension below the 
coarctation site, compromising the fetus. Intrauterine 
growth restriction and premature labor are more common. 
Following coarctation repair, the risk of dissection and 
rupture is reduced but not eliminated.  35,37   Medical therapy 
with beta - blockade may reduce aortic wall stress but its 
clinical effi cacy has not been formally studied in preg-
nancy. Pregnant women with repaired coarctation are at 
increased risk for pregnancy - induced hypertension, likely 
as a result of abnormal aortic compliance.  1,12,35    

  Aortopathies     Life - threatening aortic complications of 
Marfan syndrome are primarily due to aortic dissection 
resulting from medial aortopathy which often manifests as 
aortic dilation. Risk is increased in pregnancy due to hemo-
dynamic stress and perhaps hormonal effects. A prospec-
tive study of 45 pregnancies in 21 patients reported no 
increase in obstetric complications or signifi cant change in 
aortic root size in patients with normal aortic roots. Impor-
tantly, in the eight patients with a dilated aortic root 
( > 40   mm) or prior aortic root surgery, 3/9 pregnancies 
were complicated by aortic dissection in two and rapid 
aortic dilation in one. Of note, beta - blockade therapy was 
withheld during pregnancy in the majority of women in 
this study.  38   A later prospective study of 33 pregnancies 
in 23 women with Marfan syndrome reported favorable 
outcomes with aortic root diameter  < 45   mm and no previ-
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ous history of dissection. There was a small but statistically 
signifi cant increase in aortic root diameter during preg-
nancy in women with an initial diameter  > 40   mm as com-
pared with those  < 40   mm.  39   Surgical repair should be 
offered to women prior to conception if the aortic root 
diameter is  > 40 – 45   mm,  20   though this is unlikely to normal-
ize the risk of dissection thereafter.  40   Thus, patients with 
aortic root involvement should receive preconception 
counseling emphasizing their risk, and in early pregnancy 
should be offered termination (Class 1, Level C1) In 
contrast, women with normal aortic root diameter may 
tolerate pregnancy well, though there remains a possibility 
of dissection even with normal aortic dimensions. 
Serial echocardiography should be used to identify 
progressive aortic root dilation during pregnancy and 
for six months post partum.  41   Despite the absence of trials 
specifi cally evaluating beta - blocker therapy in pregnancy, 
the potential benefi t likely outweighs the relatively 
small risk of use of this medication during pregnancy 
(Class 1, Level C2). 

 Less is known about risk factors for dissection in preg-
nant women with a dilated aorta in the context of a BAV, 
although this complication has been reported in the preg-
nant population.  42   The histologic features of aortopathy 
related to a BAV are similar to what has been described in 
Marfan syndrome.  43   Some have suggested that manage-
ment guidelines as described for Marfan syndrome should 
be applied to those with aortopathy related to a BAV (Class 
IIa, Level C2).  20,42   

 With assisted reproductive technology, women with 
Turner syndrome can now become pregnant. These women 
are at particular risk of dissection, relatively early in life,  44   
even in the absence of recognized aortic root pathology or 
hypertension.  45   Pregnancy appears to signifi cantly increase 
the risk of cardiovascular mortality.  46     

  Pressure  o verload  l esions:  r ight  h eart 
  Pulmonary  s tenosis     Unlike aortic stenosis, pulmonary ste-
nosis (PS) is not associated with signifi cant cardiovascular 
complications during pregnancy.  1,12,25   Two recent studies 
examining 68 women have reported no major cardiac 
complications.  47,48   One study also reported hypertension, 
thromboembolism and premature delivery in 15%, 4%, and 
17% of pregnancies respectively.  48   Balloon valvuloplasty 
during pregnancy is feasible if symptoms of PS progress 
(Class I, Level C2).  

  Pulmonary  v ascular  o bstructive  d isease     Maternal mortality 
in Eisenmenger syndrome continues to be high and is 
approximately 30% in each pregnancy.  5   Most complica-
tions occur at term and during the fi rst week post partum. 
Current consensus is to advise against conception and to 
offer termination in the event of a pregnancy  49   (Class I, 
Level C1). The vasodilation associated with pregnancy will 

increase the magnitude of right - to - left shunting, exacerbat-
ing maternal cyanosis with adverse effect on fetal outcome. 
Consequently, these women are particularly sensitive to 
volume depletion and hypotension, situations which 
augment right - to - left shunting resulting in worsening cya-
nosis, hypoxemia and vasoconstriction. Overall, spontane-
ous abortion is common, intrauterine growth restriction is 
seen in 30% of pregnancies, and preterm labor is frequent. 
The high perinatal mortality rate (28%) is largely due to 
prematurity. 

 In an overview of 125 pregnancies in patients with 
Eisenmenger syndrome, primary and secondary pulmo-
nary hypertension, maternal mortality was uniformly high 
at 36%, 30%, and 56% respectively.  5   The overall neonatal 
mortality was 13%.   

  Cyanotic  h eart  d isease:  u nrepaired and  r epaired 
 In the absence of pulmonary hypertension, mortality asso-
ciated with pregnancy is rare in women with uncorrected 
cyanotic congenital heart disease (CHD) although morbid-
ity may be substantial.  50   The usual pregnancy - associated 
fall in systemic vascular resistance and rise in cardiac 
output exacerbate right - to - left shunting, leading to 
increased maternal hypoxemia and cyanosis. A study 
examining the outcomes of 96 pregnancies in 44 women 
with a variety of cyanotic congenital heart defects reported 
a high rate of maternal cardiac events (32%) and prematu-
rity (37%) as well as a low livebirth rate (43%).  50   The lowest 
livebirth rate (12%) was observed in mothers with arterial 
oxygen saturation  ≤ 85%.  

  Abnormalities of the  s ystemic  v entricle:  s ystemic 
 r ight  v entricle and  f unctional  s ingle  v entricle 
  Transposition of the  g reat  a rteries:  s ystemic  r ight  v entricle     The 
original repair for ventriculo - arterial discordance or com-
plete transposition of the great arteries (TGA) was the atrial 
switch procedure (Mustard or Senning operation). Con-
temporary surgical management has replaced the atrial 
switch procedure with the arterial switch operation (Jatene 
procedure). Virtually all published data regarding preg-
nancy in women with TGA are derived from women after 
atrial redirection. As the morphologic RV supports the sys-
temic circulation, tricuspid regurgitation, RV dilation and 
RV dysfunction are commonly seen. Additional sequelae 
may include sinus node dysfunction, atrial tachyarrhyth-
mia and baffl e leak/obstruction. 

 Two retrospective studies of pregnancy post atrial redi-
rection in 68 women (139 pregnancies) were recently pub-
lished. The most commonly reported complications were 
arrhythmias (13 – 22%), CHF (7 – 15%) and maternal death/
transplant (8%).  51,52   When serial echocardiography was uti-
lized to examine impact of pregnancy on the systemic RV 
after the Mustard operation, progressive RV dilation 
occurred in 5/18 women (21%) and worsening RV function 
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was noted in 4/21 (25%) women during pregnancy. At a 
mean follow - up 33 months after delivery, the RV remained 
enlarged in all fi ve women (100%) and the RV dysfunction 
persisted in three - quarters of women (75%).  53   Although 
these data suggest that pregnancy may affect subsequent 
systemic RV function, these observations require confi rma-
tion using more objective and reproducible methods of RV 
quantifi cation. 

 Women managed with an arterial switch operation have 
only recently reached child - bearing age and there are no 
published case series examining this population. However, 
in the absence of ventricular dysfunction, coronary obstruc-
tion, or other important residua or sequelae, a good 
outcome may be anticipated. 

 In congenitally corrected transposition, characterized 
by atrioventricular and ventriculo - arterial discordance 
(double discordance), the morphologic RV supports the 
systemic circulation. Consequently, tricuspid regurgitation 
and RV dilation and dysfunction are frequently seen. In 
two large studies of 105 pregnancies in 41 women, the most 
common complication was CHF (9 – 16%) and no maternal 
deaths were reported.  54,55    

  Fontan  p alliation:  f unctional  s ingle  v entricle     By surgically 
redirecting systemic venous return to the pulmonary arter-
ies in those with single ventricle physiology, the Fontan 
palliation decreases volume overload on the systemic ven-
tricle and reduces or eliminates cyanosis. However, there 
remains an inherent limitation in the heart ’ s ability to 
augment cardiac output. Long - term sequelae may include 
arrhythmia, ventricular dysfunction, protein - losing enter-
opathy and thromboembolic events. As the 10 - year sur-
vival following the Fontan operation is only 60 – 80%, it is 
important that long - term maternal prognosis be discussed 
during preconception counseling. 

 In the largest series of pregnant women with Fontan pal-
liation published to date, 33 pregnancies in 14 mothers 
were reviewed. The single cardiac complication reported 
in this study was supraventricular tachycardia in one 
woman.  56   In two subsequent studies examining 14 preg-
nancies in nine women, maternal cardiac complications 
included atrial tachyarrhythmia (three women), symptom-
atic ventricular dysfunction (two women), and right 
heart failure (two women); the rate of premature birth 
was high.  57,58   There have been no reported maternal 
deaths.  59      

  Rheumatic  h eart  d isease 

 Mitral stenosis (MS) is the most common rheumatic valvu-
lar lesion encountered during pregnancy. The hypervol-
emia and tachycardia associated with pregnancy exacerbate 
the impact of mitral valve obstruction. The resultant eleva-
tion in left atrial pressure increases the likelihood of atrial 

fi brillation.  21   Thus, even patients with mild to moderate 
MS, who are asymptomatic prior to pregnancy, may 
develop atrial fi brillation and heart failure during the ante-
partum and peripartum periods, contributing to substan-
tial morbidity  1,12,25,60   Atrial fi brillation is a frequent 
precipitant of CHF in pregnant patients with MS. In a study 
of 80 pregnancies (moderate or severe MS in 47%), the fi rst 
episode of pulmonary edema occurred at a mean gesta-
tional age of 30 weeks and occurred in the setting of atrial 
tacharhythmias in 20%.  60   

 Percutaneous mitral valvuloplasty should be considered 
in patients with functional class III or IV symptoms despite 
optimal medical therapy and hospitalization  61 – 63   (Class I, 
Level C1). 

 Pregnant women whose dominant lesion is rheumatic 
AS have a similar outcome to those with congenital AS.  

  Peripartum  c ardiomyopathy 

 Peripartum cardiomyopathy is diagnosed by otherwise 
unexplained LV systolic dysfunction presenting during the 
last antepartum month or in the fi rst fi ve postpartum 
months.  64   Proposed echocardiographic criteria of LV sys-
tolic dysfunction include ejection fraction  < 45%, fractional 
shortening  < 30%, and end - diastolic dimension  > 2.7   cm/
m 2 .  65   This entity can manifest as CHF, arrhythmia or 
embolic events. Many affected women will show improve-
ment in functional status and ventricular function post 
partum, but others may have persistent or progressive dys-
function. The relapse rate during subsequent pregnancies 
is substantial in women with evidence of persisting cardiac 
enlargement or LV dysfunction. In a multicenter survey 
examining the outcomes of 60 pregnancies in women with 
peripartum cardiomyopathy diagnosed during a prior 
pregnancy, 44% of women with persistent LV systolic dys-
function (ejection fraction  < 50%) developed symptoms of 
CHF during subsequent pregnancies, with an associated 
mortality rate of 19%. In contrast, symptoms of CHF devel-
oped in 21% of women with normalized LV systolic func-
tion (ejection fraction  ≥ 50%) and none of this group died.  4   
For women who are planning on another pregnancy, 
angiotensin - converting enzyme inhibitors should be 
avoided due to their teratogenic effects.  66   In another survey 
of 100 pregnancies in women with peripartum cardiomy-
opathy and no subsequent pregnancies, the majority of 
cases (75%) were diagnosed in the fi rst month postpartum; 
normalization of LV systolic function occurred in 54% and 
was more likely if ejection fraction was  > 30% at diagnosis.  67   
These authors suggest that the criteria for diagnosis of peri-
partum cardiomyopathy based on timing of presentation 
may be unnecessarily restrictive as those with  “ pregnancy -
 associated cardiomyopathy ”  diagnosed earlier in preg-
nancy are indistinguishable in terms of baseline 
characteristics and outcome.  67   Women with peripartum 
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cardiomyopathy and signifi cant residual LV dysfunction 
are advised against further pregnancies (Class I, Level 
C1).  

  Hypertrophic  c ardiomyopathy 

 In patients who have either resting or provocable LV outfl ow 
tract obstruction, the degree of LV outfl ow tract obstruction 
during pregnancy is variable and is a result of interplay 
between increases in preload (which reduces severity of 
obstruction) and decreases in afterload (which worsens 
obstruction). Diastolic dysfunction magnifi es preload depen-
dence of cardiac output and may result in worsening symp-
toms even in the absence of LV outfl ow tract obstruction. 

 Maternal outcomes are often good, though several deaths 
have been reported, and serious complications (CHF, 
tachyarrhythmias, syncope) may occur, especially in 
women with preconceptual symptoms, and in those with 
substantial LV diastolic and/or systolic dysfunction or sig-
nifi cant LV outfl ow tract obstruction. In a multicenter ret-
rospective review of 199 pregnancies, there were two 
sudden deaths in women known to be at high risk who 
were counseled against pregnancy (one with severe LV 
outfl ow tract obstruction and symptomatic heart failure 
and one with a malignant family history); clinical decom-
pensation during pregnancy occurred in 15% and was sig-
nifi cantly associated with prepregnancy functional class.  68   
In a recent single - center retrospective review of 271 preg-
nancies, there were no maternal deaths and  > 90% of women 
with cardiac symptoms during pregnancy experienced 
cardiac symptoms prior to pregnancy; symptomatic dete-
rioration occurred in  < 10%.  69   Fetal outcomes are good. 
Beta - blockers may be used, as in the non - pregnant state. 
Dual - chamber pacing may be of value in patients with 
symptoms refractory to medical therapy (Class IIb, Level 
C2). The role of septal alcohol ablation or surgical myec-
tomy during pregnancy has not been defi ned.  

  Coronary  a rtery  d isease 

 The risk of myocardial infarction (MI) appears to be 
increased by pregnancy. A study examining hospital dis-
charge data of  > 23 million pregnancies between 2000 and 
2002 determined that the incidence of pregnancy - related 
acute MI in pregnancy was 6.2/100   000 deliveries with a 
mortality rate of 0.35/100   000 deliveries.  70   Of 859 cases of 
acute MI related to pregnancy reviewed, 73% occurred 
during pregnancy and 27% occurred post partum necessi-
tating readmission to hospital. The risk of acute MI was 3 – 4 
times higher in pregnancy as compared with the published 
incidence of MI among reproductive - aged women. Risk 
factors for MI included advanced maternal age, hyperten-
sion, diabetes mellitus, smoking, thrombophilia, need for 
transfusion and postpartum infection. Earlier studies dem-

onstrating lower incidences of MI may relate to better 
ascertainment in recent studies, improved diagnosis related 
to widespread troponin use, or increased number of preg-
nancies in older women.  71,72   Guidelines for the cardiopul-
monary resuscitation of the pregnant patient have been 
recently published.  73   

 Diagnosis of infarction may be confounded peripartum 
because of release of CK - MB isoenzyme from the uterus.  74   
Thromobolysis is not contraindicated  75   but the diagnosis of 
coronary thrombosis as opposed to other causes of coro-
nary occlusion cannot be routinely assumed; if immedi-
ately available, coronary angiography with the option of 
primary angioplasty should be considered, especially as 
other causes of myocardial ischemia/infarction are more 
frequent in or aggravated by pregnancy. These may include 
coronary artery dissection, coronary artery embolism, vas-
cular complications of vasoactive obstetric therapies (e.g. 
ergot derivatives, prostaglandins), and collagen vascular 
diseases. The long - term residua of childhood Kawasaki 
disease include coronary artery stenoses and aneurysms, 
which may become symptomatic during pregnancy. 
Cocaine abuse must be considered in any young person 
with an acute coronary event.  75   Fetal exposure to radiation 
from routine coronary angiography is  < 5   mGy ( < 500   mrad).  76   
Adverse fetal consequences of this amount of radiation are 
extremely small or negligible.   

  Management 

  Risk  s tratifi cation and  c ounseling 

 Risk stratifi cation and counseling of women with heart 
disease is best accomplished prior to conception. The data 
required for risk stratifi cation can be acquired readily from 
a thorough cardiovascular history and examination (includ-
ing percutaneous oximetry, when appropriate), 12 - lead 
electrocardiogram, and transthoracic echocardiogram. In 
counseling, the following four areas should be considered: 
identifi cation of the risk factors for maternal and fetoneo-
natal complications, recurrence risk of CHD in offspring, 
anepartum management, and peripartum management. 

  Risk  s tratifi cation 
  Defi nition of the underlying cardiac lesion  is the fi rst step of 
risk stratifi cation and determining management. Review of 
prior catheterization and operative reports may be neces-
sary to clarify the diagnosis and defi ne the nature of residua 
and sequelae such as ventricular function, pulmonary pres-
sure, severity of obstructive lesions, persistence of shunts, 
and presence of hypoxemia. Almost all patients can be 
stratifi ed into low - , intermediate - , or high - risk groups 
using a risk index (Table  62.1 ), with additional risk data 
supplemented by results of lesion - specifi c studies (Class I, 
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 Table 62.1     Risk factors for maternal cardiac adverse events during 
pregnancy   (adapted from Siu  et al.   1  )   

   Adverse maternal cardiac event     Maternal risk factors  

  Pulmonary edema 

 Arrhythmia 

 Stroke 

 Death  

   General   *    

  NYHA functional classifi cation III 

or IV or cyanosis  

  Systemic ventricular ejection 

fraction  < 40%  

  Left heart obstruction (mitral 

valve area  < 2   cm 2 , aortic valve 

area  < 1.5   cm 2 , peak left 

ventricular outfl ow gradient 

 > 30   mm   Hg  

  Cardiac event (arrhythmia, 

stroke, pulmonary edema) 

prior to pregnancy  

   Lesion specifi c   
  As discussed in the text  

    *    The general risk factors can be used to create a maternal risk index 

for adverse cardiac events related to pregnancy: 0 risk factors  < 5% 

risk, 1 risk factor    ∼    27% risk,  ≥ 2 risk factors    ∼    75% risk   

Level C1). Poor functional status (NYHA  > II) or cyanosis, 
systemic ventricular systolic dysfunction, left heart 
obstruction, and history of cardiac events prior to preg-
nancy (arrhythmia, stroke or pulmonary edema) are inde-
pendent predictors of maternal cardiac complications.  1     

 The four above - mentioned risk factors are the compo-
nents of a risk index and have been prospectively validated 
(see Table  62.1 ). The risk of a cardiac event (cardiac death, 
stroke, pulmonary edema or arrhythmia) during preg-
nancy increases with the number of predictors present 
during the antepartum evaluation (Fig.  62.1 ).  1   Pregnancies 
with 0, 1 or  > 1 predictor correspond to low, intermediate 
or high - level risk, respectively. The above - mentioned pre-
dictors were also predictive of the combined endpoint of 
cardiac event (as defi ned above), deterioration of maternal 
functional class during pregnancy or need for an urgent 
cardiac intervention during the ante -  or postpartum periods 
(Fig.  62.2 ). This risk index, together with lesion - specifi c risk 
estimates, can be applied at the time of preconception 
counseling or during pregnancy. If lesion - specifi c and 
index estimates of maternal cardiac risk are discordant, 
then the higher of the two risk estimates should be applied. 
Furthermore, if no lesion - specifi c data are present or the 
lesion was not included in current risk indices, it may be 
prudent to assume an intermediate level of risk.   

 In a subsequent single - center retrospective study exam-
ining women with CHD, the global predictors of risk as 
listed above were again validated, and subpulmonary ven-
tricular dysfunction and severe pulmonary regurgitation 

     Figure 62.1     The frequency of maternal cardiac complications 
(pulmonary edema, cardiac arrhythmia, stroke, or cardiac death), as 
predicted by the number of risk factors, observed in the derivation and 
validation groups (n   =   number of pregnancies).  (From Siu  et al.   1  ) .  
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     Figure 62.2     The frequency of any primary or secondary cardiac events 
(deterioration in maternal functional class, need for urgent cardiac 
interventions during the ante -  or postpartum periods, pulmonary edema, 
cardiac arrhythmia, stroke, or cardiac death), as predicted by the number 
of risk factors, observed in the derivation and validation groups 
(n   =   number of pregnancies). (From Siu  et al.   1  ).  
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were proposed as additional predictors of adverse cardiac 
outcomes.  10   

  Identifi cation of potentially treatable risk factors is crucial.  
Both maternal and fetal outcomes are improved by surgery 
to correct cyanosis, which should be undertaken prior to 
conception when possible.  13   Similarly, patients with symp-
tomatic obstructive lesions should undergo intervention 
prior to pregnancy  20   (Class I, Level C1). A systematic over-
view of the outcome of cardiovascular surgery performed 
during pregnancy reported a maternal and fetal mortality 
of 6% and 30% respectively.  77   Planning for valve replace-
ment prior to pregnancy nessesitates weighing the need for 
ongoing anticoagulation with a mechanical valve against 
the likelihood of early reoperation if a tissue valve is used. 
For women with AS, an attractive alternative is the pulmo-
nary autograft. 
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 Table 62.2     Maternal risk factors for fetoneonatal adverse events 
during pregnancy (adapted from Siu  et al.   1,7  ) 

   Adverse neonatal events     Maternal risk factors  

  Premature birth 

 Small - for - gestational - age 

birthweight 

 Respiratory distress syndrome 

 Intraventricular hemorrhage 

 Death (fetal or neonatal)  

   Cardiac   

  NYHA functional classifi cation III or 

IV, or cyanosis  

  Left heart obstruction (mitral valve 

area  < 2   cm 2 , aortic valve area 

 < 1.5   cm 2 , peak left ventricular 

outfl ow gradient  > 30   mm   Hg  

   General   
  Maternal age  < 20 or  > 35 years  

  Anticoagulant therapy  

  Smoking during pregnancy  

  Multiple gestation pregnancy  

   Obstetric   
  Premature delivery/premature 

membrane rupture 

 Incompetent cervix 

 Cesarean section 

 Intrauterine growth retardation 

 Bleeding  > 12 weeks gestation 

 Febrile illness 

 Uterine/placental abnormalities  

  Additional associated risk factors  that may complicate 
pregnancy include prosthetic valves and conduits, 
anticoagulant therapy, and the use of teratogenic drugs 
such as warfarin and angiotensin - converting enzyme 
inhibitors. 

  Maternal life expectancy and ability to care for a child need to 
be considered.  A patient with limited physical capacity or 
with a condition that may result in premature maternal 
death should be advised of her potential inability to look 
after her child. Women whose condition imparts a high 
likelihood of fetal complications, such as those with cyano-
sis or on anticoagulants, must be apprised of these added 
risks. 

 Some of the same factors that are predictive of maternal 
cardiac risk (poor maternal functional class or cyanosis, 
left heart obstruction) are also predictors of fetoneonatal 
complications. Furthermore, there is an interaction 
between baseline obstetric and cardiac characteristics in 
determining fetoneonatal outcomes (Table  62.2 , Fig.  62.3 ).  1,7   
Women with heart disease and additional obstetrical 
risk factors (such as very young or advanced maternal 
age, or smoking) are at the highest risk of fetoneonatal 
complications. Obstetrical outcomes such as premature 
labor, pregnancy induced hypertension, and postpartum 
hemorrhage have been examined in only a few studies to 
date.  1,7,12,24,48        

     Figure 62.3     The frequency of fetoneonatal complications in two groups 
defi ned by the presence or absence of maternal noncardiac characteristics 
(obstetric high - risk characteristics, smoking, use of anticoagulation, 
multiple gestation, and maternal age). Control group is represented by 
white bars. Heart disease group with neither left heart obstruction nor 
poor functional class/cyanosis is in gray. Heart disease group with left 
heart obstruction or poor functional class/cyanosis is in black.  
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  Recurrence  r isk of  c ongenital  h eart  d isease 
 The  risk of recurrence of CHD in offspring  should be addressed 
in the context of  ∼ 0.5% risk in the general population. The 
risk with a fi rst - degree relative affected increases about 
10 - fold. A multicenter study examining offspring of 
patients with major congenital heart defects who survived 
cardiac surgery described an overall recurrence rate of 4% 
in their offspring.  78   The type of CHD seen in offspring can 
differ from the lesion seen in the mother.  79   Recurrence risk 
of CHD in offspring varies by lesion and in some reports is 
as low as 0.6% in association with maternal TGA  9   and as 
high as 18% in the presence of maternal LV outfl ow tract 
obstruction.  80   Certain conditions such as Marfan syndrome 
and 22q11 deletion syndrome are autosomal dominant, 
conferring a 50% recurrence risk in her offspring. BAV may 
also be transmitted in a familial or autosomal dominant 
pattern. Patients with CHD who reach reproductive age 
should be offered formal genetic counseling so that they are 
fully informed of the mode of inheritance and recurrence 
risk as well as the prenatal diagnosis options available to 
them (Class I, Level C1). Preventive strategies to decrease 
the incidence of congenital defects such as preconception 
use of multivitamins containing folic acid can be discussed 
at the time of such counseling  81   (Class I, Level B). Antepar-
tum fetal echocardiography should be offered to pregnant 
women with CHD and will exclude major congenital lesions 
(Class I, Level C1).  82   Pediatric cardiac assessment is of 
additional diagnosic utility even if the fetal echocardiogram 
was normal.  83    

  Antepartum  m anagement 
  General  p rinciples     Women with heart disease who are at 
intermediate or high risk for complications should be 
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  Special  c ircumstances 
  Arrhythmias     The pregnant state may increase arrhythmia 
propensity related to several factors including altered hor-
monal milieu, enhanced sympathetic tone and cardiac 
chamber dilation.  85   Premature atrial or ventricular beats 
are common in normal pregnancy; sustained tachyarrhyth-
mias have also been reported. Women with a previous 
history of arrhythmia are at increased risk of recurrence 
during pregnancy. Adverse fetal and neonatal outcomes 
have been related to recurrent arrhythmia during preg-
nancy.  86   In a recent overview, women at particular risk of 
arrhythmia were those with atrial redirection surgery (for 
transposition), those after Fontan repair, and those with 
AVSD.  9   

 Pharmacologic treatment is usually reserved for patients 
with frequent or sustained episodes, particularly if poorly 
tolerated and/or in the presence of structural cardiac 
abnormalities. Sustained tachyarrhythmias such as atrial 
fl utter or atrial fi brillation should be treated promptly, 
avoiding teratogenic antiarrhythmic drugs. Electrical car-
dioversion is safe in pregnancy. Digoxin and beta - adrener-
gic blockers are antiarrhythmic drugs of choice in view 
of their known safety profi les (Class I, Level C1).  20,87   
Quinidine, adenosine, sotalol, and lidocaine are generally 
considered  “ safe ”  but published data on their use 
during pregnancy are more limited. Amiodarone is more 
problematic and standard texts classify it as contraindi-
cated in pregnancy, although there are case reports describ-
ing successful use with careful follow - up; it is not 
teratogenic, but may impair neonatal thyroid function.  88,89   
Pregnancies in women with implantable cardioverter - 
defi brillators were associated with favorable maternal and 
fetal outcomes.  90    

  Anticoagulation for  m echanical  h eart  v alve     In a systematic 
overview of pregnancy outcomes in women with pros-
thetic heart valves, the overall pooled maternal mortality 
was 2.9% and was mostly related to valve thrombosis.  3   The 
choices of anticoagulants include oral warfarin, unfraction-
ated heparin, and low molecular weight heparin (LMWH). 
Warfarin is easier to administer and is effective but has the 
associated risk of embryopathy during organogenesis, and 
fetal intracranial bleeding can occur throughout preg-
nancy. Although the incidence of embryopathy was lowest 
when a daily warfarin dose of  ≤ 5   mg was utilized,  91   
there are ongoing concerns about neurodevelopmental 
abnormalities from intracranial bleeding. Fetal intracranial 
hemorrhage during vaginal delivery is a risk with warfarin 
unless it has been stopped for at least two weeks. Adjusted -
 dose subcutaneous unfractionated heparin has no terato-
genic effects, as the drug does not cross the placenta, 
but there is risk of maternal thrombocytopenia and osteo-
porosis. Claims of inadequate effectiveness of heparin in 
patients with mechanical heart valves have been countered 

 Table 62.3     Management of pregnancy in women with heart disease 

   All patients 

    •      Defi ne the lesion, the residua and the sequelae  

   •      Assess functional status  

   •      Determine predictors of risk: general and lesion specifi c  

   •      Eliminate teratogens  

   •      Arrange genetic counseling when relevant  

   •      Consider consultation with a regional center  

   •      Assess need for endocarditis prophylaxis during labor and delivery    

  Intermediate and high - risk patients 

    •      Arrange management at a regional center for high - risk pregnancy  

   •      Consider antepartum interventions to reduce pregnancy risk  

   •      Engage a multidisciplinary team, as appropriate  

   •      Consider a multidisciplinary case conference  

   •      Develop and disseminate a management plan  

   •      Anticipate vaginal delivery in almost all cases, unless there are 

obstetric contraindications  

   •      Consider early epidural anesthesia  

   •      Modify labor and delivery to reduce cardiac work  

   •      Plan postpartum monitoring     

managed in a high - risk pregnancy unit by a multidisci-
plinary team from obstetrics, cardiology, anesthesia, and 
pediatrics (Class I, Level C2) (Table  62.3 ). When dealing 
with a complex problem the medical team should meet 
early in the pregnancy, develop and distribute a written 
management plan. Consultation at a regional referral 
center should be encouraged with subsequent manage-
ment at a community hospital setting for women who are 
confi rmed to be in a  “ low - risk ”  group.   

 Activity limitation and hospital admission by mid second 
trimester may be advisable in some women with structural 
cardiac lesions and NYHA III or IV symptoms. Gestational 
hypertension, hyperthyroidism, infection and anemia 
should be identifi ed early and treated vigorously. 

 For patients with functionally signifi cant MS, beta -
 adrenergic blockers should be used to control heart rate 
(Class I, Level C1). Digitalis is often ineffective in blunting 
pregnancy - induced tachycardia. Diuretics should be used 
cautiously in the treatment of pulmonary congestion or 
right heart failure as aggressive diuresis may lead to 
decreased uteroplacental perfusion. Some have advocated 
for the use of anticoagulation prophylaxis in the presence 
of severe MS and an enlarged left atrium, even in the 
absence of an atrial tachyarrhythmia, due to the hyperco-
agulability inherent in pregnancy.  84   Rheumatic fever peni-
cillin prophylaxis should continue as in the non - pregnant 
state.  20   We also offer empiric therapy with beta - adrenergic 
blockers to patients with coarctation or Marfan syndrome 
or those with dilated aorta in the presence of a BAV (Class 
IIa, Level C2).   
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by arguments that inadequate doses were used. LMWH 
has better bioavailability and has been suggested as an 
alternative to adjusted - dose unfractionated heparin, par-
ticularly in the context of meticulously monitored plasma 
anti - Xa levels. 

 In the absence of systematic data on the optimal antico-
agulation regimen in pregnant women with mechanical 
heart valves, current practice guidelines are all based on 
expert opinion and are not in agreement with one 
another.  20,92,93   The American College of Chest Physicians 
(ACCP) recommends that either LMWH or unfractionated 
heparin be used throughout pregnancy with dose adjust-
ments based on careful monitoring; the European Society 
of Cardiology does not endorse the use of LMWH during 
pregnancy for women with prosthetic heart valves.  20,92,93   
Some have proposed alternative strategies for patients 
deemed at  “ higher risk ”  as compared to those deemed to 
be at  “ lower risk ”  for thromboembolism.  34   The practice 
within our group is based on ACCP guidelines with LMWH 
at least during the fi rst trimester. Monitoring of both peak 
and trough levels of anti - Xa may be necessary to ensure 
adequate anticoagulation in women with mechanical heart 
valves receiving LMWH.  34   Adjunctive use of low - dose 
aspirin should also be considered.  20,92,93   Aspirin in low dose 
is safe for the fetus, even at term  94   (Class I, Level B) 
although high maternal doses may promote premature 
fetal ductus arteriosus closure.  

  Eisenmenger  s yndrome     If a woman with Eisenmenger syn-
drome does not accept counseling to terminate or presents 
late in pregnancy, meticulous antepartum management is 
necessary including early hospitalization, supplemental 
oxygen and possibly empiric anticoagulation (Class IIa, 
Level C2). The effi cacy of nitric oxide therapy in these 
patients has yet to be demonstrated. Experience with tar-
geted pulmonary vasodilator therapy is limited to case 
reports, which suggest that agents may improve pulmo-
nary pressures.  95 – 98    

  Hypertension in  p regnancy     Mild pre - existing hypertension 
may not require pharmacotherapy in pregnancy, as fetal 
outcomes are unaffected, maternal blood pressure falls 
lower than baseline during the fi rst 20 weeks of gestation, 
and excessive lowering of maternal blood pressure may 
compromise placental perfusion.  99   Therapy should be initi-
ated or reinstituted if moderate - to - severe hypertension 
develops (systolic BP  ≥ 150 – 160, diastolic BP  ≥ 100 – 110 or 
both) or there is target organ damage. A recent meta - anal-
ysis of 46 randomized trials evaluating antihypertensive 
therapy in women with mild - to - moderate hypertension 
(140 – 169   mm   Hg systolic, 90 – 109   mm   Hg diastolic) during 
pregnancy did not fi nd any signifi cant difference in fetal 
outcome or risk of developing superimposed gestational 
hypertension with proteinuria (pre - eclampsia), although 

the risk of developing severe hypertension was halved in 
treated women.  100   If treatment is indicated, drug therapy 
established as safe includes methyldopa, hydralazine, 
labetalol and other beta - blockers, and nifedipine (Class I, 
Level C1).  101,102   As there are no clear benefi ts of one class 
of medication over another, choice of an antihypertensive 
should be based on the potential for side effects and the 
experience of the prescribing clinician with a particular 
drug.  103   Diuretics are indicated for the management of 
volume overload in renal failure or CHF and may be used 
as adjuncts in the management of pre - existing (chronic) 
hypertension, but should be avoided in gestational hyper-
tension (pre - eclampsia), which is a volume - contracted 
state.  99,104   Due to increased risk of fetopathy, angiotensin -
 converting enzyme inhibitors, and angiotensin - receptor 
blocking agents by extension, are not considered safe at 
any point during pregnancy (Class I, Level C1). 

 Gestational hypertension with proteinuria (pre - 
eclampsia) is treated effectively only by delivery of the 
fetus and placenta. Delay in delivery to allow maturation 
of the fetus can often be accomplished if the syndrome is 
mild, the patient is under very close surveillance in a hos-
pital or obstetric day unit, and pregnancy is terminated as 
soon as further benefi t to the fetus is unlikely or maternal 
safety is compromised.  99      

  Management  d uring  l abor and  d elivery 

 Vaginal delivery is recommended, with cesarean delivery 
for cardiac indications reserved for aortic dissection, 
Marfan syndrome with dilated aortic root, and failure to 
switch from warfarin to heparin within two weeks prior to 
labor. Preterm induction is rarely indicated, but once fetal 
lung maturity is assured a planned induction is preferred 
in high - risk situations so that appropriate support will be 
available. There is no consensus on the use of invasive 
hemodynamic peripartum monitoring. We commonly 
utilize intra - arterial monitoring and often use central 
venous pressure monitoring as well in cases where there 
are concerns about the interpretation and deleterious 
effects of a sudden drop in systemic blood pressure (severe 
AS, pulmonary hypertension or moderate or severe sys-
temic ventricular systolic dysfunction). The utility of an 
indwelling pulmonary artery catheter has not been studied 
during pregnancy, and it is rarely utilized; risk may be 
increased with complex anatomy such as atrial baffl es or 
in the setting of pulmonary hypertension because of pos-
sible pulmonary infarction or rupture. 

 Heparin anticoagulation is discontinued 12 – 24 hours 
prior to induction or reversed with protamine if spontane-
ous labor develops, and can usually be resumed 6 – 12 hours 
post partum. According to current guidelines,  105   routine 
prophylactic antibiotic therapy is not indicated but has 
been recommended by some because of the possibility of 
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bacteremia during labor and delivery, particularly in the 
setting of a complicated delivery.  21   

 Epidural anesthesia with adequate volume preloading is 
the technique of choice (Class I, Level C2). Epidural fen-
tanyl is particularly advantageous in cyanotic patients with 
shunt lesions as it does not lower peripheral vascular resis-
tance. In the presence of a shunt, air and particulate fi lters 
should be placed in all intravenous lines. 

 Labor is conducted in the left lateral decubitus position 
to attenuate hemodynamic fl uctuations associated with 
contractions in the supine position. A shortened second 
stage of labor will reduce need for maternal expulsive 
efforts. As hemodynamics do not approach baseline for 
many days after delivery, those patients at intermediate or 
high risk may require monitoring for a minimum of 72 
hours post partum. Patients with Eisenmenger syndrome 
require longer close postpartum observation, since mortal-
ity risk persists for seven days or more.   

  Conclusion 

 With important exceptions, most women with cardiac 
disease can be expected to do well during pregnancy with 
appropriate management based on systematic risk stratifi -
cation. A preconceptual cardiac evaluation is of great value 
as baseline testing can be arranged, medications can be 
reviewed and revised if need be, pregnancy - related risk 
stratifi cation can be established and interventions can 
be planned prior to pregnancy, when necessary. Pregnan-
cies deemed to be at intermediate or high risk should 
be managed and delivered in a tertiary care setting. An 
antepartum multidisciplinary conference to co - ordinate 
management should take place if complex care is antici-
pated. If intervention is required during pregnancy, a 
percutaneous approach, if at all possible, should be under-
taken and cardiac surgery should be avoided. In some 
cardiac conditions, conception should be avoided and in 
the event of pregnancy, termination should be offered; 
these include pulmonary vascular obstructive disease, 
Marfan syndrome with aortopathy, and peripartum 
cardiomyopathy with residual ventricular dysfunction 
(Class I, Level C1).  
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  Introduction:  p revalence of  c ongenital 
 h eart  d isease 

 Congenital heart disease (CHD) is defi ned as a cardiovas-
cular abnormality that is present from birth, and approxi-
mately 4 – 10 liveborn infants per 1000 are affected.  1,2   
However, the true prevalence may be much higher, as 
these estimates often exclude bicuspid aortic valve and 
prolapse of the mitral valve, the most common cardiac 
malformations.  1   A more accurate estimation has been 
reported to be around 50 per 1000 live births.  1   Table  63.1  
summarizes the recently reported incidence of the 
common congenital heart defects.  2   The great successes of 
pediatric cardiac care in the past 25 years have resulted in 
a marked increase in adult patients with CHD. About 85% 
of children with CHD are now expected to survive into 
adulthood.  3   The most recent epidemiologic study, con-
ducted in Quebec, Canada, revealed that the prevalence of 
adults with CHD was 4.09 per 1000 for the year 2000, rep-
resenting an increase of 85% compared with 1985, while 
this increase was only 22% in children for the same 
period.  4   The authors extrapolated their results to the US 
population and estimated that about 900   000 adults had 
CHD in the year 2000 in the USA.   

 Most early interventions carried out on patients with 
CHD have not been curative and a signifi cant proportion 
of them will need further surgery or experience various 
complications such as arrhythmia and heart failure. Their 
cardiovascular disease is complex and their management 
poses a real challenge, requiring expert cardiologic care. 
Indeed, initial assessment of suspected CHD, follow - up of 
patients with CHD of moderate severity and complex 
lesions as well as risk assessment for non - cardiac surgery 

and pregnancy should ideally take place in a tertiary adult 
care center. However, there are currently not enough such 
specialists worldwide. Education on the principles of CHD 
for a broader professional audience is therefore imperative 
to improve the lifetime care of this population.  5   Primary 
care physicians, general adult cardiologists, obstetricians, 
surgeons and anesthesiologists should also be aware of the 
various issues in the general medical management of CHD 
because most patients will also need local follow - up for 
economic, social and geographic reasons.  6,7   

 This chapter provides key clinical information and 
guidelines for the management of adults with CHD.  7a    

  Etiology 

  Genetic  b asis of  CHD  

 In recent years, there have been tremendous advances not 
only in diagnosis and treatment of CHD but also in our 
knowledge of the etiologies of CHD. Improvements in 
genetic techniques have resulted in identifi cation of several 
loci and genes associated with CHD. In their extensive 
review of the current genetic basis for congenital heart 
defects, Pierpont  et al   1   emphasized the reasons why it is 
very important to determine whether there is an underly-
ing genetic abnormality: 
   •      other organ systems may be involved  
   •      it may provide prognostic information  
   •      there may be signifi cant risks of transmission to the 
offspring  
   •      genetic testing in other family members may be 
appropriate.    
 A  chromosome  deletion can be identifi ed by fl uorescence  in 
situ  hybridization (FISH) in some syndromes associated 
with heart defects. For example, a 22q11 deletion is present 
in  ∼ 90% of patients with DiGeorge syndrome, which is 
characterized by cardiac defects (such as aortic arch anom-
alies, truncus arteriosus, tetralogy of Fallot (TOF) or ven-
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  Atrial  s eptal  d efect 

  Anatomic  fi  ndings and  p athophysiology 

 Interatrial communications are common and can be classi-
fi ed in four types: ostium secundum defects, the most 
common, are located within the region of the fossa ovalis; 
ostium primum, part of an atrioventricular septal defect 
(AVSD), includes a common atrioventricular junction with 
a trileafl et left atrioventricular valve (AVV); superior sinus 
venosus defects are frequently associated with partial 
anomalous pulmonary vein return; and coronary sinus 

 Table 63.1     Incidence per 10   000 live births 

   Lesion     Median  

  Bicuspid aortic valve (BAV)    92.4  

  Ventricular septal defect (VSD)    28.3  

  Patent ductus arteriosus (PDA)    5.7  

  Atrial septal defect (ASD)    5.6  

  Pulmonary stenosis (PS)    5.3  

  Aortic coarctation    3.6  

  Tetralogy of Fallot (TOF)    3.6  

  Atrioventricular septal defect (AVSD)    3.4  

  Complete transposition of the great arteries (d - TGA)    3.0  

  Aortic valve stenosis (AS)    2.6  

   Modifi ed with permission from Hoffman and Kaplan.  2     

tricular septal defect (VSD)), specifi c facial features, 
palate anomalies, hypoplasia of the thymus, aplasia or 
hypoplasia of the parathyroid glands, and psychiatric dis-
orders. The 22q11 deletion syndrome is an autosomal 
dominant syndrome which carries a 50% risk of transmis-
sion from an affected parent to the offspring.  1   Therefore, 
FISH testing should be considered for patients with such 
cardiac defects, especially if one of the other features of 
the 22q11 deletion syndrome listed above is present.  1   A 
chromosome microdeletion (7q11.23) is also found in 
 ∼ 90% of patients with Williams syndrome, which is asso-
ciated with supravalvular aortic stenosis (AS) and often 
supravalvular or peripheral pulmonary stenosis (PS). 
Mutations in various single genes have been found in 
several syndromes, namely Holt – Oram, Alagille, Char, 
Noonan, LEOPARD, CHARGE association, Ellis – van 
Creveld and Marfan. Single - gene disorders can also result 
in non - syndromic congenital heart defects, such as famil-
ial congenital atrial septal defect (ASD) and atrioventricu-
lar block (AVB).  1   However, a more complex combination 
of multiple genetic alterations and environmental factors 
instead of a single gene mutation is likely to be the cause 
in many cases of non - syndromic CHD.  1   Our knowledge of 
the association between CHD and genetic alterations will 
continue to grow with ongoing research and current avail-
ability of genetic testing.  

  Non -  i nherited  r isk  f actors for  CHD  

 During the past decade, there has been an increase 
in epidemiologic literature concerning modifi able risk 
factors that may have an adverse effect on the fetal 
heart,  8   especially with an exposure during the fi rst preg-
nancy trimester and the 3 months before conception (Table 
 63.2 ).  8     

 We now provide information on specifi c lesions.   

 Table 63.2     Defi nite or possible risk factors associated with  CHD  in 
offspring 

        RR of 
any 
defect  

   Common lesions  

   Maternal illness   

  Phenylketonuria     > 6    TOF, VSD, PDA, single ventricle  

  Pregestational 

diabetes  

  3.1 – 18    Dextrocardia, heterotaxy, TGA, 

AVSD, VSD, PDA, conotruncal 

defects  

  Febrile illness    1.82.9    R -  and L - sided obstructive defect, 

tricuspid atresia, coarctation of 

the aorta, VSD  

  Infl uenza    2.1    Aortic coarctation, VSD, TGA, R 

and L - sided obstructive defect  

  Maternal rubella      –      PDA, PV abnormalities, peripheral 

PS, VSD  

   Maternal drug exposure   

  Vitamin A    0.5 – 9.2    Outfl ow tract defects, cranial 

neural crest defect, PS  

  Retinoids      –      Any defects  

  Anticonvulsants    4.2    Any defects  

  Indometacin 

tocolysis  

    –      PDA  

  Ibuprofen    1.86    TGA, AVSD (Down syndrome), 

VSD, BAV  

  Sulfasalazine    3.4    Any defects  

  Thalidomide      –      VSD, ASD, conotruncal defects  

  Marijuana    1.9 – 2.4    VSD, Ebstein ’ s anomaly  

  Alcohol      §        §    

  Maternal environmental exposure  

  Organic solvents    2.0 – 5.6    AVSD, PS, conotruncal defects, 

Ebstein ’ s anomaly, TGA  

   Modifi ed with permission from Jenkins  et al.   8    

   –    Not available.  

   §    Inconclusive data on CHD.  

  R, Right; L, Left; PV, pulmonary valve.   
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defects are characterized by a defi ciency in the roof between 
the coronary sinus and the left atrium (Fig.  63.1 ). The size 
of the defect and the ventricular diastolic fi lling pressures 
(right and left) determine the degree of left - to - right shunt-
ing. A Qp   :   Qs ratio greater than 1.5/1.0 or the presence of 
right heart dilation is considered an indication for closure.  9      

  Clinical  p resentation 

 Dyspnea and fatigue on exertion are the most common 
symptoms in adults. Patients can also present with palpita-
tions from atrial fi brillation or fl utter, which rarely occurs 
before 40 years of age.  10,11   On examination, a right ventricu-
lar lift and a wide and fi xed splitting of the second heart 
sound are distinctive clinical signs of ASD. A pulmonary 
ejection systolic murmur and a mid - diastolic rumble refl ect 
increased fl ow through the pulmonary and tricuspid 
valves.  

  Diagnostic  e valuation 

  Electrocardiogram 
 The ECG in ASD can reveal sinus rhythm, atrial fi brillation 
or atrial fl utter, rightward axis deviation in secundum ASD 
(leftward or extreme right in primum ASD), prolonged PR 
interval, and right bundle branch block pattern (RBBB).  12 – 14   
In superior sinus venosus defect, sinus node dysfunction 
may lead to inverted P - waves in inferior leads.  10,15,16    

  Chest  r adiography 
 Signs of increased pulmonary blood fl ow,  17,18   as well as 
enlarged central pulmonary arteries, cardiomegaly (right 
heart dilation), and small aortic knuckle from chronic low 
systemic cardiac output, are present in signifi cant defects.  10    

  Exercise  t esting 
 Useful to document exercise capacity when there is dis-
crepancy between symptoms and clinical fi ndings, or to 
show changes in oxygen saturation in patients with mild 
or moderate pulmonary arterial hypertension (PAH) (Class 
IIa, Level C).  

  Echocardiography 
 Transthoracic echocardiogram (TTE) usually demonstrates 
the location, shape and size of the defect and its septal 
margins.  19   TTE can also provide the direction of the shunt, 
an estimation of the shunt ratio (Qp   :   Qs)  20   and an estima-
tion of the pulmonary artery pressures (PAP) from the 
Doppler velocity of the tricuspid regurgitation (TR). An 
enlarged right ventricle (RV),  21   with or without paradoxic 
septal motion.  22   might be the only initial fi ndings of a sig-
nifi cant ASD. Transesophageal echocardiogram may better 
visualize the pulmonary venous return, and is used to 
guide device closure of the defect.  

  Cardiac  m agnetic  r esonance  i maging ( CMR ) 
 Cardiac magnetic resonance imaging is the modality of 
choice to assess right ventricular size and function. 
Pulmonary venous return can also be accurately 
demonstrated.  23     

  Management 

 Indications for ASD closure are shown in Table  63.3 .  7a,10   
Most centers favor percutaneous closure when the anatomy 
is suitable.  24,25   Device closure is safe (complication rate less 
than 1%) and effective, and minimizes hospital stay.  26   It 

     Figure 63.1     Anatomic location of ASDs. A, indicates secundum ASD; B, 
ostium primum ASD or partial AV septal defect; C, superior sinus venosus 
ASD; D, inferior sinus venosus ASD; E, coronary sinus ASD.  

A B

C

D

E

 Table 63.3      ASD  closure 

   Indications   

  ASD associated with RA and RV enlargement, with or without 

symptoms (Class I, Level B)  

  Paradoxic embolism (Class IIa, Level C)  

  Documented orthodeoxia - platypnea (Class IIa, Level B)  

   Contraindications   

  Advanced pulmonary arterial hypertension (PAH) (Class III, 
Level B)  

  Pregnancy (defer closure for 6 months after delivery) (Level C)  

  Severe left ventricular dysfunction (Level C)  

   RA, Right atrium.   



CHAPTER 63  Adult congenital heart disease

1009

pressure gradient between the left and right ventricles. In 
large non - restrictive VSDs, the pulmonary pressures are at 
or close to systemic levels. With the development of pul-
monary vascular disease, the degree of left - to - right shunt-
ing decreases and then reverses, leading to Eisenmenger 
syndrome.  

  Clinical  p resentation 

 Patients with small VSDs are usually asymptomatic. Mod-
erately restrictive and large VSDs can cause dyspnea on 
exertion, and/or palpitations if arrhythmias arise. As men-
tioned above, non - restrictive VSDs can lead to Eisenmenger 
syndrome. On examination, a holosystolic murmur is 
heard on the left sternal edge, which is loudest and may be 
accompanied by a thrill in small defects. In moderate and 
large defects, the apical impulse is laterally displaced. 
There is a widely split second heart sound that varies with 
respiration. With large shunts, a diastolic rumble of 
increased mitral fl ow may be heard. Large non - restrictive 
VSDs may have signs of PAH, including a RV heave and 
a loud P2.  

  Diagnostic  e valuation 

  Electrocardiogram 
 In small VSDs, the ECG is usually normal. In moderate 
VSDs, ECG may reveal left atrial hypertrophy and signs of 
left ventricular overload. In large non - restrictive VSDs 

also improves RV size and function  27   and exercise capac-
ity,  24   as does surgical closure. However, surgical closure is 
required for patients with ostium primum and sinus 
venosus ASDs (Class I, Level B), as well as ostium secun-
dum defects with one or more of the following features: 
stretched diameter  > 36 – 40   mm, inadequate atrial septal 
rims to allow device deployment, or proximity of the defect 
to the AVV, coronary sinus or vena cavae  10,25   (Class IIa, 
Level C).    

  Outcomes and  c omplications 

 Normal long - term survival has been reported after surgical 
ASD closure when patients were operated on before 25 
years of age.  28   Nevertheless, benefi ts (reduced morbidity 
and mortality) have also been demonstrated with surgical 
ASD closure compared with medical treatment in patients 
over 40 years of age.  29,30   The risk of developing late atrial 
fl utter or fi brillation is clearly higher if surgical repair is 
performed after 40 years of age.  11   Other complications are 
summarized in Table  63.4 .     

  Ventricular  s eptal  d efect 

  Anatomic  fi  ndings and  p athophysiology 

 Ventricular septal defect (VSD) is a very common congeni-
tal heart malformation (up to 53.2 per 1000 liveborn 
infants).  33   VSDs are classifi ed into (1) perimembranous, (2) 
muscular, and (3) double committed subarterial (Fig.  63.2 ). 
In perimembranous VSDs, part of the rim of the defect is 
formed by part of the central fi brous body, which is 
between the leafl ets of an AVV and an arterial valve. Mus-
cular VSDs possess completely muscular rims. Finally, 
double committed subarterial VSDs are present when the 
aortic and pulmonary valves are contiguous in the roof of 
the defect.  34     

 The magnitude of and direction of fl ow through the VSD 
are determined by the size of the defect, the right and left 
ventricular pressures, and the pulmonary vascular resis-
tance. In small (restrictive) VSDs, there is a signifi cant 

     Figure 63.2     Anatomic location of VSDs. A, indicates perimembranous 
VSD; B, muscular VSDs; C, doubly committed and subarterial VSD.  

A

B
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 Table 63.4     Complications of  ASD  

  Arrhythmias  11,28    

  Atrial fl utter or fi brillation  

  Bradyarrhythmia  

  Impaired functional capacity  31,32    

  Right heart failure  

  PAH (if large, unrestrictive defect)  

  Cerebrovascular events from paradoxic embolism (uncommon)  
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with PAH, the QRS axis shifts to the right and right atrial/
ventricular hypertrophy is present. Following surgical 
repair, RBBB is found in 29 – 65% of patients more than 25 
years after surgery  35,36   and 0.7 – 3.5% may develop late com-
plete AVB.  36,37    

  Chest  r adiography 
 Small VSDs have normal chest X - rays. Pulmonary plethora 
and cardiomegaly are present with larger defects. When 
signifi cant PAH develops, the chest X - ray shows dilated 
central pulmonary arteries and right heart enlargement.  

  Echocardiography 
 The size and location of VSDs can be accurately assessed 
by TTE.  38,39   Shunt ratio (Qp   :   Qs) and PAP can be estimated  20   
and, most importantly, hemodynamic consequences such 
as left ventricular enlargement or hypertrophy can be 
ascertained. Associated lesions should be sought (aortic 
regurgitation (AR), right or left ventricular outfl ow tract 
obstruction). Transesophageal or three - dimensional echo-
cardiography may be occasionally required when the TTE 
quality is poor.  40    

  Cardiac  c atheterization 
 Cardiac catheterization is useful when non - invasive data 
are inconclusive and further information is needed 
(Class IIa), such as assessment of pulmonary vascular 
resistance, magnitude of shunts, and pulmonary vasoreac-
tivity (Level B).   

  Management 

 Table  63.5  summarizes the indications for VSD closure.  7a   
Surgical closure in the current era carries low perioperative 
mortality risk (less than 1%),  41   with a low risk of AVB 
requiring permanent pacemaker (0.7 – 3%).  37,41,42   Transcath-
eter closure is currently in the investigational stage and 
should be considered only in selected cases of muscular 
and perimembranous VSDs (Class IIb, Level C). Butera 
 et al    recently reported their 38.5 months follow - up of 104 
patients who underwent percutaneous closure of peri-
membranous VSDs, and the occlusion rate reached 99% at 
follow - up. However, pacemaker implantation for complete 
AVB occurred in 5.6% (all in patients    < 6   years old).    

  Outcomes and  c omplications 

 Small restrictive VSDs with normal PVR have an excellent 
prognosis.  43   Twenty - fi ve year survival rate decreases with 
increasing size of the VSD (small, 96%; moderate, 86%; 
large, 61%; Eisenmenger, 42%).  44   Following surgical closure 
in patients without previous PAH, life expectancy should 
be close to normal. Even small VSDs, in unoperated patients 
or as residual defects following surgery, can lead to 

complications such as endocarditis, aortic regurgitation or 
arrhythmias.  45,46   Other possible complications of VSDs are 
listed in Table  63.6 .     

  Atrioventricular  s eptal  d efect 

  Anatomic  fi  ndings and  p athophysiology 

 The morphologic hallmark of an AVSD is a common atrio-
ventricular junction, with abnormalities of the AVV. In 
complete AVSD, there is a common AVV with fi ve leafl ets, 
while in partial AVSD (ostium primum ASD), the AVV is 
divided into two orifi ces (Fig.  63.3 ). The left AVV has three 
leafl ets (mural leafl et, inferior and superior bridging leaf-
lets). In complete AVSD, there is usually a primum ASD 
and a large VSD. In partial AVSD, only a primum ASD is 
present. Other common features include an inlet - to - outlet 
disproportion of the left ventricle and unwedged position 
of the aortic valve, which result in an elongated left ven-
tricular outfl ow tract (LVOT) ( “ goose neck deformity ” ), 
predisposing to subaortic obstruction. Septal chordal 

 Table 63.5      VSD  closure 

   Indications   

  Left - to - right shunt (Qp   :   Qs)  > 2 by echocardiography, CMR or cardiac 

catheterization and evidence of LV volume overload (Class I, 
Level B)  

  Left - to - right shunt (Qp   :   Qs)  > 1.5   :   1 with pulmonary artery 

pressure    <    two - thirds of systemic pressure and PVR    <    two - thirds of 

systemic vascular resistance (Class IIa, Level B)  

  Left - to - right shunt (Qp   :   Qs)  > 1.5   :   1 in the presence of LV systolic or 

diastolic dysfunction (Class IIa, Level B)  

  Regardless of the size:  

  History of endocarditis (Class I, Level C)  

  May be considered in patients with aortic regurgitation (Level C)  

   Contraindications   

  Advanced PAH (Class III, Level B)  

  Pregnancy (defer closure for 6 months after delivery) (Level C)  

   LV, left ventricle; EF, ejection fraction.   

 Table 63.6     Complications of  VSD  s  

  Arrhythmias  47    

  Atrial fi brillation  

  Ventricular arrhythmias, sudden cardiac death  

  Aortic regurgitation  

  Endocarditis  

  LV dysfunction (in large defects)  

  PAH and Eisenmenger syndrome (if large, unrestrictive defect)  
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attachments of the left AVV contribute to this complica-
tion.  48   The conduction system is also abnormal in patients 
with AVSD, leading to an increased risk of AVB.  49     

 Complete AVSD is associated with abnormal karyotype 
in 49% of cases diagnosed in fetal life (39% having trisomy 
21),  51   while some surgical series report Down syndrome 
in up to 73% of patients undergoing complete AVSD 
repair.  52   

 Complete AVSDs have a signifi cant degree of left - to -
 right shunting through the primum ASD and the large 
VSD, leading to left ventricular enlargement and early 
PAH. Partial AVSDs (with only a primum ASD) will 
usually have similar pathophysiology to other isolated 
interatrial shunts, unless the left AVV is very dysplastic, 
leading to severe stenosis and/or regurgitation.  

  Clinical  p resentation 

 The clinical presentation relates to the morphology of the 
defect. Large left - to - right shunts and severe left AVV 
regurgitation will present with congestive heart failure 
(CHF) in infancy and will develop PAH and cyanosis. 
Adults with unrepaired complete AVSDs may present with 
exercise intolerance and fatigue, Eisenmenger syndrome 
(see below), palpitations from atrial arrhythmias or brady-
cardia from complete AVB. Examination may reveal cya-
nosis and clubbing, right ventricular impulse, increased 
pulmonary component of the second sound, variable ejec-
tion systolic murmurs, mid - diastolic murmur in large left -
 to - right shunt, and pansystolic murmur with left AVV 
regurgitation. Isolated ostium primum ASDs will share the 
clinical features of ASDs described above but may also 
have signs of left AVV dysfunction.  

  Diagnostic  e valuation 

  Electrocardiogram 
 Left axis deviation, RBBB, and fi rst - degree AVB are 
common ECG fi ndings in patients with AVSD.  53,54   Atrial 
fi brillation can also be present.  53    

  Chest  r adiography 
 Cardiomegaly from left heart dilation usually present in 
patients with large VSD and/or signifi cant left AVV regur-
gitation. Large primum ASD will give rise to right heart 
enlargement and increased pulmonary vascular markings. 
Patients with Eisenmenger syndrome will have dilated 
central pulmonary arteries and peripheral pruning.  

  Echocardiography 
 Diagnosis of AVSD can accurately be made by TTE.  55   The 
following features should be assessed.  56 – 58  
    •      Abnormal confi guration of the AVVs are at the same 
level.  
   •      Left AVV has three leafl ets.  
   •      May have some degree of regurgitation.  
   •      Presence of ASD and VSD, and the magnitude of left - to -
 right shunting.  
   •      Estimated right ventricular systolic pressure.  
   •      Inlet - to - outlet disproportion with elongated LVOT and 
possible LVOT obstruction.  
   •      Abnormal position of the papillary muscles.  
   •      Left ventricular size and function.     

  Cardiac  m agnetic  r esonance 
 This provides detailed morphologic information and accu-
rately estimates the size of the VSD.  59    

  Cardiac  c atheterization and  a ngiography 
 Echocardiography and CMR have replaced cardiac cathe-
terization for the diagnostic and preoperative evaluation of 
AVSDs. However, cardiac catheterization may be neces-
sary to assess formally the pulmonary vascular resistance 
and vasoreactivity (Class IIa, Level B).   

  Management 

 Patients with complete AVSD should have early surgical 
correction (including repair of the AVV  60,61  ) within the fi rst 
few months of life to prevent pulmonary vascular disease. 
Most patients who present with partial AVSDs in later life 

     Figure 63.3     Complete and partial AVSDs. A 
illustrates common valvar orifi ce (a, superior 
bridging leafl et; b, left mural leafl et; c, inferior 
bridging leafl et; d, right inferior leafl et; e, right 
antero - superior leafl et). B illustrates separate 
right and left valvar orifi ces.  (a)

e
a

b

cd

(b)
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( > 40 years old) will also benefi t from surgical repair.  62   
However, patients with irreversible pulmonary vascular 
disease and/or Eisenmenger syndrome should usually be 
treated medically (see below). Indications of reintervention 
in adults include:  7a  
    •      signifi cant left AVV regurgitation or stenosis with symp-
toms, atrial or ventricular arrhythmias, a progressive 
increase in LV dimensions or deterioration of LV function 
(Class I, Level B)  
   •      signifi cant LVOT obstruction (Class I, Level B)  
   •      residual ASD or VSD with signifi cant left - to - right shunt-
ing (Class I, Level B)  
   •      complete AVB (pacemaker implantation) (Class IIa, 
Level B).     

  Outcomes and  c omplications 

 Without surgical repair, only 4% of patients with complete 
AVSD will survive beyond 5 years of age.  63   Conversely, the 
10 - year survival rate in patients following complete AVSD 
repair is 83%  60   and 93% after partial AVSD repair.  64   Table 
 63.7  summarizes late complications of AVSD, including the 
most common, left AVV regurgitation (10% of patients).  50,60,64       

  Left  v entricular  o utfl ow  t ract  o bstruction 
and  b icuspid  a ortic  v alve 

  Anatomic  fi  ndings and  p athophysiology 

 Left ventricular outfl ow tract obstructions (LVOTOs) com-
prise a group of stenotic lesions which may be located at 
the subvalvar, valvar or supravalvar level. Signifi cant 
LVOTO creates an increase in afterload, resulting in ele-
vated end - diastolic left ventricular pressure and concentric 
hypertrophy. 

  Subvalvar  a ortic  s tenosis ( SAS ) 
 Fixed SAS ranges from discrete fi brous membrane (91% 
of cases) to tunnel - like fi bromuscular band.  65,66   Nearly 

one - quarter of patients also have bicuspid aortic valve 
(BAV).  65   Other associated cardiac defects include VSD, 
coarctation of the aorta and Shone syndrome (parachute 
mitral valve, mitral stenosis, SAS, aortic coarctation, BAV). 
SAS is usually progressive; AR is common but usually 
mild.  67    

  Congenital  v alvar  AS  
 Abnormal valve and cusp formation may result in unicus-
pid, bicuspid, trileafl et bicommissural or rarely quadricus-
pid valves. Fifty - four percent of patients with signifi cant 
AS requiring surgery have congenitally malformed valves, 
of which more than 90% are bicuspid.  68   The estimated inci-
dence of BAV in the general population is 1 – 2%, affecting 
more males than females.  69   The high incidence (37%) of 
BAV in fi rst - degree relatives suggests an autosomal domi-
nant inheritance with reduced penetrance.  70   BAV is associ-
ated with abnormal aortic root tissue structure, including 
medial disease,  71   explaining why patients may develop 
aortic root dilation and aortic dissection.  

  Supravalvar  AS  ( SVAS ) 
 SVAS is the less common LVOTO. The morphologic feature 
of this condition is aortic narrowing at the level of the 
sinotubular junction. The entire ascending aorta may be 
involved and, less commonly, the aortic arch and periph-
eral arteries.  66   SVAS is frequently associated with Williams 
syndrome, which is characterized by intellectual impair-
ment, elfi n facies, short stature and, often, peripheral pul-
monary artery stenosis. A mutation of elastin gene on 
chromosome 7q11.23 has been detected in most patients,  72   
irrespective of the form of SVAS (autosomal dominant 
form, sporadic form or associated with Williams 
syndrome).   

  Clinical  p resentation 

 Symptoms may develop in childhood or adulthood, 
depending on the degree of obstruction. Patients with sig-
nifi cant LVOTO (subvalvar, valvar or supravalvar) may 
present with dyspnea, angina, syncope, congestive heart 
failure or signs of endocarditis. The following signs may 
be found on examination. 
   •      Slow - rising, diminished carotid pulse  
   •      Apex - to - carotid delay (severe)  
   •      Sustained apical impulse  
   •      Ejection click (with BAV, if valve pliable, or with dilated 
aortic root)  
   •      Diminished aortic component of S2, paradoxic splitting 
if severe  
   •      S4, S3 if ventricular dysfunction  
   •      Crescendo - decrescendo systolic murmur, late peaking if 
severe  
   •      Diastolic murmur if AR present     

 Table 63.7     Late complications of  VSD  s  

  Left AVV regurgitation  

  LVOT obstruction  

  Complete AVB  

  Pulmonary vascular disease  

  Atrial or ventricular arrhythmias  

  Left AVV stenosis  

  Right AVV stenosis/regurgitation  

  Residual VSD  

  Aortic regurgitation  

   Modifi ed with permission from Craig.  50     
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  Diagnostic  e valuation 

  Electrocardiogram 
 Left axis deviation, left ventricular hypertrophy, T - wave 
inversion with ST segment depression in lateral leads and 
left atrial enlargement.  

  Chest  r adiography 
 Cardiomegaly (mild, unless signifi cant AR and/or left ven-
tricular dysfunction are present), dilation of ascending 
aorta (common with BAV), calcifi cations of the aortic valve.  

  Echocardiography 
 Modality of choice to identify and quantify the severity and 
level of LVOTO (Class I, Level B). Peak instantaneous 
Doppler velocity and gradient help to determine prognosis 
and guide the timing of intervention.  73,74   Aortic root 
diameter, left ventricular size/hypertrophy, and systolic/
diastolic function should also be assessed.  

  Exercise  s tress  t esting 
 May be useful if the patient anticipates athletic participa-
tion or pregnancy, if clinical fi ndings differ from non - 
invasive measurements, or in asymptomatic young adults 
with a mean Doppler gradient greater than 40   mmHg or a 
peak Doppler gradient greater than 64   mmHg (Class IIa, 
Level C).  

   CMR  and  CT   a ngiography 
 Both helpful for visualizing the entire intrathoracic aorta 
and detect associated lesions (Class IIa, Level C).  

  Cardiac  c atheterization and  a ngiography 
 Cardiac catheterization is useful before aortic valve replace-
ment (AVR):  75  
    •      when non - invasive imaging is suboptimal or discordant 
with the clinical evaluation (Class I, Level C)  
   •      to determine if there is co - existent coronary artery 
disease (CAD) (Class I, Level B)  
   •      to identify the origin of coronary arteries when a Ross 
procedure (see below) is contemplated, if non - invasive 
imaging is inadequate (Class I, Level C).      

  Management 

   SAS  
 Surgical resection is the treatment of choice, but the timing 
of intervention remains controversial. Some authors advo-
cate anearly aggressive approach to prevent AR,  65,76,77   while 
others consider the signifi cant risk of recurrence and are 
more conservative. Table  63.8  proposes some indications 
for operative resection.  66,74      

  Congenital  v alvar  AS  
 There are currently no proven medical treatments to delay 
the disease process in patients with AS. It is reasonable to 
use beta - blockers for dilation of the ascending aorta.  66   Man-
agement and recommendations for AVR in adults with 
valvar AS are discussed in Chapter  55   .  75   Table  63.8  sum-
marizes the indications for balloon valvotomy in adoles-
cents and young adults with congenital valvar AS.  75   When 
valve replacement is required, the Ross procedure may be 

 Table 63.8     Indications for intervention in patients with  LVOTO  

   Subaortic stenosis     Congenital valvar aortic stenosis     Supravalvar AS  

  Surgical resection should be considered for:    Balloon valvotomy should be considered for 

adolescents and young adults with pliable 

valve, fusion of commissures and  1  :  

  Surgical resection should be considered for:  

  Signifi cant AS and development of symptoms or    Signifi cant AS and development of symptoms 

(Class I, Level C) or  

  Signifi cant AS and development of 

symptoms (Class I, Level B)  

  Doppler - derived estimated peak gradient 

 ≥ 50   mmHg (Class I, Level C) or  

  Peak echo Doppler gradient  > 70 – 80 mmHg or 

peak - to - peak catheter gradient  > 60   mmHg 

(Class I, Level C) or  

  Doppler - derived mean gradient  > 50   mmHg 

or peak gradient  > 70   mmHg) (Class I, 
Level B)  

  Doppler - derived peak gradient  < 50   mmHg andLV 

ejection fraction  < 55% or LV end - systolic 

diameter  > 50   mm (Class I, Level C) 

 Moderate/severe AR (Class I, Level C) 

 VSD 

 Contemplating pregnancy (Class IIb, 
Level C) 

 Wish to participate in competitive sports (Class 
IIb, Level C)  

  Ischemic ECG changes at rest or on exercise 

with peak to peak catheter gradient 

 > 50   mmHg (Class I, Level C) or  

  Doppler - derived mean gradient  < 50   mmHg 

andLVH (Class I, Level C) 

 LV systolic dysfunction (Class I, Level C) 

 Wish to participate in competitive sports 

(Class I, Level C) 

 Contemplating pregnancy (Class I, 
Level C)  

  Peak to peak catheter gradient  > 50   mmHg in 

patients who wish to do competitive sports 

(Class IIa, Level C)  

    1    Indications for surgical aortic valve replacement in adults with valvar AS are discussed in Chapter  55 .  

  LVH, left ventricular hypertrophy.   
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considered (particularly for young women of reproductive 
age).   

  Outcomes and  c omplications 

   SAS  
 Recurrence rates following surgical resection vary and are 
probably close to 15%.  65,78,79   Risk factors for recurrence 
include proximity of the obstructive lesion to the aortic 
valve and severe obstruction.  78   Infective endocarditis and 
AR are other complications of SAS. AR may develop 
despite surgical resection of the SAS.  66    

  Congenital  v alvar  AS  
 It has been suggested that the 3 year - mortality for symp-
tomatic patients with AS, not undergoing surgery, is 
approximately 75%.  80   In asymptomatic patients, however, 
the risk of sudden cardiac death is less than 1%/year, even 
in hemodynamically signifi cant AS.  73   Complications for 
patients with LVOTO are listed in Table  63.9 .      

  Coarctation of the  a orta 

  Anatomic  fi  ndings and  p athophysiology 

 Coarctation of the aorta is a localized narrowing usually 
located just below the origin of the left subclavian artery 
(LSCA), in the region of the ligamentum arteriosum (Fig. 
 63.4 ). Less commonly, a diffuse form with tubular hypo-
plasia may involve the aortic arch or the aorta distal to the 
LSCA. Aortic medial abnormalities may be present.  71   
Extensive arterial collaterals often develop through the 
intercostal, subclavian, internal thoracic and scapular arter-
ies to supply the lower body. Aortic coarctation is more 
frequent in men than women (1.5   :   1).  66   The reported 
incidence of BAV in patients with coarctation varies 
from 27% to 85%.  81 – 83   Coarctation may also occur in 
conjunction with VSD, mitral valve abnormalities, intra-
cranial aneurysms (in up to 10% of patients  84  ) and Turner 
syndrome.    

  Clinical  p resentation 

 Adults are most often asymptomatic and diagnosis is sus-
pected after fortuitous systemic arterial hypertension or 
murmurs are found. Other possible clinical presentations 
include headache, epistaxis, intracranial hemorrhage, leg 
fatigue on exertion, CHF, angina and aortic dissection.  85   
Physical examination classically reveals: 
   •      upper body systemic hypertension (blood pressure 
should be taken in the right arm)  
   •      blood pressure drop between upper and lower 
extremities  
   •      delayed and weak femoral pulses  
   •      palpable arteries over the scapulae or lateral chest wall  
   •      systolic thrill in suprasternal notch  
   •      sustained apex (pressure overload)  
   •      loud aortic component of S2  
   •      ejection click if BAV    ±    ejection systolic murmur  
   •      continuous murmurs over the back (collaterals).     

  Diagnostic  e valuation 

  Electrocardiogram 
 The ECG may show left atrial and ventricular 
hypertrophy.  

  Chest  r adiography 
 The so - called  “ 3 ”  sign (double contour in the region of 
descending aorta) and rib notching (erosion of the postero-
inferior border of third to ninth ribs, caused by intercostal 
collaterals) are two characteristic features on the chest 
X - ray. The ascending aorta may appear dilated, and overall 
heart size is normal in the majority of patients.  85    

     Figure 63.4     Aortic coarctation.  

Ligamentum
arteriosum

 Table 63.9     Complications of  LVOTO  ( SAS ,  BAV ,  SVAS ) 

  Endocarditis  

  Aortic regurgitation  

  Recurrent AS after surgical or balloon intervention in BAV, or 

following surgical resection in SAS  

  Aortic root dilation or dissection (BAV)  

  Sudden cardiac death  

  Left ventricular failure  
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  Echocardiography 
 Continuous wave Doppler assessment of the distal aortic 
arch via the suprasternal notch provides peak pressure 
gradient through the coarctation. Velocities proximal and 
distal to the stenosis should be included in an expanded 
Bernouilli equation to avoid overestimation of the gradi-
ent.  86   Doppler systolic velocities may be affected by lesion 
length,  87   presence of collateral fl ow,  86,88   and aortic compli-
ance.  89   Diastolic velocities should therefore also be mea-
sured; the presence of a diastolic tail (elevated diastolic 
velocities) correlates with signifi cant aortic coarctation.  90 – 92   
TTE can also show LVH, associated BAV or dilated 
ascending aorta.  

   CMR  and  CT   a ngiography 
 CMR and CT angiography are the imaging modalities of 
choice to evaluate coarctation before and after surgical or 
transcatheter intervention (site, extent and severity  93   of ste-
nosis, presence of aneurysms,  94   anatomy of intracranial 
vessels, and extent of collateral network).  

  Cardiac  c atheterization and  a ngiography 
 A peak - to - peak catheter gradient  ≥ 20   mmHg is generally 
accepted as  signifi cant coarctation .  66   Cardiac catheterization 
is mainly employed for catheter intervention and for 
screening the coronary arteries.   

  Management 

 Timing of intervention or reintervention (surgery or angio-
plasty    ±    stent) in adults with coarctation may be challeng-
ing. Nevertheless, intervention should be considered when: 
   •      peak - to - peak catheter gradient is greater than or equal 
to 20   mmHg across the coarctation (Class I, Level C)  
   •      peak - to - peak catheter gradient is less than 20   mmHg 
across the coarctation in the presence of signifi cant coarcta-
tion demonstrated by imaging studies, with radiologic evi-
dence of signifi cant collateral fl ow.  7a,95      
 The presence of symptoms, systemic hypertension (at rest 
or with 24 - hour monitoring) or LVH should be considered 
in the intervention decision - making process. 

 Surgical repair may involve end - to - end anastomosis, 
interposition graft, patch aortoplasty (abandoned because 
of the high incidence of aneurysms), ascending to descend-
ing aorta conduit repair (for complex/hypoplastic aortic 
arch) and subclavian fl ap repair (for neonates). Balloon 
angioplasty represents an alternative with encouraging 
results, although more aneurysm formation is reported 
compared with surgery.  96   The incidence of aneurysm seems 
to decrease substantially with primary stent implantation, 
however.  97   Catheter interventions appear to be safe and 
effective, and thus should be considered for simple 
native and recurrent coarctation (with catheter gradient 
 > 20   mmHg) (Class I, Level B).  

  Outcomes and  c omplications 

 Seventy - fi ve percent of unoperated patients will have died 
by 46 years of age.  66,98   Estimated 30 - year survival following 
repair is 72%.  99         

  Patent  d uctus  a rteriosus 

  Anatomic  fi  ndings and  p athophysiology 

 The patent ductus arteriosus (PDA) is a blood vessel that 
connects the descending aorta (just distal to the LSCA) to 
the proximal left pulmonary artery (Fig.  63.5 ). In fetal life, 
this structure is vital as it carries the blood from the right 
ventricle to the descending aorta, bypassing the lungs. The 
ductus normally closes soon after birth. When it remains 
patent, it can lead to left - to - right shunting with increased 
pulmonary fl ow and left heart volume overload.    

  Clinical  p resentation 

 Patients with small PDAs are asymptomatic and present 
with a murmur. Moderate and large PDAs may cause exer-
cise intolerance, palpitations secondary to onset of atrial 
fi brillation, or even CHF. Eisenmenger syndrome can 
occur with long - standing left - to - right shunting through a 
large PDA. With moderate to large PDAs, the physical 
examination may reveal: 
   •      bouncy pulses, wide pulse pressure, low diastolic 
pressure  
   •      prominent ventricular impulse  
   •      occasional paradoxic S2  
   •      continuous  “ machinery ” murmur in the upper left sternal 
edge, radiating to the back  
   •      diastolic rumble  
   •      in patients with Eisenmenger syndrome (see below), 
differential cyanosis (cyanosis and clubbing of toes but not 
fi ngers), usually no murmurs.     

 Table 63.10     Residua following repair of coarctation 

  Persistent systemic hypertension  

  Recoarctation  

  Aneurysm of the aorta  

  Coronary artery disease  

  AS/AR (if BAV present)  

  Endocarditis/endarteritis  

  Rupture of aortic or cerebral aneurysm  

  Postsurgical repair paraplegia (rare)  
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  Diagnostic  e valuation 

  Electrocardiogram 
 Moderate and large PDAs may show left atrial enlarge-
ment and LVH. Atrial fi brillation may also occur.  

  Chest  r adiography 
 Signifi cant shunting may lead to cardiomegaly from left 
heart enlargement, increased pulmonary vascular mark-
ings and dilated central pulmonary arteries.  

  Echocardiography 
 TTE may confi rm the diagnosis, clarify the PDA size and 
degree of shunting, assess the left ventricular size and func-
tion, and estimate the right ventricular pressure from peak 
velocity of the tricuspid insuffi ciency. PAP curve can also 
be obtained from the PDA Doppler fl ow velocity signal.  100    

   CMR  and  CT   a ngiography 
 These modalities may be useful to clarify some anatomic 
variations such as ductus arteriosus aneurysm,  101   vascular 
ring and right aortic arch.  102    

  Cardiac  c atheterization and  a ngiography 
 Cardiac catheterization allows assessment of pulmonary 
vascular resistance and pulmonary vasoreactivity before 
transcatheter closure.   

  Management 

 Transcatheter closure has become the procedure of choice. 
Table  63.11  summarizes indications for PDA closure.  7a,103 – 106   
Surgical closure is reserved for PDAs that are not suitable 
for transcatheter approach, often because they are too large 
(Class I, Level C) or distorted (Class I, Level B).    

  Outcomes and  c omplications 

 Patients with silent PDAs or PDAs closed in infancy have 
normal life expectancy. Prognosis worsens in the presence 
of pulmonary vascular disease. Complications of PDAs 
include CHF, arrhythmias, pulmonary vascular disease, 
endarteritis, and aneurysm of the ductus arteriosus.   

  Pulmonary  v alve  s tenosis 

  Anatomic  fi  ndings and  p athophysiology 

 The most common form of RV outfl ow tract (OT) obstruc-
tion is the typical dome - shaped pulmonary valve stenosis, 
characterized by fusion of the pulmonary valve leafl ets and 
narrowed central orifi ce. The valve is usually mobile and 
associated with medial abnormalities and dilation of the 
pulmonary trunk. PVS may be associated with Noonan, 
Williams, Alagille, Keutel or rubella syndromes.  1,107    

  Clinical  p resentation 

 Most patients with mild to moderate PVS are asymptom-
atic. Severe PVS may cause exertional dyspnea and fatigue, 
chest pain, palpitations and syncope. Mild cyanosis refl ects 
high right atrial (RA) pressure with right - to - left shunt 
through a patent foramen ovale (PFO). Physical examina-
tion depends on the severity of the PVS. Findings in 
patients with severe PVS include: 

     Figure 63.5     Patent ductus arteriosus.  

Ductus
arteriosus

 Table 63.11     Closure of  PDA  

   Indications   

  Signifi cant left - to - right shunting and left heart enlargement 

(Class I, Level C)  

  Prior endarteritis (Class I, Level C)  

   Debatable indications   

  Tiny silent PDAs to eliminate the risk of endarteritis (Class IIa, 
Level C)  

  Patients with PAH and a net left - to - right shunt (Class IIa, 
Level C)  

   Contraindication   

  Eisenmenger ’ s syndrome (Class III, Level C)  
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   •      increased  “ a ”  wave  
   •      RV lift  
   •      thrill along the left sternal edge  
   •      widely split S2 with reduced or absent P2  
   •      short S1 - to - ejection click interval or no ejection click  
   •      right - sided S4  
   •      long systolic ejection murmur, late peak.     

  Diagnostic  e valuation 

  Electrocardiogram 
 Right axis deviation, RA enlargement and RV hypertrophy 
may be detected on ECG.  

  Chest  r adiography 
 Dilation of the main (and left) pulmonary arteries is 
common.  108   Cardiomegaly secondary to right heart enlarge-
ment occurs if there is right ventricular failure.  

  Echocardiography 
 Echocardiography, the imaging modality of choice, assesses 
morphology and mobility of PVS, severity of stenosis, RV 
size and function, and associated lesions.   

  Management 

 Table  63.12  summarizes the recommendations for percuta-
neous balloon valvuloplasty in patients with PVS.  7a   The 
procedure has excellent 10 - year outcomes,  109   which are 
comparable to surgical valvotomy,  110   and is considered 
successful if the post - valvuloplasty Doppler gradient is 
 < 30   mmHg. Patients with dysplastic PV may need surgical 
valvectomy and PV replacement (PVR). PVR (with bio-
prosthesis or homograft) is also required when there is 
signifi cant pulmonary regurgitation (PR).    

  Outcomes and  c omplications 

 The 25 - year surgery - free survival in unoperated patients 
with PV gradient  > 50   mmHg is only 31%, compared with 

96% in patients with gradient  < 25   mmHg.  111   Prognosis fol-
lowing repair is excellent, with a near - normal life expec-
tancy.  111   Late complications after pulmonary valvotomy 
are residual PS, PR with progressive RV dilation that may 
require PVR, and arrhythmias.   

  Ebstein  a nomaly of the  t ricuspid  v alve 

  Anatomic  fi  ndings and  p athophysiology 

 Ebstein anomaly of the tricuspid valve (TV) is composed 
of  112  : 
   •      downward (apical) displacement of the septal and often 
the mural leafl et  
   •      adherence of the septal and mural leafl ets to the underly-
ing myocardium  
   •      dilation of the  “ atrialized ”  portion of the RV  
   •      redundant, malformed anterior leafl et.    
 The abnormal TV leads to variable degrees of tricuspid 
regurgitation which compromises further forward pulmo-
nary blood fl ow and exaggerates right heart enlargement. 
ASD or PFO have been reported in up to 94% of patients.  112   
Other associated lesions include multiple accessory atrio-
ventricular pathways, pulmonary stenosis or atresia, BAV, 
coarctation, VSD, congenitally corrected transposition of 
the great arteries, and left - sided heart abnormalities.  112,113    

  Clinical  p resentation 

 Symptoms depend on anatomic severity, associated defects 
and degree of right - to - left shunting. Patients may present 
with cyanosis, right heart failure, exercise intolerance, pal-
pitations secondary to arrhythmias and sudden cardiac 
death. Physical examination may reveal: 
   •      cyanosis    ±    digital clubbing in patients with right - to - left 
shunting  
   •      large V - wave is rare despite severe TR  
   •      widely split S1 and S2 and added sounds are common  
   •      holosystolic murmur of TR  
   •      hepatomegaly.     

  Diagnostic  e valuation 

  Pulse  o ximetry 
 Pulse oximetry (at rest and/or during exercise) is useful in 
the evaluation of Ebstein anomaly (Class IIa, Level C).  

  Electrocardiogram 
 Tall P - waves secondary to RA enlargement, fi rst - degree 
AVB, RBBB, low QRS voltage, and delta wave secondary 
to accessory pathway are common ECG features associated 
with Ebstein anomaly. Supraventricular tachyarrhythmias 
and atrial fi brillation can also occur.  

 Table 63.12     Indications for balloon valvuloplasty in adolescents and 
young adults with  PS  

  Asymptomatic patients with peak Doppler gradient  > 60   mmHg or 

mean gradient  > 40   mmHg and less than moderate PR (Class I, 
Level B)  

  Symptomatic patients with peak Doppler gradient  > 50   mmHg or 

mean gradient  > 30   mmHg and less than moderate PR (Class I, 
Level C)  

  Surgical therapy is recommended for dysplastic PV, hypoplastic 

pulmonary annulus, severe PR, subvalvular PS or supravalvular PS 

(Class I, Level C)  

   Modifi ed from Bonow  et al.   75     
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  Chest  r adiography 
 Cardiomegaly from right heart enlargement with globular 
cardiac silhouette, and small aortic knuckle from chronic 
low systemic blood fl ow are typical fi ndings.  

  Echocardiography 
 The anatomy of the abnormal TV, the RV size and function, 
and the associated lesions should all be assessed by echo-
cardiography. An apical displacement of the septal leafl et 
from the insertion of the mitral valve by  > 8   mm/m 2  is char-
acteristic of Ebstein anomaly.  112     

  Outcomes and  c omplications 

 The actuarial survival for all live - born patients with 
Ebstein anomaly is 67% at 1 year and 59% at 10 years  114   but 
some patients survive to their 70s. Complications may 
include: 
   •      arrhythmias (supraventricular tachycardia from acces-
sory pathways, atrial fl utter or fi brillation, and ventricular 
tachycardia)  
   •      cyanosis  
   •      right heart failure  
   •      paradoxic embolism  
   •      endocarditis  
   •      sudden cardiac death.     

  Management 

 Tachyarrhythmias secondary to accessory pathways should 
be treated with catheter ablation (Class IIa, Level B), 
although success rates are lower and the risk of recurrence 
higher compared to patients with normal cardiac morphol-
ogy.  115,116   TV surgery (repair or replacement with RA plasty 
and a MAZE procedure; Table  63.13 ) has evolved and 
encouraging mid - term results are now reported.  112     

 For high - risk patients with impaired RV function, a bidi-
rectional cavopulmonary shunt has been proposed,  117   
although many would advocate transplantation (Level C).   

  Tetralogy of  F allot 

  Anatomic  fi  ndings and  p athophysiology 

 Tetralogy of Fallot (TOF) is the most common cyanotic 
heart defect. As Etienne - Louis Arthur Fallot described in 
1888, this malformation is composed of four morphologic 
characteristics: VSD (usually large), aorta over - riding the 
ventricular septum, obstruction of the RVOT, and RV 
hypertrophy. However, the essential anatomic features of 
TOF are the anterocephalad deviation of the outlet septum 
and hypertrophy of the septoparietal trabeculations, creat-
ing obstruction of the RVOT. The PV is often small and 
bicuspid. Pulmonary artery hypoplasia and pulmonary 
branch stenosis may also occur. The degree of aortic over -
 ride varies widely and  > 50% may come from the RV (so -
 called double - outlet RV). The magnitude of the right - to - left 
shunting depends on the severity of the RVOT 
obstruction.     

 TOF can be associated with other malformations, such as 
right aortic arch ( ∼ 25%), ASD, AVSD, and coronary arterial 
anomalies. Indeed, the left anterior descending coronary 
artery arises anteriorly from the right coronary artery and 

     Figure 63.6     Tetralogy of Fallot.  

 Table 63.13     Indications for tricuspid valve surgery in patients with 
 E bstein anomaly 

  Symptomatic patients despite medical treatment (Class I, Level B)  

  Progressive right heart enlargement/reduced RV systolic function/early 

RV failure (Class I, Level B)  

  Signifi cant cyanosis (Class I, Level B)  

  Paradoxic emboli (Class I, Level B)  

  May be considered in patients with recurrent supraventricular 

tachycardia despite medical and catheter ablative therapy 

(Level C)  
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crosses the RV outfl ow in about 3% of cases. It has been 
suggested that between 8% and 35% of patients with TOF 
have a 22q11 deletion (see above,  Genetic basis of CHD )  1  ; 
screening should therefore be offered (Class I, Level C).  

  Clinical  p resentation 

 Most adults will have had previous repair in childhood 
and present with late symptoms related to complications 
(see below), such as exertional dyspnea, palpitations, 
syncope or heart failure. Unoperated patients invariably 
develop cyanosis. On examination, blood pressure and bra-
chial pulse may be diffi cult to take on the side of a previous 
Blalock – Taussig shunt. Unless TR or RV failure develops, 
the jugular venous pressure will be normal. A right ven-
tricular lift is often present. On auscultation, a residual 
RVOT obstruction and/or an increased fl ow due to PR will 
create an ejection systolic murmur on the pulmonary area. 
Diastolic murmurs of AR (related to aortic root dilation) 
and/or PR can also be noted. The pulmonary component 
of the second sound is often not audible.  

  Diagnostic  e valuation 

  Electrocardiogram 
 Patients who underwent surgery commonly have RBBB. 
Right axis deviation and RV hypertrophy are other common 
fi ndings. Atrial tachyarrhythmia can occur in up to one -
 third of patients who had previous repair.  118   Ventricular 
tachycardia and sudden cardiac death are relatively uncom-
mon.  119   and risk factors include QRS duration  > 180   ms, QRS 
prolongation over time and increased QT dispersion.  119 – 121   
Incidence of atrial and ventricular arrhythmias seems to 
decrease after PVR for chronic PR in patients with previous 
repair.  122    

  Chest  r adiography 
 A right - sided aortic arch is noted in  ∼ 25% of patients. Dila-
tion of the ascending aorta  123,124   and/or central pulmonary 
arteries may be present. Cardiomegaly can be the result of: 
   •      signifi cant pulmonary and/or tricuspid regurgitation 
with RV enlargement  
   •      signifi cant residual VSD, aortic regurgitation or LV dys-
function with related LV dilation.     

  Echocardiography 
 Most important observations should include  125  : 
   •      assessment of RV size and function  
   •      RVOT imaging for assessment of residual PS and PR, 
including continuous - wave Doppler velocities  
   •      detection and quantifi cation of TR, and estimation of RV 
systolic pressure  
   •      assessment of left ventricular size and function  
   •      measurement of aortic root and detection of AR.     

  Exercise  t esting 
 Objective functional capacity and decline in exercise capac-
ity over time are useful for predicting prognosis  126   and 
defi ning optimal timing of intervention.  125    

   CMR  
 CMR can accurately assess right and left ventricular size 
and function, identify RVOT aneurysms or akinetic regions 
and quantify PR. RV volume measurements may help to 
determine the optimal timing for PVR, as RV end - diastolic 
volume  > 160 – 170   mL/m 2  does not normalize after 
surgery.  127,128   CMR with late gadolinium enhancement can 
detect the presence of ventricular fi brosis, which is a marker 
of adverse outcome.  129   CMR also demonstrates pulmonary 
artery and aortic anomalies.  

  Cardiac  c atheterization and  a ngiography 
 Non - invasive imaging nowadays provides most important 
information. However, coronary anomalies, atherosclero-
sis, systemic – pulmonary collaterals, residual shunts and 
presence of PAH can all be documented by cardiac 
catheterization.  107     

  Management 

 Surgical strategies have evolved and a transatrial - transpul-
monary approach (with a limited RV incision) is now 
widely employed to relieve the RVOT obstruction and 
close the VSD. Although still controversial, early primary 
repair, rather than a staged approach with initial arterial -
 to - pulmonary shunt, is favored in many centers. Unoper-
ated adults should still be considered for late repair to 
improve quality of life and prognosis.  130,131   Indications for 

 Table 63.14     Indications for reintervention in  TOF  

  Severe PR associated with:  

     Symptoms or deterioration in exercise capacity (Class I, Level B)  

     RV enlargement/dysfunction (Class IIa, Level B)  

     Moderate or severe TR (Class IIa, Level C)  

     Development of clinical arrhythmias (atrial or ventricular) (Class 
IIa, Level C)  

  Residual RVOT obstruction (valvular or subvalvular) with:  

     Peak echocardiography gradient  > 50   mmHg (Class IIa, Level C)  

     RV/LV pressures    >    0.67 (Class IIa, Level C)  

     Residual VSD with Qp   :   Qs  > 1.5   :   1 (Class IIa, Level B)  

     Signifi cant AR with LV enlargement/dysfunction (Class IIa, 
Level C)  

  Should be considered in patients with aortic root enlargement 

( > 55   mm) (Level C)  
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reintervention in patients who underwent a previous sur-
gical correction are listed in Table  63.14 .  7a,125   Recently, per-
cutaneous PVR has been used with good initial success in 
selected patients with postoperative pulmonary homograft 
or conduit stenosis and/or regurgitation.  132      

  Outcomes and  c omplications 

 Nearly 70% of patients die before 10 years of age without 
surgery.  133   Survival rates after repair are 86% and 85% at 
32 and 36 years.  131,134   Sudden death occurs in up to 6% of 
patients in late follow - up.  134   Older age at the time of repair 
is consistently a marker of poor prognosis. Table  63.15  
summarizes late complications after TOF repair.     

  Transposition of the  g reat  a rteries 

  Complete  TGA  ( d  -  TGA ) 

  Anatomic  fi  ndings and  p athophysiology 
 In complete TGA, the aorta arises from the morphologic 
right ventricle (on the right and anterior in 95% of cases) 
and the pulmonary artery arises from the morphologic left 
ventricle (ventriculoarterial discordance). The two great 
vessels are parallel to each other, without their usual cross-
over arrangement. The pulmonary and systemic circula-
tions are running in parallel; this is incompatible with 
life unless there is a communication (ASD, VSD or 
PDA) between the two circulations. Complete TGA is 
associated with VSD ( ∼ 40 – 45%), LVOTO ( ∼ 25%), and aortic 
coarctation ( ∼ 5%).  135    

  Clinical  p resentation 
 Almost all adults with complete TGA have had prior 
repair, but some with a large VSD reach adulthood with 
Eisenmenger physiology. Clinical presentation in adult 
patients who had previous surgery are related to late com-
plications (see below) and include palpitations, dyspnea on 
exertion, CHF, syncope, sudden death, and signs of 
endocarditis.  

  Management  o ptions and  l ate  c omplications 

  Atrial  s witch  p rocedure ( S enning and  M ustard  p rocedures)     The 
blood from the systemic venous return is redirected 
through the mitral valve into the subpulmonary left ven-
tricle, and the pulmonary venous blood is redirected 
through the TV into the subaortic morphologic right ven-
tricle. In the Senning operation,  136   the atrial baffl e is made 
of autologous tissue while in the Mustard procedure, syn-
thetic material or pericardium is used to create the baffl e. 
Senning operations seem to have better long - term out-
comes, with a 25 - year survival rate of 91% compared with 
76% in patients with previous Mustard procedure.  137   Late 
complications following either procedure are summarized 
in Table  63.16 .  138      

  Arterial  s witch  p rocedure     This procedure conveys anatomic 
repair by switching the great arteries and including the 
coronaries to their normal position. This operation, per-
formed within the fi rst month of life, has the advantage of 
restoring a systemic left ventricle. Survival rates at 15 years 
are 88%.  151   Nearly 10% of patients will require reopera-
tion.  151   Long - term complications include pulmonary artery 
stenosis, dilation of the neo - aortic root with aortic regurgi-
tation, and coronary ostia stenosis.  

  Rastelli  p rocedure     This procedure is used for patients with 
combination of TGA, LVOTO and a large VSD. An intra-
cardiac baffl e tunnels the LV through the VSD to the aorta, 
and an extracardiac conduit is inserted between the RV and 
the pulmonary artery. The LV becomes the systemic ven-
tricle, but late complications such as conduit stenosis, atrial 
and ventricular arrhythmias or ventricular failure (right 
and left) may occur.    

  Congenitally  c orrected  TGA  ( cc  -  TGA ) 

  Anatomic  fi  ndings 
 In this condition, the RA communicates with the morpho-
logic LV, which is connected to the PA, and the LA enters 
the morphologic RV, which is connected to the aorta 
(double discordance). The RV is therefore the systemic ven-
tricle. cc - TGA may be associated with several other malfor-
mations such as VSD (70%), PS (40%), abnormalities of the 
systemic AVV (Ebstein like  –  90%), abnormalities of the 
conduction system (complete AVB), and dextrocardia.  138    

  Clinical  p resentation 
 Adult patients with cc - TGA may develop CHF with exer-
tional dyspnea, palpitations, syncope secondary to com-
plete AVB, or cyanosis (if LVOTO and VSD are present). 
Physical examination depends on presence of associated 
lesions and complications. The ECG may show left axis 
deviation, Q - waves in right precordial leads and absence 

 Table 63.15     Late complications after  TOF  repair 

  Residual PR  

  Residual RVOT obstruction  

  RV dysfunction/RVOT aneurysm  

  LV dysfunction  

  AR    ±    aortic root dilation  

  Endocarditis  

  Atrial tachyarrhythmia  

  Sustained VT/sudden death  

  Heart block (uncommon)  
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of Q - waves in left precordial leads, and prominent Q - waves 
in inferior leads. In TGA (complete or congenitally cor-
rected), a small vascular pedicle is the rule on chest radio-
graph because of the parallel arrangement of the vessels.  

  Outcomes,  c omplications and  m anagement 
 Twenty - fi ve percent of unoperated patients have devel-
oped CHF by 45 years of age (isolated cc - TGA), compared 
with 67% if associated lesions are present.  152  Long - term 
complications include: 
   •      RV dysfunction and CHF  
   •      systemic AVV regurgitation  
   •      complete AVB (3% risk per year)  
   •      arrhythmias (atrial and ventricular)  
   •      sudden cardiac death  
   •      endocarditis.    
 Patients with severe left AVV (tricuspid) regurgitation 
should be considered for tricuspid valve replacement, 
ideally before signifi cant systemic RV dysfunction occurs 
(Class I, Level B). Double - switch procedures, combining 

an atrial switch with either an arterial switch or Rastelli 
repair (in cases in which the left ventricle is functioning at 
systemic pressures), have been performed in young patients 
with encouraging early outcomes (Class I, Level B), but 
reinterventions are common and long - term survival rates 
are not available.  153     

  Univentricular  p hysiology and the 
 F ontan  p rocedure 

  Nomenclature,  a natomic  fi  ndings, 
and  p athophysiology 
 Although some patients with univentricular hearts may 
survive into their sixth decade without operation,  154   most 
of them presenting in adulthood will have had previous 
surgical interventions. This section focuses on patients 
with the Fontan circulation. 

  Univentricular  h eart or  “  s ingle  v entricle ”      Despite con-
troversial nomenclature and classifi cation, the term 

 Table 63.16     Complications following atrial switch procedures and their management 

   Complications     Management  

  Tachyarrhythmias: atrial re - entry tachycardia (fl utter) 

 Develops in 14% of patients  139   

 Predictor of sudden cardiac death  140   and marker of RV 

dysfunction  141    

  Restore sinus rhythm 

 Antiarrhythmic drugs with caution (risk of bradyarrhythmia) 

 Radiofrequency ablation (success rate  ∼ 70%)  142    

  Bradyarrhythmias: sinus node dysfunction and AVB 

(less common) 

 Nearly 48% develop sinus node dysfunction  143   

  ∼ 11% need a pacemaker  139    

  Pacemaker implantation (may be technically diffi cult) (Class I, Level B)  

  Sudden death 

 Reported in  ∼ 4 – 7% of patients  137,139,144    
  Implantable cardiac defi brillator (ICD) implantation (Level C)  

  Systemic ventricular dysfunction 

 Common late complication  

  No large prospective studies available 

 Beta - blockers may improve exercise capacity and prevent RV remodeling  145  ; use with 

caution (risk of bradyarrhythmia) (Level C) 

 No proven effect with ACE inhibitors  146  ; may be used empirically (Level C) 

 Consider arterial switch conversion preceded by LV reconditioning (PA banding) in 

selected young patients; less favourable outcomes in adults  147,148   (Level C) 

 Consider transplantation in selected cases with end - stage heart failure  

  Tricuspid regurgitation    TV replacement in some cases with severe TR (Class I, Level B); less useful if due to 

annular dilation  138    

  Baffl e obstruction 

 SVC obstruction more common than IVC  
  Percutaneous balloon dilation and stenting  149   (Class IIa, Level B); surgery if not 

 amenable to percutaneous treatment (Class I, Level B)  

  Signifi cant baffl e leak    Percutaneous or surgical closure (Class IIa, Level B); surgery if not amenable to 

percutaneous treatment (Class I, Level B)  

  PAH 

 Occurs in  ∼ 7% of patients  150    
  Consider advanced pulmonary vasodilator therapy (Level C)  
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 “ univentricular heart ”  usually refers to several congenital 
cardiac defects in which a biventricular repair is not pos-
sible,  155   such as tricuspid and mitral atresia, double - inlet 
ventricle, hypoplastic left heart syndrome, heterotaxy syn-
dromes, etc. The pathophysiology of the univentricular 
heart depends on the underlying anatomy and physiology; 
the most favorable involves an unrestrictive ASD, a well -
 balanced systemic and pulmonary circulation and pre-
served ventricular function.  155    

  Palliative  p rocedures as a  p relude for the  F ontan  o peration ( n eo-
natal  p eriod) 
     •      Arterial - to - pulmonary shunt: performed in patients 
with severe pulmonary obstruction.  
   •      Blalock – Taussig shunt: end - to - side anastomosis of the 
subclavian and pulmonary artery.  
   •      Modifi ed Blalock – Taussig shunt: tube graft connecting 
the subclavian artery to the ipsilateral pulmonary artery.  
   •      Waterston shunt: connection between the ascending 
aorta and the pulmonary artery.  
   •      Potts shunt: connection between the descending aorta 
and the left pulmonary artery.  
   •      Pulmonary artery banding: initial palliation for infants 
with unrestricted pulmonary blood fl ow.     

  Second -   s tage  p alliation ( ∼ 4 – 12  m onths of  a ge)     Bidirectional 
Glenn shunt: end - to - side anastomosis of the superior vena 
cava to the right PA. Older patients may have had a classic 
Glenn (end - to - end anastomosis of the SVC to the discon-
nected right PA).  

  Fontan  o peration ( u sually 18  m onths to 4  y ears of  a ge or 
 l ater)     Consists of a connection of the systemic venous 
return to the PAs without the interposition of a subpulmo-
nary ventricle. In the classic Fontan repair (no longer used), 
the RA was anastomosed to the PA via a valved conduit.  156   
Many adults today will have had a modifi ed Fontan, 
in which the right atrium was directly anastomosed to 
the PA.  157    

  Total  c avopulmonary  c onnection ( TCPC ) (Fig.  63.7 )         Cur-
rently, TCPC is the surgical technique of choice. It com-
bines a bidirectional Glenn (see above), together with a 
connection of the inferior vena cava to the PA by a lateral 
tunnel  158   or an extracardiac conduit. A fenestration is also 
created between the tunnel conduit and the pulmonary 
atrium to allow a right - to - left shunting, which helps the 
immediate postoperative course and can be closed later 
with a catheter approach.  159     

  Clinical  p resentation of  a dults with 
 F ontan  c irculation 
 Adults with Fontan physiology often present with the 
clinical picture related to the long - term sequelae of this 

procedure (see below). Physical examination reveals ele-
vated non - pulsatile jugular venous pressure with promi-
nent A - wave, and single (often accentuated) second sound. 
Heart murmurs are normally not present. If the patient has 
a dominant left ventricle, the ECG will show left axis devia-
tion, tall and broad P - wave, and left ventricular strain, 
while a dominant right ventricle will create superior frontal 
QRS axis and right ventricular hypertrophy.  155   Intra - atrial 
re - entry tachycardia (or atypical atrial fl utter) is common, 
and sinus node dysfunction can also occur following the 
Fontan procedure.  160   Chest radiograph and echocardio-
gram also depend on the initial anatomic defect.  

  Outcomes 
 Earlier studies reported a 10 - year survival of  ∼ 70% follow-
ing initial Fontan operations.  161,162   Modifi ed Fontans with 
lateral tunnel or extracardiac conduit seem to have better 
outcomes, with a 10 - year survival ranging between 85% 
and 94%.  163,164   In a recent study from a single center, the 
15 - year survival after atriopulmonary connection was 81% 
versus 94% for lateral tunnel.  165    

  Complications and  t heir  m anagement  (Table  63.17 )  
     Supraventricular tachycardias (SVT, most often intra - atrial 
re - entry tachycardia) are a major cause of late morbidity  166  ; 
incidence increases with time. The 15 - year freedom from 
SVT is 61% for atriopulmonary connections versus 
87% for the lateral tunnel technique.  165   Transcatheter 

     Figure 63.7     Univentricular physiology and total cavopulmonary 
connection.  
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radiofrequency ablation is the treatment of choice, although 
recurrence is common.  167   When tachyarrhythmias occur, 
underlying hemodynamic lesions such as obstruction of 
the Fontan pathway should be excluded  155   (Class I, Level 
C). Patients with failing Fontan should be considered for 
reoperation (Class I, Level C). Revision of the circuit to an 
extracardiac conduit or lateral tunnel, in combination with 
MAZE procedure, can be useful in selected cases.  168   Heart 
transplantation may be considered for severe ventricular 
dysfunction or protein - losing enteropathy (Class IIb, 
Level C).    

  Eisenmenger  s yndrome 

  Defi nition,  c lassifi cation, and  p athophysiology 

 Eisenmenger syndrome represents the extreme end of the 
spectrum of pulmonary PAH in patients with CHD.  169   It 
consists of PAH with reversed (right - to - left) or bidirec-
tional shunting and cyanosis.  170   Patients who develop 
Eisenmenger syndrome have a large communication at 
atrial, ventricular or arterial level with consequent increase 
in pulmonary blood fl ow, resulting with time in pulmo-
nary vascular disease.      

  Clinical  p resentation 

 Most patients with Eisenmenger syndrome have shortness 
of breath and exercise intolerance.  31,171   Palpitations, chest 
pain, edema or syncope may occur. Patients can also 
present with symptoms related to one of the complications 
of Eisenmenger syndrome (see below). Examination 
depends on the underlying defect, but physical fi ndings 
usually include: 
   •      central cyanosis  
   •      clubbing  

   •      RV lift  
   •      loud P2    ±    pulmonary ejection click  
   •      holosystolic murmur of TR or PR may be present.     

  Diagnostic  e valuation 

  Electrocardiogram 
 The ECG may show right axis deviation, RA enlargement 
and RV hypertrophy. Arrhythmias may occur.  

  Chest  r adiography 
 Central pulmonary arteries are most often dilated or aneu-
rysmal, and calcifi cations may be present. Chest radiogram 
may also reveal cardiomegaly due to right atrial and ven-
tricular enlargement.  

  Digital  o ximetry 
 Pulse oximetry, both with and without supplemental 
oxygen therapy, should be assessed at least yearly (Class 
I, Level C).  

  Echocardiography 
 Echocardiography should: 
   •      specify the underlying defect and anatomy  
   •      estimate RV systolic pressure  
   •      determine the level, size and direction of shunting.     

  Exercise  t esting 
 The 6 - minute walk test and cardiopulmonary exercise 
testing with peak oxygen consumption can both be used to 
assess functional capacity. Exercise - induced desaturation 
provides prognostic information  31,169   and helps to assess 
response to advanced therapies (Class IIa, Level C).  

   CMR  and  CT   a ngiography 
 CMR allows a more precise visualization of the anatomy, 
while CT angiography is useful to exclude the possibility 
of pulmonary embolism and assess the lung parenchyma.  

 Table 63.17     Complications 

  Tachyarrhythmias (often intra - atrial re - entry tachycardia)  

  Bradyarrhythmias: sinus node dysfunction  

  Thromboembolic events  

  Hepatic dysfunction  

  Protein - losing enteropathy  

  Cyanosis  

  Pulmonary arteriovenous malformations  

  Obstruction of pulmonary veins (giant RA or aorta)  

  Residual interatrial communication  

  Systemic venous collateralization  

  Hepatic venous connection to the coronary sinus or LA  

  Ventricular dysfunction and failure  

  Obstruction or leaks in the Fontan pathway  

 Table 63.18     Common causes of  E isenmenger syndrome 

   Simple lesions   

  VSD  

  ASD  

  PDA  

  Aortopulmonary window  

  Total or partial anomalous pulmonary venous return  

   Complex lesions   

  AVSD  

  Truncus arteriosus  

  Univentricular heart with unobstructed pulmonary blood fl ow  

  TGA with large ventricular or arterial shunt  
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  Cardiac  c atheterization and  a ngiography 
 Cardiac catheterization in patients with Eisenmenger 
syndrome may be useful to confi rm the diagnosis and 
evaluate severity of PAH. Furthermore, it can assess the 
pulmonary vascular resistance and determine vasoreactiv-
ity; the latter seems to have prognostic value  172   (Class I, 
Level C).  

  Laboratory  t esting 
 Full blood count, electrolytes, urea, creatinine, liver func-
tion tests and uric acid should be part of the routine labora-
tory assessment (Class I, Level C). Secondary erythrocytosis 
facilitates tissue oxygenation.  169   Moreover, iron status 
should be carefully evaluated by measurement of transfer-
rin saturation and ferritin. Indeed, iron defi ciency is 
common in patients with Eisenmenger syndrome, whereas 
the classic microcytosis and hypochromia are often 
absent.  169,173,174   Iron defi ciency in this population has been 
associated with decreased exercise tolerance and increased 
risk of stroke.  175,176     

  Outcomes and  c omplications 

 Actuarial survival of patients with Eisenmenger syndrome 
has been reported to be 75%, 70%, and 55% at the age of 
30, 40, and 50 years respectively.  171   Eisenmenger syndrome 
is a multiorgan disease (Table  63.19 ).    

  Management 

 The main goal is to avoid complications. The following 
general recommendations apply. 
   •      Iron defi ciency should be treated with iron supplemen-
tation (Class I, Level B).  
   •      Routine phlebotomy is contraindicated (Class III). Phle-
botomy should be restricted to patients with hemoglobin 
greater than 20   g/dL and hematocrit greater than 65%, 
associated with severe hyperviscosity symptoms, in the 
absence of dehydration and iron defi ciency (Class I, Level 
C).  
   •      Anemia and dehydration should be avoided and treated 
promptly (Class I, Level C).  
   •      Contraception advice should be provided and preg-
nancy strongly discouraged (risk of death reported as 30 –
 50%) (Class I, Level B).  
   •      Strenuous exercise and chronic high altitude should be 
avoided (Class I, Level C).  
   •      Anticoagulation should be discussed with the patient 
(Level C).  
   •      Long - term nocturnal oxygen may have a role for selected 
patients  177   (Level C).  
   •      Vaccination: fl u shot annually   +   Pneumovax every 5 
years (Level C).  
   •      Non - selective endothelin receptor antagonist (such as 
bosentan) or phosphodiesterase inhibitors (such as sildena-
fi l) should be considered for patients in WHO functional 
class  ≥ III  172,178 – 180   (Class IIa, Level C).      

  Arrhythmias in  a dult  c ongenital 
 h eart  d isease 

 Arrhythmias represent one of the most common long - term 
complications in patients with CHD, posing new chal-
lenges in terms of management. Rhythm anomalies can be 
part of the natural history of the underlying defect itself, 
but most of them arise from consequences of surgical inter-
ventions or from long - standing abnormal hemodynamics. 
Specifi c arrhythmias associated with CHD and their man-
agement  181   are summarized below and in Table  63.20 .   

  Intra -  a trial  r e -  e ntrant  t achycardia ( IART ) 

 Intra - atrial re - entrant tachycardia is the most common 
arrhythmia in this population. The mechanism is a mac-
rore - entry circuit within the atrium, usually occurring 
years after surgical intervention involving the right atrial 
tissue. This  “ atypical ”  atrial fl utter is more frequent in 
patients with previous  Mustard  and  Senning  procedures, or 
classic  Fontan  operations (severe dilation and scarring of 
the RA), but it can also occur even after simple ASD closure. 
Atrial rates are usually between 150 and 250 per minute 

 Table 63.19     Complications of  E isenmenger syndrome 

   Hematologic complications   

  Secondary erythrocytosis  

  Hyperviscosity symptoms (may be due to iron defi ciency)  

  Headache, altered mentation, blurred vision, paresthesia, myalgia  

  Thrombocytopenia  

  Iron defi ciency  

   Bleeding complications   

  Hemoptysis, pulmonary hemorrhage, cerebral bleeding, epistaxis  

   Thrombotic and thromboembolic events   

  Intrapulmonary thrombosis  

  Cerebrovascular accidents  

  Arrhythmias (supraventricular or ventricular) and sudden cardiac death  

   Viral and bacterial infections   

  Endocarditis  

  Cerebral abcess  

  Pneumonia  

   Renal dysfunction   

  Glomerular abnormalities  

  Hyperuricemia and gout  

  Gallstones and cholecystitis  

  Hypertrophic osteoarthropathy  
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and 1   :   1 AV conduction can lead to severe symptoms such 
as syncope and even cardiac arrest. Therapeutic options 
include  181  : 
   •      acute episode can be terminated with electrical cardio-
version, antiarrhythmic drugs or overdrive pacing  
   •      long - term antiarrhythmic drug therapy: often 
ineffective  
   •      catheter ablation  182  : often used as an early intervention. 
Good short -  to mid - term success, reduces the frequency of 
episodes, but relatively high recurrence rates have been 
reported  
   •      pacemaker implantation: used for patients with tachy -
 brady syndrome; decrease in IART frequency by address-
ing bradycardia and by incorporating antitachycardia 
pacing facility  
   •      surgical ablation with a modifi ed right atrial MAZE 
operation: low rates of recurrence but associated with sur-
gical risks; often performed in patients who already have 
other surgical indications.     

  Re -  e ntrant  t achycardia  s econdary to 
 a ccessory  p athways 

 Wolff – Parkinson – White syndrome occurs in  ∼ 20% of 
patients with  Ebstein anomaly . About half of them have 
multiple accessory pathways. Even if the success rate is 
lower than in the general population, catheter ablation 
remains the procedure of choice for Wolff – Parkinson –
 White syndrome in Ebstein patients.  181    

  Atrial  fi  brillation 

 Congenital heart disease conditions associated with left 
atrial pressure and/or volume overload predispose to 
atrial fi brillation. Mitral valve abnormalities (or left AVV 
in the setting of an AVSD), AS, left ventricular dysfunction 
(or systemic right ventricular dysfunction in the setting 
of a cc - TGA) with elevated end - diastolic pressures, and 

unrepaired single ventricle are such defects. General man-
agement of atrial fi brillation is the same as for other groups. 
Early intervention to improve or restore target hemody-
namic lesions should be encouraged.  

  Ventricular  t achycardia 

 Ventricular tachycardia and sudden cardiac death have 
become a major issue in selected patients with CHD reach-
ing adulthood. Macrore - entrant circuits in the regions of a 
previous surgical scar can occur following a ventriculot-
omy or patching for a VSD. Other mechanisms that might 
be involved in arrhythmogenesis are severe ventricular 
dysfunction and/or hypertrophy with fi brosis.  TOF , 
 aortic valve disease ,  cc - TGA  with systemic RV dysfunction, 
 Eisenmenger syndrome , and severe  Ebstein anomaly  are 
lesions with increased risk of VT.  

  Sinus  n ode  d ysfunction 

 Sinus node dysfunction late after surgical repair is the most 
common cause of sinus bradycardia in patients with CHD. 
 Mustard ,  Senning ,  Glenn , and  Fontan  operations can all be 
associated with sinus node dysfunction. Pacemaker 
implantation is indicated if the bradycardia is associated 
with symptoms.  Left atrial isomerism  is associated with 
absence of sinus node and atrial or junctional escape 
rhythm with bradycardia.  

   AV   b lock 

  Congenitally corrected TGA  and  AVSD  both carry an intrin-
sic risk of developing complete AVB with time. Complete 
AVB can also result from surgical trauma following VSD 
closure, resection of LVOTO or replacement/repair of an 
AVV. Postoperative AVB is often transient, but pacemaker 
implantation is indicated if it does not recover within 7 – 10 
days from surgery.   

 Table 63.20     Most frequent arrhythmias in  CHD  lesions 

   CHD/arrhythmia     IART     WPW     Atrial fi brillation     VT     Sinus node dysfunction     AV block  

  ASD    x        x        x      

  AVSD            x            x  

  TOF    x        x    x          

  Mustard/Senning    x        x    x    x      

  cc - TGA        x    x    x        x  

  Fontan    x        x        x      

  AS/coarctation            x              

  Ebstein    x    x    x    x          
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   Introduction and  h istorical  p erspective 

 Venous thromboembolic disease includes deep vein throm-
bosis (DVT) and pulmonary embolism (PE). The fi rst 
recorded case of thrombosis of the lower limb is believed 
to be found in the Hindu medicine writings of Susruta, an 
Indian healer who lived around 800 BC, where he described 
a patient with a  “ swollen and painful leg, which was dif-
fi cult to treat ” .  1   While only a few thrombosis specialists 
will be familiar with Susruta ’ s contribution to the fi eld, all 
are familiar with the contributions of Rudolph Virchow. 
Virchow, a Prussian physician born in 1821, is credited 
with coining the term  “ embolism ”  after discovering the 
relationship between a blood clot that forms within a blood 
vessel (thrombus), and a blood clot that breaks loose from 
the original and travels through the bloodstream to occlude 
the pulmonary vessels (embolus).  1   In addition, Virchow 
was the fi rst to identify the pathogenic triad for thrombo-
sis: stasis, vessel wall damage, and hypercoagulability. 
Virchow ’ s triad has stood the test of time and today, it is 
still the foundation upon which prevention and treatment 
of venous thromboembolism (VTE) is based. 

 The fi rst randomized trial for the treatment of VTE was 
performed by Barritt and Jordan in 1960.  2   They showed 
that treatment of PE with heparin and oral anticoagulants 
reduced the risk of recurrent PE and reduced mortality 
compared with no anticoagulant therapy (Table  64.1 ). Since 
then, there has been considerable progress in the develop-
ment of new anticoagulants (e.g. low molecular weight 
heparin (LMWH), fondaparinux) for the prevention and 
treatment of VTE. Unfortunately, despite these advances, 
VTE remains a leading cause of morbidity and mortality.   

 In this chapter, we will briefl y review the natural history 
and pathogenesis of VTE and provide an overview of 

evidence - based management of VTE divided into three cat-
egories: diagnosis, treatment, and prevention.  

  Nomenclature and  d efi nitions 

  Proximal deep vein thrombosis  is defi ned as a DVT that 
involves the popliteal and more proximal veins.  Distal deep 
vein thrombosis  is defi ned as a DVT that is confi ned to the 
calf veins (including the calf trifurcation).  

  Incidence,  n atural  h istory and  p rognosis 

 Venous thromboembolism is rare before the age of 16 
years, probably because the immature coagulation system 
is resistant to thrombosis. However, the risk of VTE 
increases exponentially with advancing age (i.e. 1.9 - fold 
per decade), rising from an annual incidence of approxi-
mately 30/100   000 at 40 years, to 90/100   000 at 60 years, and 
260/100   000 at 80 years.  3 – 5   

 DVT usually starts in the calf veins.  6   When DVT causes 
symptoms, over 80% involve the popliteal or more proxi-
mal veins.  6,7   However, if venography is used to diagnose 
DVT in asymptomatic high - risk patients (e.g. following 
orthopedic surgery) only about one - third of venous thrombi 
are proximal. The majority of isolated calf DVT will 
undergo spontaneous lysis; however, 20% of these thrombi 
subsequently extend to involve the proximal veins, usually 
within a week of presentation.  8   Non - extending calf DVT 
rarely causes PE, whereas proximal DVT often does.  9   The 
majority (70%) of patients with symptomatic proximal 
DVT have asymptomatic PE and vice versa.  10   Only about 
25% of patients with symptomatic PE have symptoms or 
signs of DVT.  11   

 It is estimated that 10% of symptomatic PE cause death 
within an hour of onset  12   and that, left untreated, about 
one - third of patients with initially non - fatal PE will have a 
fatal recurrence.  2   Untreated, symptomatic proximal DVT 
progresses to symptomatic PE in about one half of cases 
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 Table 64.1a     Landmark trials in the prevention and treatment of acute venous thromboembolism 

   Study     Populat.     Intervention     Outcome     Effi cacy     Relative risk     95% CI  

   Active     Control     Active     Control  

   Prevention   

  Sevitt  &  Gallagher  163      Hip Fracture    OA    Untreated    DVT/PE    4/150 (2.7%)    43/150 (29%)    0.09    0.02 – 0.25  

  Kakkar  et al   139      Surgical    LD heparin    Untreated    Fatal PE    2/2045 (0.10%)    16/2076 (0.77%)    0.13    0.01 – 0.5  

  PEP  154      Surgical    Aspirin#    Placebo#    DVT/PE *     105/6679 (1.6%)    165/6677 (2.5%)    0.64    0.50 – 0.81  

  Turpie  et al   145      Surgical    Fondaparinux    LMWH    DVT/PE *  *     182/2682 (6.8%)    371/2703 (13.7%)    0.49    0.42 – 0.59  

  Gardlund  et al   155      Medical    LD Heparin    Untreated    fatal PE    15/5776 (0.3%)    16/5917 (0.3%)    0.96    0.48 – 1.9  

   Acute treatment   

  Barritt  &  Jordan  2      PE    Heparin, OA    Untreated    PE    0/16 (0%)    10/19 (53%)    0     –   

  UPET I  164      PE    Urokinase    No urokinase    Death    6/82 (7.3%)    7/78 (9.0%)    0.82    0.24 – 2.7  

  Gallus  et al   85      DVT/PE     ∼ 4d Heparin     ∼ 10d Heparin    DVT/PE    5/139 (3.6%)    6/127 (4.7%)    0.76    0.19 – 2.9  

  Hull  et al   86      DVT    5d Heparin    10d Heparin    DVT/PE    7/99 (7.1%)    7/10 (7.0%)    1.01    0.31 – 3.2  

  Brandjes  et al   165      DVT    Heparin IV    No heparin    DVT/PE    4/60 (6.7%)    12/60 (20%)    0.33    0.08 – 1.0  

  Prandoni  et al   74      DVT/PE    LMWH    Heparin    DVT/PE    14/360 (3.9%)    15/360 (4.2%)    0.93    0.46 – 1.9  

  Hull  et al   166      DVT    LMWH    Heparin    DVT/PE    6/213 (2.8%)    15/219 (6.8%)    0.41    0.13 – 1.1  

  Levine  et al   167      DVT    Outpatient LMWH    Heparin    DVT/PE    13/247 (5.3%)    17/253 (6.7%)    0.78    0.36 – 1.7  

  Koopman  et al   168      DVT    Outpatient LMWH    Heparin    DVT/PE    14/202 (6.9%)    17/198 (8.6%)    0.81    0.38 – 1.7  

  Columbus study  169      DVT/PE    LMWH    Heparin, IV    DVT/PE    27/510 (5.3%)    25/511 (4.9%)    1.08    0.64 – 1.8  

  Kearon  et al   75      DVT/PE    Heparin, SC ∧     LMWH    DVT/PE    13/345 (3.8%)    12/352 (3.4%)    1.11    0.51 – 2.4  

  Matisse DVT  76      DVT    Fondaparinux    LMWH    DVT/PE    43/1098 (3.9%)    45/1107 (4.1%)    0.96    0.64 – 1.5  

  Matisse PE  82      PE    Fondaparinux    Heparin, IV    DVT/PE    43/1103 (3.9%)    56/1110 (5.0%)    0.77    0.52 – 1.1  

Continued on p. 1034



P
A

R
T

 IIIG
 Specifi c card

iovascular d
isord

ers: other cond
itions

1
0
3
4

 Table 64.1b     Landmark trials in the long - term treatment of venous thromboembolism 

   Study     Populat.     Intervention     Outcome     Effi cacy     Relative risk     95% CI  

   Active     Control     Active     Control  

   Long - term treatment   

  Hull  et al   13      DVT    OA    L.D. heparin    DVT/PE    0/33 (0%)    9/35 (26%)    0.0    0.0 – 0.5  

  Hull  et al   97      DVT    INR ∼ 2.1    INR ∼ 3.2    DVT/PE    1/47 (2.1%)    1/49 (2.0%)    1.04    0.01 – 80     

  British Thoracic Society  18      DVT/PE    4 weeks    3 months    DVT/PE    28/358 (7.8%)    14/354 (4.0%)    1.78    1.03 – 4.0  

  Schulman  et al   15      DVT    6 weeks    6 months    DVT/PE    80/443 (18.1%)    43/454 (9.5%)    1.91    1.33 – 2.8  

  Schulman  et al   105      2nd DVT/PE    Indefi nite    6 months    DVT/PE    3/116 (2.6%)    23/111 (21%)    0.12    0.02 – 0.40  

  Lee  et al   111      Cancer 

 DVT/PE  

  LMWH 

 6 months  

  LMWH 5 days/OA 6 months    DVT/PE    27/336 (8.0%)    53/336 (15.8%)    0.51    0.33 – 0.79  

  Kearon  et al   104      DVT/PE 

 unprovoked  

  OA 

1 year  

  OA 

 3 months  

  DVT/PE    1/79 (1.3%)    17/83 (20%)    0.06    0.01 – 0.45  

  Kearon  et al   123      DVT/PE 

 unprovoked  

  OA 

 INR 1.5 – 1.9  

  OA 

 INR 2.0 – 3.0  

  DVT/PE    16/369 (4.3%)    6/369 (1.6%)    2.67    1.06 – 6.7  

  Ridker  et al   170      DVT/PE 

 unprovoked  

  OA 

 INR 1.5 – 2.0  

  Placebo    DVT/PE    14/255 (5.5%)    37/253 (14.6%)    0.38    0.21 – 0.68  

  Agnelli  et al   101      DVT 

 unprovoked  

  OA 

 9 months  

  Nothing    DVT/PE    21/134 (15.7%)    21/133 (15.8%)    0.99    0.57 – 1.7  

  PREPIC I  125      DVT    IVC fi lter    No IVC fi lter    DVT/PE at 2 years    37/178 (20.8%)    29/187 (15.5%)    1.34    0.86 – 2.08  

  PREPIC II  126      DVT    IVC fi lter    No IVC fi lter    at 8 years    58/159 (36.4%)    55/155 (35.4%)    1.03    0.77 – 1.4  

   Populat., population studied; 95% CI, 95% confi dence interval of relative risk; OA, oral anticoagulants; LD, low - dose subcutaneous heparin; DVT, deep vein thrombosis; PE, pulmonary embolism; 

LMWH, low molecular weight heparin; IVC, inferior vena caval fi lter;  *  secondary outcome measure;  *  *  DVT detected on mandatory bilateral venography; # additional prophylaxis used: heparin 

18%, LMWH 26% and compression stockings 30%;  ∧  fi xed, weight - adjusted dose without laboratory monitoring.   
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and, in general, the risk of recurrent VTE is highest within 
days or weeks of an acute event.  13   The risk of recurrent VTE 
remains elevated in patients with thrombosis that was 
unprovoked or associated with persistent risk factors (e.g. 
malignancy, congenital hypercoagulable states) compared 
to those in whom VTE was associated with a transient risk 
factor (e.g. surgery).  14 – 19    

  Pathophysiology 

 Venous thrombi are composed primarily of fi brin and red 
blood cells. They form when the following elements are 
present: venous stasis, vessel wall damage, and hyperco-
aguability (Virchow ’ s triad). Classifi cation of risk factors for 
VTE according to this pathogenic triad remains valuable. 

  Venous  s tasis 

 The importance of venous stasis as a risk factor for VTE is 
demonstrated by the fact that most DVT associated with 
stroke affect the paralyzed leg,  20   and most DVT associated 
with pregnancy affect the left leg,  21   the iliac veins of which 
are prone to extrinsic compression by the pregnant uterus 
and the right common iliac artery.  

  Vessel  w all  d amage 

 Venous endothelial damage, usually as a consequence of 
accidental injury, manipulation during surgery (e.g. hip 
replacement) or iatrogenic injury, is an important risk factor 
for VTE. Hence, three - quarters of proximal DVT which 
complicate hip surgery occur in the operated leg  22   and 
thrombosis is common with indwelling venous catheters.  23    

  Hypercoagulability 

 A complex balance of naturally occurring coagulation and 
fi brinolytic factors, and their inhibitors, serves to maintain 
blood fl uidity and hemostasis. Inherited or acquired 
changes in this balance predispose to thrombosis. The most 
important inherited biochemical disorders associated with 
VTE are due to: 
   •      defects in the naturally occurring inhibitors of coagula-
tion including defi ciencies of antithrombin, protein C or 
protein S  
   •      resistance to activated protein C caused by factor V 
Leiden  
   •      a mutation in the 3 ’  untranslated region of the prothrom-
bin gene (G20210A) which is associated with a 25% increase 
in prothrombin levels.    
 The fi rst three of these disorders are rare in the normal pop-
ulation (combined prevalence of  < 1%), have a combined 
prevalence of 5% in patients with a fi rst episode of VTE  24   
and are associated with a 10 to 40 - fold increase in the risk of 

VTE.  25   The factor V Leiden mutation is common, occurring 
in 5% of Caucasians and 20% of patients with a fi rst episode 
of VTE (i.e. fourfold increase in VTE risk).  25,26   The pro-
thrombin gene mutation occurs in 2% of Caucasians and 
about 5% of those with a fi rst episode of VTE (i.e. 2.5 - fold 
increase in risk).  25 – 27   Hyperhomocysteinemia, due to heredi-
tary and acquired factors, is also associated with VTE.  28   

 Elevated levels of a number of coagulation factors (I, II, 
VIII, IX, XI) are associated with thrombosis in a  “ dose -
 dependent ”  manner.  29 – 31   It is probable that such elevations 
are often inherited, with strong evidence for this with 
factor VIII.  29   Prothrombotic abnormalities of the fi brino-
lytic system have questionable importance. 

 Acquired hypercoagulable states include estrogen 
therapy, antiphospholipid antibodies (anticardiolipin anti-
bodies and/or lupus anticoagulants), systemic lupus ery-
thematosus, malignancy, combination chemotherapy, and 
surgery.  3   Patients who develop immunologically related 
heparin - induced thrombocytopenia (HIT) also have a very 
high risk of developing arterial and venous thromboembo-
lism.  32   Unlike the congenital abnormalities, acquired risk 
factors are often transient, which has important implica-
tions for the duration of anticoagulant prophylaxis and 
treatment.  

  Combinations of  r isk  f actors and 
 r isk  s tratifi cation 

 The risk of developing VTE depends on the prevalence and 
severity of risk factors (Box  64.1 ).  3       

BOX 64.1   Risk factors for venous thromboembolism 

     Patient factors  
 Previous venous thromboembolism  *   
 Age over 40 
 Pregnancy, puerperium 
 Marked obesity 
 Inherited hypercoagulable state 

  Underlying condition and acquired factors  
 Malignancy  *   
 Estrogen therapy 
 Cancer chemotherapy 
 Paralysis  *   
 Prolonged immobility 
 Major trauma  *   
 Lower limb injuries  *   
 Heparin - induced thrombocytopenia 
 Antiphospholipid antibodies 

  Type of surgery  
 Lower limb orthopedic surgery  *   
 General anesthesia  > 30   min   

BOX 64.1   Risk factors for venous thromboembolism 

     Patient factors  
 Previous venous thromboembolism  *   
 Age over 40 
 Pregnancy, puerperium 
 Marked obesity 
 Inherited hypercoagulable state 

  Underlying condition and acquired factors  
 Malignancy  *   
 Estrogen therapy 
 Cancer chemotherapy 
 Paralysis  *   
 Prolonged immobility 
 Major trauma  *   
 Lower limb injuries  *   
 Heparin - induced thrombocytopenia 
 Antiphospholipid antibodies 

  Type of surgery  
 Lower limb orthopedic surgery  *   
 General anesthesia  > 30   min   

  *    Common major risk factors for venous thromboembolism 
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  Diagnosis 

 Objective testing for DVT and PE is important because 
clinical assessment alone is unreliable. Failure to diagnose 
VTE exposes patients to the risk of fatal PE. However, inap-
propriate use of anticoagulants exposes patients to the 
risk of serious bleeding complications including fatal 
hemorrhage. 

  Diagnosis of  d eep  v ein  t hrombosis 

 Venography is the criterion standard for the diagnosis of 
DVT.  7,33   However, because of its invasive nature, technical 
demands, costs, and risks associated with contrast media, 
non - invasive tests have been developed, of which venous 
ultrasound imaging (VUI) and D - dimer testing are the 
most important. 

  Clinical  a ssessment 
 Although clinical assessment cannot unequivocally confi rm 
or exclude DVT, clinical evaluation using empiric assess-
ment or a structured clinical model (Table  64.2 ) can stratify 
patients as having a low (5% prevalence), moderate (25% 

prevalence) or high (60% prevalence) probability of DVT.  34   
Such categorization is useful in guiding the performance 
and interpretation of objective testing.  34 – 38      

  Venous  u ltrasound  i maging ( VUI ) 
 With this modality, pressure is applied to the proximal 
veins with an ultrasound probe to determine compress-
ibility.  7,39   Incompressibility of a vein is considered diagnos-
tic for DVT. VUI has a sensitivity for proximal DVT of 97% 
and a specifi city of 94% in symptomatic patients which, on 
average, translates into a positive predictive value of 97% 
and a negative predictive value of 98% for proximal DVT.  7,40   

 The utility of VUI for diagnosing calf vein thrombosis is 
more controversial. VUI is technically more diffi cult to 
perform in the calf and some studies have reported the 
accuracy of this approach to be poor (e.g. sensitivity of 
70%).  7,40   Recently, investigators have proposed that a single 
complete compression ultrasound that includes examina-
tion of the calf veins should be used to exclude DVT. 
Studies using this method have reported an incidence of 
VTE of 0.5% during 3 months follow - up after a negative 
examination, establishing that negative VUI that includes 
the calf veins excludes VTE.  41 – 43   However, this method has 
the potential to diagnose calf DVT that would have spon-
taneously lysed without treatment and to yield false - 
positive results, thereby exposing patients to the risk of 
bleeding due to anticoagulant therapy without clear benefi t. 

 At most centers, if DVT cannot be excluded by a normal 
proximal VUI in combination with other results (e.g. low 
clinical probability or normal D - dimer (Table  64.3 )) treat-
ment is withheld and a follow - up VUI is performed after 
1 week to detect extending calf vein thrombosis (2% of 
patients).  7   If the second VUI examination is normal, the risk 
of symptomatic VTE during the next 6 months is less 
than 2%.  7     

 The accuracy of VUI in asymptomatic postoperative 
patients who have a high risk for DVT is poor with a sen-
sitivity for proximal DVT of only 62%,  7   and such screening 
is not recommended in patients who have received 
prophylaxis.  44    

  Computed  t omographic ( CT )  v enography and 
 m agnetic  r esonance ( MR )  v enography 
 The limitations of VUI in diagnosing DVT in certain clinical 
settings, e.g. isolated pelvic DVT and asymptomatic 
patients, has stimulated interest in alternative imaging 
modalities such as CT venography and MR venography. In 
one review of studies comparing CT venography with VUI, 
the sensitivity and specifi city were reported as 89 – 100% 
and 94 – 100%, respectively, for all DVT.  45   However, the 
majority of the studies included in the review were case 
series and given the cost, exposure to radiation, and limited 
availability of CT venography, it is unlikely that this modal-
ity will play an important role in the diagnosis of DVT. 

 Table 64.2     Clinical model for determining clinical suspicion 
of  DVT    171    

   Variables     Points  

  Active cancer (treatment ongoing or within previous 6 

months or palliative)  

  1  

  Paralysis, paresis or recent plaster immobilization of the 

lower extremities  

  1  

  Recently bedridden  > 3 days or major surgery within the 

previous 12 weeks requiring general or regional 

anesthesia  

  1  

  Localized tenderness along the distribution of the deep 

venous system  

  1  

  Entire leg swollen    1  

  Calf swelling 3   cm    >    asymptomatic side (measured 

10   cm below tibial tuberosity)  

  1  

  Pitting edema confi ned to the symptomatic leg    1  

  Collateral superfi cial veins (non - varicose)    1  

  Previously documented deep vein thrombosis    1  

  Alternative diagnosis as likely or greater than that of 

DVT  

   - 2  

   Total points (pretest probability for DVT):       

  Score  > 2: High      

  Score 1 – 2: Moderate      

  Score 0: Low      

   NOTE: In patients with symptoms in both legs, the more symptomatic 

leg is used.   
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 Table 64.3     Diagnostic tests which confi rm or exclude  DVT  

   Diagnostic test     Confi rms DVT     Excludes DVT  

   First acute DVT           

  Venography    Intraluminal fi lling defect    No intraluminal fi lling defect; all deep veins seen  

  Venous ultrasound    Non - compressible at CFV, PopV or C - tri    Fully compressible proximal veins  AND   

          a) low cPTP for DVT  OR   

          b) normal D - dimer with sensitivity  ≥ 85%  OR   

          c) normal ultrasound on repeat testing at day 7  

          Normal whole - leg ultrasound  

  D - dimer        Normal D - dimer with sensitivity   >  98%  OR   

          Normal D - dimer with sensitivity   >   85%  AND   

          a) low cPTP  OR   

          b) negative proximal ultrasound  

   Recurrent DVT           

  Venography    Intraluminal fi lling defect    No intraluminal fi lling defect; all deep veins seen  

  Venous ultrasound    New non - compressible CFV or PopV  OR     Normal  OR   

      4.0   mm increase in diameter of CFV or PopV 

compared with recent previous test  

   ≤ 1   mm increase in diameter of CFV or PopV compared with recent previous 

test  AND  remains unchanged on repeat ultrasound testing on day 2 and 

day 7  

  D - dimer        Normal D - dimer with sensitivity   >  98%  

          Normal D - dimer with sensitivity   >  85%  AND   

          a) low cPTP  OR   

          b)  ≤ 1   mm increase in diameter of CFV or PopV  

   CFV, common femoral vein; PopV, popliteal vein; C - tri, calf vein trifurcation; cPTP, clinical pretest probability.   

 Magnetic resonance venography can be performed with 
injection of gadolinium or without any contrast (MR direct 
thrombus imaging). A recent meta - analysis of studies com-
paring MR venography with conventional venography 
reported a pooled sensitivity of 92% and specifi city of 95% 
of MR venography for proximal DVT.  46   However, there 
was signifi cant heterogeneity between the studies and, 
therefore, these pooled estimates should be interpreted 
with caution. MR direct thrombus imaging looks promis-
ing, but has only been evaluated in a single accuracy study 
to date.  47   As with CT venography, cost and availability will 
inhibit the widespread use of MR for diagnosis of DVT.  

   D  -  d imer  b lood  t esting 
 D - dimer is formed when cross - linked fi brin is broken 
down by plasmin and levels are usually elevated with DVT 
and/or PE. Normal levels can help to exclude VTE, but 
elevated D - dimer levels are non - specifi c and have low 
positive predictive value.  48,49   D - dimer tests differ markedly 
as diagnostic procedures for VTE. A normal result with a 
very sensitive (i.e. 98%) D - dimer assay excludes VTE on its 
own.  48 – 50   However, very sensitive D - dimer tests have low 
specifi city (40%) which limits their utility because of high 
false - positive rates.  50   In order to exclude DVT and/or PE, 
a normal result with a less sensitive D - dimer assay (i.e. 
85%) needs to be combined with either a low clinical 

probability or another objective test that has negative pre-
dictive value but is also non - diagnostic on its own (see 
Table  64.3 ).  35,38,51 – 53  As less sensitive D - dimer assays are more 
specifi c (70%), they yield fewer false - positive results. Speci-
fi city of D - dimer decreases with aging  54   and with co - morbid 
illness such as cancer.  55   Consequently, D - dimer testing has 
limited value in the diagnosis of VTE in hospitalized 
patients and is unhelpful in the early postoperative period.  

  Diagnosis of  r ecurrent  DVT  
 Persistent abnormalities of the deep veins are common fol-
lowing DVT.  7,56   Therefore, diagnosis of recurrent DVT 
requires evidence of new clot formation. Tests that can 
diagnose or exclude recurrent DVT are noted in Table 
 64.3 .  7,56,57     

  Diagnosis of  p ulmonary  e mbolism 

 Pulmonary angiography is the criterion standard for the 
diagnosis of PE, but it has similar limitations to 
venography.  58   

  Computed  t omographic  p ulmonary 
 a ngiography ( CTPA ) 
 Computed tomographic pulmonary angiography (also 
known as spiral or helical CT) with peripheral injection of 



PART IIIG  Specifi c cardiovascular disorders: other conditions

1038

contrast dye is the current standard diagnostic test for 
PE.  59 – 62   Helical CT technology has rapidly advanced from 
use of single detector scanners to use of progressively 
larger numbers of detectors (termed multidetector CT), 
which enable more detailed examination of the pulmonary 
arteries. 

 Current evidence suggests that CTPA is non - diagnostic 
in 6% of patients, and that among adequate examinations, 
sensitivity is 83%, specifi city is 96%, positive predictive 
value is 86% and negative predictive value is 95%.  59   Accu-
racy varies according to the size of the largest pulmonary 
artery involved: positive predictive value was 97% for pul-
monary emboli in the main or lobar artery, 68% for seg-
mental arteries, and 25% for subsegmental arteries. 
Predictive values were also infl uenced by clinical assess-
ment of pulmonary embolism probability: positive predic-
tive value is 96% with high, 92% with intermediate, and 
58% with low clinical probability (8% of patients); negative 
predictive value is 96% with low, 89% with intermediate, 
and 60% with high clinical probability (5% of patients).  59   

 The ability of CTPA to exclude pulmonary embolism has 
also been evaluated in management studies in which anti-
coagulant therapy was withheld in patients with negative 
CTPA.  61   More recent studies suggest that less than 2% of 
patients with a negative CTPA for pulmonary embolism 
will return with symptomatic VTE during follow - up.  60 – 62   
Taken together, these observations suggest the following: 
   •      intraluminal fi lling defects in lobar or larger pulmonary 
arteries are generally diagnostic for PE  
   •      a good - quality normal CTPA excludes PE if clinical sus-
picion is low or moderate  
   •      intraluminal defects confi ned to segmental pulmonary 
arteries are generally diagnostic for PE if clinical suspicion 
is moderate or high, but should be considered non - diag-
nostic if suspicion is low or there are discordant fi ndings 
(e.g. negative D - dimer)  
   •      intraluminal defects confi ned to subsegmental pulmo-
nary arteries are non - diagnostic and patients with such 
fi ndings require further testing.    
 CTPA delivers a substantial dose of radiation to the chest, 
which increases the risk of cancer. For this reason, CTPA 
should be used selectively, particularly in younger 
women.  63    

  Magnetic  r esonance  a ngiography ( MRA ) 
 Gadolinium - enhanced pulmonary MRA offers advantages 
over CTPA in that it can be performed on patients with an 
allergy to iodinated contrast media and it avoids exposure 
to radiation. However, only a limited number of small 
studies evaluating MRA for diagnosis of PE have been 
performed.  64   In addition, a warning has been issued by the 
Federal Drug Administration about an increased risk of 
nephrogenic systemic fi brosis in patients with severe renal 
insuffi ciency (glomerular fi ltration rate  < 30   mL/min) who 

are exposed to gadolinium. Like CTPA, MRA is able to 
identify alternative pulmonary diagnoses, and can be 
extended to look for concomitant DVT.  

  Ventilation -  p erfusion  l ung  s canning 
 In the past, the imaging modality typically used to inves-
tigate patients with suspected PE was a ventilation - perfu-
sion lung scan. More recently, CTPA has supplanted this 
imaging modality, although lung scanning is still used, 
particularly when CTPA is contraindicated because of 
renal failure or associated radiation exposure to the chest 
(e.g. in young women). A normal perfusion scan excludes 
PE  65,66   but is found in a minority (10 – 40%) of patients.  11,54,67   
Perfusion defects are non - specifi c; only about one - third of 
patients with defects have PE.  67,68   The probability that a 
perfusion defect is due to PE increases with size and 
number of defects, and the presence of a normal ventilation 
scan (“mismatched” defect).  67,68   A lung scan with mis-
matched segmental or larger perfusion defects is termed 
“high probability.”  68   A single mismatched defect is associ-
ated with a prevalence of PE of 80%.  69   Three or more mis-
matched defects are associated with a prevalence of PE of 
90%.  69   Lung scan fi ndings are highly age dependent with 
a relatively high proportion of normal scans, and a low 
proportion of non - diagnostic scans, in younger patients.  54    

  Clinical  a ssessment 
 As with suspected DVT, clinical assessment is useful at 
categorizing probability of PE (Table  64.4 ).  37,70      

   D  -  d imer  t esting 
 As previously discussed when considering diagnosis of 
DVT, a normal D - dimer result, alone  50   or in combination 
with another negative test,  49,62,70,71   can be used to exclude 
PE (Table  64.5 ).    

  Management of  p atients with  n on -  d iagnostic 
 c ombinations of  n on -  i nvasive  t ests for  PE  
 Patients with non - diagnostic imaging for PE at presenta-
tion have, on average, a prevalence of PE of 20% and there-
fore further investigations to exclude this diagnosis are 
required.  39,67   The fi rst step is to perform imaging investiga-
tions (venous ultrasound, venography) to look for DVT. If 
DVT is confi rmed, it can be concluded that the patient ’ s 
symptoms are due to PE. If imaging studies are negative 
for DVT, we recommend one of the following management 
approaches (Table  64.5 ): 
   •      withhold anticoagulants and perform serial venous 
ultrasounds to check for evolving proximal DVT (after 1 
and 2 weeks)  
   •      perform CTPA or lung scanning if either of these tests 
has not been performed, or  
   •      repeat CTPA after 24 hours (to reduce the risk of con-
trast - induced nephrotoxicity).    
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 Table 64.4     Model for determining clinical suspicion of  PE    71,172    

   Variables     Points  

  Clinical signs and symptoms of deep vein thrombosis 

(minimum leg swelling and pain with palpation of the 

deep veins)  

  3.0  

  An alternative diagnosis is less likely than pulmonary 

embolism  

  3.0  

  Heart rate  > 100 beats/min    1.5  

  Immobilization or surgery in the previous 4 weeks    1.5  

  Previous deep vein thrombosis/pulmonary embolism    1.5  

  Hemoptysis    1.0  

  Malignancy (treatment ongoing or within previous 6 

months or palliative)  

  1.0  

   Total points (pretest probability for PE):       

  Score  < 4:   PE unlikely  *        

  Score  ≥ 4:   PE likely  *  *        

    *    low;   

   *  *    score of 4 or 5   =   moderate, score of 6 or higher   =   high.   

 Table 64.5     Diagnostic tests which confi rm or exclude  PE  

   Diagnostic test     Confi rms PE     Excludes PE  

  Pulmonary angiography    Intraluminal fi lling defect    No intraluminal fi lling defect  

  CTPA    Intraluminal fi lling defect in  lobar or main PA   OR     Negative good - quality study  AND   

      a) cPTP is low or moderate  OR   

      Intraluminal fi lling defect in  segmental PA   AND     b) cPTP is high, but negative bilateral leg ultrasounds  

      cPTP is moderate or high  OR     Non - diagnostic study  AND  normal bilateral leg ultrasound  AND   

      Non - diagnostic study  AND     a) low cPTP  OR   

      confi rmed DVT    b) normal D - dimer with sensitivity   >  85%  OR   

  c) negative bilateral leg ultrasound at 7  &  14 days  

  Ventilation - perfusion scan    High - probability scan  AND     Normal  OR   

      cPTP moderate or high  OR     Non - diagnostic study  AND  normal bilateral leg ultrasound  AND   

      Non - diagnostic study  AND  confi rmed DVT    a) low cPTP  OR   

          b) normal D - dimer with sensitivity   >  85%  

  D - dimer        Normal D - dimer with sensitivity   >  98%  OR  normal D - dimer with 

sensitivity   >  85%  AND  low cPTP  

   PA, pulmonary artery; CTPA, computed tomographic pulmonary angiography; cPTP, clinical pretest probability.   

 If serial VUI for DVT (two additional tests a week apart) 
is negative, the subsequent risk of recurrent VTE during 
the next 3 months is less than 1%  11,70   which is similar to that 
after a normal pulmonary angiogram.  58      

  Treatment 

 Anticoagulants are the mainstay of treatment for VTE. The 
objectives of anticoagulant therapy are to prevent exten-
sion and potentially fatal embolization of the initial throm-
bus, and to prevent recurrent VTE (early and late). 

  Acute  t reatment of  VTE  

 Low molecular weight heparin for a minimum of 5 days, 
administered by subcutaneous injection on an outpatient 
basis, has become standard practice for initial treatment of 
patients with an uncomplicated DVT and normal renal 
function  72   (Class I, Level A). Many trials have established 
that weight - adjusted LMWH (without laboratory monitor-
ing) is as safe and effective as adjusted - dose unfractionated 
intravenous heparin (UFH) for the treatment of acute VTE  73   
(see Table  64.1 ). Alternatives to LMWH include twice - daily 
subcutaneous UFH (with or without laboratory monitor-
ing) and fondaparinux administered once daily by subcu-
taneous injection (without laboratory monitoring)  74 – 76   (see 
Table  64.1 ) (Class I, Level A). If unmonitored subcutane-
ous UFH is used it should be administered in weight -
 adjusted doses (i.e. 333 units/kg initially followed by 250 
units/kg every 12 hours).  75   Patients with severe renal 
impairment or those who are considered at high risk for 
bleeding should be treated in hospital with intravenous 
UFH titrated according to activated partial thromboplastin 
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time corresponding to plasma heparin levels from 0.3 to 
0.7   IU/mL anti - Xa activity by the amidolytic assay  77   (Class 
II, Level C). Patients with thrombosis associated with HIT 
or with a past history of HIT should be treated with dan-
aparoid, argatroban or lepirudin  78 – 80   (Class I, Level C). 

 A similar approach can be used for the initial treatment 
of PE, including treatment as an outpatient, as long as the 
patient is hemodynamically stable  72,81,82   (Class I, Level A). 
No trials have specifi cally randomized acute PE patients to 
be treated either in hospital or at home. However, in one 
randomized controlled trial comparing fi xed - dose UFH 
and LMWH, 39% (52/134) of patients who had PE were 
treated entirely at home  75   (see Table  64.1 ). Further support 
for the safety of this approach is derived from two obser-
vational studies in which 30% of patients with PE were 
treated with LMWH at home.  83,84   Patients with severe 
symptoms and signs, and particularly if there is evidence 
of hemodynamic compromise, should be assessed for 
thrombolytic therapy (discussed below). 

 For both DVT and PE, the currently recommended 
approach to is to start treatment with a vitamin K antago-
nist (e.g. warfarin) concurrently with LMWH (or UFH or 
fondaparinux) at the time of diagnosis.  72,85,86   Two trials per-
formed in hospitalized patients showed that starting war-
farin at a dose of 5   mg, compared to 10   mg, is associated 
with less excessive anticoagulation.  87,88   A similar study in 
outpatients failed to demonstrate an advantage to starting 
warfarin at a dose of 5   mg compared with 10   mg.  89   Obser-
vational studies have shown that lower VKA maintenance 
doses are required in older patients, women, and those 
with impaired nutrition and vitamin K defi ciency.  90,91   
Taken together, these data suggest that warfarin can 
usually be started at a dose of 10   mg in younger (e.g. less 
than 60 years) otherwise healthy outpatients, and at a dose 
of 5   mg in older patients and those who are hospitalized. 

 Idraparinux, a long - acting inhibitor of factor Xa which is 
administered subcutaneously once weekly, has recently 
been shown to be as effective as standard therapy for the 
fi rst 3 – 6 months of treatment for DVT, but is less effective 
than standard therapy in patients with PE.  92   

 Ximelagatran, an oral direct thrombin inhibitor, has been 
shown to be effective for the acute and long - term treatment 
of VTE, but is not used because of hepatic toxicity.  93   

 

  Subacute and  l ong -  t erm  t reatment of  VTE  

 A randomized trial of patients with DVT which compared 
3 months of warfarin (INR 3.0 – 4.0) with low - dose UFH 
after initial treatment with full - dose UFH established the 
necessity for prolonged oral anticoagulation after initial 
heparin therapy  13   (see Table  64.1 ). Prolonged high - dose 
subcutaneous UFH  94   and, subsequently, LMWH (50 – 75% 
of acute treatment dose) were shown to be as effective as 
warfarin therapy.  95,96   In the 1970s it was recognized that, 
because of differences in the responsiveness of thrombo-
plastins to oral anticoagulants, a prothrombin time ratio of 
2.0 refl ected a much more intense level of anticoagulation 
in North America than in Europe. This prompted a com-
parison of two intensities of warfarin therapy (correspond-
ing to mean INRs of 2.1 and 3.2) for the treatment of DVT  97   
(see Table  64.1 ). This study found that the lower intensity 
of oral anticoagulation was as effective as the higher inten-
sity but caused less bleeding. 

  Duration of  a nticoagulant  t reatment of  VTE  
 During the last decade, a series of well - designed studies 
have helped to defi ne the optimal duration of anticoagula-
tion. The fi ndings can be summarized as follows. 
   •      Shortening the duration of anticoagulation from 3 or 6 
months to 4 or 6 weeks results in a doubling of the fre-
quency of recurrent VTE during 1 – 2 years of follow -
 up  15,16,18,19   (Class I, Level A).  
   •      Patients with VTE provoked by a transient risk factor 
have a lower (about one - third) risk of recurrence than those 
with an unprovoked VTE or a persistent risk factor  14,15,17 – 19,98   
(Class I, Level A).  
   •      Risk of recurrent VTE after 3 months of anticoagulant 
therapy for VTE  provoked  by a transient risk factor is about 
3% in the fi rst year and 10% in the fi rst 5 years after stop-
ping anticoagulant therapy  17 – 19,98 – 100   (Class I, Level A).    

 

  Recommendation 

     •      LMWH (or UFH or fondaparinux) and a vitamin K antagonist 
should be started on the day of diagnosis. LMWH (or UFH or 
fondaparinux) should be stopped once the international 
normalization ration (INR) is 2.0 or above for at least 24 hours 
and the patient has received a minimum of 5 days of 
treatment (Class I, Level C).       

  Recommendation 

 Three months of anticoagulation is adequate treatment for VTE 
provoked by a transient risk factor.  Class I, Level A 

    •      Risk of recurrent VTE after 3 months of anticoagulant 
therapy for  unprovoked  VTE is about 10% in the fi rst year 
and 30% in the fi rst 5 years after stopping anticoagulant 
therapy  15,17,99,101,102   (Class I, Level A).  
   •      After 3 months of anticoagulation, recurrent DVT is at 
least as likely to affect the contralateral leg (Class I, Level 
A); this suggests that  “ systemic ”  rather than  “ local ”  (includ-
ing inadequate treatment) factors are responsible for recur-
rences after 3 months of treatment.  103    
   •      Extending duration of anticoagulation beyond 3 months 
to 6 or 12 months may delay, but ultimately not reduce the 
risk of recurrence if anticoagulant therapy is then 
stopped.  101,102    
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   •      Oral anticoagulants targeted at an INR of  ∼ 2.5 are very 
effective (risk reduction  ≥ 90%) at preventing recurrent 
unprovoked VTE after the fi rst 3 months of treatment  104,105   
(Class I, Level A).      

 

defi ciencies of protein C and protein S; elevated D - dimer 
levels after stopping anticoagulant therapy  117  ; residual 
DVT on ultrasound  118  ; and presence of the post - thrombotic 
syndrome. Currently, these factors do not have clear impli-
cations for duration of treatment.  119         

  Bleeding  d uring  a nticoagulant  t herapy 
 Risk of bleeding on anticoagulants differs markedly among 
patients depending on the prevalence of risk factors (e.g. 
age greater than 75; previous gastrointestinal bleeding or 
stroke; renal failure; anemia; antiplatelet therapy; malig-
nancy; poor anticoagulant control).  120,121   Approximately 
13% of episodes of major bleeding during the fi rst 3 months 
of anticoagulant therapy are fatal and greater than 50% of 
intracranial bleeds are fatal.  122   The risk of major bleeding 
in younger patients (e.g. less than 60 years) who do not 
have risk factors for bleeding and have good anticoagulant 
control (target INR 2 – 3) is about 1% per year.  90,123,124   The 
risk of major bleeding is expected to be as much as 10 - fold 
higher in patients with multiple risk factors for 
bleeding.  120,121    

  Inferior  v ena  c aval  fi  lters 
 No randomized trial or prospective cohort study has evalu-
ated inferior vena caval fi lters as sole therapy in patients 
with DVT (i.e. without concurrent anticoagulant therapy). 
Permanent inferior vena caval fi lter insertion as an adjunct 
to anticoagulant therapy has been evaluated in a single 
large randomized controlled trial of patients with acute 
DVT who were considered to be at high risk for PE.  125   The 
fi ndings of this study, which were reported after 2 years  125   
and 8 years,  126   indicated that fi lters decrease the rate of PE, 
increase the rate of DVT, and have no effect on overall rate 
of VTE or mortality. Indirectly, this study supports the use 
of vena caval fi lters to prevent PE in patients with acute 
DVT and/or PE who cannot be anticoagulated (i.e. bleed-
ing), but does not support more liberal use of fi lters (Class 
I, Level C). Patients should receive a course of anticoagula-
tion if this subsequently becomes safe, which should be 
continued for the same duration as for similar patients who 
do not have an inferior vena caval fi lter.  

  Thrombolytic  t herapy 
 Systemic thrombolytic therapy accelerates the rate of reso-
lution of DVT and PE, which can be life - saving for patients 
with PE and hemodynamic compromise.  127,128   However, 
the cost of thrombolytic therapy is a twofold or greater 
increase in frequency of major bleeding, and probably a 
greater increase in intracranial bleeding.  127,129,130   Right ven-
tricular dysfunction on echocardiography, right ventricu-
lar dilation on echocardiography or CTPA, elevated 
troponin levels, and elevated brain natriuretic hormone 
levels are associated with increased early mortality in 
patients with acute PE.  131 – 136   Thrombolytic therapy may 

  Recommendation 

 Patients with unprovoked DVT should receive anticoagulant 
therapy for a minimum of three months.  Class I, Level A  After 
three months, these patients should be assessed for indefi nite 
anticoagulant therapy. Calculation of the risk to benefi t ratio of 
indefi nite anticoagulant therapy for an individual patient should 
include evaluation of risk of bleeding, quality of anticoagulant 
monitoring, and patient preference.  Class I, Level A  Patients 
who remain on long - term anticoagulant therapy should be 
reassessed at periodic intervals to ensure the risk to benefi t ratio 
remains in favour of anticoagulant therapy.  Class I, Level C 

    •      A second episode of VTE is associated with an increased 
risk of recurrence (RR 1.5)  106 – 108   (Class I, Level A).      

 
  Recommendation 

 Patients with a second episode of unprovoked VTE should be 
assessed for indefi nite anticoagulant therapy.  Class I, Level A 

    •      An isolated distal DVT (provoked or unprovoked) is 
associated with a low risk of recurrence (2% in the fi rst 
year) compared to proximal DVT or PE (6% in the fi rst 
year).  15,99        

 
  Recommendation 

 Three months of anticoagulant therapy is adequate for patients 
with unprovoked isolated distal DVT.  Class I, Level B 

    •      Risk of recurrence is about threefold higher in patients 
with active cancer.  14,109,110    
   •      Long - term treatment with LMWH is more effective than 
warfarin in patients with VTE associated with cancer.  111        

 
  Recommendation 

 Patients with VTE and cancer should be treated with LMWH for 
the fi rst 3 to 6 months of long - term anticoagulant therapy.  Class 
I, Level B . Anticoagulant therapy should be continued with a 
vitamin K antagonist or LMWH indefi nitely or until the cancer is 
resolved. 

   •      Men appear to have about a 50% higher risk of recurrent 
VTE than women.  112    
   •      Risk of recurrence appears to be somewhat higher in 
patients with antiphospholipid antibodies  104,107,113   and in 
patients with inherited thrombophilias.  17,114 – 116    
   •      Other risk factors for recurrence may include: elevated 
levels of clotting factors VIII, IX, XI and homocysteine, and 
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reduce the risk of the prothrombotic syndrome following 
DVT, but this does not appear to justify its associated 
risks.  130   Catheter - based treatments (i.e. thrombolytic 
therapy or removal of thrombus) require further evalua-
tion before they can be recommended. 

 

  Postoperative  p atients:  p harmacologic 
 p rophylaxis 

 Surgical patients can be categorized as at low, moderate or 
high risk of VTE depending upon the type of surgery and 
patient - related risk factors (Table  64.6 ).   

 Low - dose unfractionated heparin has been shown to 
reduce postoperative DVT and fatal PE by two - thirds.  139   
LMWH is more effective (odds ratio 0.83) than low - dose 
UFH following orthopedic surgery and is associated with 
a similar frequency of bleeding.  140   An additional 3 or 4 
weeks of LMWH after hospital discharge further reduces 
the frequency of symptomatic VTE after orthopedic 
surgery.  141 – 143  At a minimum, extended prophylaxis after 
major orthopedic surgery is recommended for the highest 
risk patients (i.e. previous VTE, active malignancy). 
Warfarin (target INR 2 – 3 for about 7 – 10 days) is less 
effective than LMWH at preventing DVT that are detected 
by venography soon after orthopedic surgery  144   but 
appears to be similarly effective at preventing symptomatic 
VTE over a 3 - month period.  142 – 144   Fondaparinux has been 
shown to be more effective than LMWH following major 
orthopedic surgery, but causes marginally more 
bleeding.  145   

  Recommendation 

 Patients with PE and hemodynamic compromise should be 
treated with thrombolytic therapy unless they have a high risk of 
bleeding.  Class I, Level B . Thrombolytic therapy may also be 
given to selected high - risk patients without hypotension who are 
judged to have a high risk of dying from PE and have a low risk 
of bleeding.  Class II, Level B       

  Prevention 

 Postoperative fatal PE is rarely preceded by symptomatic 
DVT.  137   Consequently, primary prophylaxis is the best way 
to prevent fatal PE. Use of primary prophylaxis is strongly 
supported by cost - effectiveness analyses, which indicate 
that it reduces overall costs in addition to reducing 
morbidity.  138   

 Table 64.6     Risk stratifi cation for postoperative  VTE , frequency of  VTE  without prophylaxis, and recommendations  144   

        Venographic 
DVT  *    

   Pulmonary embolism     Recommended prophylaxis  

   Calf     Proximal     Symptomatic     Fatal  

   Low risk     2%    0.4%    0.2%     < 0.01%    Early mobilization  

      < 40 years of age and uncomplicated surgery and no 

additional risk factors  

                    

   Moderate risk     20%    5%    2%    0.5%    Low - dose UFH (q12h)  

     Minor surgery in patients with additional risk factors                    LMWH ( ∼ 3000   U per day)  

     Surgery in patients 40 – 60 years old with no additional risk 

factors  

                  GCS or IPC  

   High risk     50%    15%    5%    2%    LMWH ( > 3000   U per day)  

     Surgery in patients  > 60 years or age 40 – 60 with additional 

risk factors  

                  Warfarin (INR 2 – 3)  

     Major surgery in patients with malignancy or previous VTE                    Fondaparinux  

     Knee/hip surgery or heparin - induced thrombocytopenia                    IPC/GCS and low - dose UFH 

or LMWH  

    *    Asymptomatic DVT detected by surveillance bilateral venography.  

  Low - dose UFH: 5000   U of subcutaneous unfractionated heparin preoperatively, and twice or three times daily postoperatively.  

  LMWH: subcutaneous low molecular weight heparin; higher doses (e.g.  ∼ 4000   U once daily with a preoperative start or  ∼ 3000   U twice daily with a 

postoperative start) are used in high - risk patients than in moderate - risk patients ( ∼ 3000   U daily with a preoperative start).  

  GCS: graduated compression stockings, alone or in combination with pharmacologic methods.  

  IPC devices: intermittent pneumatic compression devices, alone or in combination with graduated compression stockings and/or pharmacologic 

methods.  

  Warfarin: usually started postoperatively and adjusted to achieve an INR of 2.0 – 3.0.  

  Fondaparinux: postoperative start at dose of 2.5   mg subcutaneous daily.   
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 Recently, two new oral anticoagulants have received 
approval in Canada and Europe for prophylaxis following 
hip and knee arthroplasty. Dabigatran etexilate, an oral 
direct thrombin inhibitor, given at a dose of 220   mg once -
 daily has been evaluated in 3 randomized trials and found 
to be non - inferior to enoxaparin 40   mg once - daily.  146 – 148   
Rivaroxaban, an oral Factor Xa inhibitor, given at dose of 
10   mg once - daily, has been evaluated in 4 randomized 
trials and found to be superior to enoxaparin 40   mg once -
 daily and enoxaparin 30   mg twice - daily.  149 – 152   

 There is evidence that aspirin reduces the risk of postop-
erative VTE by one - third.  153   A study of over 17   000 patients, 
mostly following hip fracture repair, confi rmed these fi nd-
ings, including a reduction in fatal PE (0.27% v 0.65%) 
during the month following surgery.  154   However, as war-
farin, LMWH and fondaparinux are expected to be more 
effective (at least a two - thirds reduction in VTE), aspirin 
alone is not recommended during the initial postoperative 
period.  144   Indirect evidence suggests that a month of aspirin 
therapy following a short period of prophylaxis with anti-
coagulant therapy (e.g. 10 days) is likely to be benefi cial in 
patients who undergo major orthopedic surgery.  143,154    

  Medical  p atients:  p harmacologic  p rophylaxis 

 The evidence that short - term prophylaxis with low - dose 
UFH prevents clinically important VTE in immobilized 
medical patients is less convincing, partly because it has 
been less extensively studied in this population and because 
there is concern that medical patients remain at high risk 
of VTE after prophylaxis is stopped.  144,155,156   In recent years, 
three large randomized controlled trials have shown that 
LMWH (enoxaparin 40   mg or dalteparin 5000   IU subcuta-
neously once daily for 10 days) and fondaparinux (2.5   mg 
once daily) reduce the rate of VTE by about 50% (range 
45 – 63%) compared with placebo in acutely ill medical 
patients.  157 – 159    

  Mechanical  VTE   p rophylaxis 

 Graduated compression stockings prevent postoperative 
VTE in moderate - risk patients (risk reduction of 68%)  160   and 
intermittent pneumatic compression devices prevent post-
operative VTE in high - risk orthopedic patients.  144,161,162   
Mechanical methods of prophylaxis should be used in 
patients who have a moderate or high risk of VTE if antico-
agulants are contraindicated (e.g. neurosurgical patients).  144   

 

  Conclusion 

 Venous thromboembolism is a leading cause of morbidity 
and mortality in both inpatients and outpatients. Objective 
testing for VTE is essential because clinical assessment 
alone is unreliable. Failure to diagnose VTE exposes 
patients to the risk of fatal PE. However, inappropriate use 
of anticoagulants exposes patients to the risk of serious 
bleeding complications, including fatal hemorrhage. 
Current treatment for acute VTE consists of LMWH or 
UFH or fondaparinux for a minimum of 5 days, usually 
administered by subcutaneous injection, as an outpatient 
in stable patients. A vitamin K antagonist is started the 
same day and continued for a length of time determined 
by the individual patient ’ s risk factors for recurrent VTE, 
risk factors for bleeding, and patient preferences. In general, 
VTE associated with a reversible risk factor is treated for 3 
months, VTE associated with active cancer is treated indefi -
nitely, and unprovoked proximal DVT or PE is treated for 
a minimum of 3 months and often indefi nitely, if antico-
agulant therapy is well tolerated and associated with a low 
risk of bleeding. Patients with confi rmed PE and hemody-
namic compromise should be treated with thrombolytic 
therapy unless they have a high risk of bleeding. Most 
hospitalized patients should receive pharmacologic or 
mechanical prophylaxis for VTE.       
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  Introduction 

 Peripheral arterial disease (PAD) is usually defi ned as arte-
rial disease which affects the arterial vasculature outside 
the heart. Aortic, renal and cerebral vascular diseases are 
addressed elsewhere in this text; therefore this chapter will 
focus on peripheral arterial disease of the lower extremi-
ties, distal to the aortic bifurcation. 

 The underlying pathologic abnormality of PAD of the 
lower extremities is obstruction of arterial fl ow, most com-
monly caused by atherosclerosis. However, other causes of 
arterial obstruction must also be entertained during diag-
nosis and include infl ammatory diseases such as arteritis, 
entrapment syndromes, aneurysms and thrombosis  in situ  
or thromboembolism. Atherosclerosis is a disease which 
primarily affects the intimal layer of elastic arteries, with 
the formation initially of a fatty streak, caused by adhesion 
molecule - dependent infi ltration of the intima of mononu-
clear leukocytes, potentiated by chemoattractant chemo-
kines. The leukocytes then become lipid laden, becoming 
macrophage foam cells, and the fatty streak is formed. 
Smooth muscle cells also infi ltrate the plaque, with varying 
degrees of collagen formation. The resultant lipid - rich 
lesion, which is separated from the lumen of the artery only 
by a fi brous cap, can either rupture into the artery ’ s lumen, 
triggering a thrombotic cascade and resulting in athero-
thrombosis and infarction, or become organized and ulti-
mately even calcifi ed, causing local obstruction to distal 
blood fl ow or stenosis. 

 PAD is an insidious condition, usually having a gradual 
onset and long latency before symptoms arise. It is associ-
ated with an increased risk of cardiovascular morbidity 
and mortality, and therefore evidence of PAD should direct 
health professionals to ensure that aggressive cardiovascu-
lar secondary prevention strategies are implemented.  

  Epidemiology and  n atural  h istory 

 The prevalence of PAD depends on the age of the popula-
tion surveyed and the method of diagnosis. The most com-
monly used method of PAD diagnosis is the Ankle Brachial 
Index (ABI). Data from several population - based studies 
indicate that PAD prevalence ranges between 3% and 10%, 
and increases to 15 – 20% among individuals over 70 years 
of age.  1 – 3   The annual incidence of intermittent claudication 
is greater among men than women, and is reported as 
4.1 – 12.9/1000 men and 3.3 – 8.2/1000 women aged 55 and 
over attending a primary care setting.  4   The primary 
symptom of PAD of the lower extremities is limb claudica-
tion which is defi ned by a history of muscular leg pain on 
exercise that is relieved by a short rest. Claudication occurs 
when a stenosis in the artery restricts blood fl ow to the 
distal extremity to such an extent that when the person 
exercises and tissue oxygen demand increases, blood fl ow 
velocity cannot increase enough to cross the stenosis in 
adequate amounts to prevent tissue ischemia. Critical isch-
emia occurs when the arterial stenosis is so severe that 
blood fl ow is insuffi cient at rest, and the person has  “ rest 
pain ” , which is initially resolved by placing the limb in a 
dependent position. 

 While the clinical interventions among patients with 
PAD traditionally focused on the impact of the arterial 
disease on the limbs, more recently the emphasis has 
shifted towards the risk of cardiovascular (CV) complica-
tions such as fatal and non - fatal myocardial infarction, and 
stroke faced by individuals with PAD. With respect to mor-
bidity in the affected leg(s), only 1 – 3.3% of patients with 
intermittent claudication require amputation over a fi ve -
 year period.  5   However, some subgroups of PAD patients 
remain at higher risk of further limb pathology. Specifi -
cally, 25% of patients with critical limb ischemia require 
amputation as the primary treatment  5  ; patients who present 
with premature onset of PAD (i.e. at an age of  ≤ 45 years) 
have an increased need for repeat limb intervention  6   and 
those who continue to smoke after their PAD diagnosis 
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have a worse prognosis for limb - related morbidity.  7   A 
more ominous threat to patients with PAD is their poor CV 
prognosis, as approximately 40 – 60% of patients with PAD 
have concurrent coronary artery disease (CAD) and cere-
brovascular disease. The annual major adverse cardiovas-
cular event rate (myocardial infarction, ischemic stroke and 
vascular death) in PAD patients is 5 – 7%, with a fi ve - year 
probability of a major non - fatal or fatal CV complication of 
30 – 35%, and there is a 70% mortality rate after 15 years. A 
low ABI has also been shown to have a high specifi city for 
future cardiovascular events, including stroke and myocar-
dial infarction.  8   Figure  65.1  shows the natural history of 
atherosclerotic lower limb PAD.    

  Risk  f actors 

 Risk factors for PAD are similar to the major risk factors of 
atherosclerosis, although the relative impact of each risk 
factor varies somewhat. The major risk factors for PAD 
include male sex, tobacco exposure, advancing age, dysli-
pidiemia, diabetes, and hypertension. 

  Male sex  is reported as a PAD risk factor, as there are 
more men than women with PAD in younger age 
groups, which is likely due to the greater prevalence of 
smoking among men than women. However, because of 
the increased life span of women compared with men, 
and the increased incidence of PAD with increasing age, 
the overall incidence of PAD is actually similar in both 
sexes (Fig.  65.2 ).  Tobacco exposure  is the major risk factor 
for PAD, with the risk in current smokers being 2.3 times 
that of non - smokers.  9   In one population - based study, the 
prevalence of current or former smoking in persons with 
PAD with an ABI of less than 0.9 was 85% in men and 
47% in women,  10   which results in a population attri-
butable risk of tobacco exposure for PAD of 50 – 76%.  9   
Furthermore, the degree of tobacco exposure has a dose –
 response relationship with PAD risk, increasing with 
increasing pack - years of smoking. Other risk factors for 
the development of PAD include  increasing age  (see Fig. 
 65.1 ),  dyslipidemia ,  diabetes  (increase in PAD risk of 2 – 4 -
 fold  3  ),  hypertension  (increase in PAD risk of 2 – 4 - fold  11  ), 
 impaired renal function  (increase in PAD risk of threefold in 
women with a creatinine clearance of  < 30mL/min/ 1.73m 2    12  ), 

     Figure 65.1     Natural history of atherosclerotic lower limb PAD over fi ve years. PAD, peripheral arterial disease; CLI, critical limb ischemia; CV, 
cardiovascular; MI, myocardial infarction.  (From Hirsch  et al .  18  , with permission.)   
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and  prior history of coronary artery disease  (increase in PAD 
risk of 1.5 - fold  11  ). Dyslipidemia is a well - recognized risk 
factor, with an association between decreased ABI and 
increased total cholesterol and decreasing HDL choles-
terol shown in the Cardiovascular Health Study.  13   Simi-
larly, a trend towards decreased ABI with higher 
triglyceride levels was noted, though this did not persist 
in multivariate analysis.  13   Persons with diabetes mellitus 
are at particular risk of developing PAD, with a relative 
risk of 2 – 4 times that of non - diabetics.  10   For every 1% 
increase in HbA1C in type 2 diabetes, the risk of PAD 
increases by 28%.  14   Diabetics are also much more likely to 
develop further PAD complications, with a risk of major 
amputation 7 – 15 times greater than non - diabetics with 
PAD. This is likely due to the peripheral sensory neurop-
athy associated with diabetic foot conditions, meaning 
that diabetics often present later, as their disease has 
been asymptomatic. Diabetes also causes rheologic 
changes, with increased blood coagulability, and a 
greater predisposition to acute and subacute thrombotic 
episodes, and increased vascular infl ammation with calci-
fi cation of the intima and more widespread vascular 
disease.   

 The Framingham investigators have reported that age, 
sex, cholesterol, hypertension, cigarette smoking, diabetes 
and pre - existing CAD are associated with increased risk of 
intermittent claudication, and have developed and pub-
lished an intermittent claudication risk score based on 
these risk factors.  15   Bendermacher  et al   16   have also devel-
oped a prediction rule to guide general and family 
practitioners with regard to which patients to screen 
for PAD, based on age, smoking status and hypertension 
(Fig.  65.3 ).    

  Diagnosis 

 Despite the prognostic importance of asymptomatic as well 
as symptomatic PAD, it is underdiagnosed in routine 
medical practice.  17   The initial clinical assessment for PAD 
is a history and physical examination. A history of intermit-
tent claudication is useful in raising the suspicion of PAD, 
and symptoms are usually assessed by asking the person 
about the presence of exercise - induced calf pain, not 
present at rest, and which is relieved within 10 minutes by 
rest. The most recent ACC/AHA guidelines for the man-
agement of PAD  18   recommend a vascular  “ review of symp-
toms ”  in every clinical history, where people are asked 
routinely about leg symptoms on exertion, rest pain in the 
lower leg or foot, and the presence of poorly healing leg or 
foot wounds. However, reliance on symptoms alone sig-
nifi cantly underestimates the true prevalence of PAD. 
Persons with PAD may have atypical symptoms, or even 
no symptoms,  10,17   and reliance on a classic history of clau-
dication alone for screening purposes will miss 85 – 90% of 
PAD diagnoses.  17   Persons with PAD are more than twice 
as likely as those without PAD to have a history of 

     Figure 65.2     The age -  and sex - specifi c prevalence of PAD (and 95% CI) 
according to age for men (white bars) and women (shaded bars).  (From 
Meijer  et al   10  , with permission.)   
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     Figure 65.3     The PREVALENT Risk Score.  * Risk factors were examined 
using a stepwise multiple logistic regression model in 7454 subjects, 
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myocardial infarction, angina, congestive heart failure, 
stroke or transient ischemic attack  13   and therefore PAD 
screening must be considered in these patients. 

 Physical examination is an important part of the PAD 
evaluation, and a number of bedside tests can be per-
formed. The most useful positively predictive clinical fea-
tures for screening asymptomatic persons for PAD are a 
positive history of claudication (likelihood ratio (LR) for 
PAD 3.3, 95% confi dence interval (CI) 2.3 – 4.8), listening for 
a femoral, iliac or popliteal bruit (LR 4.8, 95% CI 2.4 – 9.5, 
for the presence of one bruit at rest) and palpation for a 
pulse abnormality (femoral, popliteal, dorsalis pedis or 
posterior tibial; LR 3.1, 95% CI 1.4 – 6.6). For people with 
symptomatic PAD, clinical features such as cool skin (L 5.9, 
95% CI 4.1 – 8.6), the presence of a bruit (LR 5.6, 95% CI 
4.7 – 6.7, for the presence of one bruit at rest), and a pulse 
abnormality (LR 4.7, 95% CI 2.2 – 9.9) are positive predictors 
of PAD.  19   However, reliance on a pulse abnormality alone 
can overestimate the incidence of PAD.  1   A scoring system 
for PAD risk using arterial Doppler signals has been pub-
lished  20   and is useful for identifying those patients who 
require further testing with an ABI test. Commonly, 
patients with intermittent claudication are classifi ed using 
either the Rutherford or the Fontaine staging approach. 
The Rutherford staging is currently recommended  5   
(Table  65.1 ).   

  Ankle  B rachial  I ndex 

 The ABI is a simple bedside test which can be rapidly per-
formed, and which is most often used in epidemiologic 
studies to assess the presence of PAD (Fig.  65.4 ). The ABI 
is useful for both diagnosis and assessment of the effi cacy 
of therapeutic interventions, and has been shown to have 
a high sensitivity and specifi city for PAD, with a sensitivity 
of +90% and specifi city of 95% for detecting angiographi-
cally signifi cant disease with an ABI of 0.9 or less.  21   An ABI 

of  < 0.9 has typically been used to diagnose PAD in large 
epidemiologic studies, and is recommended as the cut - off 
by both the American Heart Association  18   and the Transat-
lantic Inter - Society (TASC) guidelines.  5   Furthermore, the 
presence of a low ABI is highly specifi c for adverse CV 
prognosis, although its sensitivity is low. For example, a 
low ABI ( < 0.8 – 0.9) has a sensitivity and specifi city for the 
prediction of incident CAD of 16.5% and 92.7%, of incident 
stroke of 16.0% and 92.2%, and of CV mortality of 41.0% 
and 87.9% respectively.  8   The ABI shows a U - shaped rela-
tionship with both all - cause and cardiovascular mortality 
(Fig.  65.5 ), with both ABIs of  < 0.9 and  > 1.4 associated with 
increased risk.  22   Higher ABIs  > 1.4 are associated with 
abnormal calcifi cation of the arterial wall and resultant 
non - compressibility of the vessel, such as is common in 
diabetes.   

  Performing an  ABI  
 With the patient in a supine position, the brachial systolic 
pressure is taken in both arms and the highest pressure 
recorded. Some recommend that the pressure be recorded 
ideally with a handheld 5 or 10   mHz Doppler ultrasound  17   
though use of a stethoscope is acceptable, as long as the 
methods are consistent over time. Then the systolic pres-
sure at the ankle, in both the anterior tibial and dorsalis 
pedis arteries, is determined using a 10 – 12   cm sphygmo-
manometer cuff around the ankle and the Doppler, and the 
highest pressure is recorded. The ABI is the ankle pressure 
divided by the brachial pressure. If the ankle arteries are 
non - compressible (such as in patients with diabetes melli-
tus or the very elderly) the ankle toe index can be a more 
informative test of distal disease, with an index of  < 0.70 
indicating PAD. Some patients, in particular those with 
iliac disease, may not have a detectable abnormality on the 
ABI at rest, but complain of symptoms on exercise. The 
abnormality in these patients may only become apparent 
on exercise, as the infl ow velocity increases, so a treadmill 
or plantarfl exion test may be performed, with the ABI mea-
surement repeated after exercise. Other useful non - inva-
sive testing includes segmental Doppler pressure 
measurements, which uses a cuff method to identify pres-
sure drops along the lower limbs, to try and isolate the 
lesion. However, weaknesses of this test are the possibility 
of missing iliac lesions, and the diffi culty in interpreting 
results in the very old or diabetic subjects.   

  Treadmill  t esting 

 Treadmill testing is particularly useful for identifying PAD 
in patients in whom the disease is suspected but who have 
no reduction in ABI at rest. This is sometimes the case in 
patients with isolated iliac lesions. The procedure requires 
an initial measurement of either the ABI or full segmental 
Doppler leg pressures at rest. The patient is then asked to 

 Table 65.1     Classifi cation of peripheral arterial disease: Rutherford 
categories 

   Grade     Category     Clinical description  

  0    0    Asymptomatic  

  I    1    Mild claudication  

  I    2    Moderate claudication  

  I    3    Severe claudication  

  II    4    Ischemic rest pain  

  III    5    Minor tissue loss  

  III    6    Major tissue loss  

   Reproduced with permission from Schmieder FA, Comerota AJ.  Am J 

Cardiol  2001; 87 (12, suppl 1);3 – 13.   
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     Figure 65.4     Measurement of the Ankle 
Brachial Index. Systolic blood pressure is 
measured in both brachial arteries, and in the 
posterior tibial and dorsalis pedis arteries 
using a Doppler ultrasound device. The higher 
of the pedal systolic pressures is chosen on 
each side, and the higher of the two brachial 
pressures is chosen. The ABI for each side is 
calculated by dividing the ankle pressure by 
the arm pressure.  (Reproduced with 
permission from Hiatt WR.  N Engl J Med  
2001;  344 (21):1608 – 21.)   
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     Figure 65.5     All - cause and CVD mortality in 
a population - based cohort of American 
Indians, showing the  “ U ”  shaped relationship 
with ABI.  (Reproduced from Resnick  et al   22  , 
with permission.)   
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walk (typically on a motorized treadmill with a pro-
grammed schedule, such as at 3.2   km/h (2   mph), 10 – 12% 
grade) for a maximum of fi ve minutes or until maximal 
claudication pain occurs, unless another reason to stop 
such as coronary ischemia arises. Following this, the ankle 
pressure is again measured. A decrease in ABI of 15 – 20% 
is diagnostic of PAD. For patients who are uncomfortable 
using a treadmill, especially older patients, a six - minute 

walk test along a corridor can also be an effective exercise 
modality  

  Diagnostic  i maging 

 This is usually reserved for patients in whom an interven-
tion is being planned or to follow up graft patency. Histori-
cally, the gold standard for diagnosis of PAD has been 
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conventional angiography, but because of its invasive and 
labor - intensive nature and the risks associated with it, non -
 invasive imaging tools are frequently used. 

 The primary use of  angiography  is detection of disease in 
the arterial tree in persons in whom an intervention is 
being planned, such as those with critical ischemia or 
severe intermittent claudication symptoms unresponsive 
to lifestyle or medical therapy. The advantages of angiog-
raphy are that defi nition of the vascular tree is optimized, 
and hemodynamic parameters may be measured directly. 
However, as an invasive procedure, angiography carries 
risks of contrast nephropathy and/or anaphylaxis, access 
site bleeding or hematoma, atheroembolism, and rarely 
vascular disruption with dissection or rupture. It is there-
fore best reserved for carefully chosen patients. 

  Duplex ultrasound  is used to identify exact lesion sites in 
persons with symptoms or an abnormal ABI, and also has 
utility in venous graft surveillance post peripheral bypass 
procedures. The sensitivity and specifi city for detecting 
lesions are high, reported as 94% by one meta - analysis.  23   
Duplex ultrasound is especially powerful when using 
color - guided methods. However, it is labor intensive and 
requires a high level of technical expertise. 

  Contrast computed tomographic (CT) angiography  is a 
further option for imaging the peripheral arterial system. 
Previously hampered by poorer image quality and slow 
scanning times, the new generation of multidetector array 
CT scanners offer high - quality images at high imaging 
speeds, although image reconstruction can be time con-
suming. Multidetector row spiral CT angiography (CTA) 
has been shown to provide suffi cient clinical information, 
although at lower therapeutic confi dence, when compared 
with digital subtraction angiography (DSA). It has excel-
lent sensitivity and specifi city for depicting arterial occlu-
sions (sensitivity and specifi city of 88.6% and 97.7%) and 
stenoses of at least 75% (92.2% and 96.8% respectively).  24   
A meta - analysis of CTA compared with DSA showed sen-
sitivity and specifi city of detecting a stenosis  > 50% for 
CTA of 92% and 93%, respectively.  25   Another study ran-
domized patients to either contrast MR angiography or   
multi - detector row CTA and found similar clinical utili-
ties, but decreased costs in the CTA group.  26   However, the 
limitations of CTA include diffi culty in interpretation of 
images in which there is a high degree of scatter caused by 
highly calcifi ed vascular segments, the potential for renal 
impairment due to contrast injections, and the exposure to 
ionizing radiation. 

  Contrast - enhanced magnetic resonance (MR) angiography  is 
an alternative to CTA and has the clear advantage of pro-
viding a  “ road map ”  of the arterial system of the lower 
limbs. Again, it is operator dependent, of limited use in 
patients with a contrast allergy, pacemaker or cardiac stent, 
and is expensive. Nevertheless, it has been shown to have 
better diagnostic accuracy than duplex US and to have 

similar accuracy to DSA, with sensitivity and specifi city of 
greater than 90% quoted for stenoses of  > 50% in studies 
using three - dimensional gadolinium - enhanced methods.  27     

  Therapeutics 

 Therapy for PAD can be divided into general lifestyle mea-
sures, measures aimed at improving symptoms, and mea-
sures to optimize secondary prevention of CV events. 
Therapies mentioned will be graded as per the  Evidence 
Based Cardiology  grading system. We will also discuss 
emerging therapies and the evidence for these to date. 

  Lifestyle  m easures 

  Smoking  c essation 
 Our understanding of the effects of smoking cessation in 
PAD patients comes primarily from observational studies, 
as there have been no prospective randomized controlled 
trials (RCTs) of smoking cessation and its effects on CVD 
outcomes in patients with PAD. Nevertheless, reports 
show that smoking cessation is associated with improve-
ments in claudication symptoms, reduced rest pain, 
improved graft patency rates post lower limb bypass pro-
cedures, and decreased risk of death, MI or amputation. 
Patients who have undergone lower extremity bypass 
surgery also have a higher rate of major amputation if they 
are heavy smokers ( ≥ 15 cigarettes per day) compared with 
more moderate smokers (21% amputation rate vs 2%, 
 P     <    0.001).  28   Smoking cessation rates have also been associ-
ated with reduced mortality in an RCT of small infrarenal 
aneurysm outcomes,  29   where the mortality benefi t in the 
surgical vs surveillance group could be explained by the 
12 - fold increase in the odds of smoking cessation in the 
surgical group.  30   

 Smoking cessation can be diffi cult to achieve, but effec-
tive interventions include physician guidance (2% of 
patients advised by their physician to quit had remained 
off cigarettes at one year  31  ) and cessation aids including 
nicotine replacement therapy, varenicline (Champix ™ ), 
bupropion, and other antidepressant therapies. 

 Simple physician advice to quit smoking in a brief clini-
cal encounter has been shown to increase quit rates by 5%.  32   
Nicotine replacement therapy (NRT) has been shown to be 
up to 13% effective in achieving adherence to non - smoking 
at one year,  31   with a meta - analysis of data from 16 RCTs of 
transdermal NRT patches reporting an odds ratio (OR) for 
12 - month abstinence of 1.75 (95% CI 1.49 – 2.05).  33   An 
increase in success for smoking cessation of 50 – 70% with 
all types of NRT was reported in a Cochrane review and 
meta - analysis of 132 trials by Stead  et al .  34   Bupropion 
(Zyban ™ ), an atypical antidepressant agent, has been 
found to be superior to placebo and NRT, with 12 - month 
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abstinence rates of 30%, although there was a high with-
drawal rate from therapy (11%) and an unusually high quit 
rate in the placebo group.  35   A second RCT also found that 
bupropion doubled the success of smoking cessation, with 
an odds ratio of abstinence at 12 months for bupropion of 
2.78 (95% CI 1.70 – 4.63), compared with placebo and usual 
care.  36   However, bupropion should not be used in patients 
with epilepsy, and only used with great caution in patients 
with low seizure thresholds. 

 A newer agent which has recently entered the market-
place is varenicline tartrate (Champix ™ ), a partial nicotine 
receptor agonist. A Phase II RCT comparing varenicline to 
placebo demonstrated signifi cantly higher quit rates of 
14.4% with varenicline, compared with 4.9% for placebo, 
 P    =   0.002.  37   This was followed by a Phase III study which 
showed continuous abstinence rates for 9 – 52 weeks were 
signifi cantly higher among patients receiving varenicline 
(21.9%) or bupropion (16.1%) compared to placebo (8.4%).  38   
Varenicline is reasonably well tolerated, with better adher-
ence rates than for bupropion, although larger and longer 
term trials of varenicline are needed. 

 Smoking cessation aids have been shown to be cost effec-
tive, with cost per life - year saved less for smoking cessation 
aids than for other secondary prevention steps commonly 
used post myocardial infarction (Fig.  65.6 ).    

  Recommendations 

     •      Smoking cessation in all patients, to reduce PAD symptoms 
and future adverse CVD events (Class 1, Level C1).  

   •      Use of smoking cessation aids such as physician advice, NRT, 
bupropion or varenicline to aid in quitting (Class 1, 
Level B).       

     Figure 65.6     Cost effectiveness of smoking 
cessation strategies post MI when compared 
with other routine secondary prevention 
methods.  (Reproduced with permission from 
Parrott S, Godfrey C.  BMJ  2004; 328 :947 – 9.)   
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  Exercise 
 Patients with PAD benefi t from a regular exercise program 
to optimize walking ability and maximal walking time.  39   A 
meta - analysis of 21 trials of walking therapy found that 
walking to near maximal pain, for 30 minutes and as part 
of a program lasting more than six months, increased the 
distance to onset of claudication pain by 179% (225.3   m) 
and the distance to maximal claudication pain by 122% 
(397.5   m).  40   Resistance training is not as benefi cial as regular 
walking to near maximal pain threshold for 30 minutes at 
least four times a week, and supervised programs have 
been shown to be more benefi cial than non - supervised, 
although there are nevertheless benefi ts to be gained from 
the home - based programs. There is also preliminary evi-
dence from two small RCTs (n   =   35  41   and n   =   67  42  ) which 
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suggests that arm ergonometry may be as successful as 
treadmill training in increasing initial claudication distance 
and maximal walking distance. This may offer an exercise 
alternative to those with severely reduced mobility. 

 Although one theory is that walking induces angiogen-
esis and collateral growth around the occluded or stenosed 
area, it is actually more likely that the benefi ts are due to 
improvements in muscle tone with muscle hypertrophy, 
improved endothelial function and altered gait.  18   It was 
also shown in one trial that exercise therapy was more 
benefi cial for walking times than percutaneous revascular-
ization therapies  43   although this has not been replicated 
elsewhere. Exercise training for patients with PAD is opti-
mally supervised by an exercise physiologist, physical 
therapist or nurse, in the setting of a cardiac rehabilitation 
program or similar,  18   with the option of further non - inva-
sive monitoring, since these patients may have concomi-
tant cardiac disease. Supervised exercise sessions are 
typically scheduled three times a week, for a period of 
three months, with 30 – 60 - minute sessions each time.  5   Exer-
cise also has further benefi ts in that it can improve dyslip-
idemia, hypertension and risk of type 2 diabetes mellitus, 
as well as reducing overall adiposity and Body Mass Index. 

 

control with a mean follow - up of 13.3 years. It reported 
reduced risks of cardiovascular mortality (hazard ratio 
(HR) 0.43, 95% CI 0.19 – 0.94,  P    =   0.04) and of cardiovascular 
events (HR 0.41, 95% CI 0.25 – 0.67,  P     <    0.001) with intensive 
glycemic control. However, a confl icting message has been 
given by the ACCORD study, in which an increase in total 
mortality was noted in the intensive control intervention 
arm, which aimed to reduce HBA1C in type 2 diabetes 
patients to  < 6.4%.  45   Further analysis of the ACCORD results 
is awaited. 

 The major trials of strict diabetic control in both type 1  46   
and type 2  47   diabetes mellitus were not suffi ciently powered 
nor designed to examine changes in PAD symptoms or 
outcomes, with the latter study showing no signifi cant 
reduction in amputation from PAD in the intensive control 
group. Nevertheless, the results showing improvements in 
micro -  and macrovascular conditions have been widely 
extrapolated and, in keeping with the American Diabetes 
Association recommendations among patients with estab-
lished diabetes, it is reasonable to aim for a HbA1C of  < 7% 
in patients with PAD.  48   

 

  Recommendations 

     •      A graded supervised exercise program should be advised to 
improve walking distance and other cardiovascular risk factors 
in patients with PAD (Class 1, Level B).  

   •      There is less evidence to support home - based exercise 
programs (Class IIa, Level B).  

   •      Arm ergonometry may be an acceptable alternative to 
walking - based programs (Class IIa, Level B).        

  Therapies for  s econdary  e vent  p revention 

 As discussed, patients with PAD are at very high risk of 
adverse vascular events elsewhere in the arterial tree, such 
as MI and stroke. Diabetes, hypertension and elevated cho-
lesterol are not only etiologic factors in the pathogenesis of 
PAD, they also contribute to high rates of CV events among 
patients with established PAD. Therefore, it is generally 
accepted that control of etiologic risk factors will result in 
improved cardiovascular prognosis. Below we present evi-
dence to support this practice. 

  Glycemic  c ontrol in  p atients with  d iabetes 
 Control of blood glucose is advisable in patients with dia-
betes, to reduce the risk of adverse CVD events. The Steno -
 2 trial  44   randomized 160 type 2 diabetes patients to 
conventional or intensive control with a target HBA1C of 
 < 6.5%, in conjunction with tight blood pressure and lipid 

  Recommendation 

     •      Persons with PAD should aim for optimal glycemic control, 
with HbA1C maintained at  < 7%, using medication, weight 
control and exercise (Class I, Level C).       

  Antihypertensive  a gents 
 Two trials have recently shown clear benefi t of antihyper-
tensive therapy in PAD patients. HOPE - PAD  49   examined 
the incidence of PAD within the HOPE RCT and the effects 
of ramipril within PAD groups. In total, of the 9541 patients 
in HOPE, 1715 had symptomatic PAD and a further 2118 
had PAD by ABI criteria (ABI  < 0.9). Ramipril was associ-
ated with a signifi cant relative risk reduction (RRR) in fatal 
CVD events, non - fatal MI and non - fatal stroke, with a RRR 
of 0.75 (95% CI 0.61 – 0.92) in persons with symptomatic 
PAD. The Appropriate Blood Pressure Control in Diabetes 
trial  50   randomized patients with diabetes to usual care 
(moderate blood pressure control) or intensive blood pres-
sure control with enalapril and nisoldipine, and found that 
intensive control in the PAD subgroup (n   =   53) had a pro-
tective effect on cardiovascular events, even for those 
patients with lower ABIs, who had more events in the 
control group. 

 There is, however, a paucity of data on the effects of 
antihypertensive agents on the symptoms and progression 
of PAD itself, and a Cochrane meta - analysis only identifi ed 
two small trials, involving perindopril and verapamil.  51   
Although we cannot therefore draw defi nite conclusions 
on the possible benefi cial effects of blood pressure lower-
ing, the fi ndings in the HOPE - PAD trial, in conjunction 
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with the growing body of evidence recommending antihy-
pertensive agents (and ACE inhibitors in particular) in sec-
ondary prevention, would indicate that we should 
recommend intensive blood pressure lowering in this high -
 risk group. There has historically been a concern that low-
ering blood pressure will concomitantly lower limb 
perfusion pressure, and possibly worsen limb ischemic 
symptoms. However, a meta - analysis of the effects of beta -
 blockers on limb symptoms showed no consistent concern 
with their use in PAD,  52  , and the JNC 7 recommendations 
for treatment of hypertension have suggested that all anti-
hypertensive agents are suitable for use in PAD, depending 
also of course on patient - specifi c factors.  53   Nevertheless, in 
patients with critical ischemia unresponsive to medical 
therapy, some clinicians will replace a beta - blocker with an 
alternative antihypertensive agent. 

 

mortality or cardiovascular events, despite a reduction in 
non - fatal coronary events.  57   Niacin is used in patients with 
CVD and low HDL. Studies have shown that niacin therapy 
is safe in PAD and raises HDL, but data on long - term CVD 
benefi ts are sparse, and a recent study which used carotid 
intima - media thickness (IMT)as a surrogate for CVD events 
in niacin and statin combination therapy showed only a 
non - signifi cant trend to reduction in carotid IMT.  58    

 Similarly, in HMG co - enzyme inhibitor or statin trials, 
statin use has been found in a number of small randomized 
studies to be associated with improvements in claudication 
times.  59 – 61   The Heart Protection Study randomized patients 
with vascular disease or diabetes to simvastatin 40   mg or 
placebo, and had a large number of patients with PAD 
(n   =   6748).  54   This study showed that the simvastatin group 
had a 19% RRR and a 6.3% absolute risk reduction (ARR) 
of major vascular events, and this effect persisted even in 
the patients who did not have high levels of LDL choles-
terol at baseline. 

 
  Recommendation 

     •      Antihypertensive agents should be administered to PAD 
patients to reduce risk of secondary CVD events, to aim for a 
blood pressure of less than 140/90 in non - diabetic 
persons and less than 130/80 for diabetic persons (Class I, 
Level A).       

  Lipid -  l owering  r egimens 
 Use of HMG co - enzyme A reductase inhibitors (statins) 
and other lipid - lowering agents has been a cornerstone of 
coronary and cerebral atherosclerotic disease management 
for a number of years. The Heart Protection Study which 
had a large representation of patients with PAD demon-
strated that use of simvastatin in PAD patients even with 
normal levels of LDL cholesterol was associated with a 
reduction in recurrent non - fatal MI, stroke and also a low-
ering in mortality.  54   The impact of lipid lowering on inter-
mittent claudication in PAD patients was examined in a 
large meta - analysis (pooling data from 19 studies with 
10   049 patients).  55   Patients in the lipid - lowering arm were 
found to have statistically signifi cant improvements in 
total walking distance and pain - free walking distance, 
though no improvement in ABI, when a number of smaller 
trials assessing these outcomes were pooled, with improve-
ments in either total mortality or total cardiovascular 
events. However, these analyses are a little diffi cult to 
extrapolate to clinical practice, as so many different lipid -
 lowering modalities were used in the component trials. 

 Looking at the fi brate group specifi cally, a trial of gem-
fi brozil in coronary heart disease has previously shown 
reductions in non - fatal MI and CVD death in persons with 
low HDL levels.  56   However, a trial of bezafi brate in PAD 
patients has shown that although claudication severity 
improved in the fi brate group, there was no effect on 

  Recommendations 

     •      Statins are fi rst - choice lipid - lowering therapy in patients with 
PAD to reduce the risk of secondary vascular events, regardless 
of initial cholesterol level (Class I, Level A).  

   •      Statins may also improve pain - free walking time and six -
 minute walk test performance in patients with symptomatic 
PAD, regardless of initial cholesterol level (Class IIa, Level 
A).  

   •      Fibrate therapy may be used as second - line therapy to 
decrease CVD events (Class IIa, Level B).  

   •      Niacin can be used to raise HDL in PAD patients, but there are 
no convincing data to support a benefi t in CVD outcomes 
(Class IIa, Level A).       

  Antiplatelet  t herapies 
 Antiplatelet therapies include acetylsalicylic acid or aspirin, 
dipyridamole, thromboxane antagonists including picota-
mide, and the thienopyridine group (ticlodipine and clopi-
dogrel). From the Antiplatelet Trialists ’  Collaboration, 287 
studies were included in a meta - analysis  62   to examine the 
effects of antiplatelet therapies in those with vascular 
disease. In data pooled from 42 trials of 9214 patients with 
PAD, antiplatelet agents were found to be associated with 
an odds reduction of serious vascular events of 23% (stan-
dard error 8%,  P    =   0.001), for patients with intermittent 
claudication, post vascular bypass operations or undergo-
ing percutaneous therapies. Similarly, Anand and Tran 
noted an odds reduction in vascular events with antiplate-
let therapy (aspirin, ticlodipine, picotamide, dipyridamole 
or aspirin   +   dipyridamole) vs control of 23% (95% CI 7.9 –
 35.5,  P     <    0.004).  63   
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 Aspirin is an inhibitor of platelet cyclo - oxygenase and 
thromboxane production. Collins  et al  performed a meta -
 analysis examining antiplatelet agents vs placebo after 
infra - inguinal bypass grafting  64   and combined data from 
seven trials, six of which studied aspirin or an aspirin/
dipyridamole combination. Antiplatelet therapy was asso-
ciated with an odds reduction for mortality of 30% (95% 
CI 5 – 49%), for graft occlusion of 57% (95% CI 33 – 73%), 
and a non - signifi cant increase of bleeding side effects (OR 
1.82, 95% CI 0.43 – 7.73). Data on aspirin dosing have not 
specifi cally addressed optimum dose in PAD patients, 
but the Antiplatelet Trialists ’  Collaboration data 
would suggest that a dose of between 75 and 150   mg daily 
would achieve maximum effi cacy with a lower risk of 
bleeding.  65   

 Antiplatelet agents and aspirin have also been shown to 
have a role in maintaining the patency of vessels after 
lower extremity bypass or percutaneous angioplasty pro-
cedures. The 1994 meta - analysis by the Antiplatelet Trial-
ists ’  Collaboration  65   pooled data on 3226 patients with 
intermittent claudication or who had undergone lower 
extremity bypass or percutaneous angioplasty, and found 
graft occlusion rates of 16% with antiplatelet therapy 
(mainly aspirin, or aspirin and dipyridamole in combina-
tion) vs 25% with control, resulting in a proportional reduc-
tion of occlusion of 43% (SD 8%, 2 P     <    0.0001). Collins  et al   64  

 also examined graft patency after lower extremity bypass 
surgery in studies which had greater than 12 months of 
follow - up, and found an odds reduction of 64% (95% CI 
34 – 68%) for graft occlusion in the antithrombotic group 
(seven trials of antiplatelet therapy, three trials of oral anti-
coagulant therapy) vs the control group. Analyses from the 
Cochrane Group also suggest that antiplatelet agents are 
superior to placebo in maintaining vessel patency post sur-
gical bypass.  66   A subgroup analysis of a large trial compar-
ing oral anticoagulants (OAC) to antiplatelet therapy 
suggests that OAC may be superior in maintaining patency 
of venous grafts  67   whereas antiplatelet agents may be pref-
erable in artifi cial grafts.  68   However, in light of the excess 
risk of bleeding with OAC vs antiplatelet agents observed 
in the WAVE trial,  69   the decision to use OAC over aspirin 
in patients with venous grafts to improve patency must be 
made on an indivdual patient basis. For percutaneous 
revascularization, there is no signifi cant difference in occlu-
sion rates with aspirin vs oral anticoagulants.  70   Aspirin has 
also been shown to reduce the rate of peripheral bypass 
surgery in a large RCT of aspirin vs control over 60.2 
months in healthy participants (RR for surgery 0.54, 95% 
CI 0.30 – 0.95,  P    =   0.03: data from the Physicians Health 
Study  71  ). 

 Thienopyridines (clopidogrel and ticlodipine) have been 
shown in meta - analyses to be effective in reducing postop-
erative occlusion and need for revascularization in patients 
undergoing lower limb interventions,  72   and to have a 

mortality benefi t in patients with intermittent claudica-
tion.  73   The thienopyridines block adenosine diphosphate -
 mediated platelet activation, and therefore they may have 
a different effi cacy to aspirin in secondary prevention. This 
theory was examined by a Cochrane Collaboration study, 
which performed a meta - analysis of pooled data from four 
studies and 22   565 patients at high risk of secondary 
vascular events.  74   Two of these studies (CAPRIE  75   and 
Schoop  76  ) randomized patients with PAD. From the pooled 
data, the thienopyridine group had a reduced odds of a 
serious vascular event (OR 0.91, 95% CI 0.84 – 0.98) and a 
decreased odds of major hemorrhage (OR 0.71, 95% CI 
0.59 – 0.86), though an increased risk of skin rash and neu-
tropenia (most associated with ticlodipine).  74   Within 
CAPRIE alone, which compared aspirin 325   mg daily 
with clopidogrel 75   mg daily, the overall RR comparing 
clopidogrel to aspirin was 8.7% (95% CI 0.3 – 16.5%), 
although given their higher baseline risk, the PAD patients 
had a greater RRR with clopidogrel than the other at - risk 
vascular subgroups (RRR 23.8%, 95% CI 8.9 – 36.2%).  75   
However, in the CHARISMA trial,  77   the use of dual anti-
platelet therapy (i.e. aspirin and clopidogrel) was not sig-
nifi cantly more effective in the prevention of CVD than 
aspirin alone (RR of stroke, MI or CV death 0.93, 95% CI 
0.83 – 1.05) and was associated with an increase in severe 
and moderate bleeding complications (RR for severe bleed-
ing with dual therapy 1.25, 95% CI 0.97 – 1.61) in patients 
with atherosclerotic CVD and high CVD risk. 

 At present, there seems to be no clear role for regular 
or extended - release dipyridamole alone in PAD. Early 
trials examined dipyridamole in conjunction with aspirin 
in maintaining patency of lower extremity bypass grafts/
percutaneous procedures, and suggested that this was an 
advantageous combination. However, in terms of second-
ary prevention, the Antiplatelet Trialists ’  Collaboration 
suggested that the combination of aspirin plus dipyri-
damole was not superior to aspirin alone.  62   A Cochrane 
meta - analysis  78   included data from 27 studies which ran-
domized people with vascular disease to dipyridamole 
and found that dipyridamole was not superior to control 
in preventing CVD death, and was only superior 
to control in preventing CVD events in patients with 
cerebral ischemia. 

 There has been interest in the use of antiplatelet agents 
in the treatment of intermittent claudication. Ticlodipine 
has been investigated in a small blinded placebo - controlled 
trial for improvements in ABI and walking times; an 
improvement was shown but the trial numbers were small 
(n   =   151) and the placebo group had worse ABIs and 
walking times at baseline.  79   Another trial (n   =   296) random-
ized patients to aspirin and dipyridamole, ticlodipine or 
xanthinol nicotinate, and found again that the ABI 
improved with aspirin/dipyridamole and ticlodipine, but 
not with xanthinol.  80   
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  Recommendations 

     •      Patients with PAD, including patients who have undergone 
peripheral vascular bypass or percutaneous revascularization 
procedures, should take lifelong antiplatelet therapy with 
aspirin 75 – 150   mg per day. Clopidogrel 75   mg per day is a 
useful alternative, as demonstrated in the CAPRIE trial 
(Class I, Level A).  

   •       There is no additional benefi t in using aspirin in conjunction 
with clopidogrel for the long - term management of PAD 
patients (Class IIb, Level A).  

   •      There is no additional benefi t in using aspirin in conjunction 
with dipyridamole in PAD patients, unless there is a 
concomitant history of cerebrovascular disease (Class IIb, 
Level A).       

  Pharmacologic  t reatments for 
 i ntermittent  c laudication 
 The TASC II guidelines  5   suggest two medications for the 
amelioration of intermittent claudication symptoms  –  cilo-
stazol and naftidrofuryl  –  and discuss the lack of evidence 
supporting others such as pentoxifylline. 

 Pentoxifylline is thought to act by decreasing blood vis-
cosity and increasing erythrocyte fl exibility. It has long 
been used for intermittent claudication symptoms, but the 
evidence regarding its effi cacy is sparse and it does not 
have a large safety record. Girolami  et al   39   examined 13 
RCTs of pentoxifylline vs placebo in intermittent claudica-
tion and found that mean walking distance was improved 
on pentoxifylline (increase in mean walking distance of 
43.8   m, 95% CI 14.1 – 73.6   m). In another meta - analysis (of 11 
trials, n   =   612), Hood  et al   82   similarly found that pentoxifyl-
line increased pain - free walking distance (weighted mean 
difference 29.4   m, 95% CI 13.0 – 45.9   m) and absolute claudi-
cation time (weighted mean difference 48.4   m, 95% CI 
18.3 – 78.6   m) compared with placebo. Whilst smaller trials 
have shown benefi ts for pentoxifylline, a larger RCT 
(n   =   471 patients in the pentoxifylline vs placebo arm) 
showed no difference between pentoxyifylline and 
placebo.  83   At present, the TASC group suggests that there 
is insuffi cient evidence to use pentoxifylline in intermittent 
claudication.  5   

 Naftidrofuryl is a serotonin antagonist, which is thought 
to work by promoting aerobic metabolism in oxygen -
 depleted tissues and by reducing platelet and erythrocyte 
aggregation. It has been shown to reduce disease - related 
limitations in quality of life when compared with placebo 
in a meta - analysis of three RCTs (n   =   754)  84   and to increase 
pain - free walking distance in another meta - analysis.  85   
However, like pentoxifylline, the absolute increases in 
walking distances achieved with naftidrofuryl are small 
(increase in mean total walking distance with naftidrofuryl 
71.2   m, 95% CI 13.3 – 129.0   m).  39   

 Cilostazol is a phosphodiesterase III inhibitor, which 
inhibits platelet activation and relaxes vascular smooth 
muscle. A 2002 meta - analysis synthesized the results of six 
randomized trials of cilostazol vs control (n   =   1751), and 
reported that cilostazol increased maximal treadmill 
walking, with improvements in the Walking Impairment 
Questionnaire and also in health - related quality of life.  86   A 
Cochrane meta - analysis synthesized data from eight trials 
and reported that cilostazol was associated with an 
improvement in initial claudication distance (ICD) and 
absolute claudication distance (ACD), with a weighted 
mean difference in ICD of 31.1   m (95% CI 21.4 – 40.9   m) with 
cilostazol.  87   Cilostazol is contraindicated in patients with 
congestive cardiac failure, although the safety analysis in 
the Cochrane review did not show any increase in CV 
events with cilostazol. One study also compared cilostazol 
directly with pentoxifylline and found that cilostazol 

  Vitamin  K   a ntagonists 
 Oral anticoagulants, like antiplatelet agents, have a 
theoretically appealing role in PAD, both in preventing 
vascular occlusion and preventing other systemic athero-
thrombotic events. A meta - analysis by the WAVE investi-
gators has shown that OAC are better than placebo at 
reducing mortality and graft occlusion, but have an 
increased risk of major bleeding.  81   Comparing oral antico-
agulants with aspirin showed no benefi t for mortality or 
graft occlusion in the oral anticoagulation group above that 
achieved with aspirin, again at an increased risk of bleed-
ing. Most recently, the WAVE trial, which evaluated com-
bined OAC and antiplatelet therapy in 2161 patients with 
PAD, showed that combined therapy was not superior to 
treatment with antiplatelet therapy alone for the combined 
outcome of fatal and non - fatal cardiovascular events (RR 
for combination therapy 0.91, 95% CI 0.74 – 1.12,  P    =   0.37). 
Combined OAC and antiplatelet therapy was associated 
with a substantially higher risk of life - threatening bleeding 
complications (RR 3.41, 95% CI 1.84 – 6.35,  P     <    0.0001).  69   
Therefore, oral anticoagulation for secondary prevention in 
PAD should only be used if there is a supplemental indica-
tion for anticoagulation, such as atrial fi brillation. 

 

  Recommendation 

     •      OAC should not be used routinely in patients with PAD, 
without a secondary indication (Class II, Level A).        

  Therapies  a imed at the  c irculatory  d isease  i tself 

 Aside from the lifestyle measures, therapies aiming to 
improve the circulation to the affected limb(s) and to ame-
liorate symptoms may be pharmacologic, percutaneous or 
surgical. 
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signifi cantly reduced ACD, whereas the effects of pentoxi-
fylline were similar to those of placebo.  83   Serious adverse 
events and withdrawals from therapy were similar in the 
two treatment groups, although the incidence of minor side 
effects was greater in the cilostazol group.  

  Other  a gents 
 Other agents which have been proposed for use in inter-
mittent claudication include bufl omedil, arteriolar vasodi-
lators, and prostaglandins. Bufl omedil is a vasodilator 
which also has antiplatelet actions. However, a Cochrane 
review could only fi nd appropriate data on 127 patients 
with improvements in pain - free walking distance with 
bufl omedil, leading to concerns about safety and publica-
tion bias.  88   Vasodilators such as calcium channel blockers 
have been used in an attempt to increase local blood fl ow, 
but there is scant evidence for their use. Intravenous pros-
taglandin infusions have been used in critical limb isch-
emia, and an oral prostaglandin called beraprost has been 
investigated but the trials in intermittent claudication are 
negative to date.  5   There has also been interest in angiogenic 
growth factors, but again the trials have not proved con-
clusive. In relation to the treatment of critical limb isch-
emia, the TASC group suggests that treatments like 
vasodilators, naftidrofuryl, pentoxifylline and unfraction-
ated heparin have no proven benefi t. 

 

participants screened in one trial of PCA vs medical therapy 
found to be suitable for PCA.  89   Furthermore, it has been 
shown in one trial only that exercise therapy was more 
benefi cial for walking times than percutaneous 
therapies.  43   

 There is a paucity of data regarding direct comparisons 
of PCA with medical and lifestyle therapies for PAD. 
Whyman randomized 62 patients to medical therapy or 
PCA   +   medical therapy, reporting that at six months fol-
low - up, the PCA patients had higher mean ABI (0.88, stan-
dard error 0.03, vs 0.74, standard error 0.03;  P     <    0.01) and 
higher quality of life scores.  89   Another study examined 56 
patients with stable claudication who were randomized to 
PCA vs exercise therapy, and found that while the PCA 
group made short - term improvements in ABI, at six years 
follow - up there was no difference between the groups with 
respect to ABI and maximal walking distance.  90   Spronk  et al  
compared functional capacity and quality of life scores in 
fi ve studies of exercise therapy and three of PCA, and 
found that while ABIs were higher in the PCA groups at six 
months, there was no difference in reported quality of life.  91   

 Focal lesions of the iliac arteries can cause both periph-
eral claudication symptoms and Leriche ’ s syndrome, 
where a terminal aorta lesion causes erectile dysfunction 
and buttock claudication. Endovascular stenting can be 
recommended for TASC type lesions A to B of the iliac 
arteries (short stenoses  < 3   cm long, not extending into the 
superfi cial femoral artery) in patients who are persistently 
symptomatic despite optimal medical and lifestyle thera-
pies.  5   The iliac arteries are particularly prone to disruption 
and dissection, and primary stenting (without prior balloon 
angioplasty) is usually recommended. Infrainguinal 
disease is more technically challenging, with common 
femoral disease being associated with poorer endovascular 
outcomes due to acute vessel closure or late restenosis. 
Superfi cial femoral artery disease is commonly diffuse and 
not amenable to stent placement, and stents in the arterial 
portion within the adductor canal can be subject to extra 
strain and torsion, predisposing to stent fractures. Balloon 
angioplasty has traditionally been the percutaneous treat-
ment of choice in the superfi cial femoral artery, with stents 
reserved for  “ bail out ”  in case of dissection or acute vessel 
closure. However, techniques have improved and stenting 
is becoming more commonplace. A recent RCT of superfi -
cial femoral artery PCA vs nitinol stent implantation in 104 
patients reported better ABIs and better maximal treadmill 
walking distance at 12 months in the stent group (387 vs 
267   m,  P    =   0.04).  92   

 Although the use of antiproliferative drug - eluting stents 
has effectively reduced in - stent restenosis in coronary 
revascularization, the results with sirolimus - eluting stents 
in superfi cial femoral peripheral arterial interventions have 
been mixed. However, in the preliminary THUNDER 
(Local Taxane with Short Exposure for Reduction of 

  Recommendations 

     •      Cilostazol is recommended for use in intermittent claudication 
to improve ICD and ACD, although side effects are common 
(Class I – IIa, Level A).  

   •      Naftidrofuryl can be used as an alternative to cilostazole, 
although there is less evidence regarding its use (Class IIa, 
Level A).  

   •      There is currently insuffi cient evidence to recommend the use 
of pentoxifylline, bufl omedil, vasodilators and oral 
prostaglandins in intermittent claudication (Class III, 
Level B).       

  Surgical 

  Percutaneous  a ngioplasty     Percutaneous angioplasty (PCA) 
is an appealing therapy for peripheral arterial disease, but 
it is far from a cure - all. The AHA/ACC guidelines suggest 
that only certain patients be considered for percutaneous 
therapies, these being patients who have not responded to 
exercise or pharmacotherapies, patients who have a severe 
disability with their claudication symptoms, patients in 
whom other co - conditions are not also limiting exercise 
tolerance, and patients with a focal lesion amenable to per-
cutaneous treatment.  18   One chief diffi culty is that patients 
with severe PAD frequently have multiple or long lesions 
which are not suitable for angioplasty, with only 10% of 
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Restenosis in Distal Arteries) trial,  93   a randomized, double -
 blind study of 154 patients who underwent percutaneous 
femoropopliteal angioplasty interventions, 17 of whom 
also required nitinol stent implantation. 48 patients were 
randomized to a paclitaxel - coated balloon; 52 to a usual 
balloon, with paclitaxel in the contrast medium; and 54 
received usual care. The paclitaxel balloon (but not the 
paclitaxel contrast) group saw signifi cant reductions both 
in mean late lumen loss and target lesion revascularization 
(2/48 (4%) with the paclitavel balloon vs 20/54 (37%) in 
the control group,  P     <    0.001) at six months follow - up. 
Whilst further studies are needed, this suggests potential 
for future improvements in peripheral PCA. 

 Atherectomy devices, including laser atherectomy, 
extraction atherectomy and cutting balloon atherectomy, 
have been proposed for use in superfi cial femoral lesions, 
including chronic total occlusions. However, the published 
randomized controlled data for atherectomy are not indica-
tive of benefi t above balloon angioplasty, and cutting bal-
loons have recently been recalled. Laser atherectomy has 
shown promising results in observational studies and reg-
istries but a RCT is awaited. Therefore, the use of these 
devices must be viewed with appropriate caution. 

 

were 91.0% and 86.8% respectively for patients with clau-
dication and 87.5% and 81.8% for patients with critical limb 
ischemia.  94   Tobacco smoking is associated with worse 
patency rates. A synthesis of four RCTs (which random-
ized patients to different types of grafts) and 12 prospective 
studies of the infl uence of smoking on graft patency in 
lower limb arterial revascularization reported that ongoing 
smoking was associated with a 3.09 - fold (95% CI 2.34 – 4.08, 
 P     <    0.0001) increase in graft failure, with a dose – response 
effect with increasing numbers of cigarettes smoked.  95   
Infrainguinal procedures also have worse fi ve - year graft 
patency rates, ranging from 29% to 62%, with worse rates 
associated with prosthetic grafts below the knee and with 
continued smoking. Procedures involving the tibiopero-
neal trunk and tibial vessels are associated with the great-
est postoperative morbidity and tissue loss. Other studies 
have also shown that venous grafts have better long - term 
patency than prosthetic (polytetrafl uoroethylene coated) 
grafts, with the long saphenous vein being the graft of 
choice. A requirement for infrainguinal surgical bypass 
procedures is a patent and uncompromised infl ow artery. 

 Postoperatively, clinical surveillance programs are 
advised up to two years postoperatively, with regular clini-
cal review with ABI and a vascular history noted. Patients 
should also be treated with long - term antiplatelet therapy. 
Cohort studies have identifi ed factors which can be associ-
ated with decreased long - term patency such as female sex, 
redo procedures, diabetes mellitus and African - American 
ethnicity, as well as the technical expertise of the surgeon. 

 Comparisons between surgical and percutaneous thera-
pies are limited by the differing profi les and anatomy of 
patients who are referred for these procedures. Feinglass 
 et al  examined outcomes in a prospective cohort of patients 
who underwent percutaneous transluminal angioplasty 
(PTA) or surgery or medical therapy, and reported that 
mean walking distances and ABIs were improved in the 
interventional groups.  96   The BASIL study  97   randomized 452 
patients with severe limb ischemia to surgery or PTA and 
found similar outcomes in both groups, with amputation -
 free survival at six months in 60 surgical vs 48 PTA patients 
(HR 1.07, 95% CI 0.72 – 1.60), with PTA noted to be less 
costly than surgical bypass procedures. Other studies have 
noted the superior cost effectiveness of PTA vs surgery. 

 

  Recommendations 

     •      PCA is recommended for patients with aorto - iliac disease 
which is disabling and refractory to medical and lifestyle 
therapies, and technically amenable to PCA (Class I, Level 
B).  

   •      Endovascular stenting can be recommended in aorto - iliac 
disease as either primary or bail - out therapy (Class I, Level 
B).  

   •      PCA can be used in patients with femoral, popliteal or tibial 
disease which is disabling and refractory to medical and 
lifestyle therapies, and technically amenable to PCA (Class 
IIa, Level C). There is less information on the use of primary 
stenting in this group.  

   •      The usefulness of atherectomy devices and/or cutting balloons 
is not established from the literature.       

  Surgical  r evascularization     Surgical revascularization is 
subject to the same caveats as percutaneous therapies, in 
that it should only be undertaken if the symptoms are 
severely limiting, and if medical and lifestyle therapies 
have not achieved suffi cient improvement. Aorto - bifemo-
ral bypass procedures are considered the standard of care 
for aorto - iliac occlusive disease where the patient is refrac-
tory to medical and exercise therapy, and where symptoms 
are suffi cient to warrant further treatment. One metasyn-
thesis of outcomes post aorto - iliac bypass procedures 
found an operative mortality rate of 3.3%, with a systemic 
morbidity rate of 8.3% for procedures in studies started 
since 1975. Limb - based patency rates at fi ve and 10 years 

  Recommendations 

     •      Aorto - iliac disease which is disabling and refractory to medical 
and exercise therapy can be treated with aorto - iliac bypass 
procedures, if PTA is not appropriate (Class I, Level B).  

   •      Infrainguinal bypass procedures can be used in cases of severe 
ischemia, and should be performed using autologous vein 
grafts as fi rst choice, with artifi cal grafts used as a second 
option (Class IIa, Level B).          
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  Special  c onsiderations:  c ritical  l imb 
 i schemia and  a cute  l imb  i schemia 

 Critical limb ischemia (CLI) is said to occur when the 
patient has symptoms of ischemic rest pain for at least two 
weeks or an ischemic ulcer or gangrene, with the ankle 
pressure usually below 50   mmHg. In this situation, a 
multidisciplinary approach is needed, and perfusion needs 
to be restored using either surgical or percutaneous 
approaches. Intravenous vasodilator prostaglandins, such 
as ilioprost and PGE - 1, are sometimes used in patients with 
CLI, although the trials of these drugs have typically had 
small sample sizes. The most recent large trial randomized 
1560 patients with CLI to PGE - 1, and noted that there was 
a short - term reduction in death, amputation and major CV 
events, but that this effect became less at six months follow -
 up.  98   A meta analysis of PGE - 1 studies also showed 
improved survival with PGE - 1.  99   Oral iloprost (a synthetic 
PGI - 2 analog) has not been shown to improve time to major 
amputation or stroke or death up to 12 months. The usual 
secondary prevention steps as outlined above should also 
be taken. The treatment priorities are to alleviate pain, to 
heal the ulcer and prevent further tissue loss, with the aim 
of improving the patient ’ s quality of life and long - term 
survival. 

 Acute limb ischemia (ALI) is a surgical emergency and 
can be characterized by some (or all) of the Five  “ Ps ” : Pain 
in the affected limb, Pallor, Pulselessness, Paresthesia and 
Paralysis. The aims in ALI are to restore circulatory fl ow, 
relieve ischemia and prevent further thrombus propaga-
tion. Patients are treated with heparin and may receive 
catheter - delivered thrombolysis or surgical embolectomy. 
Urokinase is the thrombolytic agent of choice, as streptoki-
nase is associated with a lower effi cacy and more bleeding 
complications. Furthermore, there is no role for systemic 
thrombolysis, as this is also associated with higher bleed-
ing rates and lower effi cacy. Both catheter - delivered throm-
bolysis and surgical embolectomy have a potential role, 
with no signifi cant difference in limb salvage or death up 
to one year,  100,101   albeit with higher rates of stroke and major 
bleeding associated with thrombolysis therapy (in one 
meta - analysis, the OR for excess bleeding with throm-
bolysis vs vascular surgery was 2.95; 95% CI 1.62 – 5.32, 
 P    =   0.001  100  ). The TOPAS (Thrombolysis Or Peripheral 
Arterial Surgery) trial  101   was a large multicenter random-
ized trial of catheter - delivered urokinase compared with 
surgery for ALI of  < 14 days duration: again, there was no 
signifi cant difference in amputation rates or death up to 
one year, but an increase in major bleeding with throm-
bolysis (12.5% vs 5.5%,  P    =   0.005). The STILE trial again 
showed similar limb salvage rates between the catheter -
 delivered thrombolysis group and the surgical group, and 
even a one - year mortality benefi t in the thrombolysis group 

(84% vs 58%,  P    =   0.01), although the study numbers were 
small.  102   A further subgroup analysis of the STILE 
data noted that native artery occlusions had a poorer 
amputation - free survival with thrombolysis than with 
surgery. 

 

  Recommendations 

     •      Intravenous prostaglandins can be a useful adjunct to therapy 
in CLI (Class IIa, Level A).  

   •      There is no role for oral prostaglandin agents in CLI (Class III, 
Level A).  

   •      All patients with ALI should be treated with heparin (Class I, 
Level C).  

   •      Revascularization is a priority in ALI, and can be performed 
using surgical or endovascular techniques or with catheter -
 directed thrombolysis with urokinase if the occlusion is less 
than 14 days duration (Class I, Level A).       

  Conclusion 

 PAD of the lower extremities is primarily due to athero-
sclerosis and is increasing in prevalence worldwide. PAD 
is a frequently underdiagnosed and when present, indi-
cates that patients are at high risk of future cardiovascular 
complications. The mainstay of treatment for intermittent 
claudication is smoking cessation and supervised exercise, 
as well as aggressive CV prevention therapies including 
antiplatelet therapy, blood pressure and lipid - lowering 
therapies, as well as tight glucose control among diabetics 
for secondary prevention. Percutaneous catheter - based 
therapies and surgical bypass procedures should be 
reserved for highly selected patients with severe limb isch-
emia in whom medical and lifestyle therapies have not 
succeeded.  
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 Cardiac risk in those undergoing non -
 cardiac surgery  

  Ameeth   Vedre   and   Kim A   Eagle  
  University of Michigan, Ann Arbor, MI, USA        

  Introduction and  h istorical  p erspective 

 The prevalence of cardiovascular disease increases with 
age, and it is estimated that the number of persons older 
than 65 years in the United States will increase 25 – 35% over 
the next 30 years.  1   The number of non - cardiac surgical pro-
cedures performed in older persons will increase from the 
current 6 million to nearly 12 million per year, and nearly 
a fourth of these  –  major intra - abdominal, thoracic, vascu-
lar, and orthopedic procedures  –  have been associated with 
signifi cant perioperative cardiovascular morbidity and 
mortality.  2   

 Guidelines on the assessment and management of peri-
operative cardiovascular risk for patients undergoing non -
 cardiac surgery were published by American College of 
Cardiology/American Heart Association (ACC/AHA) 
Task Force in 1996 and updated in 2002 and 2006 and 
revised in 2007.  2 – 4   Guidelines published in 2006 by the 
ACC/AHA focused the management from non - invasive 
risk stratifi cation to risk reduction through strategies such 
as the use of perioperative beta - blockade.  

  Assessment of  p reoperative  r isk for 
 n on -  c ardiac  s urgery 

 The range of risk seen in current practice was illustrated in 
a retrospective study of 663   665 adults with no contraindi-
cations to beta - blockers who underwent major non - cardiac 
surgery in 2000 and 2001 at 329 hospitals in the United 
States. Orthopedic and abdominal surgery accounted for 
70% of cases. In - hospital mortality in patients not treated 
with beta - blockers increased progressively from 1.4% to 
7.4% according to a preoperative assessment of risk using 
the revised Goldman Cardiac Risk Index  5,6   (Level C1). 

 Eagle  et al  retrospectively studied 254 consecutive 
patients presenting to the nuclear cardiology laboratory for 
dipyridamole - thallium imaging before proposed vascular 
surgery.  7   Logistic regression analysis identifi ed fi ve clinical 
predictors of postoperative cardiac events in patients 
undergoing major vascular surgery: Q - waves on the ECG, 
history of angina, ventricular ectopy requiring treatment, 
diabetes mellitus requiring therapy other than diet, and age 
above 70 years (Level C1). 

 A subsequent validation study by Vanzetto added three 
more clinical predictors to the Eagle criteria which were 
ischemic ST segment abnormalities on resting ECG, hyper-
tension with severe left ventricular hypertrophy and 
history of heart failure (HF). This author also identifi ed two 
independent dipyridamole - thallium test predictors of isch-
emic events: thallium redistribution and ischemic ECG 
changes during or after dipyridamole infusion  8   (Level C1). 

 Fleisher and Eagle  9   emphasized six factors in a further 
report, the fi rst fi ve of which are also in the revised Goldman 
Cardiac Risk Index,  6   and are all associated with increased 
cardiac risk in patients undergoing non - cardiac surgery, 
including vascular surgery (Level C1). 
   •      Ischemic heart disease (angina or prior MI)  
   •      Heart failure  
   •      High - risk surgery (including intraperitoneal, intratho-
racic, and suprainguinal vascular procedures)  
   •      Diabetes mellitus (especially requiring insulin)  
   •      Renal insuffi ciency  
   •      Poor functional status (defi ned as the inability to walk 
four blocks or climb two fl ights of stairs)     

  General  a pproach to the  p atient 

 Preoperative cardiac evaluation must be carefully tailored 
to the circumstances that have prompted the consultation 
and the nature of the proposed surgery. Given an acute 
surgical emergency, preoperative evaluation might have 
to be limited to rapid bedside assessment including 
assessment of vital signs, volume status, basic metabolic 
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panel and electrocardiogram (ECG)  2,10   (Class I, Level B). 
The physician should review available patient data, obtain 
a history, and perform a physical examination pertinent to 
the patient ’ s problem and the proposed surgery. 

  History and  p hysical  e xamination 

 Cardiac conditions such as prior angina, recent or past MI, 
HF, symptomatic arrhythmias, and history of a pacemaker 
or implantable cardioverter defi brillator (ICD) should be 
identifi ed. Modifi able risk factors for coronary heart disease 
(CHD) should be recorded along with evidence of associ-
ated diseases, such as peripheral vascular disease, cerebro-
vascular disease, diabetes mellitus, renal impairment, and 
chronic pulmonary disease (Table  66.1 ). 
   •       Major      predictors, when present, mandate intensive 
management, which may result in delay or cancellation of 
surgery unless it is urgent.  
   •       Intermediate      predictors are well - validated markers of 
enhanced risk of perioperative cardiac complications and 
justify careful assessment of the patient ’ s current status.  

   •       Minor      predictors are recognized markers for cardio-
vascular disease that have not been proven to indepen-
dently increase perioperative risk.  2        
 A careful cardiovascular examination should include an 
assessment of vital signs (including measurement of blood 
pressure in both arms), carotid pulse, contour and bruits, 
jugular venous pressure and pattern, auscultation of the 
lungs, precordial palpation, cardiac auscultation and exam-
ination of the extremities for edema and vascular integrity.  2   
The history should also seek to determine the patient ’ s 
functional capacity (Table  66.2 ).   

 An assessment of an individual ’ s capacity to perform a 
spectrum of common daily tasks has been shown to cor-
relate well with maximum oxygen uptake by treadmill 
testing  10   (Level C). 

 A patient classifi ed as high risk owing to age or known 
CAD but who is asymptomatic and runs for 30 minutes 
daily may need no further evaluation. In contrast, a seden-
tary patient without a history of cardiovascular disease but 
with clinical factors that suggest increased perioperative 
risk may benefi t from a more extensive preoperative evalu-
ation (Class II, Level C1).  

  Management of  c o -  m orbid  c onditions 

 The stress of non - cardiac surgery may raise heart rate and 
blood pressure and has been associated with a high inci-
dence of symptomatic and asymptomatic myocardial isch-
emia in patients with known vascular disease. 

 Associated conditions often heighten the risk of anesthe-
sia and may complicate cardiac management. The most 
common of these conditions are discussed below. 

 If signifi cant pulmonary disease is suspected by history 
or physical examination, determination of functional 
capacity, response to bronchodilators, and/or evaluation 
for the presence of carbon dioxide retention through arte-
rial blood gas analysis may be justifi ed  2   (Class I, Level C1). 

 Management of blood glucose levels in the perioperative 
period may be diffi cult. Fragile diabetic patients need 
careful treatment with adjusted doses or infusions of short -
 acting insulin based on frequent blood sugar determina-
tions. Historically, it has been acceptable to maintain 
relatively high glucose levels perioperatively to avoid the 
attendant risks of hypoglycemic episodes. However, 
aggressive perioperative glucose control in coronary bypass 
surgery patients by a continuous, intravenous insulin infu-
sion was superior to intermittent subcutaneous insulin 
administration in signifi cantly reducing postoperative 
wound infection.  11   Similar benefi t may occur surrounding 
non - cardiac surgery  12   (Class I, Level C). 

 Anemia imposes a stress on the cardiovascular system 
that may exacerbate myocardial ischemia and aggravate 
HF.  13   Preoperative transfusion, when used appropriately in 
patients with advanced CAD and/or HF, may reduce peri-

 Table 66.1     Clinical predictors of increased perioperative 
cardiovascular risk (myocardial infarction, congestive heart failure, 
death) 

   Major   

  Unstable coronary syndromes  

     Recent myocardial infarction *  with evidence of important ischemic 

risk by clinical symptoms or non - invasive study  

     Unstable or severe †  angina (Canadian class III or IV)  

  Decompensated congestive heart failure  

  Signifi cant arrhythmias  

     High - grade atrioventricular block  

     Symptomatic ventricular arrhythmias in the presence of underlying 

heart disease  

     Supraventricular arrhythmias with uncontrolled ventricular rate  

  Severe valvular disease  

  Intermediate  

  Mild angina pectoris (Canadian class I or II)  

  Prior myocardial infarction by history or pathologic Q - waves  

  Compensated or prior congestive heart failure  

  Diabetes mellitus  

  Chronic renal insuffi ciency  

  Minor  

  Advanced age  

  Abnormal electrocardiogram (left ventricular hypertrophy, left bundle 

branch block, ST - T abnormalities)  

  Rhythm other than sinus (e.g. atrial fi brillation)  

  Low functional capacity (e.g. inability to climb one fl ight of stairs with 

a bag of groceries)  

  History of stroke  

  Uncontrolled systemic hypertension  

  Reproduced with permission from Eagle  et al.   2   
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 Table 66.2     Estimated energy requirement for various activities  *   

     

1 MET

4 METs   

  Can you take care of yourself?  

     

4 METs

>10 METs   

  Climb a fl ight of stairs or walk up a hill?  
  Eat, dress or use the toilet?    Walk on level ground at 4   mph or 6.4   km/h?  
  Walk indoors around the house?    Run a short distance?  
  Walk a block or two on level ground 

at 2 – 3   mph or 3.2 – 4.8   km/h?  

  Do heavy work around the house like scrubbing fl oors or 

lifting or moving heavy furniture?  
  Do light work around the house like 

dusting or washing dishes?  

  Participate in moderate recreational activities like golf, bowling, 

dancing, doubles tennis or throwing a baseball or football?  

      Participate in strenuous sports like swimming, singles tennis, 

football, basketball or skiing?  

    MET, metabolic equivalent.        Reproduced with permission from Eagle  et al.   2   

operative cardiac morbidity (Class II, Level C1). Hemato-
crits less than 28% are associated with an increased 
incidence of perioperative ischemia and postoperative 
complications in patients undergoing prostate and vascu-
lar surgery  14,15   (Level B). 

 Due to high risk for the development of further decompen-
sation and death during the perioperative period, patients 
facing high - stress surgery who have acute coronary syn-
dromes (e.g. unstable angina or decompensated HF of isch-
emic origin) and stable patients with likelihood of advanced 
multivessel coronary artery disease, with or without left ven-
tricular dysfunction, will benefi t from coronary angiography  2   
(Class II, Level B). If the non - cardiac surgery is truly urgent, 
intra - aortic balloon bump counterpulsation as a means of 
providing short - term myocardial protection in addition to 
maximal medical therapy  4   (Class I, Level C1). 

 If the patient does not demonstrate unstable symptoms, 
the identifi cation of known or symptomatic stable CAD or 
risk factors for CAD can guide the need for further diag-
nostic evaluation or changes in perioperative management 
(Class I, Level C). In determining the extent of the preop-
erative evaluation, it must be remembered that testing 
should not be performed unless the results would affect 
perioperative management. These management changes 
include cancellation of surgery because of prohibitive risk 
compared with benefi t, delay of surgery for further medical 
management, coronary interventions before non - cardiac 
surgery, and utilization of an intensive care unit. 

 Multiple studies have demonstrated an increased inci-
dence of reinfarction after non - cardiac surgery if the prior 
MI was within 6 months of the operation and especially 
within 6 – 12 weeks  16,17   (Level C1). Severe hypertension of 
a chronic nature, e.g. diastolic blood pressure higher 
than 110   mmHg, should be controlled before any elective 
non - cardiac surgery.  2   The Study of Perioperative Ischemia 
Research Group trial (POISE), in which patients had con-
tinuous perioperative electrocardiographic monitoring, 
showed that a history of hypertension was one of fi ve inde-
pendent predictors of postoperative ischemia and one of 
three independent predictors of increased postoperative 
mortality.  18   Patients with a history of hypertension had 

almost twice the risk of postoperative myocardial ischemia 
and almost four times the risk of postoperative death com-
pared with patients without hypertension in the fi rst 48 
hours postoperatively  19   (Level B). 

 For patients who present for non - cardiac surgery with 
signs or symptoms of HF, the goal of the preoperative eval-
uation should be identifi cation of the underlying disease 
processes and assessment of the severity of systolic and 
diastolic dysfunction (Class I, Level B). Ischemic cardiomy-
opathy is of greatest concern because the patient has a sub-
stantial risk for developing further ischemia, leading to 
myocardial necrosis and potentially a downward spiral. In 
such patients, a pulmonary artery catheter or intraoperative 
transesophageal echocardiography may be helpful  4   (Level 
C1). Since both severe stenotic and/or regurgitant valve 
disease can cause or complicate heart failure, clarifi cation 
of underlying valve function is important when suspected 
based on the history of physical exam (Class II, Level C). 

 The presence of critical aortic stenosis is associated with 
a very high risk of cardiac decompensation in patients 
undergoing elective non - cardiac surgery. The presence of 
any of the classic triad of angina, syncope, and heart failure 
in a patient with aortic stenosis should alert the clinician to 
the need for further evaluation and potential interventions, 
usually valve replacement. However, many patients with 
severe or critical aortic stenosis may be asymptomatic, and 
preoperative patients with aortic systolic murmurs warrant 
a careful history and physical examination and often 
further evaluation. There are several case series of patients 
with critical aortic stenosis demonstrating that, when nec-
essary, non - cardiac surgery can be performed with accept-
able risk  20   (Class I, Level C1).  

  Decision to  u ndergo  d iagnostic  t esting 

 Several groups have published meta - analyses examining 
the various preoperative diagnostic tests (Table  66.3 ). 
Mantha and colleagues demonstrated good predictive 
values of ambulatory electrocardiographic monitoring, 
radionuclide angiography, dipyridamole - thallium imaging, 
and dobutamine stress echocardiography  21   (Level C2). 

  *    Adapted from the Duke Activity Status Index and AHA Exercise Standards. 
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 Table 66.3     Recommendations for use of ancillary tests in patients undergoing non - cardiac surgery 

   Indication     Class I (indicated)     Class IIa     Class IIb     Class III (not indicated)  

  Preoperative 

12 - lead rest ECG  

  1.   Recent episode of 

chest pain or ischemic 

equivalent in clinically 

intermediate -  or high - risk 

patients scheduled for an 

intermediate -  or high - risk 

operative procedure.  

  1.   Asymptomatic 

persons with diabetes 

mellitus.  

  1.   Patients with prior 

coronary revascularization.  

  1.   As a routine test in 

asymptomatic subjects 

undergoing low - risk operative 

procedures.  

              2.   Asymptomatic male older 

than 45   yr or female older 

than 55   yr with two or more 

atherosclerotic risk factors.  

    

              3.   Prior hospital admission 

for cardiac causes.  

    

  Preoperative 

non - invasive 

evaluation of left 

ventricular function  

  1.   Patients with current 

or poorly controlled 

heart failure.  

  1.   Patients with prior 

heart failure and patients 

with dyspnea of 

unknown origin.  

      1.   As a routine test of left 

ventricular function in patients 

without prior heart failure.  

  Exercise or 

pharmacological 

stress testing  

  1.   Diagnosis of adult 

patients with 

intermediate pretest 

probability of CAD.  

  1.   Evaluation of exercise 

capacity when subjective 

assessment is unreliable.  

  1.   Diagnosis of CAD 

patients with high or low 

pretest probability; those 

with resting ST depression 

less than 1   mm, those 

undergoing digitalis therapy, 

and those with ECG criteria 

for left ventricular 

hypertrophy.  

  1.   For  exercise  stress testing, 

diagnosis of patients with 

resting ECG abnormalities 

that preclude adequate 

assessment, e.g. pre - excitation 

syndrome, electronically paced 

ventricular rhythm, rest ST 

depression greater than 1   mm, 

or left bundle branch block.  

      2.   Prognostic assessment 

of patients undergoing 

initial evaluation for 

suspected or proven 

CAD; evaluation of 

subjects with signifi cant 

change in clinical status.  

      2.   Detection of restenosis in 

high - risk asymptomatic 

subjects within the initial 

months after PCI.  

  2.   Severe co - morbidity likely 

to limit life expectancy or 

candidacy for 

revascularization.  

      3.   Demonstration of 

proof of myocardial 

ischemia before coronary 

revascularization.  

          3.   Routine screening of 

asymptomatic men or women 

without evidence of CAD.  

      4.   Evaluation of 

adequacy of medical 

therapy; prognostic 

assessment after an 

acute coronary syndrome  

          4.   Investigation of isolated 

ectopic beats in young 

patients.  

  Coronary 

angiography in 

perioperative 

evaluation before 

(or after) non -

 cardiac surgery  

  Patients with suspected 

or known CAD:  

  1.   Multiple markers of 

intermediate clinical risk †  

and planned vascular 

surgery (non - invasive 

testing should be 

considered fi rst).  

  1.   Perioperative MI.    1.   Low - risk *  non - cardiac 

surgery with known CAD and 

no high - risk results on 

non - invasive testing.  

Continued on p. 1072
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Table 66.3 Continued

   Indication     Class I (indicated)     Class IIa     Class IIb     Class III (not indicated)  

      1.   Evidence for high risk 

of adverse outcome 

based on noninvasive 

test results.  

      2.   Medically stabilized class 

III or IV angina and planned 

low - risk or minor *  surgery.  

  2.   Asymptomatic after 

coronary revascularization 

with excellent exercise 

capacity (greater than or 

equal to 7 METs).  

      2.   Angina unresponsive 

to adequate medical 

therapy.  

  2.   Moderate to large 

region of ischemia on 

non - invasive testing but 

without high - risk features 

and without lower LVEF.  

      3.   Mild stable angina with 

good left ventricular function 

and no high - risk non - invasive 

test results.  

      3.   Unstable angina, 

particularly when facing 

intermediate - risk *  or 

high - risk *  non - cardiac 

surgery.  

  3.   Non - diagnostic 

non - invasive test results 

in patients of 

intermediate clinical risk †  

undergoing high - risk *  

non - cardiac surgery.  

      4.   Non - candidate for coronary 

revascularization owing to 

concomitant medical illness, 

severe left ventricular 

dysfunction (e.g., LVEF less 

than 0.20), or refusal to 

consider revascularization.  

      4.   Equivocal non - invasive 

test results in patients at 

high clinical risk †  

undergoing high - risk *  

surgery.  

  4.   Urgent non - cardiac 

surgery while 

convalescing from acute 

MI.  

      5.   Candidate for liver, lung, or 

renal transplantation older 

than 40   yr as part of evaluation 

for transplantation, unless 

non - invasive testing reveals 

high risk for adverse outcome.  

   CAD, coronary artery disease; ECG, electrocardiogram; HF, heart failure; LVEF, left ventricular ejection fraction; MET, metabolic equivalent; MI, 

myocardial infarction; PCI, percutaneous coronary intervention.    Reproduced with permission from Eagle  et al.   2  , and from Fleisher LA, Eagle KA. 

Anesthesia and non - cardiac surgery in patients with heart disease. In: Lily LS, ed.  Braunwald ’ s heart disease review and assessment , 7th edn. 

Philadelphia: Elsevier Saunders, 2005. 

Shaw and co - workers also demonstrated excellent predic-
tive values for both dipyridamole - thallium imaging and 
dobutamine stress echocardiography  22   (Level C1).    

  Type of  s urgery 

 Cardiac complications after non - cardiac surgery are a 
refl ection of factors specifi c to the patient, the operation, 
and the circumstances under which the operation is under-
taken. To the extent that preoperative cardiac evaluation 
reliably predicts postoperative cardiac outcomes, it may 
lead to interventions that lower perioperative risk, decrease 
long - term mortality or alter the surgical decision - making 
process (Class I). 

 When, for example, surgery in asymptomatic individuals 
is undertaken with the objective of prolonging life (e.g. elec-
tive repair of aortic aneurysm) or preventing a future stroke 
(e.g. carotid endarterectomy), the decision to intervene 
must be made with the expectation that the patient will live 
long enough to benefi t from the prophylactic intervention. 

 For elective surgery, cardiac risk can be stratifi ed accord-
ing to a number of factors, including the magnitude of the 
surgical procedure. Some operations are simply more dan-
gerous than others (Table  66.4 ). Backer  et al   16   encountered no 
cardiac complications after 288 ophthalmologic procedures 
in 195 patients with a prior history of MI compared with a 
reinfarction rate of 6.1% for a number of non - ophthalmo-
logic surgeries at the same center (Level C1). In general, 
major vascular, thoracic, abdominal and/or emergency 
surgeries are placed into a moderate -  or high - risk category, 
while orthopedic, breast, prostate, ophthalmologic, and 
endoscopic procedures are considered lower risk.   

 The AHA/ACC Task Force on Perioperative Evaluation 
of Cardiac Patients Undergoing Non - cardiac Surgery has 
proposed an algorithm (Fig.  66.1 ) for decisions regarding the 
need for further evaluation. First, the clinician must evaluate 
the urgency of the surgery and the appropriateness of a 
formal preoperative assessment. Next, he or she must deter-
mine whether the patient has had a previous revasculariza-
tion procedure or coronary evaluation. Patients with unstable 
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 Table 66.4     Cardiac risk  *   stratifi cation for non - cardiac surgical 
procedures 

   High (reported cardiac risk often  > 5%)   

  Emergency major operations, particularly in elderly people  

  Aortic and other major vascular  

  Peripheral vascular  

  Anticipated prolonged surgical procedures associated with large fl uid 

shifts and/or blood loss  

   Intermediate (reported cardiac risk generally  < 5%)   
  Carotid endarterectomy  

  Head and neck  

  Intraperitoneal and intrathoracic  

  Orthopedic  

  Prostate  

   Low   †   (reported cardiac risk generally  < 1%)   

  Endoscopic procedures  

  Superfi cial procedure  

  Cataract  

  Breast  

      Reproduced with permission from Eagle  et al.   2   

coronary syndromes should be identifi ed, and appropriate 
treatment should be instituted. The decision to have further 
testing depends on the interaction of the clinical risk factors, 
surgery - specifi c risk, and functional capacity.   

 Implementation of the ACC/AHA guidelines into clini-
cal practice has been demonstrated to be effective in reduc-
ing use of preoperative stress myocardial imaging (44.3% 
versus 20.6%;  P     <    0.05) and coronary revascularization 
(7.7% versus 0.8%;  P     <    0.05) in patients undergoing elective 
vascular surgery. During the intervention period, there was 
a signifi cant decrease in the incidence of cardiac complica-
tions (from 11.3% to 4.5%) and an increase in event - free 
survival at 1 year after surgery (from 91.3 to 98.2%).  23   Froe-
hlich and colleagues compared 102 historical control 
patients with 94 patients directly after guideline implemen-
tation and 104 patients later after guideline implementa-
tion.  24   Resource utilization and costs were reduced after 
guideline implementation, and the effect was sustained for 
2 years (Level C1).   

  Perioperative  b eta -  b locker  t herapy 

 Studies on the outcomes of perioperative beta - blockade 
have initially shown benefi ts, but recently a few random-
ized trials have not shown a benefi cial effect. 

 As per the ACC/AHA 2007 guideline update by Fleisher 
 et al , Box  66.1  shows the recommendations for beta - blocker 
therapy during perioperative medical therapy.  3,4     

 Since publication of the ACC/AHA focused update on 
perioperative beta - blocker therapy, several randomized 
trials have been published that have not demonstrated the 
effi cacy of these agents. Despite several meta - analyses, some 

  *    The American College of Cardiology National Database Library 

defi nes  “ recent MI ”  as greater than 7 days but less than or equal to 

1 month (30 days); acute MI is within 7 days.   

  †    May include  “ stable ”  angina in patients who are usually sedentary. 

Campeau L. Grading of angina pectoris.  Circulation  1976; 54 :522 – 23. 

BOX 66.1  Recommendations for beta - blocker therapy 
during perioperative medical therapy 

  Class I 
    1.     Beta - blockers should be continued in patients 

undergoing surgery who are receiving beta - blockers to 
treat angina, symptomatic arrhythmias, hypertension  or  
other ACC/AHA Class I guideline indications.  

  2.     Beta - blockers should be given to patients undergoing 
vascular surgery at high cardiac risk owing to the 
fi nding of ischemia on preoperative testing (Level B).     

  Class IIa 
    1.     Beta - blockers are probably recommended for patients 

undergoing vascular surgery in which preoperative 
assessment identifi es coronary heart disease (Level B).  

  2.     Beta - blockers are probably recommended for patients in 
whom preoperative assessment for vascular surgery 
identifi es high cardiac risk as defi ned by the presence of 
multiple clinical risk factors  *   (Level B).  

  3.     Beta - blockers are probably recommended for patients in 
whom preoperative assessment identifi es coronary heart 
disease or high cardiac risk as defi ned by the presence of 
multiple clinical risk factors  *   and who are undergoing 
intermediate -  or high - risk procedures as defi ned in these 
guidelines (Level B).     

  Class IIb 
    1.     Beta - blockers may be considered for patients who are 

undergoing intermediate -  or high - risk procedures as 
defi ned in these guidelines, including vascular surgery, 
in whom preoperative assessment identifi es intermediate 
cardiac risk as defi ned by the presence of a single 
clinical risk factor  *   (Level C).  

  2.     Beta - blockers may be considered in patients undergoing 
vascular surgery with low cardiac risk (as defi ned in these 
guidelines) who are not currently on beta - blockers (Level C).     

  Class III 
    1.     Beta - blockers should not be given to patients 

undergoing surgery who have absolute contraindications 
to beta - blockade (Level C).     

  *    Clinical risk factors. High cardiac risk includes patients with 
major and intermediate clinical predictors. Care should be 
taken in applying recommendations on beta - blocker therapy 
to patients with decompensated heart failure, non - ischemic 
cardiomyopathy, high - degree AV block, or severe valvular 
heart disease in the absence of coronary heart disease. 



PART IIIG Specifi c cardiovascular disorders: other conditions

1074

 Figure 66.1     Stepwise approach to preoperative cardiac assessment. Steps are discussed in text.
 * Subsequent care may include cancellation or delay of surgery, coronary revascularization followed by non - cardiac surgery or intensifi ed care. 
 (Reproduced with permission from Eagle  et al .  2  )  
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 fatal myocardial infarction and decrease in myocardial 
ischemia (Class 1, Level A).  31   

 Limitations in the perioperative beta - blocker literature 
include the following: few randomized trials have examined 
the role of perioperative beta - blocker therapy, there is par-
ticularly a lack of trials that focus on high - risk patients and 
there is a lack of studies to determine the role and type of 
beta - blockers in intermediate -  and low - risk populations.  

  Perioperative  s tatin  t herapy 

 Lipid lowering has proven to be highly effective in the 
secondary prevention of cardiac events. The bulk of this 
evidence applies to hydroxymethylglutaryl coenzyme A 
(HMG - CoA) reductase inhibitors or statin therapy.  4     

 Durazzo  et al   32   randomly assigned 100 patients to receive 
20   mg atorvastatin or placebo once a day for 45 days, irre-
spective of their serum cholesterol concentration. Vascular 
surgery was performed on average 30 days after random-
ization, and patients were prospectively followed up over 
6 months. The cardiovascular events studied were death 
from cardiac cause, non - fatal myocardial infarction, unsta-
ble angina, and stroke. During the 6 - month follow - up, 
primary endpoints occurred in 17 patients: four in the ator-
vastatin group (incidence of 8%) and 13 in the placebo 
group (incidence of 26%) ( P    =   0.31). The risk for an event 
was compared between the groups with the Kaplan – Meier 
method, as event - free survival after vascular surgery. 
Patients given atorvastatin exhibited a signifi cant decrease 
in the rate of cardiac events, compared with the placebo 
group, within 6 months after vascular surgery. Outcome 
measures included death from cardiac causes, non - fatal 
acute myocardial infarction, ischemic stroke, and unstable 
angina. Rate of event - free survival at 6 months (180 days) 
was 91.4% in the atorvastatin group and 73.5% in the 
placebo group ( P    =   0.018). 

of which reached confl icting conclusions, there are still very 
few randomized trials of this issue.  4   Randomized controlled 
trials are still needed to explore the observation that there 
may be some harm associated with beta - blocker therapy in 
low - risk patients  25   (Level C). In fact, studies involving the 
shorter - acting agent metoprolol have shown lower or no 
effi cacy  26,27   (Level C1, B). In summary, the best approach on 
how to protect patients medically from cardiovascular com-
plications during non - cardiac surgery is still unknown. 

 Several randomized trials examined the effect of periop-
erative beta - blockers on cardiac events surrounding 
surgery. Poldermans  et al  examined the effect of bisoprolol 
on patients undergoing vascular surgery and in patients 
at high risk for perioperative cardiac complications who 
were scheduled for vascular surgery  28   (Level C1). The Mul-
ticenter Study of Perioperative Ischemia Research Group  27,29   
reported on 200 patients undergoing general surgery 
randomized to a combination of intravenous and oral aten-
olol versus placebo for 7 days. Although they found no 
difference in perioperative MI or death, they reported sig-
nifi cantly fewer episodes of ischemia by Holter monitoring 
in the atenolol versus placebo groups (24% versus 39%, 
respectively;  P    =   0.03). They then conducted follow - up on 
these patients after discharge and documented fewer 
deaths in the atenolol group over the subsequent 6 months 
(1% versus 10%;  P     <    0.001) (Level B). 

 In POISE  30   (Perioperative Ischemia) trial 8351 patients 
with, or at risk of, atherosclerotic disease who were under-
going non - cardiac surgery were randomly assigned to 
receive extended - release metoprolol succinate. Fewer 
patients in the metoprolol group than in the placebo group 
had a myocardial infarction (176 [4.2%] vs 239 [5.7%] 
patients; 0.73, 0.60 – 0.89;  P    =   0.0017). However, there were 
more deaths in the metoprolol group than in the placebo 
group (129 [3.1%] vs 97 [2.3%] patients; 1.33, 1.03 – 1.74; 
 P    =   0.0317). More patients in the metoprolol group than in 
the placebo group had a stroke (41 [1.0%] vs 19 [0.5%] 
patients; 2.17, 1.26 – 3.74;  P    =   0.0053). 

 These data indicate that although perioperative extended -
 release metoprolol reduced the risk of myocardial infarc-
tion, cardiac revascularization, and clinically signifi cant 
atrial fi brillation 30 days after randomization compared 
with placebo, the drug also resulted in a signifi cant excess 
risk of death and non fatal stroke probably due to excess 
dose leading to hypotension and with it more infections, 
stroke and noncardiac death. POISE study group authors 
highlighted the risk in assuming a perioperative  β  - blocker 
regimen has benefi t without substantial harm, and the 
importance and need for large randomized trials in the 
perioperative setting (Class 1, Level A).  30   

 Recent meta analysis of 33 trials determined that  β  block-
ers were not associated with any signifi cant reduction in 
the risk of all - cause mortality, cardiovascular mortality, or 
heart failure, but were associated with a decrease in non -

BOX 66.2  Recommendations for perioperative statin 
therapy 

  Class I 
    1.     For patients currently taking statins and scheduled for 

non - cardiac surgery, statins should be continued (Level B).     

  Class IIa 
    1.     For patients undergoing vascular surgery with or 

without clinical risk factors, statin use is reasonable 
(Level B).     

  Class IIb 
    1.     For patients with at least one clinical risk factor who are 

undergoing intermediate - risk procedures, statins may be 
considered (Level C).     
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 Short - term treatment with atorvastatin signifi cantly 
reduces the incidence of major adverse cardiovascular 
events after vascular surgery (Class II, Level B). 

 Kapoor  et al   33   carried out an exhaustive meta - analysis to 
determine the strength of evidence for using statins during 
the perioperative period to reduce the risk of cardiovascular 
events. There were 18 studies included: two randomized 
trials (n   =   177), 15 cohort studies (n   =   799   632), and one case –
 control study (n   =   480) which assessed whether statins 
provide perioperative cardiovascular protection. Twelve 
studies enrolled patients undergoing non - cardiac vascular 
surgery, four enrolled patients undergoing coronary bypass 
surgery, and two enrolled patients undergoing various 
surgical procedures. In the randomized trials the summary 
odds ratio (OR) for death or acute coronary syndrome 
during the perioperative period with statin use was 0.26 
(95% confi dence interval (CI) 0.07 – 0.99) and the summary 
odds ratio in the cohort studies was 0.70 (95% CI 0.57 – 0.87). 
Results in retrospective cohort studies were larger (OR 0.65, 
95% CI 0.50 – 0.84) than those in the prospective cohorts (OR 
0.91, 95% CI 0.65 – 1.27), and dose, duration, and safety of 
statin use were not reported. The authors concluded that 
the evidence base for routine administration of statins to 
reduce perioperative cardiovascular risk was inadequate. 

 The evidence so far accumulated suggests a protective 
effect of perioperative statin use on cardiac complications 
during non - cardiac surgery (Level C1). Most of these data 
are observational and identify patients in whom time of 
initiation of statin therapy and duration of statin therapy 
are unclear. Furthermore, statin dose, target or achieved 
low - density lipoprotein levels, and indications for statin 
therapy are also largely unclear. Suffi ciently powered ran-
domized trials are needed to determine whether these 
observed associations translate into a benefi t for statin 
therapy prescribed perioperatively for the purpose of low-
ering cardiac event rates surrounding non - cardiac surgery. 
Utilizing the perioperative period as an opportunity to 
impact long - term health, consideration should be given to 
starting statin therapy in patients who meet National Cho-
lesterol Education Program criteria  4,33,34   (Class I, Level B). 

 Eagle  et al  found that patients undergoing low - risk pro-
cedures are unlikely to derive benefi t from coronary artery 
bypass grafting (CABG) before low - risk surgery; however, 
patients with multivessel disease and severe angina under-
going high - risk surgery might well benefi t from revascu-
larization before non - cardiac surgery  35   (Class II, Level C). 

 Successful perioperative evaluation and management of 
high - risk cardiac patients undergoing non - cardiac surgery 
requires careful teamwork and communication between 
surgeon, anesthesiologist, the patient ’ s primary caregiver, 
and the consultant.  4   For many patients, non - cardiac surgery 
represents their fi rst opportunity to receive an appropriate 
assessment of both short -  and long - term cardiac risk. Thus, 
the consultant best serves the patient by making recom-

mendations aimed at lowering the immediate periopera-
tive cardiac risk, as well as assessing the need for subsequent 
postoperative risk stratifi cation and interventions directed 
at modifying coronary risk factors. 

 It is also appropriate to recommend secondary risk 
reduction in the relatively large number of elective surgery 
patients in whom cardiovascular abnormalities are detected 
during preoperative evaluations. Although the occasion of 
surgery is often taken as a specifi cally high - risk time, most 
of the patients who have known or newly detected CAD 
during their preoperative evaluations will not have any 
events during elective non - cardiac surgery. A review of a 
national Medicare population sample identifi ed a cohort of 
patients (n   =   6895) who underwent elective vascular 
surgery during a 17 - month period in 1991 and 1992.  23   The 
authors noted a relatively high mortality rate (15%) at 1 
year of follow - up among patients who did not undergo 
preoperative stress testing. However, in those patients 
(19%) undergoing preoperative stress testing with or 
without subsequent coronary bypass surgery, the mortality 
rate was lower (less than 6%).  36   

 It was postulated that part of this difference may have 
been due to effective preventive and medical treatment of 
patients with evident ischemic heart disease. Therefore, it 
is important to consider which preoperative clinical risk 
factors and non - invasive testing parameters can be used to 
help predict long - term cardiac risk.  4   

 Randomized controlled trials are still needed to explore 
the observation that there may be some harm associated 
with beta - blocker therapy in low - risk patients. 

 Recent observational studies have shown the benefi t of 
statins during the perioperative period. Future research 
should be directed at determining the value of routine 
prophylactic medical therapy versus more extensive diag-
nostic testing and interventions. 

 In the approach to the long - term postoperative manage-
ment of non - cardiac surgery patients, one should fi rst 
appreciate that the occurrence of an intraoperative non -
 fatal MI carries a high risk for future cardiac events, includ-
ing cardiovascular death.  37   Therefore, patients who sustain 
an acute myocardial injury in the perioperative or postop-
erative period should receive careful medical evaluation 
for residual ischemia and overall left ventricular function 
(Class I, Level B). 

 The ACC/AHA guidelines for post - MI evaluation in 
these types of patients should be followed as soon as pos-
sible after surgical recovery. The use of pharmacologic 
stress or dynamic exercise for risk stratifi cation should also 
be a priority in patients to help determine who would 
benefi t from coronary revascularization. In all cases, the 
appropriate evaluation and management of complications 
and risk factors such as angina, HF, hypertension, hyperlip-
idemia, cigarette smoking, diabetes (hyperglycemia), and 
other cardiac abnormalities should commence before hos-
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 Table 66.5     Recommendations for use of interventions in patients undergoing non - cardiac surgery 

   Indication     Class I (indicated)     Class IIa     Class IIb     Class III (not 
indicated)  

  Perioperative 

medical therapy  

  Beta - blockers required in the 

recent past to control 

symptoms of angina or 

patients with symptomatic 

arrhythmias or hypertension.  

  Beta - blockers: preoperative assessment 

identifi es untreated hypertension, known 

coronary disease, or major risk factors 

for coronary disease.  

  Alpha 2  - agonists: 

perioperative control of 

hypertension, or known 

CAD or major risk factors 

for CAD.  

  Beta - blockers: 

contraindication to 

beta - blockade.  

      Beta - blockers: patients at high 

cardiac risk owing to the 

fi nding of ischemia on 

preoperative testing who are 

undergoing vascular surgery.  

          Alpha 2  - agonists: 

contraindication to 

alpha 2  - agonists.  

  Intraoperative 

nitroglycerin  

  High - risk patients previously 

taking nitroglycerin who have 

active signs of myocardial 

ischemia without hypotension.  

  As a prophylactic agent for high - risk 

patients to prevent myocardial ischemia 

and cardiac morbidity, particularly in 

those who have required nitrate therapy 

to control angina.  

      Patients with signs 

of hypovolemia or 

hypotension.  

  Intraoperative use 

of pulmonary 

artery catheters  

      Patients at risk for major hemodynamic 

disturbances that are most easily 

detected by a pulmonary artery catheter 

who are undergoing a procedure that is 

likely to cause these hemodynamic 

changes (e.g. suprarenal aortic aneurysm 

repair in a patient with angina) in a 

setting with experience in interpreting 

the results.  

  Either the patient ’ s 

condition or the surgical 

procedure (but not both) 

places the patient at risk 

for hemodynamic 

disturbances (e.g., 

supraceliac aortic 

aneurysm repair in a 

patient with a negative 

stress test).  

  No risk of 

hemodynamic 

disturbances.  

  Perioperative ST 

segment 

monitoring  

      When available, proper use of 

computerized ST segment analysis in 

patients with known CAD or undergoing 

vascular surgery may provide increased 

sensitivity to detect myocardial ischemia 

during the perioperative period and may 

identify patients who would benefi t 

from further postoperative and 

long - term interventions.  

  Patients with single or 

multiple risk factors for 

CAD.  

  Patients at low 

risk for CAD.  

   CAD, coronary artery disease.    Reproduced with permission from Eagle  et al.   2   

pital discharge. It is also important to communicate these 
new observations and determinations of cardiac status and 
risk to the physician who will be responsible for arranging 
subsequent medical care and follow - up (Class I, Level C).           
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 Clinical management of diseases of 
the aorta  

  Thoralf M   Sundt   III  
  Mayo Clinic, Rochester, MN, USA        

  Introduction 

 The complexity of the diagnostic and clinical management 
aspects of thoracic aortic aneurysmal disease is refl ected in 
Sir William Osler ’ s famous aphorism  “ there is no disease 
more conducive to clinical humility than aneurysm of the 
aorta. ”   1   Shennan drew attention to a particularly lethal 
aortic pathology  –  aortic dissection  –  in his 1934 mono-
graph published by the Medical Research Council.  2   It was, 
however, only with the advent of successful surgical thera-
pies introduced by DeBakey and Cooley in the 1950s  3,4  that 
medical attention in these conditions moved from curiosity 
to cure. 

 Joyce noted in his seminal observational series of aortic 
aneurysmal disease in Olmsted County in 1960 that the 
advent of a realistic surgical option rendered an under-
standing of the natural history of the disease critical to 
assessment of the relative risks and benefi ts of interven-
tion.  5   In this series of patients seen at the Mayo Clinic 
between 1945 and 1956 with thoracic aortic aneurysmal 
disease, 50% were dead within 5 years of diagnosis. Even 
then, he and his co - authors identifi ed aortic diameter as a 
powerful predictor of rupture, the parameter which has 
dominated our understanding since. Indeed, it is remark-
able that they focused on 6   cm as a particularly critical 
dimension, with less than 40% of patients presenting with 
aneurysms greater than 6   cm in diameter alive at 5 years. 
Follow - up studies from Olmsted County portrayed an 
even worse prognosis, with only 13% of 72 patients indi-
viduals presenting with thoracic aneurysms between 1951 
and 1980 alive at 5 years.  6   This may not be surprising as 
over half of the patients in the latter series presented with 
rupture as their fi rst indication of the disease, given the 
limited diagnostic modalities of the day. Perhaps as a 
refl ection of improved radiologic techniques, the apparent 
natural history would appear to have improved, with more 

recent studies from the same institution reporting a 20% 
risk of rupture at 5 years for thoracic aneurysms.  7   At the 
same time, there was an apparent threefold increase in the 
incidence of thoracic aortic aneurysms. Incidentally, given 
our dependence on imaging modalities for detection of 
aortic disease, this phenomenon of interplay between 
diagnostic technology and apparent clinical behavior con-
tinues to impact our understanding of conditions of the 
aorta today. 

 Just as diagnostic modalities have improved over the last 
several decades, so have therapeutic options. Beginning 
with DeBakey ’ s introduction of Dacron prosthetic grafts 
for aortic replacement,  8   landmark improvements have 
included Bentall ’ s introduction of the technique for root 
replacement  9   as well as Griepp ’ s introduction of profound 
hypothermia and circulatory arrest for the management of 
aneurysmal disease of the aortic arch.  10   Today aortic root 
replacement can be accomplished with a mortality rate less 
than 5% in experienced hands  11   and arch replacement with 
similar risk under elective circumstances.  12,13   Using appro-
priate adjuncts, the risks have also dropped dramatically 
in recent years for elective repair of descending thoracic  14   
and thoracoabdomional aortic aneurysms  15,16   in centers of 
excellence. Most recently, endovascular technologies have 
been introduced for repair of descending thoracic aortic 
aneurysms, again challenging us to fi nd the balance 
between risks of the intervention and the natural history of 
the disease. Equally the advent of valve - sparing aortic root 
repair has altered the risk/benefi t analysis and threshold 
for recommending prophylactic aortic surgery.  17    

  Nomenclature and  d efi nitions 

 By far the majority of aortic conditions presenting in adults 
requiring surgical intervention are aneurysmal in nature. 
While coarctation and even interrupted aortic arch may 
present in adults, these are uncommon and are perhaps 
most fruitfully discussed in the context of adult congenital 
heart disease. The majority of aneurysms are  “ degenera-
tive ”  in nature, in contrast to traumatic pseudoaneurysms 
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and chronic dissections. By defi nition, the wall of a pseu-
doaneurysm lacks all three layers of the normal aortic wall 
 –  intima, media and adventitia  –  and accordingly chronic 
dissections fall into this classifi cation as well, although they 
are seldom referred to as such. Postsurgical anastomotic 
pseudoaneurysms may also occur, although they are 
remarkably uncommon.  18   

 The term  “ degenerative ”  is applied to aneurysms associ-
ated with a wide variety of conditions ranging from 
mundane to exotic. Chronic hypertension, particularly 
when combined with tobacco abuse, accounts for the 
majority of aneurysms of the ascending aorta, with connec-
tive tissue diseases of defi ned or undefi ned type account-
ing for a smaller but signifi cant fraction.  19   Giant cell arteritis 
is increasingly recognized as a cause of aneurysmal disease, 
particularly among women.  20   Finally, ascending aortic 
aneurysms associated with bicuspid aortic valve disease 
are also generally considered  “ degenerative ”  and account 
for a considerable fraction of ascending aneurysms coming 
to surgery today. 

 The distinction between aortic ectasia and true aneurys-
mal dilation is subject to some degree of interpretation. 
Nomograms depicting normal aortic dimensions versus 
body surface area may be useful,  21   particularly in pediatric 
populations; however, there is no bright line between 
enlargement and aneurysm. Furthermore, changes in body 
mass, which may occur with age, can certainly infl uence 
these assessments in the adult. Perhaps a more practical 

defi nition of aneurysm as suggested by Crawford is 
enlargement to greater than twice the diameter of the adja-
cent normal aorta.  22   

 Full characterization of aortic disease must also include 
a description of the location and extent of the aneurysm 
itself. This should ideally include distinction between dila-
tion of the ascending aorta and of the root. Either or both 
may be enlarged. Accordingly, in our institution, we have 
adopted a classifi cation scheme as depicted in Figure  67.1 . 
Unfortunately this distinction is not always made in the 
literature. Accordingly there is sometimes confusion over 
what best to do with a patient having enlargement of the 
sinuses but not the ascending aorta (Fig.  67.2 ) when guide-
lines refer to the ascending aorta specifi cally. Safi  has 
proposed a classifi cation scheme for aneurysms of the 
descending thoracic aorta as well (Fig.  67.3 ), and has dem-
onstrated its correlation with operative risk.  15   Thoracoab-
dominal aneurysms in turn are conventionally classifi ed 
according to Crawford ’ s schema as shown in Figure  67.4 .  23     

 The location and extent of aortic dissection are critical in 
clinical decision making as well. Acute aortic dissection 
represents a mechanical failure of the aortic wall with the 
propagation of a plane of dissection within a weakened 
media creating a  “ double - barrel ”  aorta with a channel of 
fl ow into a true and false lumen. Uncommonly, the latter 
may thrombose completely; more often the false lumen 
remains at least partially patent and is actually larger than 
the true lumen. In some instances the false channel may 

 Figure 67.1     Although it is widely 
recognized that bicuspid aortic valve is 
associated with ascending aortic aneurysm, in 
point of fact, there are at least three 
phenotypes which should be distinguished. 
The most common is a supracoronary 
aneurysm confi ned to the ascending aorta. 
We refer to this as a Type I aneurysm. The 
Type II aneurysm demonstrates effacement of 
the sinotubular junction with generalized 
enlargement of the ascending aorta and root. 
This pathology more commonly demands 
complete root replacement surgically. Type I 
in contrast can be managed with a separate 
valve and graft. The least common is Type III 
with aneurysmal dilatation of the root 
reminiscent of Marfan syndrome. The 
ascending aorta can, in fact, be of entirely 
normal diameter with quite signifi cant 
enlargement of the sinuses. 
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 Figure 67.2     This sagittal CT scan demonstrates a Type III aneurysm with 
signifi cant enlargement of the sinuses of Valsalva but a relatively normal 
ascending aorta. 

(a) (b) (c)

 Figure 67.3     Safi  has defi ned three types of 
descending thoracic aortic aneurysms with, 
from right to left, Type A aneurysms involving 
the upper descending thoracic aorta alone, 
Type B aneurysms involving the lower 
descending thoracic aorta and, Type C 
aneurysms involving the entire descending 
thoracic aorta. The risks associated with 
surgical intervention are correspondingly 
associated with the extent of the disease. 

by DeBakey into three types     (Fig.  67.6 ),  4   a simpler if 
somewhat less informative system proposed by Shum-
way ’ s group (Fig.  67.6 )  24   has become more popular, par-
ticularly among non - surgeons. In the latter system, those 
dissections involving the ascending aorta, including both 
DeBakey type I and II, are classifi ed as  “ Stanford type A ”  
which is easily remembered ( “ A ”  for  “ ascending ” ) and is 
of practical value as the immediate clinical management is 
the same. Those not involving the ascending aorta (DeBakey 
type III) are by elimination  “ Stanford type B. ”    

 Aortic dissections are also the principal causes of  “ acute 
aortic syndromes, ”  a term coined by Vilacosta and Roman 
in reference to clinical presentation of a variety of aortic 
pathologies intended to draw attention to these entities in 
contrast with the much more common causes of chest pain 
 –   “ acute coronary syndromes. ”   25   Unfortunately, the former 
continues frequently to be mistaken for the latter even in 
today ’ s age of advanced imaging modalities.  26   Given the 
opposing aims of therapies for each  –  anticoagulation 
versus surgical intervention  –  this misdiagnosis can have 
tragic consequences. 

 Other causes of acute aortic syndrome include symptom-
atic thoracic aortic aneurysm (a relatively uncommon con-
dition) and the so - called  “ variant forms ”  of acute dissection 
 –  intramural hematoma (IMH) and penetrating atheroscle-
rotic ulcer (PAU). By defi nition, the term intramural hema-
toma refers to the presence of hematoma within the wall 
of the aorta without apparent intimal disruption as 
described in 1920 by Krukenberg.  27   This defi nition was 
created at a time when the diagnosis of intramural hema-
toma was made at autopsy or, somewhat more recently, at 

compress the true lumen, causing a pseudo - coarctation, or 
in the extreme may cut off blood fl ow to end - organs, 
causing a malperfusion syndrome. Originally classifi ed 
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 Figure 67.4     The Crawford classifi cation of thoracoabdominal aneurysmal 
disease includes Type I aneurysm with involvement of the entire 
descending thoracic aorta and upper abdominal aorta including the origins 
of the visceral vessels, a Type II aneurysm involving the descending thoracic 

open surgical intervention. In the current era, the diagnosis 
of these conditions is most often made radiologically and 
accordingly a distinction between IMH and so - called  “ non -
 communicating dissection ”  with complete thrombosis of 
the false lumen can be diffi cult. Indeed, one could argue 
that such a distinction is impossible, as it relies upon the 
demonstration of absence of a disruption. Lack of active 
fl ow communication is more straightforward, of course, 
and from a practical standpoint may be more important as 
IMH and non - communicating aortic dissection with throm-
bosis of the false lumen likely behave very much alike. 

 Penetrating atherosclerotic ulcer as a distinct entity was 
most clearly defi ned by Stanson and colleagues in 1986.  28   
Penetrating atherosclerotic ulcers represent intimal disrup-
tions with extension into the medial layer. They most often 
occur in the heavily atherosclerotic descending thoracic 
aorta with a propensity to arise in the distal descending 
thoracic aorta. Typically they are surrounded by at least 
some element of IMH (although if one is adherent to Kruken-
berg ’ s defi nition above one would question the use of this 
term). Penetrating atherosclerotic ulcers are most often dis-
cussed in the context of acute aortic syndromes, although a 
signifi cant percentage are identifi ed as incidental fi ndings 
during radiologic studies for other reasons.  29   The principal 

radiologic challenge is differentiating this entity from heavy 
intraluminal thrombus with surface irregularities. 

 A variety of congenital conditions can also cause aneu-
rysms of the aorta. Among these the most common is dila-
tion of the origin of an aberrant subclavian artery (Fig. 
 67.7 ). Most often this is an aberrant right subclavian artery 
in the presence of a left aortic arch although the converse 
may occur as well. The origins of such vessels are often 
somewhat dilated and again as noted above, the distinction 
between a diverticulum of Kommeral and true aneurysm 
is somewhat subjective. The indication for intervention is 
as often dysphagia lusoria from compression of the esopha-
gus as it is the actual dimensions of the structure.    

  Incidence 

 As noted above, both the estimated incidence and apparent 
natural history of thoracic aortic aneurysmal disease 
depend to an extraordinary degree on imaging technology, 
in terms of both technical resolution and clinical applica-
tion, since most aneurysmal disease is asymptomatic 
until disaster strikes. Still, in most modern studies the 
incidence of thoracic aortic aneurysms is estimated at 

aorta and entire abdominal aorta, Type III  –  an aneurysm involving the 
lower descending thoracic aorta and abdominal component and Type IV 
 –  perivisceral abdominal aortic aneurysm involving the origins of the 
visceral vessels but sparing the majority of the descending thoracic aorta. 
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(a) (b) (c) (d)

 Figure 67.5     The pathogenesis of aortic 
dissection is thought to originate with an 
intimal tear which allows blood entry into the 
media with propagation of the dissection 
distally. In some instances, the false channel 
will thrombose resulting in a 
 “ noncommunicating dissection. ”  It is 
currently held that intramural hematoma 
begins with rupture of the vasorum 
progressing to a clotted hematoma. In some 
instances, that hematoma may rupture into 
the lumen allowing dissection to form. 

 Figure 67.6     The classifi cation of aortic 
dissection may be either the DeBakey or 
Stanford classifi cation. From left to right, the 
most common is the DeBakey Type I or 
Stanford Type A dissection involving the 
entire aorta. DeBakey Type II dissection 
involves the ascending aorta alone. Because it 
involves the ascending aorta, it is also 
classifi ed as a Stanford Type A. The DeBakey 
Type III dissection involves the descending 
thoracic (III - A) or thoracoabdominal (III - B) 
aorta and may also be termed a Stanford 
Type B dissection. 
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improved with an increasing frequency of surgical proce-
dures performed and a declining operative mortality. 

 With regard to acute aortic syndromes and aortic dissection, 
in another Olmsted County study, Clouse and colleagues 
estimated the incidence of aortic dissection at 2.9 per 100,000 
persons per year.  31   Meszaros has estimated the incidence in a 
Western European study to be 3.5 per 100,000 persons per 
year.  32   Two - thirds of these dissections involve the ascending 
aorta.  33   Intramural hematomas are generally thought to rep-
resent approximately 5 – 10% of acute aortic syndromes  34   
whereas PAU are far less common. The latter two conditions 
tend to occur in patients of somewhat more advanced age.  

  Natural  h istory and  p rognosis 

 The natural history of thoracic aortic aneurysmal disease is 
progressive. The most commonly cited predictor of behav-
ior as identifi ed by Joyce in all subsequent studies is aortic 
diameter, with risk rising particularly beyond 6   cm.  5,35   In 
the study by Clouse  et al , the rupture risk for aneurysms 
less than 4   cm in diameter was negligible, while that for 
aneurysms between 4 and 5.9   cm was 16% and that for 
aneurysms 6   cm or larger was 31%.  7   Other factors enter 
play as well, although less well recognized perhaps. Clouse 
identifi ed female gender and advanced age as risk factors 
for rupture.  7   Juvonen and Griepp performed a sophisti-
cated analysis of risk factors for rupture of thoracoabdomi-
nal aneurysms,  36   confi rming these risk factors as well as 
chronic obstructive pulmonary disease. Not surprisingly, 
hypertension has been identifi ed as a risk factor as well.  37   

 The most comprehensive analysis of the impact of diam-
eter on rupture risk has been performed at Yale University 
through the efforts of Elefteriades and Rizzo using their 
thoracic aortic aneurysm database. A number of important 
publications have derived from this work. Coady identi-
fi ed a hinge point for rupture of the ascending aorta at 6   cm 
while that for descending thoracic aorta was 7.2   cm.  38   As 
intervention at this dimension would be at the expense of 
a signifi cant number of ruptures, most surgeons have 
adopted 5.5   cm for the ascending aorta and 6.5   cm for the 
descending thoracic aorta as criteria for intervention (Class 
I, Level C). Subsequent work has demonstrated that the 
annual risk of aortic catastrophe, taking rupture, dissection 
or death as the composite endpoint, rises to 15.6% for aneu-
rysms greater than 6   cm in diameter as shown in Figure 
 67.8 .  37   The correlation is even stronger when the diameter 
is indexed as body surface area: an indexed dimension of 
2.75   cm/m 2  is associated with a risk of 4% per year while 
that greater than 4.25   cm/m 2  is associated with a risk of 
approximately 20% per year.  39   Unfortunately, the weakness 
of these data is that they are derived from a surgical data-
base, and therefore may be somewhat biased toward malig-
nant behavior as in any such database the cases entered 

 Figure 67.7     Aberrant origin of the left subclavian artery from a right 
aortic arch with a diverticulum of Kommeral. 

between 8 and 12 per 100,000 person - years. In the Olmsted 
County study mentioned above, Clouse and colleagues 
estimated the incidence of thoracic aneurysms in that 
population to be 10.4/100,000 person - years.  7   Perhaps the 
most comprehensive study of thoracic aortic aneurysmal 
disease to date was reported by Olsson in 2006, with unique 
tracking of the population of Sweden over a 16 - year 
period.  30   This study encompasses a population of 8.7 
million. Thoracic aortic aneurysms greater than 5   cm in 
diameter, true dissections and intramural hematomas were 
tracked. The incidence appeared to gradually rise over the 
time of the study with approximately 16.3 males/100,000 
person - years and 9.1 females/100,000 person - years diag-
nosed in 2002. As the apparent incidence rose, prognosis 
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represent those referred for consideration, in contrast to 
population - based studies.   

 Implicit in these guidelines is the accurate measurement 
of aortic dimensions. Whether by echocardiography or 
computed tomography, the dimensions measured depend 
upon the selection of the optimal image with maximal 
dimensions while appropriately placing the measurement 
cursor normal to the long axis of the vessel. As shown in 
Figure  67.9 , oblique images will provide deceptively large 
measures if one is not cautious. Surgeons therefore speak 
of using the smallest measured diameter on the image with 
the largest dimensions. On the other hand, asymmetric or 
saccular aneurysms should be measured in the longer 
dimension. In our view, the advent of three - dimensional 

reconstructions of aortic images has proven very benefi cial. 
It should also be noted that the sinuses of Valsalva are 
always somewhat larger than the ascending aorta and the 
majority of studies reporting ascending aortic dimensions 
do not distinguish whether they were evaluating the 
ascending aorta or root. In all likelihood, the majority are 
referable to the ascending aorta. Still, we apply these 
dimensions even when the dilation is largely in the root. In 
particular in the setting of Marfan syndrome and some 
familial thoracic aortic aneurysms, the ascending aorta 
itself may be remarkably normal in dimension with almost 
all the dilation in the sinuses themselves. Therefore, one 
may be just as readily lulled into a false sense of security 
with a falsely low aortic dimension if only those dimen-
sions in the ascending aorta are considered.   

 It is likely that the risk of rupture can be reduced through 
the administration of antihypertensive medications (Class 
IIa, Level B). Among patients with Marfan syndrome, 
studies by Schor and colleagues  40   and Rossi - Foulkes and 
co - workers  41   have demonstrated the protective effect of 
beta - blockers or calcium antagonists respectively on aortic 
dilation and, in the former case, aortic complications. 
Yetman and associates have also utilized the angiotensin -
 converting enzyme enalapril in patients with Marfan syn-
drome demonstrating improved aortic distensibility, 
reduced aortic stiffness, and a smaller increase in aortic 
diameter.  42   Exciting data from the Dietz laboratory at Johns 
Hopkins have also suggested that use of the angiotensin 
receptor blocker losartan may have a favorable impact on 
aortic remodeling as well.  43   

 Although the details of the pathophysiologic basis of 
aortic aneurysmal disease are largely beyond the scope of 
this chapter, they may have an impact on clinical behavior. 
This is most obvious in the case of Marfan syndrome in 
which it is widely accepted that the risks of dissection and 
rupture are, size for size, greater than for aneurysms of 
other etiology.  44   The association between mutations in the 
fi brillin gene and Marfan syndrome has been known for 
many years now.  45   The pathogenesis was assumed to relate 
to the critical role of fi brillin in the extracellular matrix as 
the main component of the 10 – 20   nm microfi brils which 
associate with elastin in the media. Such mutations have 
been shown to increase susceptibility to proteolysis and, as 
a consequence, microfi bril and elastin fragmentation. In the 
last several years, however, intriguing results from the Dietz 
laboratory have suggested a role for dysregulation of trans-
forming growth factor beta (TGF -  β ) signaling in Marfan 
syndrome.  46   Amino acid sequence homology identifi ed in 
silico between fi brillin - 1 and latent TGB -  β  proteins (LTBPs) 
suggested that alterations in fi brillin might impact TGB -  β  
levels in the tissues due to decreased binding. Indeed, labo-
ratory studies have shown that alterations in TGB -  β  signal-
ing may lead to alterations in extracellular matrix 
homeostasis in the lung as well as the aorta. Subsequent 

 Figure 67.8     The risks associated with aortic aneurysms of various 
diameter as determined by Davies  et al.  from the Yale University Thoracic 
Aortic Database. 

 Figure 67.9     The true diameter of the aorta at any given level as derived 
by 2 - D axial imaging will be the smallest diameter as measured on the 
image at that level. Oblique images will yield an oval, of which the 
smallest diameter is most accurate assuming a cylindrical structure. 
Three - D reconstructions permit more accurate assessments measuring the 
diameter normal to the axis of blood fl ow. 
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studies have demonstrated an important role for TGB -  β  in 
other related aortopathies including mutations in the TGB -  β  
receptor type I and II genes in the  “ Marfan syndrome II ”  
phenotype and other familial thoracic aortic aneurysm syn-
dromes.  47 – 49   A particularly malignant form of such a familial 
syndrome is the recently defi ned Loeys – Dietz syndrome 
which may be secondary to mutations in TGF BRI or TGF 
BRII.  50   Individuals so affected are particularly susceptible to 
widespread aneurysmal dilation early in life. The clinical 
signifi cance of such fi ndings is the potential for genetic 
testing, permitting prophylactic operative repair of the sus-
ceptible aortas of family members who may well be suscep-
tible to dissection at lower aortic diameters. 

 The association between bicuspid aortic valve and 
ascending aortic dilation has long been recognized.  51   There 
is mounting evidence that the aortopathy is primary, and 
not secondary to altered fl ow dynamics, as it may be 
present even with a functionally normal valve.  52   Structural 
abnormalities including gross degenerative histologic 
abnormalities commonly referred to as  “ cystic medial 
necrosis, ”   53   thinning of elastic lamellae,  54   smooth muscle 
cell apoptosis  55   and increased matrix metalloproteinases  56   
have been observed in the associated aneurysmal aorta. 
While there is agreement that the risk of dissection is higher 
among patients with a bicuspid valve,  57   the relationship 
between dissection and aortic diameter is less so, with no 
studies thus far documenting a higher risk of aortic com-
plications at a given dimension than other aortic dilations. 
Accordingly, while the presence of documented Marfan 
syndrome or another familial syndrome can be cogently 
argued as a rationale for predicting a worse outcome and 
therefore more aggressive approach to management, the 
same cannot as clearly be said for bicuspid disease. Having 
said this, a small study by Svensson and colleagues sub-
stantiates the notion that patients with bicuspid disease 
may dissect at dimensions less than 5   cm.  58   Recent data 
from the IRAD database demonstrate that this may be true 
even in patients with trileafl et valves,  59   although such 
studies look only at the numerator and accordingly cannot 
address actual risk for the population as a whole. Since a 
very large number of patients have an aortic diameter less 
than 5.0 or 5.5   cm, the occurrence of dissections among 
these individuals may take place at a very low incidence 
 –  potentially far less than the risk of aortic replacement 
surgery. The argument for treating patients with bicuspid 
disease differently with a specifi cally lower threshold for 
replacement is therefore weakened. Nonetheless, it is well 
documented that the ascending aorta may continue to 
dilate even after aortic valve replacement in the setting of 
bicuspid disease.  60,61   Accordingly, a number of investiga-
tors have advocated prophylactic replacement of the 
ascending aorta at the time of bicuspid valve repair or 
replacement should it exceed 4.5 – 5   cm (Class IIb, Level C). 
These criteria are generally accepted.  

  Diagnosis 

 The diagnostic modalities employed in evaluation of aortic 
disease are similar regardless of the etiology of the condi-
tion. By far the most commonly employed technology is 
computed tomography. This is in part due to its wide-
spread availability. Image acquisition is also less operator 
dependent although interpretation still requires special 
expertise. Indeed, the majority of thoracic aortic aneurysms 
are asymptomatic and are identifi ed at the time of CT scan-
ning for other reasons. CT scanning is also the most 
common fi rst modality employed in the diagnosis of tho-
racic aortic dissection.  33   Frequently such a study is per-
formed for the purpose of ruling out pulmonary embolism 
in the patient with acute - onset chest pain without ECG 
changes or enzymatic evidence of myocardial infarction. It 
should be noted that since aortic aneurysmal disease is 
commonly multifocal,  22,62   complete imaging of the entire 
thoracic and abdominal aorta should be performed in all 
patients with a diagnosis of thoracic aortic aneurysm. 

 Echocardiography is also commonly employed in 
the evaluation of patients with thoracic aortic disease. 
Indeed, many ascending aortic aneurysms are discovered 
incidentally during echocardiography for suspected valvu-
lar conditions. This highlights the importance of imaging 
of the ascending aorta, arch to the extent possible, and 
descending thoracic aorta as a standard part of routine 
transthoracic and transesophageal echocardiography. 
Transesophageal echocardiography is the second most 
common modality used in the diagnosis of acute dissection 
and is particularly helpful in that context for evaluating the 
function of the aortic valve in that setting.  33   

 Magnetic resonance imaging is less commonly per-
formed as the initial diagnosis test.  63   It has a greater role 
perhaps in serial follow - up of patients with aneurysmal 
disease as it does not subject the patient to radiation. In the 
case of a young individual, the amount of radiation deliv-
ered by annual or biannual CT scanning for follow - up of 
thoracic aortic aneurysm can be quite considerable. In 
many cases, MRI is selected as the technique of choice for 
serial exams. Most surgeons fi nd these images cumber-
some, however, and prefer CT scanning.  

  Management 

 Management of thoracic aortic aneurysmal disease is 
dependent upon the location within the aorta, the etiology 
of the aneurysm and the acuity of its presentation. The 
thoracic aorta is itself a more complex structure than might 
be presumed. Far from being a simple tube, it has signifi -
cant elastin content that serves a  “ Windkessel function ”  of 
storing energy in systole and returning it in diastole.  64   This 
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improves coronary artery blood fl ow proximally, and likely 
helps to distribute forces within the vascular tree more 
effectively. Elastin content varies along the length of the 
aorta, with the highest content proximally. Given very dif-
ferent forces  65   and mechanical properties,  66   it should come 
as no surprise that the behavior of pathologic entities such 
as classic aneurysm, IMH or acute dissection varies accord-
ing to location. The etiologic basis of the aneurysmal condi-
tion may also play a role in determining the optimal 
management. This is particularly true for individuals with 
genetic causes of aneurysmal disease including Marfan 
syndrome, familial thoracic aortic aneurysm, and bicuspid 
aortic valve in whom the mechanical properties of the aorta 
itself appear altered.  67   While our understanding of these 
conditions is still in its adolescence, if not infancy, in general 
a more aggressive posture is adopted towards those aneu-
rysms and dissections associated with an underlying 
genetic cause.  68   Finally, the acuity of presentation is an 
important determinant of the management strategy and 
will be refl ected below by our separation of the manage-
ment strategies according to this parameter. 

  Acute  a ortic  s yndrome 

 As noted above, the term acute aortic syndrome was coined 
in reference to conditions presenting acutely with chest 
pain secondary to the abnormalities of the thoracic aorta.  25   
Accordingly, it includes aortic dissection and its related 
conditions, IMH and PAU. Broadly speaking, it may also 
include post - traumatic pseudoaneurysms to the extent that 
these are acute aortic events. Finally, it may be argued that 
an acutely symptomatic thoracic aortic aneurysm without 
dissection should be considered under this heading. 

 Essentially all causes of acute aortic syndromes are treated 
acutely with anti - impulse therapy while the diagnosis is 
made in the interest of reducing hydrodynamic stress.  69   This 
is accomplished fi rst with beta - blockade to reduce dP/dt.  70   
Other vasodilating agents are then added as needed to 
reduce systolic blood pressure (Class I, Level C). 

  The  r oot,  a scending  a orta and  a rch 
 Acute aortic syndromes involving the ascending aorta are 
managed surgically in almost all instances. (Class I, Level 
C). The case is most clearly and unequivocally made for 
acute dissection, an entity for which the non - operative 
management carries a mortality rate of 50% or more,  33,71   
even in the current era. The mortality rate associated with 
surgical repair varies among series roughly from 10% to 
25%,  72 – 74   depending upon the age and hemodynamic state 
of the patients preoperatively  75,76   and, likely, the experience 
of the surgical team. 

 Early reports of IMH involving the ascending aorta indi-
cated a high mortality rate with non - operative manage-
ment, leading to recommendations that all such lesions be 

treated surgically.  77,78   This view was supported by the 
majority of subsequent studies,  79,80   including a multicenter 
European study  81   and recent meta - analysis.  82   In recent 
years, there has been an alternative view of the manage-
ment of intramural hematoma of the ascending aorta 
expressed by some Asian authors. Several institutions have 
reported satisfactory results with an expectant approach to 
type A IMH.  83 – 87   Importantly, however, this approach as 
practiced by these authors involved hospitalization of 
patients for up to 1 week in the intensive care unit and 1 
month in hospital with assiduous blood pressure control, 
frequent imaging, and a willingness to convert emergently 
to surgical therapy if the IMH progressed. Among those 
reported by Kaji ’ s group, for example, 43% had surgery 
during their hospitalization and 60% eventually pro-
gressed,  87   as did 50% of those treated in Moizumi ’ s series.  88   
A signifi cant number of late IMH - related deaths occurred 
in the latter series as well. There may be a cost in terms of 
operative risk as well, with this approach of necessity 
bringing patients to surgery under urgent or emergent cir-
cumstances rather than semi - electively. In Song ’ s series the 
operative mortality rate was fully 20%,  89   much higher than 
that reported by others in the 5% range.  84,90   

 Predictors of successful non - operative management 
include younger age, diameter less than 50   mm and thick-
ness less than 11 – 12   mm.  87,88,91   The presence of a PAU is seen 
by most as a predictor of bad outcome, and there seems to 
be no disagreement that  “ type A ”  PAU should be treated 
operatively.  80   

 The principal surgical approach for management of an 
acutely symptomatic aneurysm or dissection involving the 
ascending aorta is graft replacement of the affected segment. 
This is most often accomplished with a Dacron graft, essen-
tially the same as that introduced by DeBakey almost a 
half - century ago.  8   Aortoplasty procedures for degenerative 
aneurysms in which a portion of the wall is excised and 
repaired primarily  92 – 95   have largely fallen by the wayside 
due to the risk of recurrent dilation. 

 Repair of aneurysms of the proximal aorta may be 
accomplished with or without root replacement/repair 
(Fig.  67.10 ). If only the ascending aorta is involved and the 
valve and sinuses are spared, tube graft replacement of the 
ascending aorta may be performed. If the valve is dysfunc-
tional but the sinuses of Valsalva are spared, a separate 
valve replacement and supracoronary graft may be appro-
priate. Alternatively, if the sinuses of Valsalva are diseased, 
as may be the case in the setting of acute dissection or in 
cases of aneurysmal disease secondary to underlying 
genetic abnormalities such as Marfan syndrome, com-
plete root replacement is appropriate. This may be accom-
plished with a mechanical valved conduit which is 
purchased directly from the manufacturer with the valve 
prosthesis, with the Dacron graft integral to the mechanical 
prosthesis. For older patients in whom one would likely 
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select a biologic prosthesis under elective conditions, a bio-
logic root replacement can be accomplished either by using 
a free - standing biologic root prosthesis such as a human 
allograft or stentless Porcine xenograft, or simply by fash-
ioning a  “ home - made ”  biologic composite by sewing a 
Dacron graft to a stented tissue valve. The operative risk 
associated with root replacement has been reported to be 
less than 5% in experienced hands, although data from the 
Society of Thoracic Surgeons database suggest that in the 
practice of cardiac surgery at large, adding root replace-
ment to aortic valve replacement increases operative risk 
almost threefold.  96     

 Finally, for individuals whose valve leafl ets are relatively 
normal and in whom the disease is confi ned to the aortic 
wall itself, several valve - sparing root repair procedures 
have been developed. By far the most popular today is the 
valve reimplantation technique of David.  17   In this proce-
dure, the aortic wall including aortic sinuses are debrided, 
leaving the valve itself intact. The Dacron graft is lowered 
over the root and the valve leafl ets resuspended within the 
Dacron graft itself such that the sinuses have been replaced 
in their entirety. Coronary arteries are reimplanted into this 
Dacron graft as they are in the composite and root grafts 
noted above. There is some uncertainty regarding the long -
 term durability of this fi nal option as it has been employed 
for only slightly over a decade. Early results are promising, 
however, and it is being embraced with increasing enthu-
siasm by the surgical community. 

 The extent of distal replacement is dependent upon the 
extent of disease. In the case of a symptomatic aneurysm 
confi ned to the ascending aorta or a DeBakey type II dis-

section or intramural hematoma, replacement of the ascend-
ing aorta alone may be all that is required. Very commonly, 
these procedures are performed under profound hypother-
mia with circulatory arrest to permit extirpation of the 
entire ascending aorta right to the orifi ce of the brachioce-
phalic trunk. Although data demonstrating an impact of 
using circulatory arrest for conduct of an  “ open distal anas-
tomosis ”  on late outcomes are mixed,  97 – 99   it has been widely 
adopted (Class IIa, Level C). In the setting of acute dissec-
tion, particularly DeBakey type I dissections which extend 
through the arch, there is greater debate over the extent of 
repair required. It is commonly stated that the resection 
must  “ encompass the distal tear. ”  Unfortunately, from a 
practical standpoint, there are often multiple tears through-
out the arch. Many authors will simply primarily repair the 
tear and perform hemiarch replacement (Fig.  67.11 ) in order 
to avoid total arch replacement.  100     

 Total arch replacement is a major technical undertaking, 
as it demands a thoughtful approach to neurologic protec-
tion while the brachiocephalic vessels are being recon-
structed. In the setting of acute dissection, authors from 
Japan have reported outstanding results with mortality 
rates less than 10%.  101,102   Western authors have been reluc-
tant to advocate the same in the setting of acute dissection 
despite improving results for arch replacement in elective 
procedures.  12   This may in part be due to studies published 
thus far which fail to demonstrate an impact of the more 
aggressive distal repair on reoperation rate.  103,104   Accord-
ingly, surgeons in the United States have tended to be 
rather conservative, performing the hemiarch replacement 
predominantly.  

(a)
(b)

(c)

(d)

 Figure 67.10     Surgical options for the 
ascending aorta and root in the presence of 
valvular disease include: (a) tube - graft 
replacement of the ascending aorta with 
correction of the sinotubular junction to 
correct aortic regurgitation secondary to 
displacement of he commissures, (b) separate 
valve - and - graft repair of the supra - coronary 
aorta, (c) Composite root replacement, and 
(d) valve - sparing root repair. 
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  Descending  t horacic and  t horacoabdominal  a orta 
 Those acute aortic syndromes due to pathology involving 
the descending thoracic aorta are, in general, treated 
non - operatively (Class IIa, Level C). In the classic study 
by Glower and Miller comparing surgical and medical 
management of acute (and chronic) type B dissection, early 
and late survival were equivalent regardless of treatment 
strategy.  105   As the trend shifted toward medical manage-
ment unless complications such as continued pain or 
expansion, rupture or malperfusion due to branch vessel 
occlusion occurred, more recent studies have demonstrated 
a higher mortality rate among surgically treated patients. 
In the large multicenter IRAD database, the in - hospital 
mortality rate for acute type B dissection was approxi-
mately 10% as compared with approximately 30% for the 
surgical patients.  33,106   While a 10% mortality rate is not low, 
this number includes both complicated and uncomplicated 
dissections. If one considers only uncomplicated type B 
dissections, the mortality rate is in the low single digits.  107   
These data of course beg the question of the place of endo-
vascular stent grafting for uncomplicated dissection. 

 The variant forms IMH and PAU are generally treated 
non - operatively as well (Class IIa, Level C). Malperfusion 
is uncommon with these entities,  108   drawing an equiva-
lency with uncomplicated dissection in the view of many. 
A number of studies have documented better behavior of 
IMH as compared with acute dissection.  34,79,81,87,109   It must 
be noted, however, that some authors have argued that the 
plane of dissection in IMH is closer to the adventitia than 
that for dissection, and they therefore argue for a more 

aggressive approach.  90,110   Still, the majority view is that type 
B IMH may be treated pharmacologiacally, a view sup-
ported by a comprehensive meta - analysis performed by 
Maraj and colleagues.  82   Although acute behavior in general 
is superior with intramural hematoma, this is not to trivial-
ize the risk as IMH may progress rapidly to acute dissec-
tion or rupture.  109   Elefteriades has emphasized the 
importance of careful follow - up.  79   

 In the setting of malperfusion manifest as stroke or para-
plegia, gastrointestinal ischemia, renal impairment or limb 
ischemia, intervention is indicated (Class IIa, Level C). 
Unilateral limb ischemia may be addressed by an extra -
 anatomic bypass such as a femoral – femoral bypass. More 
complex malperfusion syndromes are better addressed 
with fenestration, either open  111   or percutaneous,  112,113   or 
with endovascular stent grafting.  114   Insertion of a covered 
stent graft proximally with or without distal implantation 
of uncovered stents has been shown to restore fl ow in the 
true lumen, redirecting blood fl ow and restoring visceral 
perfusion. While no stent grafts are currently FDA approved 
in the United States for this application, this is likely the 
most common indication for stent grafting in the setting of 
acute dissection in the United States and the world today.  

  Traumatic  t ranssection 
 Finally, a special word should be said about the current 
management of acute aortic transsections with pseudoan-
eurysm as a cause of acute aortic syndrome. Traumatic 
transsections occur as a consequence of acute deceleration 
injury and are typically located adjacent to the ligamentum 

(a)

(b)

(c)

(d)

 Figure 67.11     Surgical options for the aortic 
arch include: (a) hemi - arch replacement, 
(b) total arch replacement with branch - graft 
reconstruction of the brachiocephalic vessels, 
(c) total arch replacement with reimplantation 
of the brachiocephalic vessels as an island, 
(d) total arch replacement with double - Y graft 
reconstruction of the brachiocephalic vessels. 
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arteriosum. A variety of mechanisms have been proposed 
but it is clear that this region of the aorta is subjected to 
particular stress as it transitions from a relatively fi xed 
mediastinal arch to a more mobile intrathoracic descending 
thoracic aorta. The aorta is also tethered at this location by 
the ligamentum arteriosum and this may in turn exert par-
ticular traction forces at this location, accounting for the 
typical location of these pseudoaneurysms on the under-
side of the arch. 

 Traditional teaching has been to treat all aortic transsec-
tions surgically at the time of diagnosis (Class IIa, Level 
C). This is often complicated by concomitant injuries which 
have been suffered by these multi - trauma patients. A 
school of thought has therefore arisen concerning delayed 
treatment of such pseudoaneurysms with aggressive anti -
 impulse therapy in the interim.  115   The results of this 
approach have been reported by only a few groups but 
seem to be satisfactory. Indeed, if one looks at the original 
studies of aortic transsection upon which the philosophy 
of immediate surgical repair is based, the landmark study 
by Parmely and associates was an autopsy study per-
formed at the Armed Forces Institute of Pathology.  116   Not 
surprisingly, the majority of these patients died. In point of 
fact, what this study demonstrates more than anything is 
the time course of death among patients with transsection 
who do in fact succumb. It does not address in any way 
the patients who experience partial transsection who 
survive. A more recent multicenter study reported by 
Fabian and associates reinforces this view with signifi cant 
mortality and morbidity associated with transsection.  117   
The majority of patients succumbing, however, do so in the 
fi rst 36 hours, suggesting that individuals who come to 
medical attention with this condition beyond this point 
have  “ survived the trial of life ”  and perhaps might be 
treated non - operatively. The advent of stent grafting pro-
vides yet another approach.  114,118 – 120   The principal limitation 
here relates to the dimensions of the aorta as many of the 
individuals suffering traumatic transsection are young and 
have relatively small aortas for which currently available 
stent grafts are too large. Nonetheless, this is an appealing 
application of stent graft technology and likely an area that 
will grow in importance over time.   

  Subacute  d isease 

 Because of the highly lethal nature of acute aortic syn-
dromes, those presenting subacutely are most often treated 
similarly to the acute conditions. An exception may be the 
subacute type A intramural hematoma as noted above. On 
the basis of the results reported from the Far East, it is likely 
that patients presenting subacutely who have the aortic 
characteristics associated with successful non - operative 
management may be treated with anti - impulse therapy 
alone (Class IIb, Level C). Specifi cally, those with maximum 

aortic dimension less than 50   mm and intramural hema-
toma measuring less than 1   cm in thickness without evi-
dence of intimal disruption to suggest penetrating ulcer or 
non - communicating dissection may be candidates for 
aggressive antihypertensive therapy.  

  Chronic  d isease 

 Regarding thoracic aortic aneurysmal disease in the chronic 
setting, both those due to degenerative disease and those 
secondary to chronic dissection are discussed together. 

  Aneurysms of the  r oot,  a scending  a orta and  a rch 
 Aneurysmal dilation of the ascending aorta and arch com-
monly co - exist and accordingly present a similar challenge 
from a management standpoint. In general, their appropri-
ate treatment algorithm is dictated primarily by the dimen-
sions of the aorta itself. The majority of natural history 
studies have demonstrated a profound impact of aortic 
dimension on risk of rupture, dissection or death as dis-
cussed above. The risk of complications secondary to tho-
racic aortic aneurysm is dictated predominantly by the 
Law of LaPlace. While tension is related both to the aortic 
diameter and to internal pressure, the critical dimension for 
the ascending aorta in numerous series centers about 6   cm. 
This is as true in the 1963 study by Joyce  5   as it has been in 
subsequent studies by Perko and colleagues  35   as well as 
those by Elefteriades, Rizzo and associates at the Yale Uni-
versity Thoracic Aortic Aneurysm Database.  37,38   Recent bio-
mechanical data also from Yale University demonstrate a 
dramatic increase in wall stress and drop in aortic extensi-
bility as the thoracic aorta reaches 6   cm.  121   This fi nding is 
consonant with an observed 27 - fold increase in aortic com-
plications when the diameter exceeds 6   cm as reported by 
these same investigators from their clinical database. 

 These fi ndings have lead to a general consensus among 
surgeons that intervention on the ascending aorta is indi-
cated at 5.5   cm in maximum diameter  37  (Class IIa, Level C). 
The threshold may be lower for young patients in whom 
the risk of surgical repair is less and at the same time the 
risk of lifetime complications related to the aneurysm is 
greater. In addition, patients with Marfan syndrome or 
familial thoracic aortic aneurysmal disease, particularly 
those with a history of dissection, may be treated at even 
earlier dimensions  68   (Class IIb, Level C). There is a current 
trend to intervene in the setting of Marfan syndrome, even 
at 4.5   cm. The advent of valve - sparing root operations as 
described above has promoted this more aggressive 
approach as the complications associated with implanta-
tion of an artifi cial valve are not imposed upon subjects 
with such a repair. This is despite thin evidence regarding 
the long - term durability of this option.  17   Some have argued 
for indexed criteria, with the predicted risk of rupture 
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being low at less than 2.75   cm/m 2  (approximately 4% per 
year), intermediate at 2.75 – 4.24   cm/m 2  (approximately 8% 
per year), and high above 4.25   cm/m 2  (approximately 20% 
per year).  39   

 Proximal aneurysms due to dissection may be found 
incidentally after an undiagnosed acute event or after 
initial successful replacement of the ascending segment 
with enlargement of the retained root or arch. In the latter 
setting, similar criteria for intervention are generally 
applied as for degenerative aneurysms, although there are 
some data to support the notion that the risk of rupture in 
the setting of chronic dissection is greater dimension for 
dimension.  122   Given that such aneurysms are, in fact, pseu-
doaneurysms, this is perhaps intuitive. When an otherwise 
unrecognized and untreated type A dissection is identifi ed, 
however, it is widely accepted that semi - elective repair 
should be undertaken (Class IIa, Level C). 

 From a technical standpoint, the operative interventions 
employed for repair of degenerative aneurysms or chronic 
dissections of the ascending aorta and root are similar to 
those noted above in an acute setting. These include tube -
 graft replacement of the ascending aorta, root replacement, 
and separate valve and graft. In particular, it should be 
noted that patients with Marfan syndrome or other known 
connective tissue disorders should undergo a more radical 
procedure with complete root replacement preferred over 
leaving the sinuses of Valsalva behind (Class I, Level C). 
This is generally accepted practice for Marfan syndrome 
and some would argue should be applied for young patients 
presenting with dissection in whom a suspicion for a famil-
ial thoracic aortic aneurysmal disease may be high. 

 Approaches to the arch in the setting of chronic disease 
are also dictated by aortic dimensions. If the aortic arch is 
a normal dimension, the decision is relatively straightfor-
ward. Of note, studies of patients with Marfan syndrome 
have demonstrated a relatively low risk of arch complica-
tions and it is the standard of care to replace only the 
ascending aorta and root at the time of elective root surgery 
in Marfan syndrome.  123,124   There is no apparent benefi t to 
prophylactic arch replacement in this setting. More com-
monly, one is faced with moderate aortic arch enlargement 
in the patient with bicuspid aortic valve disease. The 
enlargement of the ascending aorta may extend into the 
proximal aorta with no discrete neck to the aneurysm or 
transition to a normal dimension (see Fig.  67.11 ). In this 
setting, there are no hard and fast rules. There are no data 
to substantiate a particularly aggressive approach in this 
setting. Arch dissection and type B dissection are relatively 
uncommon in patients with bicuspid aortic valve. It is 
therefore our practice to only perform hemiarch replace-
ment in the setting of bicuspid disease in the presence of 
arch enlargement exceeding 5   cm. 

 The contemporary results of elective aortic arch replace-
ment are far superior to those reported only a decade ago. 

Technical improvements have included the introduction 
of adjuncts for neuron protection such as retrograde cere-
bral perfusion  125,126   whereby the upper body venous system 
is perfused with cold blood with the intent of providing 
oxygenated blood to the tissues akin to retrograde cardio-
plegia. While some surgical groups use this method 
regularly and report gratifying results,  100,127   others have 
questioned the real value of this approach  128,129   and have 
abandoned it in favor of selective antegrade brachioce-
phalic perfusion.  12,13,130   There has also been a trend in favor 
of axillary artery cannnulation for arterial infl ow,  131,132   a 
method that provides for fl ow away from the cerebral 
vasculature, potentially protecting patients from embolic 
phenomena. In combination, these techniques, along 
with branched - graft reconstruction of the brachiocephalic 
vessels, may be applied with mortality rates for arch 
replacement below 5% and similar if not lower stroke 
rates.  13   

 When the distal extent of disease includes the descend-
ing thoracic or thoracoabdominal aorta, as it may in the 
setting of chronic dissection or generalized arteriomegaly. 
arch replacement may be performed using the  “ elephant -
 trunk ”  technique (Fig.  67.12 ) via median sternotomy, 
leaving a segment of graft dangling in the descending tho-
racic aorta for use in subsequent distal repairs.  133 – 135   This 
technique obviates the technical diffi culties of obtaining 
proximal control of the aorta in a previously operated fi eld 
as the surgeon need only open the aneurysmal distal aorta 
and clamp the dangling graft. In cases in which both the 
ascending aorta and descending thoracic aorta must be 
approached at the same procedure, the transverse thora-
costernotomy incision which was popular at the inception 
of cardiac surgery has been reintroduced, providing access 
to the entire thoracic aorta.  136   Via this incision, the root, 
ascending aorta, arch and entire descending thoracic aorta 
may be replaced in a single procedure.    

  Descending  t horacic and  t horacoabdominal  a orta 
 Perhaps as a result of lower hemodynamic stresses, the 
critical diameter at which rupture risk rises for aneurysms 
of the descending thoracic aorta is estimated to be some-
what higher. The data from the Yale University database 
indicate an infl ection point for a descending thoracic aortic 
aneurysmal disease at 7.2   cm.  110   Accordingly, there is 
general agreement that intervention on the descending tho-
racic aorta should be undertaken at 6.5   cm (Class I, Level 
C). A lower threshold may be appropriate in patients with 
chronic dissection in whom the risk of rupture or redissec-
tion may be higher, as noted above.  122   Additionally, enlarge-
ment at a rate exceeding 0.5   cm over 6 months is commonly 
held as an indication of an actively remodeling aorta, and 
one for which surgical intervention is indicated. The risks 
of rupture also increase with advanced age, the presence of 
chronic obstructive pulmonary disease, and continued 



PART IIIG Specifi c cardiovascular disorders: other conditions

1092

tobacco abuse.  36   Unfortunately, these characteristics also 
increase the operative risk of open repair. 

 Non - operative management of patients with descending 
thoracic and thoracoabdominal aortic aneurysms, like 
those with ascending aortic aneurysms, should include 
beta - blockade (Class I, Level B). This has been demon-
strated to be of value particularly in the setting of intramu-
ral hematoma of the descending thoracic aorta in preventing 
progressive dilation.  81   

 In the case of IMH, in the chronic phase, aortic remodel-
ing may progress over time to aneurysm in as many as 
30 – 40%.  77,78,81   Conversely complete resolution of the hema-
toma has been observed in as many as half of patients 
within 6 months.  86,137   Predictors of progression include 
presence of a penetrating ulcer  138   while predictors of reso-
lution include younger age,  137,138   diameter less than 
4 – 4.5   cm 3   4,137,139   and hematoma thickness less than 1   cm.  34,139   
It is important to note that Sueyoshi and colleagues sug-
gested a biphasic modality in the behavior of patients with 
intramural hematoma including shrinkage in the fi rst year 
but slow growth thereafter.  139   This emphasizes the impor-
tance of long - term monitoring. As compared with type B 
dissection, survival is superior for IMH at 1 year (100% v 
83%), 2 years, (97% v 79%), and 5 years (97% v 79%).  138   

 The traditional operative approach is Dacron graft 
replacement of the involved aortic segment (Fig.  67.13 ). 

With open surgical repair, there is no question that the 
risks of mortality, as well as morbidity, increase with the 
extent of resection. The most common morbidity after 
thoracoabdominal aortic repair is pulmonary failure, fol-
lowed by renal dysfunction.  140   By far the most dreaded, 
however, is paraplegia. The blood supply to the anterior 
spinal cord is highly segmental, with only a single anterior 
spinal artery in contrast to the paired posterior supply. 
Further complicating matters, the anterior spinal artery is 
of highly variable diameter and in some cases may be dis-
continuous. It is commonly held that the supply to the 
lower cord is critically dependent upon the arterius radicu-
laris magnus or artery of Adamkiewicz which arises 
typically between the eighth thoracic and second lumbar 
vertebra.   

 As a consequence, repair of aneurysms isolated to the 
descending thoracic aorta are associated with lower risks 
of paraplegia than those of thoracoabdominal extent. Safi  
has classifi ed descending thoracic aneurysms into three 
type as shown in Figure  67.3 . In his series, the incidence of 
neurologic defi cit was 2.3%, with all occurring among 
patients undergoing replacement of the entire thoracic 
segment.  14   Similarly, it is well documented that the opera-
tive risk as well as risk of neurologic defi cit for repair of 
thoracoabdominal aortic aneurysms correlates with the 
extent of repair.  16   The risk of repair of thoracoabdominal 

(a) (b)

 Figure 67.12     An  “ elephant trunk ”  repair leaves a segment or  “ trunk ”  of graft dangling in the descending thoracic aorta to facilitate subsequent 
repair of the descending thoracic aorta by providing an easily accessible site for proximal anastomosis of the second graft. (a) schematic drawing, 
(b) postoperative CT scan. 
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aortic aneurysm has also been correlated with the experi-
ence of the operative surgeon, as well as that of the opera-
tive team (hospital).  141   Indeed, the operative risk is half that 
when a surgeon performs seven such procedures per year 
as compared with those performing only one per year. 
Similarly, the risk for procedures performed in hospitals 
with an annual volume of 12 cases is half that for hospitals 
performing only one such case per year.  142   

 The unsettling incidence of neurologic defi cit has 
stimulated the development of several approaches to 
intraoperative neurologic protection. The most popular is 
the provision of distal perfusion during the aortic cross -
 clamp episode by partial left heart bypass associated with 
moderate hypothermia.  143   The alternative approach is the 
use of full cardiopulmonary bypass with profound hypo-
thermia and circulatory arrest.  144   Both methods are imper-
fect, and the morbidity of the surgical incision itself is 
signifi cant. 

 Because of the above risks, the option of endovascular 
stent grafting has been embraced by physicians and patients 
alike. For descending thoracic aneurysms, the risks associ-
ated with stent grafting appear to be quite low, with mor-
tality rates less than 5% and paraplegia rates of similar 
magnitude.  142   Of note, the risk of stroke is approximately 
5% as well, likely due to atheroembolic material liberated 
by manipulation of wires in the highly atherosclerotic 
aortic arch. Stent graft technology as applied to thoracoab-
dominal aneurysms is complicated by the visceral as well 
as intercostal vessels. Fenestrated and branched grafts are 
currently being explored, although none is currently FDA 
approved for use in the United States.  145,146   Experience is 

growing with debranching procedures as well as with 
extra - anatomic bypass grafts to the visceral vessels. Mor-
bidity associated with these procedures, however, appears 
to be quite signifi cant.    

  Conclusion 

 Thoracic aortic aneurysmal disease is a highly lethal condi-
tion if left untreated, and yet it is eminently correctable 
with appropriate surgical intervention. The results of the 
latter have improved dramatically in recent years, making 
early diagnosis and prophylactic treatment even more 
important. As the maximum diameter of the ascending 
aorta approaches 6   cm, the risk of rupture or dissection 
rises dramatically. Accordingly, intervention on the proxi-
mal aorta (root or ascending aorta) is indicated at 5.5   cm. 
In some cases in which the risk of rupture may be judged 
to be particularly high (Marfan syndrome, family history 
of dissection) or in which the risk of surgery is particularly 
low (younger patients), this threshold may be lowered 
somewhat. The recent advent of aortic valve - sparing pro-
cedures has lowered this threshold for Marfan syndrome 
patients in particular, and in this case some would advo-
cate surgery at 4.5   cm. Likely because of differences in 
hemodynamic stresses, the risk of rupture of the descend-
ing thoracic aorta is lower, with the critical value being 
closer to 7.0   cm and recommended criteria for intervention 
at 6.5   cm. Acute aortic syndromes are often misdiagnosed 
as acute coronary syndromes, with the most important 
safety measure being a high index of suspicion. When acute 

(a) (b)

 Figure 67.13     Repair of the 
descending thoracic aorta for 
chronic dissection may be 
accomplished with a short 
segment graft or long - segment 
with beveled distal anastomosis 
to preserve intercostal vessels 
and blood supply to the spinal 
cord. 



PART IIIG Specifi c cardiovascular disorders: other conditions

1094

dissection, intramural hematoma or penetrating aortic 
ulcer affects the ascending aorta ( “ type A ” ), immediate 
surgical intervention is indicated. When the descending 
aorta is involved, however, non - operative management is 
generally accepted unless complications occur such as mal-
perfusion, rapid aortic expansion or continued pain. 
Medical therapy is beta - blockade and assiduous control of 
blood pressure. In complicated dissection, however, surgi-
cal repair may be required. 

 More recently, experience is growing in the endovascular 
treatment of these conditions, with either percutaneous 
fenestration for treatment of malperfusion or, more recently, 
endovascular stent graft placement for malperfusion or 
rupture. By far the best treatment, however, is prophylactic 
repair.  
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68  Cardiac transplantation: indications and 
postoperative management  

    Barry   Boilson   and   Sudhir   Kushwaha  
  William Von Liebig Transplant Center, Mayo Clinic, Rochester, MN, USA       
 

  Historical  p erspective 

 The original concept of cardiac transplantation dates to the 
1890s, with the work of Alexis Carrel and subsequently 
Mann and colleagues at the Mayo Clinic in the 1930s.  1   
The modern era of human cardiac transplantation started 
with pioneering work by Vladimir Demikhov in Russia 
in the 1940s  2   and Norman E Shumway ’ s group at Stanford 
University throughout the 1950s, the latter associated 
with the development of cardiopulmonary bypass  3   
and perfection of the surgical technique. By the mid 1960s, 
it was concluded by Shumway that the major barrier to 
successful mammalian cardiac allotransplantation was 
rejection. 

 The fi rst human cardiac transplant was performed by Dr 
Christiaan Barnard at Cape Town, South Africa, in 1967. 
Local irradiation, azathioprine, prednisone and actinomy-
cin C were used as immunosuppression. The patient sur-
vived 18 days but ultimately succumbed to  Pseudomonas  
pneumonia.  4   

 Worldwide, further attempts at human cardiac trans-
plantation met with poor outcomes. Most groups discon-
tinued their efforts, but the Stanford group implemented 
criteria and protocols for detection of acute rejection early 
post transplant. Initially, this involved ECG, echocardio-
graphic and clinical parameters, but in 1973 histologic cri-
teria on endomyocardial biopsy were developed and 
remain the mainstay of rejection surveillance. The discov-
ery of ciclosporin A by Professor Jean - Fran ç ois Borel in 
1976 and its subsequent introduction into clinical practice 

after successful animal studies  5   was the breakthrough in 
the prevention of rejection which allowed successful 
cardiac transplantation. Despite these advances, the 
number of transplants performed worldwide has pla-
teaued, primarily due to lack of donor organ supply.  6   This 
has instigated research and development of new therapeu-
tic avenues such as mechanical device therapy.  

  Outcomes 

 The International Society for Heart and Lung Transplanta-
tion (ISHLT) has reported outcome data on transplant 
recipients on an annual basis for the past 24 years. The most 
recent data are summarized below.  7   

  Demographics 

 The primary indication for cardiac transplantation has 
remained unchanged in recent years, almost evenly divided 
between ischemic (41%) and non - ischemic cardiomyopa-
thy (45%). The remaining indications represent a minority 
of patients with valvular and congenital heart disease 
and those retransplanted (all 3%). An increasing number 
of patients are now on inotropic (40%) or mechanical 
support (including    left ventricular assist devices [LVADs], 
27%) at the time of cardiac transplantation. 

 The age of both donors and recipients has increased in 
the past 20 years. Almost 25% of cardiac transplant recipi-
ents in the past year were over the age of 60 years, with a 
relative fall in numbers of recipients aged 40 – 49 years. 
Donors over the age of 50 years now comprise  > 12% of 
donors worldwide. Twenty percent of European donors 
are over 50 years old, whereas in the US that fi gure is closer 
to 10%.  

Evidence-Based Cardiology, 3rd edition. Edited by S. Yusuf, J.A. Cairns, 
A.J. Camm, E.L. Fallen, and B.J. Gersh. © 2010 Blackwell Publishing, 
ISBN: 978-1-4051-5925-8.
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     Figure 68.1     Overall survival post cardiac transplantation (ISHLT data 
2007).  
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  Outcomes 

 Since the ISHLT started reporting outcomes in 1982, early 
survival (up to one year) post transplantation has improved 
steadily.  8   However, long - term mortality has not changed 
and the current transplant half - life is 10 years worldwide 
for adult and pediatric cardiac transplant recipients com-
bined, representing a steady improvement over the past 20 
plus years due to the improvements in early survival (Fig. 
 68.1 ). In particular, survival for patients retransplanted has 
improved and is currently similar to those transplanted for 
the fi rst time (approximately 85% one - year survival in 
those surviving the fi rst year).   

 The risk factors for death within one year and, in those 
surviving the fi rst year, for death within fi ve years are 
shown in Table  68.1 . In the current era, the most signifi cant 
risk factors for death post cardiac transplantation in the 
fi rst year remain requirement for short - term extracorporeal 
mechanical support post transplantation, congenital heart 
disease as an indication for transplantation and presence 
of insulin - requiring diabetes mellitus pretransplant. After 
the fi rst year, the highest risk factors for death within the 
fi rst fi ve years are need for retransplantation, the develop-
ment of cardiac allograft vasculo pathy and insulin - requir-
ing diabetes mellitus prior to transplantation.   

 The commonest causes of death up to 30 days, in the fi rst 
year and up to fi ve years, are shown in Table  68.2 . Graft 
failure remains the commonest cause of death within 30 
days, and includes ischemic/reperfusion injury, right heart 
failure and acute rejection. Beyond 30 days, infection becomes 
prominent as the commonest cause of death up to the fi rst 
year (33% of deaths). After this timepoint, cardiac allograft 
vasculopathy is the most frequent cause of death, represent-
ing 30% of all deaths within fi ve years post cardiac trans-
plantation, closely followed by malignancy (22% of deaths).     

  Recipient  s election 

 The current AHA/ACC recommendations on selection of 
adult patients for cardiac transplantation are set out in their 

 Table 68.1     Risk factors for mortality in fi rst year post cardiac 
transplantation 

    95% confi dence interval  

   Risk factors for death within 1 year   *    

  Need for short - term extracorporeal 

mechanical support  

  2.11, 5.42  

  Adult congenital heart disease    1.47, 3.10  

  Insulin - requiring diabetes mellitus    1.02, 3.41  

  Mechanical ventilation at time of 

transplant  

  1.36, 2.46  

  Prior pregnancy    1.05, 1.57  

  Previous history of CVA    1.00, 1.67  

  Recent infection (within 2 weeks) 

requiring IV antibiotics  

  1.04, 1.55  

  LVAD  in situ   ‡      1.05, 1.55  

  Prior sternotomy    1.05, 1.42  

   Risk factors for death within 5 years   §    

  Retransplantation    1.55, 9.57  

  Early - onset coronary artery vasculopathy 

(within fi rst year)  

  1.55, 2.70  

  Diabetes mellitus pretransplant    1.25, 1.86  

  Treated infection during initial transplant 

hospitalization  

  1.12, 1.66  

  Treated rejection episode in fi rst year    1.06, 1.50  

  Ischemic vs non - ischemic cardiomyopathy 

pretransplant  

  0.99, 1.45  

   Reproduced with permission from reference  6 , courtesyof the ISHLT, 2007.  

   *  Data based on transplants performed January 2002 through June 

2005, n   =   7024.  

   ‡  Data based on a predominance of pulsatile devices having been 

implanted at the time of audit.  

   §  Data based on transplants performed January 1999 through June 

2001, n   =   4079.   

 Table 68.2     Leading causes of death post cardiac transplantation 

    Proportion of all deaths  

   Up to 30 days ( ∼ 10% mortality)   

  Graft failure    40%  

  Multiorgan failure    14%  

  Infection  *      13%  

   Up to 1 year ( ∼ 15% mortality)   

  Infection  *      33%  

  Graft failure    18%  

  Acute rejection    12%  

   5 years ( ∼ 30% mortality)   

  Cardiac allograft vasculopathy    30%  

  Malignancy    22%  

  Infection  *      10%  

     *  Excluding CMV infection   
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practice guidelines for the management of chronic heart 
failure in the adult.  9   The primary focus is on patients with 
severe functional impairment and/or dependence on ino-
tropic support. Rarely, recurrent malignant arrhythmias 
refractory to medical therapy and debilitating refractory 
angina pectoris secondary to severe non - revascularizable 
ischemic heart disease may be indications. Contraindica-
tions to cardiac transplantation are all relative and depen-
dent on how modifi able they are before surgery. They 
include pulmonary disease, pulmonary hypertension, dia-
betes with complications, systemic disease (including 
malignancy) and peripheral vascular disease. Age is also 
included, but this is an area of controversy as data regard-
ing outcomes in older recipients have been confl icting.  10,11   
The indications for and contraindications to cardiac trans-
plantation are summarized in Box  68.1 .    

  Donor  s election 

 Selection of a donor requires a number of criteria to be 
met. First, national (and/or regional criteria where these 
vary, as in the US) for brain death must be met. The ECG 
and the echocardiogram should be normal. If a donor 
older than 45 years is being considered, coronary angiog-
raphy is performed to exclude signifi cant coronary artery 
disease. Otherwise, the risk factor profi le for coronary 
artery disease should be low and there should be no evi-
dence of untreated acute infection or systemic malignancy. 
The HIV and hepatitis screens should be checked and con-
fi rmed negative. Potential donors with cardiac trauma are 
usually excluded. 

 The matching of a suitable donor to a recipient is depen-
dent on a limited number of key issues. 

  Blood  t ype 

 ABO matching is mandatory. Matching of rhesus status is 
not required.  

  Body  s ize 

 Generally, the donor should be at least 80% of the body 
weight of the recipient.  

  Pulmonary  v ascular  r esistance 

 Where this is high (generally in excess of 4 – 5 Wood units) 
in the recipient, a larger donor heart is usually selected to 
ensure adequate right ventricular functional reserve. In 
addition to pulmonary vascular resistance, the pulmonary 
artery pressure is also considered, and in particular the 
assessment of reversibility of high pulmonary pressures 
seen in some patients with chronic heart failure.  

BOX 68.1  Cardiac transplantation  –  indications and 
contraindications 

  Absolute  i ndications 
     •      Hemodynamic compromise secondary to heart failure  
   •      Refractory cardiogenic shock  
   •      Dependence on IV inotropic support for adequate organ 

perfusion  
   •      Peak VO 2   < 10   mL/kg/min  
   •      Severely limiting non - revascularizable ischemic heart 

disease affecting daily living  
   •      Recurrent symptomatic VT refractory to therapy     

  Relative  i ndications 
     •      Peak VO 2  11 – 14   mL/kg/min with signifi cant limitation 

of functional capacity  
   •      Recurrent unstable angina refractory to current therapy  
   •      Recurrently labile fl uid balance/renal function in chronic 

heart failure despite full patient compliance with therapy     

  Insuffi cient  i ndications 
     •      Presence of the following without other indications for 

transplantation: 
    �      Impaired LV systolic function  
   �      Previous history of class III – IV heart failure  
   �      Peak VO 2   > 15   mL/kg/min       

  Contraindications ( a ll  r elative) 
     •      Pulmonary hypertension (must have evidence of 

signifi cant reversibility at right heart catheterization)  
   •      Age (controversial  –  see text)  
   •      Parenchymal lung disease with signifi cant pulmonary 

function abnormalities ( < 50% predicted)  
   •      Co - existent systemic illness (e.g. malignancy, infi ltrative 

disorders, infection)  
   •      Acute pulmonary embolus  
   •      Severe peripheral vascular disease  
   •      Irreversible renal and hepatic dysfunction  
   •      Diabetes with severe end - organ damage  
   •      Severe obesity  
   •      Severe osteoporosis  
   •      Psychosocial issues  
   •      Drug addiction, including nicotine     

  Recipient  s tability 

 Where the recipient is unstable (status 1 vs status 2), the 
urgency of fi nding a suitable donor heart occasionally 
requires some compromise on an  “ ideal ”  match as outlined 
above.  

  Geographic  l ocation of  d onor 

 This always needs to be considered to ensure the lowest 
possible cold - ischemic time of the heart after it has been 
explanted from the donor. Once this rises beyond four 
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hours, outcomes may be compromised. This is accentuated 
if there is signifi cant hypertrophy of the donor organ.  

  Anti -  HLA   a ntibody  t iter 

 Due to the short time window of permitted cold - ischemic 
time in the setting of heart transplantation, unlike renal 
transplants, HLA cross - matching is only performed if titer 
of preformed antibodies in the recipient (PRA level) is sig-
nifi cant. The PRA level is part of the routine pretransplant 
assessment of the recipient. This titer of recipient anti - HLA 
antibodies refl ects the degree of sensitization of the patient 
to foreign antigens of HLA A, B and DR subtype. This is 
performed by incubating recipient serum in different wells 
with a random panel of donor lymphocytes. The result is 
represented as a percentage of total wells on a panel which 
show evidence of a positive reaction, hence the term PRA.  12   
Numerous variations in methodology exist, and most 
recently have included fl ow cytometric virtual cross -
 match.  13   However, there is also variation in the interpreta-
tion of results  –  most programs consider a titer greater than 
10% to be signifi cant. Some institutions have considered 
any elevation or only titers greater than 20 – 25% to be of 
signifi cance.  14   

 The importance of the pretransplant PRA level has been 
known for some time and elevated PRA titers have been 
associated with increased risk of hyperacute rejection, anti-
body and cell - mediated rejection, and also cardiac allograft 
vasculopathy.  15,16   Therefore, patients with signifi cantly 
elevated pretransplant PRA levels ( > 10% according to the 
American Society of Histocompatibility and Immunogenet-
ics and UNOS) require HLA cross - matching to a donor 
organ.  17     

  Operative  d etails 

 The original operative technique described by Shumway 
involved removal of the native heart and anastomosis of 
the recipient heart at mid - atrial level bilaterally (Fig.  68.2 ).  18   
This so - called  “ biatrial anastomosis ”  technique was shown 
to increase the incidence of atrial arrhythmia, right atrial 
thrombus and tricuspid valve dysfunction.  19,20   The  “ bicaval 
technique ”  involves preservation of the recipient pulmo-
nary veins and anastomosis of a small cuff of recipient left 
atrial tissue to the donor left atrium, but retaining the anas-
tomosis of the venae cavae and thus sparing integrity of 
the donor right atrium.  21   Recent evidence has shown short -
 term clinical benefi ts of the bicaval technique when com-
pared to the biatrial technique, with enhanced preservation 
of atrial contractility, sinus node function and tricuspid 
valve competence, but there is insuffi cient evidence to date 
on long - term outcomes.  22      

  Postoperative  c ourse 

  Immunosuppression 

 There are initial induction strategies and long - term chronic 
immunosuppression regimens. Induction therapy use has 
increased from 42% in 1995 to 52% in 2005, with use of 
antithymocyte globulin stable at 20 – 22% but the more tra-
ditional anti - T cell receptor monoclonal antibody OKT3 
used in less then 3% of cardiac transplants in 2005.  6   The 
rationale for induction therapy is to reduce the risk of early 
acute rejection through enhanced immunosuppression 
and, in addition, the risk of postoperative renal dysfunc-

     Figure 68.2     Standard Shumway anastomosis (a) and bicaval anastomosis (b).  
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tion through a delay in commencement of calcineurin 
inhibitor therapy.  23   However, induction therapy is not 
without risk and substantive evidence has linked it to an 
elevated risk of development of post - transplant lympho-
proliferative disorder.  24   Therefore, the use of induction 
therapy varies, with many centers avoiding its use com-
pletely. The newer interleukin - 2 antagonists are currently 
under evaluation.  26   

 Maintenance immunosuppression varies among centers. 
The traditional model of a calcineurin inhibitor (ciclosporin 
or tacrolimus), an antiproliferative agent (azathioprine 
or mycophenolate) and a steroid is usual, but use of 
tacrolimus in preference to ciclosporin has increased 
in recent years.  6   Two randomized clinical trials have 
studied tacrolimus in direct comparison with ciclosporin. 
A European - based multicenter study on over 300 patients 
showed a signifi cantly lower incidence of severe rejection 
in the tacrolimus - treated patients at six months but no 
difference in patient or graft survival at 18 months.  27   
A smaller study from the US in which patients did not 
receive induction therapy showed no difference in survival 
or incidence of severe rejection between groups but a sig-
nifi cantly lower incidence of renal dysfunction and hyper-
triglyceridemia in the tacrolimus - treated patients.  28   In 
addition, a non - signifi cant trend was observed towards a 
lower requirement for antihypertensive therapy in the 
tacrolimus group. 

 Mycophenolate is currently used in over 70% of trans-
planted patients at one year. The advantages of mycophe-
nolate over azathioprine post cardiac transplantation 
include a reduced incidence of acute rejection and mortal-
ity, and possibly even of the incidence of cardiac allograft 
vasculopathy.  29   The underlying mechanisms for this benefi t 
may include preferential anti - B cell activity compared to 
azathioprine, and reduced production of anti - HLA anti-
bodies post transplantation.  30,31   

 A recent study which compared the ciclosporin/myco-
phenolate/prednisone, tacrolimus/mycophenolate/pred-
nisone and tacrolimus/sirolimus/prednisone combinations 
showed a signifi cantly lower incidence of grade  > 3A or 
hemodynamically signifi cant rejection at one year in the 
two tacrolimus - based therapy groups compared to ciclo-
sporin - based therapy.  32   The tacrolimus/mycophenolate/
prednisone combination resulted in the most optimal pres-
ervation of renal function and the lowest triglyceride levels. 

 Newer agents such as the mTOR inhibitor rapamycin 
(sirolimus) are increasingly used due to potent immuno-
suppressive capacity with minimal nephrotoxicity and pos-
sible benefi cial effects on the incidence of post - transplant 
cardiac allograft vasculopathy (CAV). Many centers are 
now switching patients from calcineurin inhibitors rou-
tinely as a renal - sparing maneuver.  33,34   An important side 
effect of sirolimus is impaired wound healing,  35   and there-
fore this agent cannot be used early post transplant.   

  Complications 

  Early  c omplications 

 Early complications after cardiac transplantation include 
primary graft failure, acute and hyperacute rejection, 
arrhythmia, bleeding and infection. 

 Primary graft failure includes ischemic/reperfusion 
injury and right heart failure secondary to pulmonary 
hypertension. It still accounts for up to 40% of deaths 
within the fi rst 30 days post cardiac transplantation.  6   
Extended cold - ischemic time of the donor heart and ele-
vated pulmonary vascular resistance in the recipient pre-
transplantation are signifi cant risk factors. Treatment 
usually requires inotropic support, use of vasodilators to 
reduce pulmonary and systemic afterload and occasionally 
mechanical support. In rare circumstances emergency 
retransplantation is required. 

 Hyperacute rejection is a rare form of early rejection 
which is seen as soon as the donor heart is initially per-
fused with blood from the recipient. This is due to a high 
titer of preformed donor - specifi c antibodies in the recipient 
resulting in severe microvascular injury and thrombosis, 
with loss of the graft. 

 Acute rejection is common and usually T - cell mediated 
(cellular), but sometimes is due to recipient antibodies to 
donor antigens (humoral). Interestingly, the most recent 
ISHLT analysis has shown that current practices with 
induction therapy impact little on this problem. In fact, 
patients treated with OKT3 induction therapy had more 
acute rejection episodes in the fi rst year post transplant than 
patients treated with other forms of induction therapy (i.e. 
antithymocyte globulin or anti - IL2 antibodies) or no induc-
tion therapy at all.  6   Tacrolimus may be superior to ciclospo-
rin early post transplant with fewer rejection episodes in the 
fi rst year, especially in combination with mycophenolate.  27   

 Acute rejection is usually asymptomatic unless fulmi-
nant and severe, but its detection is important as frequency 
of episodes correlates with reduced graft survival (and 
possibly with the incidence of cardiac allograft vasculopa-
thy).  36   Therefore screening is required with frequent endo-
myocardial biopsy especially within the fi rst three months 
post transplant. Alternative approaches are under investi-
gation to reduce the number of endomyocardial biopsies 
which are associated with an increased risk of tricuspid 
valve injury. These include the use of microarrays for iden-
tifi cation of key (candidate) genes upregulated and down-
regulated in early rejection.  37   Studies are ongoing to 
evaluate the utility of this approach for longitudinal analy-
sis of patients in terms of rejection profi le.  38   

 The ISHLT grading system for acute cellular rejection 
was changed in 2004. Currently the following system is 
used (see Plate  68.1 ): 
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   •      Grade 0: no rejection (Plate  68.1 a)  
   •      Grade 1 R, mild: interstitial and/or perivascular infi l-

trate with up to one focus of myocyte damage (Plate 
 68.1 b)  

   •      Grade 2 R, moderate: two or more foci of infi ltrate with 
associated myocyte damage (Plate  68.1 c)  

   •      Grade 3 R, severe: diffuse infi ltrate with multifocal 
myocyte damage, with or without edema, hemorrhage 
or vasculitis (Plate  68.1 d).    

 Humoral or antibody - mediated rejection (AMR) is less well 
recognized but is associated with an increased incidence of 
cardiac allograft vasculopathy and mortality.  36,39   Histologi-
cally, it is characterized by endothelial swelling and the 
presence of macrophages and neutrophils in the capillaries 
with fi brin deposition.  40   Currently, the ISHLT guidelines 
recommend staining for complement C3d and C4d deposi-
tion in interstitial capillaries and for CD68 to highlight 
macrophages within capillaries.  41   In general, only intense 
and diffuse (2 – 3+) staining is considered signifi cant evi-
dence of AMR (Plate  68.2 ). Analysis of patient serum for 
the presence of anti - HLA I and II antibodies is also recom-
mended.  42   One recent series has shown that AMR is seen 
most commonly early post cardiac transplantation and 
often associated with elevated anti - donor HLA antibod-
ies.  43   However, this is less common in patients developing 
AMR later in their post - transplant course, where, instead, 
it is associated with malignancy or recent infection, sug-
gesting activation of antibody - mediated immunity by a 
new antigen present on an invading pathogen or expressed 
on tumor cells.  44   

 Arrhythmia is common. Frequently, patients are tachy-
cardic due to denervation of the donor heart. Atrial fi bril-
lation can also occur. Bradycardia and junctional rhythms 
are not unusual, particularly when the cold - ischemic time 
of the donor heart is prolonged, resulting in sinus and 
atrioventricular nodal ischemia.  19   Occasionally (4 – 12% of 
cases), permanent pacemaker implantation is required 
before discharging the patient from hospital, and the 
DDDR mode may be preferable.  45    

  Late  c omplications 

 Coronary allograft vasculopathy (CAV) is the single com-
plication of greatest impact on long - term outcome (see Table 
69.2).  42   Allograft vasculopathy occurs in all transplanted 
solid organs with time.  46   In the transplanted heart, over 50% 
of adult recipients will have angiographic evidence of CAV 
at 10 years.  6   However, a high proportion of transplanted 
patients develop CAV only in the intramyocardial branches 
of coronary arterioles but with sparing of the smaller arte-
rioles sampled on biopsy, thus making the diagnosis on 
angiography or endomyocardial biopsy diffi cult.  47   

 Although there is evidence of some reinnervation of 
cardiac allografts, most transplant recipients do not experi-

ence anginal pain with myocardial ischemia or infarction. 
Therefore, CAV may present as sudden death due to silent 
myocardial infarction, congestive cardiac failure or 
arrhythmia.  48   

 Risk factors for CAV include hypertension, younger age, 
male gender and pre - existing coronary artery disease in the 
donor. The protective effect of older donor age may refl ect 
increased angiographic screening of older donors.  6   Addi-
tional risk factors include early and recurrent rejection  49   
and metabolic risk factors including diabetes and hyperlip-
idemia.  37   The role of cytomegalovirus (CMV) infection is 
controversial  –  evidence dates back almost 20 years 
showing an association with CAV.  50,51   However, recent evi-
dence has cast some doubt on the directness of this 
association.  52   

 The diagnosis of CAV has traditionally employed coro-
nary angiography often with intravascular ultrasound 
(IVUS).  53   However both modalities are limited, the fi rst 
because CAV involves the entire coronary artery tree lon-
gitudinally, and therefore may be missed on angiography; 
the latter because IVUS only images the larger epicardial 
arteries and not the smaller vessels and branches. 
Modalities of additional value for detection of CAV include 
dobutamine stress echocardiography  54,55   and nuclear scin-
tigraphy  55,56  ; cardiac CT and contrast echocardiography 
may also prove useful in the future as techniques are 
refi ned.  57,58   

 There is evidence for the role of statins in the prevention 
of CAV in animal models  59   and in humans.  60   Additional 
benefi ts of statins may include prevention of progression 
of post - transplant renal dysfunction.  61   

 There is recent evidence that the use of mTOR inhibitors 
such as sirolimus (rapamycin) and everolimus, a synthetic 
derivative, may attenuate the progression of CAV.  34,62,63   

 Malignancy is a common complication of long - term 
immunosuppression.  64   According to current ISHLT fi gures, 
by 10 years post cardiac transplantation, the prevalence of 
malignancy is 32%. Much of this is due to facilitation of 
chronic opportunistic infection by oncogenic viruses such 
as Epstein – Barr virus (EBV) in the case of post - transplant 
lymphoproliferative disorder, HHV8 in Kaposi ’ s sarcoma 
and human papilloma virus in skin cancers.  65   All immuno-
suppressive agents have been implicated to some degree, 
with the possible exception of sirolimus, for which evi-
dence is mounting that the risk of malignancy may be 
signifi cantly lower.  66   Most of these cancers are skin related 
(61%), the remainder being solid tumors including pros-
tate, lung, bladder, breast, cervical and renal (total 18%) 
and lymphoproliferative, including post - transplant lym-
phoproliferative disorder (PTLD) (6%).  6   

 Skin cancer is a common cause of morbidity and rarely 
mortality post transplant and in the transplant recipient 
is often recurrent and more aggressive.  67 – 69   The risk of 
skin malignancy may vary with different immunosuppres-
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sive regimens; recent evidence has suggested that ciclospo-
rin may have a specifi c carcinogenic effect independent 
of its immunosuppressive effect  71   and the use of sirolimus 
as an alternative agent may be protective and may 
even induce remission of skin cancers in transplant 
recipients.  71,72   

 PTLD has been strongly associated with EBV infection.  73   
However, the risk of developing this condition is multifac-
torial, and also related to immunosuppression and impaired 
T cell immunity in the setting of foreign antigenicity 
from the transplanted organ.  74   Other risk factors that 
have been identifi ed are younger recipient and donor age 
( < 18 years)  75,76   and more than fi ve acute rejection episodes 
post transplantation.  76   CMV infection may also be a risk 
factor.  77   

 The largest series available on PTLD comes from the 
Israel Penn International Transplant Tumor Registry based 
at the University of Cincinatti, Ohio.  78   From their data on 
274 cardiac transplant patients with PTLD, the authors 
reported a 50% mortality within one year. The commonest 
sites involved were the lung and lymph nodes (34% and 
32%), followed by the gastrointestinal tract (24%), the liver 
(23%), central nervous system (13%), the spleen (11%) and 
the cardiac allograft itself (10%). 

 There have been no randomized controlled clinical trials 
of any treatments currently in use for PTLD. The fi rst strat-
egy employed is minimization of immunosuppressive 
therapy. The next step is usually anti - B cell monoclonal 
antibody therapy, most frequently given as rituximab, an 
anti - CD20 monoclonal antibody, which has had effi cacy 
shown in small studies.  79   Another modality that has been 
used with success in a small number of patients is anti - IL6 
antibody therapy.  80   Failing treatment described above 
requires salvage chemotherapy, and use of this strategy has 
recently been described in a small study.  81   A new but 
promising strategy, adoptive immunotherapy for PTLD, 
involves the administration of banked HLA - matched or 
autologous cloned EBV - specifi c cytotoxic T cells.  82   The 
results of the fi rst Phase II multicenter clinical trial have 
been encouraging.  83   

 Infection with both the usual community - acquired and 
opportunistic pathogens is increased in patients on chronic 
immunosuppression. Common infections include commu-
nity - acquired pathogens such as common respiratory 
viruses (e.g. infl uenza, parainfl uzenza, respiratory syncy-
tiovirus and adenovirus), and common bacteria such as 
streptococci,  Mycoplasma ,  Legionella ,  Listeria  and  Salmonella . 
Vaccinations for infl uenza and pneumococcus are recom-
mended but may have reduced effi cacy. Endemic organ-
isms such as histoplasma and coccidioides may also be 
seen in the US. 

 A specifi c aspect particular to the transplant population 
is the issue of reactivation of latent infection and, also, 
the possibility of acquired latent infection from the donor. 

This extends mainly to reactivations of CMV, varicella 
zoster and herpes simplex virus. However, reactivations 
of tuberculosis, toxoplasmosis and, in endemic areas, 
histoplasmosis and blastomycosis may occasionally 
present.  84 – 86   

 Postoperatively, prophylaxis against cytomegalovirus 
infection is routine, usually for a period of three months. 
The benefi ts of CMV prophylaxis include reduced inci-
dence of acute and chronic rejection, and possibly of CAV 
and PTLD post transplant.  87   Ganciclovir is the antiviral 
agent with effi cacy against CMV which has been most 
extensively studied.  88   The major side effect of ganciclovir 
is myelosuppression.  89   Valganciclovir is a valine ester of 
ganciclovir which has enhanced oral bioavailability and 
has proven effi cacy as CMV pre - emptive therapy in cardiac 
transplant recipients.  90   It is rapidly hydrolyzed to ganciclo-
vir, the active metabolite, through enzymes in the gut 
mucosa and hepatic cells. CMV resistance to ganciclovir 
(and valganciclovir) has been reported, however.  91   In these 
cases, foscarnet is the usual agent for CMV therapy but a 
major dose - limiting side effect of this agent is renal impair-
ment.  89,92   Aciclovir has some effi cacy against CMV proven 
in a meta - analysis of 12 randomized trials.  93   Like ganciclo-
vir, its oral bioavailability is limited but enhanced when 
delivered as its valyl ester, valaciclovir.  89   Valaciclovir 
is approved in some European countries for CMV 
prophylaxis.  89   

 The transmission of  Toxoplasma gondii  is a concern in 
cardiac transplant recipients who are  Toxoplasma  antibody 
seronegative who receive an organ from a seropositive 
donor. Therefore, it has been routine to administer anti -
  Toxoplasma  prophylactic therapy to this group for at least 
three months, with pyrimethamine, sulfadiazine or folinic 
acid. This strategy has been challenged recently, however, 
as it has been shown that the rates of  Toxoplasma  reactiva-
tion in centers which do not employ anti -  Toxoplasma  
prophylaxis in at - risk groups is negligible.  94   Effi cacy 
for c - otrimoxazole (trimethoprim - sulfamethoxazole/TMP -
 SMX) against  Toxoplasma  has also been shown and many 
groups believe that use of this agent is adequate prophy-
laxis against both  Pneumocystis jiroveci    and  Toxoplasma .  95   
For cardiac transplant patients (as distinct from heart - lung 
recipients), antifungal prophylaxis is not routine and not 
supported by data from clinical trials to date.  96   

 Renal insuffi ciency is seen commonly in cardiac and 
other solid organ transplant recipients and is multifacto-
rial.  97   However, chronic calcineurin inhibitor therapy is 
often a major contributor.  98   Analysis of data from 1994 to 
2006 has shown that the incidence of renal insuffi ciency in 
cardiac transplant recipients has been increasing: at 10 
years post cardiac transplant 98% of patients have hyper-
tension, and 14% of patients have renal insuffi ciency 
(8% severe with creatinine  > 2.5   mg/dL and 5% on hemodi-
alysis).  6   There is mounting evidence that replacement of 
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calcineurin inhibitor therapy with sirolimus permits recov-
ery from calcineurin inhibitor - induced renal insuffi ciency 
and is associated with stable renal function at least in the 
medium term.  99,100   The risk of severe renal insuffi ciency 
post cardiac transplantation (i.e. creatinine  > 2.5   mg/dL or 
requiring renal replacement therapy) correlates with the 
presence of renal dysfunction, diabetes mellitus and patient 
age at the time of cardiac transplant.  6   Additional risk 
factors are a history of pretransplant hypertension, previ-
ous history of high PRA levels, inotropic therapy at the 
time of transplantation, infection requiring intravenous 
antibiotic therapy within two weeks of transplantation, 
and recipient weight.  6     

   LVAD  s  as  l ong -  t erm  c ardiac 
 r eplacement  t herapy 

 At the present time, the gold standard of long - term cardiac 
replacement therapy remains cardiac transplantation, but 
the number of cardiac transplants performed is limited by 
donor organ availability.  101   Therefore, there has been great 
interest in the development of left ventricular assist devices 
as destination therapy for end - stage chronic heart failure. 

 Left venticular assist devices (LVADs) have been in use 
as a bridge to cardiac transplantation for over 20 years, and 
the Heartmate XVE  ®  device (Thoratec Corporation, Cali-
fornia, US) was approved by the US Food and Drug 
Administration (FDA) for this purpose in 1994. Since that 
time, the Heartmate II  ®  axial fl ow device has been FDA 
approved for use as bridge to transplant in late 2007, and 
many other LVAD types are currently under evaluation for 
this indication. 

 The REMATCH study evaluated the long - term benefi t of 
Heartmate XVE placement compared to optimal medical 
therapy in end - stage heart failure patients.  102   A 48% reduc-
tion in death from all causes was attributable to LVAD 
therapy compared to best medical therapy in this trial, and 
on this basis the Heartmate XVE was approved for use as 
destination therapy in 2002. However, two year survival in 
the LVAD group was only 23%, with a high incidence of 
device failure. Furthermore, early mortality was high in 
both groups of patients, and in this respect Lietz  et al.  
showed that using a novel operative risk score encompass-
ing severity of heart failure, nutritional status, renal func-
tion and RV function, the patients with the lowest risk had 
the best early survival.  103   This underlines the importance of 
patient selection. Up to the present time, the Heartmate 
XVE is the only LVAD approved for destination therapy in 
the US, but the Heartmate II continuous axial fl ow device, 
which expected superior durability, is under evaluation for 
this indication. 

 The newest generation of centrifugal pumps with a 
magnetically and/or hydrostatically suspended internal 

spinning rotor have eliminted the need for internal bear-
ings and promise the greatest durability. These pumps 
such as the Ventrassist  ®  (Ventracor, Sydney, Australia), 
Duraheart  ®  (Terumo Heart, Michigan, US) and HVAD  ®  
(Heartware, Sydney, Australia) devices, are currently 
under evaluation in clinical trials.  

  Conclusion 

 Cardiac replacement therapy in end - stage heart failure is 
at a crossroads. The art and science of cardiac transplant 
medicine have been perfected since the fi rst transplant in 
1967 and outcomes continue to improve. However, the 
number of transplants being performed worldwide is far 
outnumbered by the number of potential candidates, as 
donor hearts are a very limited resource. Advances in des-
tination device therapy may provide a viable long - term 
solution for many patients, with either support of the 
native heart by LVAD therapy or even possibly complete 
replacement of the heart by a prosthetic device. Completely 
implantable devices that offer the patient as normal a life 
as possible with a minimal risk of infection are likely to 
have the greatest impact in this fi eld. The potential of cell 
therapy is also under evaluation and the fi eld is still in its 
infancy but evolving. New insights in this fi eld could 
potentially open a whole new era in therapy for this dev-
astating condition.  
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     Chronic kidney disease (CKD) affects many people with 
cardiovascular disease (CVD) but is often undetected. If 
present in people with CVD, CKD predicts worse cardio-
vascular outcomes independent of other cardiovascular 
risk factors. This chapter reviews the evidence regarding 
proper detection of CKD, gauging the cardiovascular risk 
associated with CKD, and treating people presenting with 
both CVD and CKD. As this book is primarily directed at 
 “ cardiovascular ”  readers, we will not discuss underlying 
diseases causing CKD and the specifi c therapy of those 
renal diseases. Rather, we suggest that all people with CKD 
(and anyone with proteinuria) should be assessed at least 
once by a nephrologist (and a diabetologist if diabetes is 
also present) who can identify the underlying reasons of 
CKD and suggest strategies to halt or inhibit its progres-
sion to end - stage renal disease.  

  Defi nition of  c hronic  k idney  d isease 

 In 2002, efforts of the National Kidney Foundation (USA) 
and the international KDIGO group (Kidney Disease Initia-
tive to improve Global Outcomes) led to clinical practice 
guidelines for the evaluation, classifi cation and risk strati-
fi cation of CKD.  1   CKD was defi ned as any renal disease 
lasting for more than three months with histologic or other 
signs of renal damage. As depicted in Table  69.1 , glomeru-
lar fi ltration rate (GFR) may be decreased or normal in 
affected people.   

 Kidney damage can be detected in several ways includ-
ing urinary dipstick and sediment, measurement of urine 
protein, kidney histology, imaging studies or measurement 
of markers of GFR such as serum creatinine or cystatin C. 

In the vast majority of cases in adults not presenting with 
kidney - related symptoms, a reduced GFR or an elevated 
urinary protein excretion will identify CKD. 

  Glomerular  fi  ltration rate 

 Normal GFR in young men and women averages about 130 
and 120   mL/min/1.73   m 2  respectively.  2   After age 40, people 
tend to lose GFR by approximately 1   mL/min/year; this 
mean value, however, shows a wide variability, substan-
tially depending on the presence or absence of atheroscle-
rotic vascular disease.  3,4   GFR changes little in elderly people 
without renal and atherosclerotic vascular disease and is 
regulated in health and disease by various factors. For 
example, sodium and protein intake increase GFR and 
sympathetic drive decreases it. 

 Exact measurement of GFR by inulin or iothalamate 
clearance is cumbersome and costly and therefore not prac-
tical in routine clinical practice. Serum creatinine is the 
usual clinical indicator of GFR. However, this indicator (an 
amino acid derivative of 0.11 KD) is imperfect. First, creati-
nine is excreted by both glomerular fi ltration and tubular 
secretion; second, serum creatinine concentration depends 
substantially on muscle mass such that individuals with 
very low muscle mass may exhibite terminal renal failure 
at serum creatinine concentrations barely above 2   mg/dL 
(175    μ mol/L). Third, dietary intake of creatinine with meat 
may also affect serum levels. Indeed, GFR may decrease by 
up to 30% without a corresponding increase in serum cre-
atinine above the normal range.         

 Despite those obvious shortcomings of serum creatinine 
as a marker of GFR, it is possible to estimate GFR (eGFR) 
from the serum creatinine using various formulas that 
include age, sex, race or weight (Box  69.1 ).  2   The Cockcroft –
 Gault (CG) formula was developed to calculate creatinine 
clearance from regression computation of data in 249 
people with GFR of about 30 – 130   mL/min, comparing 
serum creatinine and creatinine clearance. The CG formula 
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 Table 69.1     Stages of chronic kidney disease ( CKD ), its approximate 
prevalence in Western societies and associated cardiovascular risk 

   Stage     GFR (mL/min/1.73   m 2 )     Approx. 
prevalence 
(% of population)  

   CV risk *  
(odds ratio)  

  1     > 90    3    Depends on 

degree of 

proteinuria  

  2    60 – 90    3    1.5  

  3    30 – 59    4    2 – 4  

  4    15 – 29    0.2    4 – 10  

  5     < 15    0.1    10 – 1000  

   In population studies, GFR was calculated from serum creatinine or 

cystatin C. The prevalence data are approximated from surveys in 

North America. The odds of the cardiovascular risk vary substantially 

with age. For example, the cardiovascular risk of a 20 - year - old dialysis 

patient is about 1000 - fold higher than the risk of his age group; at 

the age of 70 years, it is about 20 - fold.   

BOX 69.1  Formulas to estimate glomerular fi ltration 
rate 

  Modifi cation of Diet in Renal Disease ( MDRD ) 
formula: 
 

   
GFR mL min 1.73 m Screa age

if female

2( ) = × × ×
×

− −186
0 742

1 154 0 203. .

. 11 21.  if black    
  Cockcroft and Gault formula: 
 

   
Ccrea mL min

140 age weight  if female
Screa

( ) =
−( ) × ×

×
0 85

72
.

   
  Formulas derived from serum cystatin C: 
 

   
GFR mL min

Cystatin C mg L Dade-Behring kit
( )

= × ( )( ) ( )−74 8 1 333: :

 

   
GFR mL min

Cystatin C mg L Dako kit
( )

= × ( )( ) ( )−89 12 1 675: :

  
 Screa, serum creatinine; age in years, weight in kg; Ccrea, 
creatinine clearance; GFR, glomerular fi ltration rate. 
 There are several formulas developed from the MDRD data 
set. Above we give the most often used abbreviated 
formula. Slightly more exact is the following MDRD 
formula: GFR (mL/min/1.73   m 2 )   =   170    ×    Screa   − 0.999     ×    
age   − 0.176     ×    Surea   − 0.1760     ×    Salbumin  +0.318     ×    0.762 if female    ×   
 1.180 if black.  

creatinine (6 – 10 - fold difference) and further research is 
necessary to establish the role of cystatin C in clinical 
medicine.  

  Urine  p rotein 

 If the kidney leaks proteins, this may refl ect underlying 
renal disease or, in the case of small amounts of albumin, 
generalized endothelial dysfunction. Common renal dis-
eases are glomerulonephritis, inherited diseases such as 
polycystic kidney disease, diabetic nephropathy and neph-
rosclerosis due to smoking or hypertension. Laboratories 
typically measure either all proteins in the urine or albumin 
alone; dipsticks detect only albumin. A variety of assays 
are available and day - to - day variation of urinary protein 
excretion is substantial, depending on factors such as 
posture and physical activity. Therefore, urinary protein 
excretion should be measured more than once to detect 
kidney damage. Moreover, when urinary protein excretion 
is measured, it should either be expressed as a ratio to urine 
creatinine (to account for urine concentration) or as a timed 
specimen (e.g. per 12 or 24 hours).  1   

tends to overestimate GFR, especially at low GFR. The 
MDRD (Modifi cation of Diet in Renal Disease study) 
formula was based on the relationship between serum cre-
atinine and GFR measured by iothalamate clearance in 
1628 people with an elevated serum creatinine. This 
formula appears to be more accurate than the CG formula, 
at least in ambulatory people with GFR  < 60   mL/min, and 
has been used in people with several renal diseases and 
different ethnicity. Of note, the calculation of eGFR 
improves if assays for serum creatinine are calibrated 
against a standard; a national program for such calibration 
is in place in the USA. The MDRD tends to underestimate 
GFR at levels  > 60   mL/min and may vary from  “ true ”  GFR 
based on inulin clearance by up to 30%. Indeed, above an 
eGFR of 60   mL/min, the variance of eGFR is so large that 
many laboratories do not report exact values and just note 
that the value is  > 60. The latter approach appears to be 
reasonable; otherwise eGFR calculations would infl ate the 
number of people with the label  “ CKD ” . Thus, people with 
an eGFR  > 60   mL/min should only be classifi ed as having 
CKD if there is other evidence of CKD such as increased 
urinary protein excretion or kidney damage detected with 
imaging or histologic studies.   

 Cystatin C in serum is an alternative to creatinine; it is a 
13 KD protein, freely fi ltered by the glomerulus with exten-
sive tubular reabsorption and catabolism. Its generation as 
a nuclear degradation product appears to be more stable 
than the generation of creatinine. Recent data suggest that 
serum concentration of cystatin C may be a better marker 
of GFR than creatinine - based eGFR at GFR  > 60   mL/min. 
Cystatin C measurements are much more expensive than 
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ments.  8   A low eGFR is not consistently associated with 
cardiovascular risk in the general population  8   due to the 
low number of cardiovascular outcomes and concomitant 
low power. However, one study of  > 1 million participants 
of the general population in California reported a continu-
ous increase in cardiovascular risk (adjusted hazard ratio) 
for eGFRs between 45 and 59   mL/min to  < 15   mL/min from 
1.4 -  to 3.4 - fold  9   compared to an eGFR of  > 60   mL/min (Fig. 
 69.1 ); the risk increase for mortality and hospitalization 
was steeper. Of note, the prevalence of an eGFR  < 60   mL/
min in the general population, especially above age 50, is 
in the range of 5 – 10%.  10   Conversely, in people with known 
cardiovascular disease, the prevalence of an eGFR  < 60   mL/
min is higher than in the general population, in the 15 – 20% 
range.  7,10    

  Proteinuria 

 The association of micro -  and macroalbuminuria with car-
diovascular risk was reported in about 20 longitudinal 
studies.  7   The overwhelming majority of studies found that 
both micro -  and macroalbuminuria were independent pre-
dictors of cardiovascular risk with hazard ratios of 1.5 –
 3.  5,11 – 13   The association is found in the general population 
and in high - risk populations. However, the prevalence of 
increased levels of urinary protein excretion is only 4 – 7% 
in the general population and higher (10 – 30%) in people at 
high cardiovascular risk, especially in the presence of dia-
betes.  5,7,12   The largest study in the general population with 
over 40 000 participants reported that a doubling of urinary 
protein excretion is associated with a 29% increase of the 

 Urinary protein excretion is a very strong predictor of 
cardiovascular risk. This association is progressive; that is, 
the risk of incident cardiovascular outcomes increases with 
urinary protein excretion, even within the  “ normal ”  range.  5   
The term microalbuminuria stems from studies in diabetes 
and indicates a threshold at which the risk for overt dia-
betic nephropathy (macroalbuminuria and/or renal insuf-
fi ciency) suddenly increases severalfold. Such a threshold 
does not exist in the relationship between urinary albumin 
excretion and cardiovascular risk. As the term microalbu-
minuria is well established in clinical medicine, we use it 
here to describe renal damage and its association with car-
diovascular risk. 

 Low GFR and high urinary protein excretion often coin-
cide. In many studies, however, only one of these standard 
markers of renal damage is reported, usually serum creati-
nine. The few studies that documented both parameters 
suggest that both of these renal - related cardiovascular risk 
factors are additive and independent of each other.  6,7     

  When to  m easure e GFR  and  u rinary 
 p rotein  e xcretion? 

 There is no general consensus regarding when to measure 
kidney - related cardiovascular risk factors. In general, 
serum creatinine is measured whenever blood chemistry is 
ordered. Guidelines support the measurement of serum 
creatinine whenever a cardiovascular risk profi le is evalu-
ated in a person. Urinary protein excretion is usually 
ordered in the evaluation of kidney disease or at regular 
intervals in people with diabetes. In a cardiovascular 
setting, both eGFR and urine protein may be ordered if one 
is unsure whether to start therapies to prevent cardiovas-
cular disease in a given patient. The presence of increased 
urinary protein excretion or a low eGFR may then justify 
such therapy. However, data regarding the additional 
value of proteinuria and eGFR on top of classic cardiovas-
cular risk are lacking, and some analyses suggest that these 
measurements are of limited value after accounting for 
classic cardiovascular disease risk factors.  

  Population -  w ide  i mpact of  c ardiovascular 
 r isk  a ssociated with  r enal  d ysfunction 

   GFR  

 A recent systematic review of 39 studies comprising 
approximately 1.4 million people followed for a median 
of 4.5 years reported that cardiovascular mortality was 
increased with reduced eGFR in all but three studies. The 
univariate risk increase was twofold (range 1 – 5 - fold); this 
risk was somewhat attenuated after multivariate adjust-

     Figure 69.1       Relationship between estimated glomerular fi ltration rate 
(eGFR) and cardiovascular outcomes in a general population of  > 1 million 
people of a health maintenance organization in California, followed for 
2.5 years. Abscissa: GFR estimated from serum creatinine at baseline. 
Ordinate: relative risk % for death (light gray), for a major cardiovascular 
event (black) and for hospitalization (gray). Risk of people with 
a baseline GFR  > 60   mL/min/1.73   m 2  was set at 100%.  (Modifi ed after Go 
 et al   9  , with permission.)   
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relative risk for cardiovascular outcomes (Fig.  69.2 ).  12   In a 
study of about 10 000 people with known cardiovascular 
disease or at high risk, any increase in urine albumin excre-
tion by 0.4   mg/mmol creatinine (approx. 3.6   mg/g) was 
associated with a 6 – 7% increase in cardiovascular events, 
myocardial infarction, stroke and cardiovascular death.  5   

 The predictive power of classic cardiovascular risk 
factors and of eGFR or proteinuria was compared by mul-
tivariate techniques. Kidney - related factors exhibit hazard 
or odds ratios that are not different, in absolute terms, from 
classic risk factors. Moreover, as noted above, when assess-
ing cardiovascular risk in an individual, the renal - related 
factors add modestly to the classic risk factors.   

     Figure 69.2     Relative risk for death in a general population from a 
Dutch town, followed for seven years.  (From Hillege  et al.   32  .)   
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      Moderately elevated serum creatinine and urine albumin 
are associated with a doubling in the risk for major 
cardiovascular events. These two renal - related risk factors 
are additive, are independent from classic risk factors but 
add only modestly to classic risk factors for risk 
calculation.  

  Why are  l ow  GFR  and  p roteinuria  r isk 
 f actors for  v ascular  d isease? 

 The association of CKD and cardiovascular risk may refl ect 
the (unjustifi ed) fact that people with renal damage receive 
less therapy to prevent or treat cardiovascular disease than 
people with no renal damage (Fig.  69.3 ).  14   Renal damage 
may also be a marker of the severity of underlying vascular 
disease.  10,15   In other words, the associated hypertension or 
peripheral vascular disease may be more severe in people 
with renal damage. Such differences are not accounted for 
in adjusted analyses and can be considered as residual 
confounding. Furthermore, the mechanisms underlying 
renal and cardiovascular damage are similar. Finally, a 
reduced GFR accelerates atherosclerosis and vascular 
calcifi cation. 

 One of the primary pathophysiologic mechanisms 
involved in accelerated vascular damage in CKD may 
be endothelial dysfunction.  16   A number of factors that 
adversely affect endothelial function are altered in CKD, 
including activation of the renin - angiotensin system, 

     Figure 69.3     Thirty - day mortality in 130   000 people admitted to hospital for acute coronary syndrome. Data are stratifi ed according to creatinine 
clearance, calculated from serum cratinine at admission according to Cockcroft and Gault. HR, hazard ratio comparing people treated/not treated with 
the respective drug.  (Modifi ed after Shlipak  et al ,  Ann Intern Med  2002  .)   
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increased oxidative stress, signs of low - grade infl ammation 
with increased circulating cytokines, dyslipidemia and 
elevated asymmetric dimethylarginin (ADMA), an inhibi-
tor of NO formation.  17 – 21   Many of those factors occur 
early in the course of CKD and precede the appearance 
of vascular and valvular calcifi cations found in late 
CKD.  21          

  Implications for  t herapy 

 The use of cardiovascular drugs in people with kidney 
disease, specifi cally with renal insuffi ciency and a GFR 
 < 60   mL/min, may be associated with potential adverse 
events and potential benefi ts. We will discuss both aspects 
and make some general remarks. 

 Inhibitors of the renin - angiotensin system (RAS), includ-
ing ACE inhibitors and angiotensin receptor blockers, are 
given to many people with cardiovascular disease. Acute 
renal failure and hyperkalemia are among the most feared 
adverse events of those drugs. Based on the results of the 
HOPE, ONTARGET and TRANSCEND studies, it appears 
reasonable to measure serum creatinine and serum potas-
sium in the fi rst few weeks after initiating therapy with an 
inhibitor of the RAS. In the run - in phase of these three large 
trials, therapy with an inhibitor of the RAS had to be 
stopped within the fi rst 2 – 4 weeks because of increasing 
serum creatinine in about 0.2% and because of hyperkale-
mia in about 0.8%.  22,23     During long - term therapy with 
inhibitors of the RAS, acute renal failure, specifi cally dialy-
sis dependent, and hyperkalemia were rare ( < 0.2% during 
4 – 5 years) and not different between inhibitors of the RAS 
and placebo. As a rule, acute renal failure was related to 
conditions of potential fl uid deprivation.  24   In people with 
chronic heart failure, the risks of acute renal failure and of 
hyperkalemia appear to be higher than indicated above, 
about 1.5% and 0.8% respectively over two years of follow -
 up and even higher in people with acute heart failure.  25   In 
people with chronic heart failure, the combined use of ACE 
inhibitors and angiotensin receptor blockers is sometimes 
considered. That combination approximately doubles the 
risk of acute renal failure compared to monotherapy with 
either ACE inhibitors or angiotensin receptor blockers 
(ARB).  24,25   Based on pathophysiology, the risk of acute 
renal failure likely depends on RAS activation. Under con-
ditions of reduced renal perfusion, high renin levels con-
tribute to maintain GFR. Such conditions are typically 
observed with advanced heart failure, with intravascular, 
specifi cally intra - arterial fl uid deprivation and with the use 
of high doses of diuretics. Case reports suggest that the 
combination of NSAIDs with ACE inhibitors or ARB 
further increases renal risks when there is fl uid deprivation 
or low cardiac output, especially in people with vascular 

 What are the recommendations for the use of inhibitors 
of the RAS in people with CV disease? It may be wise 
to inform people treated with inhibitors of the RAS to 
stop treatment when there is diarrhea, other instances of 
volume depletion or high - grade fever and to avoid NSAID 
use apart from low - dose aspirin. When initiating therapy 
with inhibitors of the RAS or when increasing doses 
of diuretics, serum creatinine and potassium should be 
checked. 

 In chronic heart failure, the potassium - sparing diuretics 
spironolactone or eplerenone are successfully used. Those 
aldosterone receptor blockers increase the risk of hyperka-
lemia with an associated mortality, specifi cally when used 
in people with renal insuffi ciency and at doses higher than 
used in randomized trials. A cautious recommendation is 
to avoid such diuretics in people with renal insuffi ciency. 
That may not be helpful if people with heart and renal 
failure exhibit hypokalemia and related arrhythmia. No 
data are available on how to manage these people. Small 
trials suggest that hypokalemia is more effectively treated 
by spironolactone and other potassium - sparing diuretics 
than by oral potassium supplements. At 25 – 50   mg/d of 
spironolactone, serum potassium will increase by approxi-
mately 1   mmol/L. 

 Diuretics should be given at higher doses in people 
with renal insuffi ciency, preferentially loop diuretics. With 
decreasing GFR, less sodium is fi ltered, so less sodium can 
be prevented from tubular reabsorption by diuretics. Thus 
daily negative sodium balance of diuretics in renal insuf-
fi ciency is reduced and it will take longer to remove exces-
sive sodium and fl uid. Sodium output can be easily 
monitored by collecting urine output. If sodium removal is 
too slow, hemofi ltration may be considered but this proce-
dure is invasive and very expensive. When initiating high -
 dose diuretic therapy or when large fl uid shifts are observed 
in patients according to a weight change, close monitoring 
of electrolytes and serum creatinine is mandatory. Nega-
tive sodium and volume balance may massively stimulate 

  Recommendations: Grade C 

     •      Serum creatinine and potassium should be checked in the fi rst 
weeks after initiating therapy with inhibitors of the renin -
 angiotensin system, and during ongoing therapy if there are 
new signs of intravascular fl uid defi ciency.  

   •      The concomitant chronic therapy with inhibitors of the renin 
system and of NSAID is discouraged.      

disease and potentially reduced capacity for renal 
autoregulation. 
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  Recommendations: Grade B 

     •      Advanced heart failure may be associated with stimulation of 
thirst and vasopressin secretion. This stimulation may intensify 
when diuretic therapy is boosted. Hyponatremia in this 
situation can be prevented by fl uid restriction and possibly by 
vasopressin antagonists.      

 Anticoagulants and platelet inhibitors can be used in 
people with renal insuffi ciency. Low GFR is associated 
with disordered coagulation and more bleeding. Some 
anticoagulant drugs, including heparins, act longer with 
lower GFR. In one study with clopidogrel, the cardiovas-
cular benefi ts of clopidogrel in the acute coronary syn-
drome were preserved in those with renal insuffi ciency but 
the relative risk for bleeding associated with clopidogrel 
was actually less than in participants with normal renal 
function.  26      There are no further data on the balance of 
benefi ts and adverse events of anticoagulants in people 
with CV diseases and concomitant renal insuffi ciency, so 
no evidence - based recommendations can be given. 

 To our knowledge, beta - blockers have not been analyzed 
for their cardiovascular benefi ts in subgroups with renal 
insuffi ciency. Some of those agents have a prolonged action 
with decreasing GFR. This prolonged half - life is usually 
not a clinical problem since the action of beta - blockers can 
be easily monitored by heart rate. 

 Statins have similar benefi ts and adverse effects in people 
with and without renal insuffi ciency, according to a thor-
ough meta - analysis.  27   In people with diabetes and treated 
by chronic dialysis, however, a large trial showed no sig-
nifi cant CV benefi t of statins. Some statins are partially 
eliminated via the kidney. Due to a wide safety margin, 
only minor dose adjustments are suggested with severe 
renal insuffi ciency.       

 From the above it appears reasonable to administer stan-
dard CV therapy in people with renal disease but data from 
registers found that such people receive standard cardio-
vascular care less frequently than those without renal 
disease.  10,14   People with renal diseases derive at least as 
much benefi t from standard cardiovascular care as do 
people without renal damage.  14,24,27,28   

 Invasive therapy for acute coronary syndromes clearly 
saves lives. Such benefi cial therapy is often withheld in 
the presence of renal damage. There is no evidence that 
benefi t or harm of invasive therapy is different in people 

  Recommendations: Grade B 

     •      Standard cardiovascular therapy is as effective in people with 
moderate - to - severe renal insuffi ciency as in people with normal 
renal function, according to subgroup analyses of major 
outcome trials.      

with and without renal damage. One study found no 
difference in the relative risks of percutaneous coronary 
intervention (PCI) in acute coronary syndrome in people 
with normal and low GFR.  28   Clearly, measures to prevent 
contrast nephropathy should be instituted. However, 
the incidence of clinically signifi cant contrast nephropathy 
is rare except in people with diabetes  and  both a low 
GFR  and  macroalbuminuria. In these individuals the 
risk of dialysis dependency after contrast injection is 
substantial.  29      

 

 On the basis of observational data, it has been proposed to 
target lower blood pressure values in persons with CKD 
than in the general population, namely below 130/80   mm   Hg 
and even below 125/75   mm   Hg if urine protein is above 
1   g/d or above 1   g/g creatinine.  10   There is only epidemio-
logic evidence to support those recommendations. 

 Many nephrologists assume that proteinuria refl ects 
kidney damage and contributes to progressive renal 
damage by itself,  1   due to the increasing demand on the 
resorptive capacity for protein of renal tubular cells. Such 
tubular cells will then produce cytokines that initiate inter-
stitial renal infl ammation, attracting macrophages which 
will eventually transform into fi broblasts.  30   This hypothesis 
assumes that any reduction in proteinuria will halt pro-
gressive renal damage. Whereas this is consistent with data 
in both humans and experimental animals, effects of dif-
ferent proteinuria targets have never been tested in a clini-
cal trial. 

 All the above considerations do not apply to people with 
end - stage renal disease. In this specifi c subgroup, mecha-
nisms of vascular disease and of cardiovascular death are 
different, as are their risk factors.  
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70  Pulmonary hypertension  

    Brendan P   Madden  
  St George ’ s Hospital, London, UK       

   Introduction 

 Pulmonary hypertension is defi ned as a mean pulmonary 
artery pressure of greater than 25   mm   Hg at rest or 30   mm   Hg 
with exercise. The term pulmonary arterial hypertension 
(PAH) denotes a series of apparently unrelated disorders 
many of which share the histopathologic entity of plexo-
genic pulmonary arteriopathy (PPA). Typically in PAH the 
mean pulmonary capillary wedge pressure is less than 
15   mm   Hg. 

 Examples of PAH include idiopathic PAH, familial PAH 
and pulmonary hypertension associated with scleroderma, 
hepatic cirrhosis, HIV infection and Eisenmenger ’ s syn-
drome. It has also been described in association with inges-
tion of slimming agents, e.g dexfenfl uramine, and with 
other unusual conditions including pulmonary veno - 
occlusive disease and glycogen storage disorders (Box  70.1 ).   

 Pulmonary hypertension can also occur in association 
with cardiac and respiratory diseases. Examples of the 
former include left ventricular failure, chronic left atrial 
hypertension and mitral valve disease and of the latter 
chronic obstructive pulmonary disease (COPD), interstitial 
lung disease, disorders of pulmonary development and 
sleep apnea syndrome. Chronic thromboembolic pulmo-
nary hypertension (CTEPH) affecting proximal or distal 
pulmonary arteries may occur for unknown cause or may 
be associated with thrombophilia abnormalities such as 
protein S and C defi ciency or abnormalities in factor V. 
Prothrombotic states can also accompany connective tissue 
disorders or malignancy. In addition, pulmonary hyperten-

sion can result from other unusual conditions, e.g. lymphan-
gioleiomyomatosis (see Box  70.1 ). 

 Idiopathic PAH was initially described by Romberg as 
 “ sclerosis of the pulmonary arteries ”  over 100 years ago.  1   
Dresdale and colleagues termed the condition primary pul-
monary hypertension some 50 years later.  2   Wood observed 
a reduction in pulmonary arterial pressure in response to 
intravenous administration of acetylcholine and suggested 
that a  “ vasoconstrictive factor ”  was responsible for its 
pathogenesis.  3   Subsequently clinical experience with vaso-
dilator therapy was disappointing and this was consistent 
with reports from Wagenvoort and Wagenvoort  4   (4) and 
Caslin and colleagues which suggested that more extensive 
vascular injury and remodeling occurred in this process 
(Fig.  70.1 ).  5 – 7   Over the years that followed the term PAH 
was defi ned as an umbrella term to link a number of appar-
ently different disease processes which shared similar his-
topathologic appearances and were associated with severe 
elevation in pulmonary vascular resistance (PVR). Authors 
described pulmonary hypertension occurring in associa-
tion with ingestion of aminorex fumarate (an appetite sup-
pressant) in Western Europe,  8   in association with connective 
tissue disease,  9   hepatic cirrhosis and portal hypertension  10   
and with HIV infection.  11   Traditionally idiopathic PAH was 
described in young females although with increasing 
awareness, the condition is now diagnosed in patients 
beyond the fourth and fi fth decades of life. The incidence 
and prevalence of idiopathic PAH are estimated to be four 
per million and ten per million of the population respec-
tively. Overall, the prevalence of PAH is estimated to be 
in the region of 100 per million of the population. The 
incidence and prevalence of pulmonary hypertension in 
patients with cardiac and respiratory disorders are not pre-
cisely known although they are believed to be considerably 
higher than for PAH. PAH is associated with a poor sur-
vival and a poor quality of life. There is no cure, limited 
treatment options and incomplete understanding of the 
disease.  12,13      

Evidence-Based Cardiology, 3rd edition. Edited by S. Yusuf, J.A. Cairns, 
A.J. Camm, E.L. Fallen, and B.J. Gersh. © 2010 Blackwell Publishing, 
ISBN: 978-1-4051-5925-8.
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BOX 70.1  Diagnostic classifi cation of pulmonary 
hypertension (World Conference on Pulmonary 
Hypertension, Venice 2003) 

  Pulmonary  a rterial  h ypertension ( PAH ) 
     •      Idiopathic PAH  
   •      Familial PAH  
   •      Related to:  

   �      Connective tissue diseases  
   �      HIV  
   �      Portal hypertension  
   �      Anorexigens  
   �      Congenital heart diseases    

   •      Pulmonary capillary hemangiosis  
   •      Pulmonary veno - occlusive disease  
   •      Others (e.g. glycogen storage disease, splenectomy)     

  Associated with  l eft  h eart  d isease 
     •      Atrial or ventricular dysfunction  
   •      Valvular disease     

  Associated with  l ung  d isease/ h ypoxemia 
     •      COPD  
   •      Interstitial lung diseases  
   •      Sleep - disordered breathing  
   •      Developmental abnormalities  
   •      Chronic exposure to high altitude     

  Associated with  c hronic  t hrombotic and/or  e mbolic 
 d isease 
     •      Obstruction of proximal pulmonary artery  
   •      Obstruction of distal pulmonary artery  
   •      Non - thrombotic pulmonary emboli (e.g. tumor)     

  Miscellaneous 
     •      Histiocytosis  
   •      Lymphangioleiomyomatosis  
   •      Sarcoidosis  
   •      Compression of pulmonary vessels (adenopathy, tumor, 

mediastinal fi brosis)     

     Figure 70.1     Pulmonary arteriole from a patient with PAH showing 
extensive reduction in vessel lumen as a consequence of smooth muscle 
cell migration from the inner half of the media. Once in the lumen, the 
cells become myofi broblasts and proliferate. Note also a surrounding 
infl ammatory infi ltrate (H & E, medium power).  

  Pathology 

 PPA occurs in a select group of disorders. It is unclear why 
this histopathologic entity occurs although it is possible 
that the lung has only a fi nite number of responses to injury 
which feed into fi nal common pathway mechanisms. This 
may explain why similarities occur in patients with condi-
tions such as obliterative bronchiolitis following lung 
transplantation and those with obliterative bronchiolitis 
associated with rheumatoid lung disease or respiratory 
syncytial virus infection in childhood. Similarly many con-
ditions have been implicated as causative in the acute 
respiratory distress syndrome yet the pathology is similar 
regardless of etiology. 

 In PPA the pathophysiologic triggers are not clear. Fol-
lowing initial vasoconstriction smooth muscle migration 

occurs from the inner half of the media of muscular pul-
monary arterioles into the vessel lumen where these cells 
become myofi broblasts capable of laying down either 
smooth muscle or fi brous tissue. Once in the lumen, the 
cells proliferate in a concentric fashion and ultimately oblit-
erate the lumen (see Fig.  70.1 ). As this process develops 
the radius of the vessel lessens and in accordance with 
Poiseuille ’ s law, the resistance to fl ow increases. When 
sectioned, these vessels have the appearance under the 
microscope of a cut onion and the process has been 
described as  “ onion skin proliferation ” . Interestingly, in 
COPD smooth muscle cells migrate into the vessel lumen 
but migrate in a longitudinal fashion and although reduced, 
there is less compromise to the radius than with PPA. At 
proximal points of weakness in the vessel (often at areas of 
branching), the vessel distends and ruptures. Hemorrhage 
follows and primitive blood vessels grow into this area in 
a haphazard or plexiform arrangement. The combination 
of concentric laminar intimal ( “ onion skin ” ) proliferation 
and plexiform lesions is referred to as PPA. Some authors 
believe that plexiform lesions represent a type of collateral 
circulation. 
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 It is not clear why these particular changes occur in dis-
eases with such diverse etiology and clinical presentation. 
Immunoreactive cells in the lung for gastrin - releasing 
peptide and calcitonin may be important factors in the 
smooth muscle cell migration process.  14   Endothelial injury 
as a consequence of damage by toxins or genetic factors 
may also be important and indeed, overexpression of endo-
thelin - 1 and reduced levels of prostacyclin synthase have 
been noted in plexiform lesions.  15 – 20   There is ongoing exten-
sive research into endothelial dysfunction in patients with 
PAH.  

  Survival 

 The natural history of idiopathic PAH has been described 
and the National Institute of Health Registry followed up 
194 patients with this condition enrolled at 32 medical 
centers between 1981 and 1985. The median survival was 
2.8 years with one - , three -  and fi ve - year survival rates of 
68%, 48% and 34% respectively.  21   Indeed, actuarial fi ve -
 year survival for untreated patients with PAH who are in 
class IV New York Heart Association (NYHA) status is 
signifi cant lower than that for patients with lung, breast, 
prostate, colon and gastric carcinoma. The following factors 
are useful in predicting mortality in PAH: 
   •      etiology  
   •      unctional capacity (NYHA or PAH class)  
   •      xercise capacity (unencouraged six - minute walk test)  
   •      hemodynamics (severity of right ventricular 

dysfunction)  
   •      echocardiographic parameters.    
 It appears that survival for patients with PAH associated 
with scleroderma is worse than for patients with idiopathic 
PAH  22   while survival for patients with PAH associated 
with HIV infections is similar to those patients with idio-
pathic PAH.  23   Interestingly, in a number of studies most 
deaths in patients with HIV infection and PAH were related 
to PAH. Patients with congenital heart disease may have a 
better prognosis than those with idiopathic PAH although 
further experience is necessary to validate this.  24   

 As in adults, the prognosis in children with PAH is 
linked to the underlying etiology. 

 The incidence and prevalence of pulmonary hyperten-
sion in patients with cardiac and respiratory disorders are 
not precisely known but are believed to be considerably 
higher than for the causes of PAH. In these conditions 
expert medical treatment focusing on the underlying 
cardiac, pulmonary or hematologic abnormalities is key to 
the management of the co - existing pulmonary hyperten-
sion, at least in the fi rst instance. 

 Higher NYHA functional class (III or IV) is associated 
with increased mortality in both treated and untreated 
patients with idiopathic PAH.  21,22,25   Failure to improve 

NYHA functional class or deterioration in NYHA func-
tional class while on therapy may of itself be predictive of 
a poor outcome. The unencouraged six - minute walk test is 
an easy - to - perform and reproducible modality of assessing 
exercise capacity in patients with PAH and may be an 
independent predictor of survival for these patients. One 
study suggested that a six - minute walk test of less than 332 
meters was associated with a signifi cantly lower survival 
rate than for patients whose six - minute walk test exceeded 
this distance.  26   

 In patients with suspected pulmonary hypertension 
right heart catheterization is performed to confi rm the 
presence and severity of pulmonary hypertension and to 
help establish the underlying diagnosis. Furthermore, right 
heart catheterization is required to guide therapeutic inter-
vention. The PVR (mm   Hg/L/min) is calculated as follows:

   
Mean pulmonary

artery pressure
mean pulmonary capillary

wedg− ee pressure
Cardiac output

  

 Echocardiography is an integral part of the evaluation of a 
patient with pulmonary hypertension. Common fi ndings 
in patients with PAH include right atrial and right ven-
tricular enlargement, reduced right ventricular function, 
paradoxic movement of the intraventricular septum 
and tricuspid regurgitation (Fig.  70.2 ). The presence of a 
pericardial effusion seems to be associated with a poorer 
prognosis.  27   Another indicator of an adverse outcome is 
an elevated Doppler echocardiography right ventricular 
index.  28     

 Correlation between estimated pulmonary artery sys-
tolic pressure on echocardiography and at right heart 
catheterization is not always close. Echocardiographic 
measurements are usually dependent on assessment of the 
tricuspid regurgitant velocity and errors with this measure-
ment and with subsequent formulae employed often con-
tribute to inaccuracy.  

  Quality of  l ife 

 Patients with PAH have similar quality of life scores when 
compared with those for patients with COPD and with 
end - stage renal failure.  

  Natural  h istory 

 Early on in the course of their illness, patients with PAH 
may be asymptomatic or experience dyspnea with exer-
tion. In the early stages of the disease the non - specifi c 
nature of the symptoms may lead to either failure of 
diagnosis or incorrect diagnosis. Many patients have had 
their symptoms attributed to depression. As the condition 
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     Figure 70.2     Two - dimensional 
echocardiography from a patient with PAH 
showing right ventricular enlargement and 
paradoxic encroachment of the 
intraventricular septum from the right 
ventricle into the left ventricle. (a) parasternal 
long axis view. (b) Apical four - chamber view.  (a) (b)

progresses, the PVR rises and the cardiac output falls. At 
this stage patients may change from having relatively few 
symptoms to experiencing dyspnea, palpitations, chest 
pain (right ventricular angina), presyncope or syncope. 
Initially these symptoms may occur with exertion and 
subsequently at rest. As the condition progresses further 
peripheral edema, ascites, plethora and more profound 
fatigue develop as right ventricular dysfunction and tricus-
pid regurgitation evolve. Ultimately right heart failure and 
death occur.  12   

 Disease progression and response to therapy can be func-
tionally assessed using the World Health Organization 
classifi cation of functional capacity which is an adaptation 
of the NYHA system (Table  70.1 ).    

  Diagnosis 

 Since PAH can occur in association with other conditions, 
symptomatic evidence of a related illness should be con-
sidered. For example, orthopnea and paroxysmal nocturnal 
dyspnea suggest elevated pulmonary venous pressure 
and pulmonary congestion due to left - sided heart disease 
or pulmonary veno - occlusive disease. Features such as 
Raynaud ’ s phenomenon or arthralgias or rash may suggest 
the possibility of an underlying connective tissue disease. 
Other lung diseases such as lung fi brosis, COPD and 
obstructive sleep apnea can be associated with pulmonary 
hypertension and will need to be assessed and potentially 
treated in addition to the primary lung disease. One should 
also exclude pulmonary thromboembolic disease by per-
forming either a ventilation/perfusion (V/Q) or computed 
tomographic pulmonary angiography (CTPA) scan (Fig. 
 70.3 ) or pulmonary angiography. For many patients with 
pulmonary hypertension associated with other conditions, 
treatment of the primary condition will signifi cantly 
improve their pulmonary hypertension.    

 Table 70.1      WHO  classifi cation of functional status of patients with 
pulmonary hypertension ( PH )  *   

   Class     Description  

  I    Patients with PH in whom there is no limitation  

  of usual physical activity; ordinary physical activity  

  does not cause increased dyspnea, fatigue, chest  

  pain or presyncope  

  II    Patients with PH who have mild limitation of  

  physical activity. There is no discomfort at rest, but  

  normal physical activity causes increased dyspnea,  

  fatigue, chest pain or presyncope  

  III    Patients with PH who have a marked limitation of  

  physical activity. There is no discomfort at rest, but  

  less than ordinary activity causes increased  

  dyspnea, fatigue, chest pain or presyncope  

  IV    Patients with PH who are unable to perform any  

  physical activity and who have signs of right  

  ventricular failure. Dyspnea and/or fatigue may be  

  present at rest, and symptoms are increased by  

  almost any physical activity  

    *    Rich S.  Primary Pulmonary Hypertension: Executive Summary . Evian, 

France: World Health Organisation, 1998.   

  Physical  e xamination 

 The clinical features of pulmonary hypertension can be 
subtle and may be missed on physical examination. Impor-
tant features to identify are a loud pulmonary component 
to the secondary heart sound which refl ects increased force 
of pulmonary valve closure secondary to elevated pulmo-
nary artery pressure. Other auscultatory abnormalities 
include an early systolic ejection click due to sudden inter-
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     Figure 70.3     CTPA from a patient with pulmonary hypertension 
associated with pulmonary thromboembolic disease.  

ruption of pulmonary valve opening, a midsystolic ejection 
murmur caused by turbulent transvalvular pulmonary 
fl ow and a right ventricular fourth heart sound. Additional 
features include a palpable left parasternal lift as a conse-
quence of right ventricular hypertrophy and a prominent 
jugular  “ a ”  wave which suggests high right ventricular 
fi lling pressures. As the condition develops further a dia-
stolic murmur of pulmonary regurgitation may be noted 
together with a pansystolic murmur of tricuspid regurgita-
tion. Tricuspid regurgitation may also be detected by 
inspection of the neck demonstrating an elevated jugular 
venous pressure with accentuated V waves, a hepatojugu-
lar refl ux and a pulsatile liver. Right ventricular failure is 
associated with a right ventricular third heart sound, dis-
tension of the jugular veins, pulsatile hepatomegaly, ascites 
and peripheral edema. As the disease progresses hypoten-
sion and poor peripheral perfusion indicate signifi cant 
reduction of cardiac output with elevated peripheral vas-
cular resistance. Cyanosis is noted in 20% of patients with 
idiopathic PAH; clubbing is rare.  12   Other cardiac and respi-
ratory abnormalities may give further clues to other diag-
noses and in particular, one must exclude CTEPH and 
potential underlying causes of this condition.  

  Routine  i nvestigations 

 In addition to routine hematologic and biochemical indices 
(full blood count, urea, creatinine and electrolytes, liver 
function test), one should screen for autoimmune diseases 
and clotting abnormalities and check arterial blood gas 
analysis on room air. Genetic screening is also important. 
A chest X - ray may show enlarged main and hilar pulmo-
nary arteries, peripheral pruning of pulmonary vessels and 
cardiomegaly of right ventricular confi guration. ECG may 

be normal, may identify right axis deviation and right ven-
tricular strain or show evidence of right atrial or right ven-
tricular hypertrophy or arrhythmias. Two - dimensional 
echocardiography can provide useful information of right 
and left heart function and valvular abnormalities and can 
provide an estimate of the pulmonary artery systolic pres-
sure. Ventilation perfusion and CTPA scanning can help 
exclude CTEPH and right heart catheterization can help 
confi rm the presence of pulmonary hypertension and 
provide important information as to its origin. Full lung 
function tests may be normal or show abnormalities con-
sistent with other diagnoses, e.g. low transfer factor for 
patients with lung fi brosis, left heart failure or CTEPH.  

  Evidence for  d iagnostic  t ests in 
 p atients with  s uspected  p ulmonary 
 a rterial  h ypertension 

 As PAH is a relatively rare condition, the literature is 
lacking in large series of appropriately conducted clinical 
trials which help establish fi rm guidelines for diagnosis 
and treatment. Furthermore, there is no effective cure and 
many treatments available will at best reduce the rate of 
deterioration of the illness and improve quality of life. 
Additionally, there is an important cost implication, par-
ticularly for long - term use of prostanoids and endothelin 
receptor antagonists. Therapies such as lung transplanta-
tion are limited by donor organ availability. Finally PAH 
represents a series of diverse conditions which interface at 
the level of the pulmonary circulation. Efforts to rationalize 
diagnostic modalities and treatment options are clearly 
diffi cult. 

 As a consequence, a number of expert consensus group 
meetings were organized to obtain broad agreement as to 
how patients with PAH should be diagnosed and treated.  13   
What is reported in this chapter represents a distillation of 
current international opinion. Often such expert opinion is 
based on clinical experience in conjunction with results 
obtained from clinical trials. Many of these trials provide 
encouraging results but may be criticized because of design, 
duration and relatively small numbers of patients. In the 
light of early results further prospective trials are under 
way. It should also be stressed that there are currently no 
fi rm data based on properly constructed clinical trials to 
advocate specifi c management strategies for patients 
whose pulmonary hypertension is associated with primary 
cardiac and pulmonary diseases. 

 Consensus of opinion recommends that for patients 
with suspected PAH routine hematologic and biochemical 
investigations be performed and that autoimmune profi le 
and HIV status is assessed (Class I). Chest X - ray is consid-
ered routine as is 12 - lead ECG. Doppler echocardiography 
is a good screening tool to detect PAH (Class I) and is 
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useful at assessing morphology and abnormalities and 
in estimating right ventricular and pulmonary arterial 
systolic pressures (Class IIa), to assess left ventricular 
function (Class I) and (with contrast) intracardiac shunting 
(Class IIa). 

 V/Q scan or CT pulmonary angiography is recom-
mended to exclude chronic pulmonary thromboembolic 
disease (Class IIa) and pulmonary angiography is advo-
cated prior to considering pulmonary thromboendarterec-
tomy (Class I). Lung function tests and arterial blood gas 
analysis are routinely performed (Class IIa). Estimate of 
gas transfer is useful in patients with PAH and scleroderma 
(Class IIa) and chronic pulmonary thromboembolism 
(Class IIa). Lung biopsy is not routinely advocated (Class 
I). Right heart catheter (Box  70.2 ) is required to confi rm the 
presence of pulmonary hypertension, establish the specifi c 
diagnosis and determine its severity (Class I) and also to 
help guide treatment (Class IIa). Genetic testing and coun-
seling should be offered to patients with familial PAH 
(Class I) and patients with idiopathic PAH should be 

advised of the availability of genetic counseling and testing 
for their relatives (Class I).  13      

  Genetic  a spects 

 Disease - causing mutations in bone morphogenetic protein 
receptor II (BMPR2) may underlie familial PAH.  29,30   Muta-
tions have been detected in 55%  29   of families and show 
autosomal dominance with incomplete penetrance. Thus 
far up to 26% of sporadic cases (idiopathic PAH) have 
BMPR2 mutations.  30   Bone morphogenetic proteins are a 
family of secreted growth factors. BMPR2 regulates cell 
proliferation in response to ligand binding. Mutations in 
either BMPR2 or downstream ligand binding or activation 
lead to a loss of the inhibitory action of bone morphoge-
netic protein on vascular smooth muscle cell growth. As a 
consequence of this lack of inhibition, inappropriate cel-
lular proliferation can occur and this may be important in 
the vascular remodeling that develops in PAH.  

  Current  t heories on the  p athophysiology 
of  p ulmonary  a rterial  h ypertension 

 Patients may have a genetic predisposition (e.g. BMPR2 
mutation) or have a risk factor such as autoimmune disease 
or HIV which can facilitate vascular injury. When vascular 
injury occurs endothelial cell dysfunction follows, giving 
rise to loss of regulation of local vasomotor tone, infl am-
mation, smooth muscle migration and  in situ  thrombosis. 
As a consequence, vascular remodeling ensues, disease 
progression occurs, the PVR rises and cardiac output 
falls (Fig.  70.4 ). It should be stressed that the precise 

BOX 70.2  Right heart catheter from a patient with 
idiopathic  PAH      

  RA mean    14   mm   Hg  
  RV    80   mm   Hg  
  EDP    15   mm   Hg  
  PA    80/14   mm   Hg, mean 36   mm   Hg  
  PCWP mean    12   mm   Hg  
  Cardiac output mean    3   L/min  
  PVR    12 Wood units  

     Figure 70.4     Factors involved in the 
pathogenesis of PAH.  

Risk Factor       Genetic Predisposition 
(e.g. Toxins, HIV, Autoimmunity)      (e.g. BMPR2) 

VASCULAR INJURY 

Endothelial cell dysfunction 
(NO, ET-1, PgI2 etc altered)    Smooth muscle cell dysfunction 

           Migration, proliferation and
           Remodelling  

INFLAMMATION 

PPA. 

DISEASE PROGRESSION 
Progressive rise in PVR and fall 
In cardiac output.  
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mechanisms underpinning the pathogenesis of PAH are 
not fully understood.    

  Therapeutic  t argets 

 Abnormalities in endothelial function with respect to vaso-
reactivity, intimal proliferation and thrombus formation 
are believed to be important in the pathogenesis of PAH. 
Increasing attention has been given to endothelin - 1 which 
is a potent vasoconstrictor and smooth muscle mitogen 
that may contribute to the vascular remodeling and 
increased PVR seen in PAH.  15 – 18   Elevated endothelin - 1 pro-
duction expression and concentration in plasma and 
in plexiform lesions are demonstrated in patients with 
PAH.  15 – 19   There are two distinct endothelin receptor iso-
forms, namely ET A  and ET B .  31   When the ET A  receptor is 
activated vasoconstriction and vascular smooth muscle cell 
proliferation are facilitated. ET B  receptors are believed to 
be involved in endothelin clearance, particularly in the pul-
monary and renal vascular beds, and they may also be 
involved in causing vasodilation and nitric oxide release.  31   
At present it is unclear whether it is preferable to block 
both ET A  and ET B  receptors (with agents such as bosentan) 
or to primarily target the ET A  receptor alone (e.g. with 
agents such as sitaxsentan). Both bosentan and sitaxsentan 
have undergone randomied and controlled clinical trials in 
patients with PAH.  32 – 36   

 Prostacyclin is a metabolite of arachidonic acid produced 
primarily in vascular endothelium. It is a potent vasodila-
tor of both the pulmonary and systemic circulation and 
also has important antiplatelet aggregatory effects. There is 
evidence suggesting that a relative defi ciency of prostacy-
clin may contribute to the pathogenesis of PAH. As a con-
sequence there would be reduced local vasodilation and a 
tendency to platelet aggregation and it is known that PAH 
is associated with the presence of  in situ  thromboses. Pros-
tacyclin acts by increasing cyclic adenosine monophos-
phate (cAMP) and in addition to potentiating vasodilation, 
it may be antiproliferative. Clinical studies have suggested 
benefi t from long - term treatment with exogenous prosta-
cyclin analogs by intravenous,  37   nebulised  38,39   or subcutane-
ous  40   administration. 

 Nitric oxide (NO) acts via cyclic guanosine 3 ’  5 ’  mono-
phosphate (cGMP) to promote vasodilation and it too may 
be antiproliferative. It is an important local regulator of 
vascular function and structure.  41,42   NO is generated by 
three isoforms of nitric oxide synthase (NOS) which are 
present in multiple and differing cell types. They are con-
tinuously active (constitutive types I and III) in endothe-
lium or inducible (type II) in other cells such as macrophages, 
bronchial epithelium and vascular smooth muscle. L - 
arginine is the sole substrate for NOS and the regulation of 
NOS is multifactorial and is infl uenced by growth factors, 

hormones, oxygen tension and hemodynamics, among 
others. In the endothelium arginine reaches the interior of 
the cell by active transport  43   and in the endothelium this 
transporter is tightly co - localized with NOS.  44   If this linkage 
were to be disrupted by endothelial injury normal extracel-
lular levels might become insuffi cient for NO generation 
and as a consequence, NO defi ciency may occur. Indeed, 
arginine defi ciency has been shown to accompany persis-
tent pulmonary hypertension of the newborn  45   and acute 
L - arginine infusion in infants with this condition has 
been shown to favorably improve Pa0 2  levels.  46   When it 
became clear that NO production from L - arginine is the 
endothelium - derived relaxation factor,  47   inhaled NO was 
found to have a role in the management of a number of 
different types of conditions associated with pulmonary 
hypertension.  48   

 The vasodilator effects of NO are dependent on its ability 
to augment and sustain cGMP content in vascular smooth 
muscle. Once produced, NO directly activates soluble gua-
nylate cyclase. This leads to an increase in cGMP produc-
tion which activates cGMP kinase which in turn opens 
potassium channels and promotes vasorelaxation. The 
effects of intracellular cGMP are transient as it is rapidly 
degredated by phosphodiesterases.  49,50   These latter enzymes 
hydrolyze cAMP and cGMP and limit their intracellular 
signaling properties by generating the inactive products 
5 ’ cAMP and 5 ’ GMP. There are at least fi ve classes of phos-
phodiesterase enzymes in the human body and the highest 
concentration of phosphodiesterase type V is in the lung 
and urologic tract. As a consequence, agents which selec-
tively inhibit phosphodiesterase type V pathways should 
augment pulmonary vasodilation by potentiating the 
effects of endogenous or inhaled NO.  51   Sildenafi l, which is 
a potent and highly specifi c phosphodiesterase type V 
inhibitor, may be useful for selected patients with pulmo-
nary hypertension.  52 – 57   

 A summary of the mechanism of action of prostaglan-
dins, nitric oxide, phosphodiesterase V inhibitors 
and endothelin receptor antagonists is outlined in 
Figure  70.5 .    

  Therapeutic  o ptions 

 Current drugs available have improved quality of life and 
prolonged survival for some patients with PAH. Therapies 
can be classifi ed into medical and surgical. Examples of 
medical therapies include: 
   •      supplemental oxygen  
   •      diuretics  
   •      digoxin  
   •      inotropes  
   •      anticoagulants  
   •      calcium channel blockers  
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     Figure 70.5     Mechanism of action of prostaglandins, nitric oxide, phosphodiesterase V inhibitors and endothelin receptor antagonists.  
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   •      angiotensin - converting enzyme inhibitors or receptor 
blockers  

   •      prostanoids  
   •      L - arginine  
   •      endothelin receptor antagonists  
   •      phosphodiesterase inhibitors  
   •      nitric oxide.    
 Surgical therapies include: 
   •      atrial septostomy  
   •      bilateral lung or heart and lung transplantation  
   •      pulmonary thromboendarterectomy.      
 What defi nes acute vasoreactivity is controversial. An 
agent such as NO is administered at the time of right heart 
catheterization. Initially a positive response was defi ned as 
a 30% reduction in PVR with a corresponding increase in 
cardiac output. More recently, it has been defi ned as a 
reduction in mean pulmonary artery pressure close to or 
indeed to normal values with a documented increase in or 
an unchanged cardiac output. The European Society of 
Cardiology defi ned a positive vasodilator response as a fall 
of mean pulmonary artery pressure of at least 10   mm   Hg to 
less than or equivalent to 40   mm   Hg with an increased or 
unchanged cardiac output. Patients with idiopathic PAH 
who demonstrate an acute vasodilator response have an 

BOX 70.3  Current approach to management of patients 
with pulmonary hypertension (Class I) 

        Step 1.      Fully evaluate the patient; assess whether he or she 
has PAH or pulmonary hypertension associated with other 
conditions.  

   Step 2.      Refer patients with an underlying cause to an 
appropriate specialist, e.g. cardiologist and cardiothoracic 
surgeon for patients who have pulmonary hypertension 
associated with mitral valve disease.  

   Step 3.      If the patient has PAH and is in functional classes 
II, III or IV consider general measures such as anticoagu-
lants (Class IIa), diuretics (Class IIa), oxygen (as neces-
sary to maintain saturations over 90%) (Class I) and 
digoxin (Class IIa). These patients should be managed in 
centers specializing in diagnosing and treating patients 
with PAH (Class I).  

   Step 4 .     If the patient has PAH perform right heart catheter 
and assess for acute vasoreactivity (Class I). The useful-
ness of acute vasoreactivity in patients with scleroderma or 
congenital heart disease is less clear (Class IIb).     
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improved survival with long - term use of a calcium channel 
blocker (Class IIa). In practice, however, only a minority 
of patients with PAH (less than 10%) will respond to oral 
calcium channel - blocking agents. These patients will 
require long - term follow - up to assess whether their 
response is sustained. If not, further treatments may be 
required. Calcium channel blockers should not be used to 
treat patients with PAH unless acute vasoreactivity has 
been demonstrated (Class I). 

 Those patients who are in functional class III who have 
failed or who are not candidates for calcium channel block-
ers should be treated with endothelin receptor antagonists 
(Class I, Level C1) or chronic IV epoprostenol (Class I, 
Level C1) or prostonoid analogs (subcutaneous treprosti-
nil, inhaled iloprost or oral beraprost (Class IIa) or phos-
phodiesterase V inhibitors (e.g. sildenafi l (Class I)). 
Combination of agents may be necessary. Patients who are 
in functional class IV are also treated with these agents. In 
addition, patients in functional class III or IV should be 
referred to a transplant center for work - up (Class I). Atrial 
septostomy has been used (Class IIb, Level C2) to palliate 
patients with advanced PAH due to its potential to decom-
press the failing right ventricle and to improve cardiac 
index.  58   Some patients who have CTEPH may be candi-
dates for pulmonary thromboendarterectomy (Class I, 
Level C1)  59   and others may be suitable for lung transplan-
tation. However, shortage of donor organs and the late 
complication of obliterative bronchiolitis are limiting 
factors (Class I, Level C1).  60   

 The management of PAH is complex and requires mul-
tidisciplinary input from physicians, surgeons, nurse spe-
cialists, physiotherapists, dieticians and pharmacists in a 
specialized environment. Additionally, the management of 
pulmonary hypertension associated with cardiac and pul-
monary disease and thrombotic conditions requires man-
agement by a multidisciplinary team of many specialists 
interfacing at the level of the pulmonary circulation. There 
are no specifi c guidelines to manage patients with pulmo-
nary hypertension secondary to cardiac and lung diseases. 
Information is available from non - randomized, non - con-
trolled studies on small numbers of patients. 

 A number of emerging therapies are being considered in 
the management of PAH but evidence is at present incon-
clusive and many studies are currently at an early stage of 
development and recruitment. In the rat hypoxic model 
sustained vasoconstriction and increased vasoreactivity 
are infl uenced by rho - kinase mediated calcium sensitiza-
tion.  61   When such animals are treated with the rho - kinase 
inhibitor fasudil a reduction in pulmonary artery pressure 
is observed.  62   In a small clinical trial intravenous fasudil 
was associated with a slight reduction in mean pulmonary 
artery pressure together with an increase in cardiac index 
in nine patients with severe PAH although the results did 
not attain statistical signifi cance. There was, however, a 

signifi cant decrease in PVR.  63   It is possible that the benefi t 
of phosphodiesterase type V inhibitors could in part be 
mediated by rho - kinase inhibition.  64,65      

 Platelet - derived growth factor (PDGF) may be important 
in endothelial cell dysfunction and vascular remodeling in 
patients with PAH. Interestingly, chronic myeloprolifera-
tive disorders such as myelofi brosis are associated with a 
high incidence of PAH,  66   suggesting an association between 
PAH and marrow fi brosis.  67   Imatinib is a PDGF receptor 
antagonist which has obtained approval to treat patients 
with chronic myeloid leukemia and recently this agent has 
been used for selected patients with PAH. There are some 
case reports suggesting that imatinib may be effi cient in 
managing patients with severe PAH  68   although cardiac tox-
icity is an important long - term concern which may limit its 
use.  69   

 Simvastatin may improve BMPR type II signaling in pul-
monary artery smooth muscle and microvascular endothe-
lial cells.  70   In theory, therefore, simvastatin may enhance 
endothelial function. It may also be effective in inducing 
apoptosis in plexiform lesions and areas of vascular remod-
eling.  71   A study demonstrated an improvement in six - min-
ute walk in 16 patients receiving between 20   mg and 80   mg 
of simvastatin daily.  72   Other potential treatments include 
ghrelin, an endogenous vasodilator peptide which can also 
stimulate growth hormone release,  73   and bradykinin which 
may modulate endothelial function and also potentially 
induce apoptosis via local nitric oxide and prostacyclin 
synthesis.  74   Other compounds being explored include 
vasoactive intestinal peptide (which can promote broncho-
dilation and systemic and pulmonary vasodilation  75  ) which 
has produced some benefi t in patients with PAH when 
administered as an aerosol.  76   Interestingly, vasoactive 
intestinal peptide may be reduced in the lung parenchyma 
and serum of patients with PAH.  76   There is increased lung 
expression of the 5 - hydroxy tryptamine transporter in 
patients with PAH. This transporter may be involved in the 
development of PAH by facilitating smooth muscle migra-
tion.  77   Fluoxetine is a selective 5 - hydroxy tryptamine trans-
porter inhibitor and this agent has been shown to have a 
benefi cial effect on PAH in the monocrotaline animal 
model.  78   This transporter promotes smooth muscle cell 
proliferation and demonstrates increased pulmonary 
expression in patients with PAH. There is also interest in 
clarifying the role of voltage - gated potassium channels in 
the pathogenesis of PAH.  79    

  Special  c ircumstances 

  Children 

 Treatment for children with severe PAH is similar to that 
for adults with idiopathic PAH (Class IIa). Indeed, although 
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there are limited data, children with severe PAH treated 
with long - term epoprostenol infusions appear to have at 
least as good a response as seen with adults with idiopathic 
PAH.  80   Diagnostic evaluation for pediatric patients is 
similar to that for adults and in addition acute vasoreactiv-
ity is assessed during cardiac catheterization to determine 
whether some patients may respond to long - term oral 
calcium channel - blocking agents (Class I). 

 Although treatment regimes are similar for adult and 
pediatric patients, the doses per kilogram for many of the 
medications used (e.g. epoprostenol and calcium channel 
blockers) are often signifi cantly greater for children. Antico-
agulants such as warfarin are typically prescribed for chil-
dren with right heart failure or for those who have a 
hypercoagulable state (Class IIa). Line - related complica-
tions appear to be more frequently encountered in younger 
children than adults. The pharmacokinetics, safety and 
response to bosentan in the pediatric population have been 
reported  81   but specifi c information with regard to pediatric 
response to prostanoids is lacking in the medical literature. 

 Neonatal patients with severe PAH are much more 
responsive than adults to inhaled nitric oxide and multi-
center randomized controlled trials have demonstrated 
benefi t with low - dose inhaled NO in the treatment of 
term newborns with persistent pulmonary hypertension 
(Class I, Level A).  82   Experience with type V phosphodies-
terase inhibitors such as dipyridamole or sildenafi l is 
limited in children to small series and anecdotes (Class IIb, 
Level C2).  83    

  Pregnancy 

 Many patients with idiopathic PAH are women of child -
 bearing age. During pregnancy signifi cant physiologic 
change occurs with increasing blood volume of between 
30% and 50% and a corresponding increase in cardiac 
output, heart rate (10 – 20 beats/min), stroke volume and a 
reduction in systemic blood pressure and vascular resis-
tance. These changes commence during the fi rst trimester 
and are maximal between 20 and 24 weeks of gestation. 
Further increases in cardiac output occur during labor 
and blood pressure increases with uterine contractions. 
Immediately following delivery cardiac fi lling pressures 
increase markedly as a consequence of decompression of 
the vena cava and return of uterine blood into the systemic 
circulation. It takes approximately six weeks after delivery 
for the hemodynamic changes associated with pregnancy 
to normalize. 

 Not surprisingly, such circulatory changes present a sig-
nifi cant risk and mortality rates between 30% and 50% 
have been described for pregnant women with idiopathic 
PAH.  84,85   As a consequence many doctors recommend 
effective contraception and some advocate early fetal 
termination.  86   

 Aside from hemodynamic issues, hormonal infl uences 
may be important adverse factors. There are some reports 
of mothers who successfully delivered a term infant whose 
pulmonary hypertension progressed during pregnancy 
and deteriorated further after delivery. There is also some 
evidence suggesting an increased incidence of children 
born with congenital anomalies and born small for gesta-
tional age to mothers with idiopathic PAH. 

 Treatment of PAH in pregnancy is anecdotal. Some 
encouraging reports have been described using long - term 
IV epoprostenol,  87   inhaled NO  88   and oral calcium channel 
blockers.  89   It is believed, however, that such reports are 
insuffi cient at present to establish recommendations for the 
management of PAH during pregnancy. Normally women 
with PAH are admitted to hospital for monitoring, sup-
portive therapy with appropriate fl uid regimes, oxygen, 
diuretics and perhaps inotropic support if required. It is 
usually advocated to deploy a pulmonary artery catheter 
during labor or in cases of deterioration during gestation. 
This helps not only to provide a fuller picture of the hemo-
dynamic situation but also to guide appropriate therapy. 

 The optimum mode of delivery for women with PAH is 
controversial. Normal delivery as opposed to caesarean 
section may be preferred.  90   

 Current guidelines from the American Heart Association 
and the American College of Cardiology advocate that 
pregnancy be avoided or terminated in women with cya-
notic congenital heart disease, pulmonary hypertension 
and Eisenmenger ’ s syndrome (Class I, Level C2). Mater-
nal mortality may be as high as 36% in Eisenmenger ’ s 
syndrome, 30% in idiopathic PAH and 56% in pulmonary 
hypertension secondary to other conditions.  85   

 Endothelin receptor antagonists are not recommended 
during pregnancy (Class I).  

  Portopulmonary  h ypertension 

 Patients with chronic late - stage liver disease have an 
increased prevalence of pulmonary hypertension when 
compared to the normal population.  91,92   The reason behind 
this is not clear. Two forms of pulmonary vascular disease 
have been described in patients with chronic liver disease: 
the hepatopulmonary syndrome and portopulmonary 
hypertension. Usually these present independently although 
occasionally features suggestive of both conditions have 
been described in a single patient. Both conditions can 
increase the risks attendant on liver transplantation. 

 Typical features of the hepatopulmonary syndrome are 
hypoxia (with low oxygen saturation on room air and 
failure to appropriately increase oxygen saturation with 
supplemental oxygen) and intrapulmonary shunting. 
Other features include orthodeoxia (lower oxygen satura-
tion in the standing position as opposed to lying supine). 
Treatment is supportive with supplemental oxygen and in 
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some patients improvement has been noted following 
successful liver transplantation. Although the histologic 
appearance of PPA has been described in patients with 
portopulmonary hypertension, the mechanisms for this are 
unclear. Some theories suggest that an inability of the liver 
to detoxify potentially toxic metabolites is causative. 

 Some differences have been described between portopul-
monary hypertension and the clinical presentation of idio-
pathic PAH. In the former condition, the pulmonary arterial 
diastolic and mean pressures and systemic and pulmonary 
vascular resistances seem to be lower and cardiac output 
higher.  93   As the disease progresses the hemodynamic fea-
tures approximate to those of idiopathic PAH. Full work - up 
is of course mandatory for any of these patients to ensure 
that other disease processes are not contributory (Class I). 

 Data on the treatment of portopulmonary hypertension 
are limited. This condition can signifi cantly increase the 
risks attendant on liver transplantation. Current treatment 
advocates supplemental oxygen and diuretic therapy 
(Class IIa). Anticoagulants should normally be avoided, 
particularly if patients have signifi cant clotting distur-
bances and gastroesophageal varices (Class I). Acute vaso-
reactivity testing should be determined as some patients 
may respond to calcium channel blockers (Class I). The 
dose of calcium channel blockers should be kept as low as 
possible as higher doses may precipitate liver failure. As 
with idiopathic PAH, failure to respond acutely to IV epo-
prostenol does not necessarily predict a failure to respond 
to this agent when it is administered by long - term IV infu-
sion. Some patients may demonstrate an improvement in 
pulmonary hemodynamics following liver transplanta-
tion  94   although for other patients worsening of pulmonary 
hypertension after hepatic transplantation has been 
described. It is therefore very important not to wean patients 
off pulmonary vasodilator therapy until careful evaluation 
of their pulmonary hemodynamics has been made. 

 As endothelin receptor antagonists can cause hepatic 
toxicity, their use is generally avoided in patients with 
pulmonary hypertension associated with liver disease 
(Class I).  

   HIV   d isease 

 There is an increased incidence of PAH in patients with 
HIV although the precise relationship between these two 
conditions is not clear.  95   The clinical hemodynamic and 
histologic fi ndings of pulmonary hypertension accompa-
nying HIV infection are similar to that found in patients 
with idiopathic PAH. Virus and viral DNA is absent in 
pulmonary endothelial cells  96   and perhaps an indirect 
action of the virus through second messengers including 
cytokines and growth factors  97   or endothelin  98   is important. 
Since the condition only affects a minority of HIV - infected 
patients genetic factors may also be important. 

 Currently, uncontrolled studies suggest that patients 
with severe PAH associated with HIV infection should be 
considered for long - term infusion of epoprostenol together 
with combination antiretroviral therapy (Class IIa, Level 
C2). Further experience with other agents used in the man-
agement of patients with PAH is awaited before recom-
mendations can be made on the application of these 
therapies to patients with HIV infection and pulmonary 
hypertension. Lung transplantation is usually contraindi-
cated for this patient group (Class I).   

  Conclusion 

 PAH is a progressive and lethal disease whose initial symp-
toms can be non - specifi c. A comprehensive diagnostic 
approach is essential to identify associated medical condi-
tions and to characterize hemodynamics and functional 
profi les. Although at present there is no cure for PAH, 
many of the agents currently employed are associated with 
an improvement in survival and quality of life. It is hoped 
that by increasing awareness and understanding of disease 
mechanisms, the development of more effective treatment 
modalities will be facilitated. 

 Interestingly, many of the lessons learned from PAH are 
being applied to patients with other forms of pulmonary 
hypertension. This not only helps to facilitate diagnostic 
awareness and physician training but has led to the suc-
cessful application of a variety of drugs currently employed 
in the management of PAH to patients with pulmonary 
hypertension associated with cardiac, respiratory and 
thromboembolic disease.  
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     External evidence derived from randomized clinical trials 
(RCTs) provides the practicing physician with a sound, 
rigorous and secure basis for making management deci-
sions on individual patients. However, even vociferous 
advocates of evidence - based medicine will caution against 
the use of external evidence as the sole criterion for treating 
all patients. It is well to bear in mind that evidence obtained 
from clinical trials is derived from large population data-
bases. More often than not, the entry criteria tend to defi ne 
the boundaries of specifi ed interest (for example, acute 
myocardial infarction), whereas exclusion criteria, such as 
age, sex, co - morbid disease states, etc., may well have 
denied entry to the individual patient now awaiting treat-
ment. These exclusions may be based on concerns related 
to patient safety, lack of applicability, historic consider-
ations or confounders (for example, signifi cant non - cardiac 
illness) that can affect the evaluation of treatment. Never-
theless, the practicing physician is left inquiring,  “ Where 
can I fi nd my patient within the trial ’ s data set? ” . Here is 
where interpretation and the application of external evi-
dence require a logical integration of overall trial results 
with a knowledge of biologic mechanisms, patient risk and 
clinical circumstances.  

  Evidence -  b ased  v ersus  p atient -  c entered 
 m edicine?  N ot an  e ither/ o r  c hoice 

 Few would deny an approach to therapeutic decision 
making based on proven external evidence combined with 
clinical experience, knowledge of pathophysiology and 
sensitivity to individual patient needs. To marry the two 
effectively is to recognize, and hence to avoid, their respec-
tive limitations if either were to be applied alone.  

  Recognizing the  l imitations of 
 e xternal  e vidence 

 For most RCTs, proving therapeutic effi cacy necessitates 
certain constraints in patient selection. It is not uncommon 
that many patients in a physician ’ s practice would not 
have fulfi lled the restrictive entrance criteria of most 
moderate - sized RCTs. For example, some RCTs have an 
age cut - off that actually excludes more than half of all 
patients with the disorder. This by no means implies that 
the reputed benefi t of the test drug is not applicable (effec-
tive) to the patients excluded, but it does beg the question. 
Entry criteria alone should never be the sole basis for 
denying a patient the benefi t of proven therapy. Interpa-
tient variability is inevitable in all RCTs and contributes 
much to the  “ random errors ”  seen in small and moderate -
 sized trials. However, the larger the trial, the smaller the 
random error, and the more likely that benefi t can be reli-
ably extrapolated to some patients who do not necessarily 
qualify for entry.  1,2   For example, one may observe that the 
benefi ts are consistent across different subgroups, suggest-
ing that the results may be applicable beyond the boundar-
ies of patient selection. On the other hand there may 
emerge reliable evidence for a lack of benefi t in certain 
subgroups. 

 Evidence - based medicine that depends solely on exter-
nal evidence is disease oriented rather than patient ori-
ented. In other words, the verifi ability of RCT data is often 
dependent on having a given diagnosis, as opposed to a 
clinical spectrum of risk associated with the diagnosis. This 
is the so - called  “ labeling ”  dilemma. For example, patients 
labeled as having  “ acute coronary syndrome ”  simply 
because they present with chest pain associated with 
non - ST segment elevation are often treated alike in an RCT, 
whereas the clinical expression of this entity may encom-
pass a wide range from very low -  to very high - risk patients. 
Translating external evidence based solely on a unifi ed 
diagnosis into practice guidelines or clinical pathways 
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has the unfortunate consequence of making management 
decisions dependent on a label rather than the presenting 
clinical circumstances and risk of the underlying disorder. 

 Another nagging problem with the  “ bottom line ”  of 
clinical trials is the emphasis on primary endpoints that are 
measurable. Statistical dependency on hard data such as 
mortality rates, prespecifi ed clinical outcome events, rehos-
pitalizations, etc., fails to acknowledge the signifi cance of 
clinically relevant  “ soft ”  data, such as impact on symp-
toms, quality of life, psychosocial well - being, attitudes, 
economic realities and patient preferences. 

 Finally, clinical trials all have fi nite time limits and, not 
uncommonly, the duration may be inadequate to assess 
long - term benefi ts and risks, especially for any new drug. 
In such cases the information from RCTs may have to 
be supplemented by other sources of non - randomized 
evidence.  

  Recognizing the  l imitations of  p atient -
  c entered  m edicine 

 Who would have guessed that aspirin could reduce the 
relative risk of death and adverse coronary events in post-
myocardial infarction patients by 25%? Or that beta - block-
ers would be so effective in class II/III chronic heart failure? 
Or that inotropic agents, despite improving hemodynamics 
and clinical well - being in patients with advanced heart 
failure, do so at the expense of shortened survival? Or that 
some antiarrhythmic agents, although they achieve cos-
metic cleansing of so - called malignant ventricular ectopy 
from the electrocardiogram, are potentially hazardous? 

 Previously held concepts of disease mechanisms as the 
basis for initiating new therapies or persisting with old 
therapies have been challenged by clinical trials results. 
And so, what is apparent as a  “ logical ”  management 
approach to a given clinical problem may commit even the 
most experienced physician to inappropriate prescribing 
practices. Patient - centered medicine is not a concept that is 
fi rmly rooted in empiric medicine.  3   It does not guarantee 
that a physician, feeling secure in his or her realm of exper-
tise, will be kept abreast of therapeutic advances based on 
clinical trial results. Unfortunately, this can lead to a ten-
dency to persist in outmoded approaches. 

 Surely a cogent argument can be made to blend the 
positive features of patient - centered and evidence - 
based approaches through a constant awareness of their 
respective limitations.  

  Some  p rinciples of  a pplication 

 Knowing the person who has the disease is as important 
as knowing the disease that the patient has.  4   Clinical 

decision making ought to incorporate the following three 
ingredients: 
   •      intelligent use of external evidence based on well - 

established clinical trial results and epidemiologic data 
whenever available  

   •      clinical expertise, knowledge of fundamental mecha-
nisms of disease, and willingness to listen to the testi-
mony of one ’ s patients  

   •      sensitivity to patients ’  preferences, values, needs and 
beliefs.    

 It is well to bear in mind that for any given diagnosis 
(label), patients at the greatest risk of a disease will usually 
derive the greatest benefi t from an established treatment, 
as the absolute benefi t usually increases with risk whereas 
harm due to the treatment remains comparatively fi xed 
across the risk spectrum.  5   Therefore, to avoid the hazard of 
labeling, it is critical to risk stratify the patient. It is only 
after one has listened carefully to the testimony of the 
patient, performed a proper examination and conducted 
the relevant tests that one can formulate a degree of attrib-
utable risk. Remember, it is just as important to identify the 
patient at very low risk, thereby sparing him or her unnec-
essary aggressive investigation and/or therapy, as it is to 
identify the high - risk patient for whom aggressive treat-
ment can be life saving. 

 The absence of external evidence should not lead to 
therapeutic nihilism. Not all consensus recommendations 
are supported by Grade A evidence. In fact, many consen-
sus panel recommendations and clinical practice pathways 
are based on evidence that ranges from the use of clinical 
judgment, albeit under a cloud of uncertainty, to Grade B 
through Grade A evidence.  6,7   When external evidence is 
lacking, one ’ s own clinical experience, knowledge of patho-
physiology, reasoned judgment and awareness of the 
patient ’ s needs are indispensable substitutes. 

 One should avoid using the trial entry criteria to deter-
mine whether a particular patient would benefi t from the 
active treatment.  2,5   Failure to qualify for entry is deter-
mined by many factors, few of which necessarily compro-
mise the potential for therapeutic benefi t. For example, if a 
trial ’ s age cut - off was 65 years then a reasonable risk/
benefi t assessment can be done for those older by assessing 
whether, within the trial, age modifi ed the treatment effect. 

 One should always try to use the best available external 
evidence science has to offer, but never at the expense of 
ignoring the patient ’ s psychosocial conditions, beliefs, 
values and preferences. As medical decisions become more 
codifi ed, one should not fail to recognize and honor the 
importance of patient preferences.  8   A patient ’ s medical 
decision based on his or her particular needs, preferences 
and beliefs should always be respected, as the patient is 
given the opportunity to hear the nature of the external 
evidence. Consensus recommendations are guidelines 
only. They represent an active process subject to continual 
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review as new and as yet untested information emerges. 
When following any recommendation based on external 
evidence, the physician should always exercise clinical 
judgment based on a close working interaction with the 
patient.  

  Section  p review 

 In the day - to - day practice of clinical medicine, it is not suf-
fi cient to know  what  the available external evidence is but 
also  how  and  when  to apply it to the individual patient. This 
section is made up of individual case reports that attempt 
to put a clinical face to a statistical bottom line by illustrat-
ing practical solutions to both common and uncommon 
problems in clinical cardiology. These case studies, encom-
passing 10 disease categories, are real - life presentations 
drawn from the fi les of distinguished consultant cardiolo-
gists. Here one fi nds therapeutic decisions made on the 
basis of both external evidence and clinical reasoning skills. 
For each case scenario, the story is presented. A question is 
posed at each decision point and a commentary follows. 
The commentary demonstrates how best external evidence 
is used in the management of the patient while recognizing 
the importance of sound judgment, a careful examination, 

knowledge of cardiovascular pathophysiology and sensi-
tivity to the patient ’ s needs and preferences.  

  References 

1.     Yusuf   S  ,   Held   P  ,   Teo   KK  .  Selection of patients for randomized 
controlled trials: implications of wide or narrow eligibility crite-
ria .  Stat Med   1990 ; 9 : 73  –  86 .  

2.     Yusuf   S  ,   Wittes   HJ  ,   Probstfi eld   J  ,   Tyroler   HA  .  Analysis and inter-
pretation of treatment effects in subgroups of patients in random-
ized clinical trials .  JAMA   1991 ; 266 : 93  –  8 .  

3.     Bensing   J  .  Bridging the gap. The separate worlds of evidence -
 based and patient - centered medicine .  Patient Educ Counseling  
 2000 ; 39 : 17  –  25 .  

4.     McCormick   J  .  Death of the personal doctor .  Lancet  
 1996 ; 348 : 667  –  8 .  

5.     Glasziou   PP  ,   Irwig   LM  .  An evidence based approach to individu-
alising treatment .  BMJ   1995 ; 311 : 1356  –  9 .  

6.     Fallen   EL  ,   Cairns   J  ,   Dafoe   W    et al.   Management of the postmyo-
cardial infarction patient: a consensus report .  Can J Cardiol  
 1995 ; 11 : 477  –  86 .  

7.     Hayward   RS  ,   Wilson   MC  ,   Tunis   SR    et al.   User ’ s guide to the 
medical literature. VIII. How to use clinical practice guidelines. 
A. Are the recommendations valid?   JAMA   1995 ; 274 : 570  –  4 .  

8.     Kassirer   JP  .  Incorporating patients ’  preferences in medical deci-
sions .  N Engl J Med   1994 ; 330 : 1895  –  6 .        



1138

72  Stable angina: choice of  PCI  versus 
 CABG  versus medical therapy  

   William S   Weintraub  
  Christiana Care Health System, Newark, DE, USA       
     

Evidence-Based Cardiology, 3rd edition. Edited by S. Yusuf, J.A. Cairns, 
A.J. Camm, E.L. Fallen, and B.J. Gersh. © 2010 Blackwell Publishing, 
ISBN: 978-1-4051-5925-8.

  Case history 

 A 58 - year - old salesman presents to his primary care physician with a 
chief complaint of chest pain for 3 months. On further questioning, 
the chest pain is found to happen several times per week, occurring 
with exertion such as carrying packages up several fl ights of stairs. 
The pain is relieved by rest and has never occurred at rest. There 
have been several episodes, however, occurring with emotional 
stress. The patient does note that he has been under fi nancial 
pressure at work and has had some family diffi culties at home. The 
pain does impose some physical limitation on his activity, but it is 
felt to be mild. The pain does interfere with his quality of life, and 
the patient notes that he is fearful and worried about the pain. The 
pain has not been getting worse. The patient has never had a 
myocardial infarction and has never been hospitalized for his heart. 

 The patient has known risk factors for coronary artery disease. He 
has mild, controlled hypertension, taking only a diuretic. In addition, 
he has a 40 - pack/year smoking history. He has no history of 
diabetes. He does have a history of hyperlipidemia and takes a 
statin. The patient has had a history of depression, but states that 
while he is anxious, he is not depressed at present. His lifestyle is 
entirely sedentary. 

 On physical exam he is a mildly anxious, slightly obese white male 
appearing his stated age. His waist circumference is 39 inches and 
his BMI 29.4. His pulse is 74, blood pressure 136/84. His peripheral 
pulses are full without bruits. His lung fi elds are clear. His cardiac 
exam reveals a barely perceptible apical impulse in the fi fth 
intercostal space, in the mid - clavicular line. His heart sounds reveal 
an S1 and physiologically split S2, with no murmurs, gallops or 
rubs. 

 There is no peripheral edema and the exam is otherwise 
unremarkable. An electrocardiogram reveals normal sinus rhythm, 
QRS axis of 60    ° , normal intervals, somewhat high - voltage QRS 
complexes, and some T - wave fl attening. Laboratory work reveals 
normal CBC and electrolytes. His fasting blood sugar is 103, HDL 38 
and LDL 98 and triglycerides 168  . Other than his statin and diuretic, 
the patient takes no medications. 

   •      What is the diagnosis?  
   •      What tests should be performed?  
   •      What are the best therapeutic choices?      

  Comment 

 The patient gives a classic story for angina pectoris.  1   The 
probability of this being angina pectoris secondary to ath-
erosclerotic cardiovascular disease is very high, probably 
in excess of 90%. At this level of probability, there is little 
need for non - invasive testing to establish the diagnosis. 
Non - invasive testing is most useful in the mid - range of 
probabilities, when the diagnosis is uncertain.  2     However, 
the patient also has risk factors which are not well con-
trolled. The patient ’ s blood pressure is controlled but not 
below the optimal level, below 120/80.  3    . His LDL choles-

terol is below 100. Recent changes to the NCEP ATP guide-
lines would suggest that this is adequate control, but they 
recommend an LDL below 70 for high - risk patients.  4,5   That 
control of LDL cholesterol will reduce cardiovascular 
events has been shown in multiple trials, and there is evi-
dence that with lower LDL, the event rate will be even 
lower.  5,6   The patient ’ s blood sugar is also of concern. Recent 
guidelines from the American Diabetic Association diag-
nose impaired fasting glucose to be above 100.  7   His lifestyle 
is a concern. He is sedentary and overweight. In fact, the 
patient has the metabolic syndrome, being overweight 
with a history of hypertension, elevated fasting blood 
glucose, low HDL cholesterol and elevated triglycerides.  8   
He actually has all fi ve components of the metabolic syn-
drome, but the diagnosis could actually be made with just 
three of these components. He is also not taking aspirin. 
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Antiplatelet therapy with aspirin has been shown to reduce 
events in patients with vascular disease in multiple clinical 
trials, with greater benefi t in higher risk patients.  9,10   He also 
continues to smoke, a major risk factor for cardiovascular 
events. Smoking cessation advice is highly cost - effective 
and should be routinely given.  11   The patient also had a 
history of depression. Patients with depression are at 
higher risk of cardiovascular disease and should be treated 
for their depression.  12   However, it is not clear that such 
treatment can prevent cardiovascular events. 

 

  Comment 

 The diagnosis of chronic coronary disease was straightfor-
ward for the cardiologist, but the next steps are less clear. 
It would be acceptable at this point to begin to treat the 
patient medically, deferring diagnostic testing. Smoking 
cessation advice and aspirin have already been started. 
The blood pressure control could be strengthened. ACE 
inhibition has been shown in two clinical trials to reduce 
the incidence of cardiovascular events in moderately high -
 risk patients, although this was not confi rmed in a third 
trial.  13 – 15   Increased physical activity and diet have been 
shown to be effective in reducing fasting blood sugar and 
preventing diabetes.  16   The patient ’ s LDL is controlled, 
although not to the most aggressive level. HDL is also low 
at 38 and triglycerides mildly elevated. Patients with 
increased physical activity are also at lower risk of events, 
although physical activity has not been shown to decrease 
events in clinical trials. 

 The major issues concern additional testing, possible 
cardiac catheterization with coronary arteriography and 
possible revascularization. Patients can be further risk 
stratifi ed by stress testing with myocardial perfusion 
imaging.  17   Patients with reversible ischemia on myocardial 
perfusion imaging are at increased risk.  18   However, it is not 
clear that reversal of the ischemia with revascularization 
reduces risk. Patients who can exercise on a treadmill 
are also at lower risk than those who cannot.  19,20   There 
are patients with chronic coronary disease in whom 
coronary artery bypass grafting (CABG) reduces risk.  21 – 23   

  Case history  continued  

 His primary care physician recognizes that this may be angina 
pectoris secondary to coronary artery disease. She also recognizes 
that he has the metabolic syndrome. She starts him on aspirin, 
81   mg, a day as well as sublingual nitrates for episodes of chest 
pain. She assesses his history of depression carefully, noting that 
he is not currently depressed. She counsels him strongly on the 
need to stop smoking. She continues his other medications and 
refers him to a cardiologist for further evaluation. 

 The consulting cardiologist confi rms the history, physical 
examination and laboratory values. He also agrees with the 
diagnosis of almost certain angina pectoris due to atherosclerotic 
cardiovascular disease. He notes that the pattern of angina has 
been stable for several months, with no rest pain. He therefore 
makes a presumptive diagnosis of chronic coronary artery 
disease. He reiterates the need for the patient to stop smoking. 

 The diagnosis has been made and initial therapy started. What 
are the next diagnostic and therapeutic steps?    

 Case history  continued  

 The cardiologist counsels the patient on diet and recommends 
seeing a nutritionist. The patient declines to see the nutritionist, 
saying he knows what to do about diet but has trouble doing it. 
The cardiologist advises the patient to begin a walking program, 
pointing out that walking is the exercise of choice for adults, and 
that a more strenuous exercise program is not necessary. He hopes 
that the exercise program will result in amelioration of multiple 
components of the metabolic syndrome, lessening the need for 
additional therapy for serum lipids and driving the fasting blood 
sugar below 100. He begins a beta - blocker to treat the angina and 
also to further lower the blood pressure. He is also worried about 
the electrocardiogram, which suggests left ventricular hypertrophy. 
Left ventricular hypertrophy can also increase risk, and tight blood 
pressure control may help reduce it.  26   In order to risk stratify, he 
orders a stress test with myocardial perfusion imaging. The patient 
walks on the Bruce protocol for 5 minutes and 40 seconds, without 
ST changes on his electrocardiogram, but he does have some chest 
pain at peak exercise. His myocardial perfusion imaging reveals mild 
reversible ischemia and also shows that his left ventricular function 
is normal. The cardiologist is now comfortable that while the 
patient has chronic coronary artery disease, he is not at high risk. 
He elects to continue medical therapy, deferring catheterization and 
possible revascularization. 

 The patient returns 3 months later. He has begun a walking 
program and is feeling better, with decreased chest pain. He says 
that the walking program has also improved his overall sense of 
well - being. He has stopped smoking but has not lost weight. He 
fasting blood sugar has fallen to 98 and HDL has risen to 41. His 
LDL is essentially unchanged. His blood pressure is 132/81. His 
physical exam remains normal and electrocardiogram unchanged. 
As his blood pressure is not optimal and considering the results of 
the HOPE and EUROPA trials, the cardiologist begins the patient on 
an ACE inhibitor and continues his other medications.  13,14   He is now 
on aspirin, ACE inhibitor, beta - blocker and a statin. He returns 3 
months later with blood pressure of 124/76, but now complains 
that he continues to have chest pain. Given the recurring angina, 
the physician elects to perform cardiac catheterization, with 
coronary arteriography and left ventriculography. The 
catheterization shows an 80% blockage in the left anterior 
descending coronary artery and a 70% blockage in the right 
coronary artery. There was mild diffuse disease and normal left 
ventricular function. 

 How should this patient be treated now? 
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clinical trials to be associated with a good outcome, and 
has played a signifi cant role in the reduction in cardiovas-
cular disease mortality in recent decades. Except in special 
groups, revascularization is largely a treatment for angina. 
Where angina is disabling, revascularization can have a 
dramatic effect on quality of life. By beginning with optimal 
medical therapy, clinical trial data have shown that revas-
cularization can be safely deferred in many patients. When 
angina pectoris does not improve over time in the medi-
cally treated patient, then revascularization with PCI or 
CABG is indicated.  25    
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decrease the incidence of cardiovascular events. Inability 
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  Case history  continued  

 The patient undergoes stenting of the left anterior descending 
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procedure is uncomplicated. He has amelioration but not 
complete resolution of his angina. He is much more functional. 
His only additional medication is a thienopyridine to prevent stent 
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  Conclusion 
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pharmaceutic and lifestyle, has been shown in multiple 
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  Question 

 What is your management of this patient?  

  Comment 

 This older patient with diabetes and hypertension presents 
with symptoms that may be attributable to an acute coro-
nary syndrome (ACS). Older patients and those with dia-
betes not infrequently have atypical symptoms, with 
dyspnea predominating over chest pain. The level of sus-

picion for ACS is high, yet there are no objective or high -
 risk features at the time of presentation, such as specifi c 
ECG abnormalities indicative of myocardial ischemia or 
elevation of the biomarker (troponin) of cardiac injury. 

 As an initial management step, it is necessary to recog-
nize that both ECG and troponin abnormalities may take 
several hours to become abnormal. Hence it is important 
that this patient, with a high suspicion for ACS, is observed 
and both the ECG and troponin are repeated 6 – 9 hours 
after the initial presentation. Studies of patients with pos-
sible ACS indicate it will take up to 12 – 14 hours for all 
patients to develop a positive troponin. Thus even the cur-
rently recommended observation period of six hours may 
not detect an important number of patients with ACS and 
elevated troponin. 

 Risk stratifi cation of the patient with a possible ACS is 
an essential step in the choice of appropriate management. 
For ACS with no ST segment elevation there are two spe-
cifi c reasons for risk stratifi cation: only high - risk patients 
benefi t from an early invasive strategy, and antithrombotic 
and antiplatelet therapy has evidence - based support in 
patients with objective high - risk features. 

 Features that are associated with a higher risk of adverse 
outcomes in patients with ACS are shown in Box  73.1 . The 
risk factors are divided between those that will immedi-
ately impact on management decisions and those which 
although associated with increased risk, are unlikely to 
change the management strategy on their own. For 
example, a patient with symptoms compatible with an 
ACS, yet normal ECG and no troponin elevation is unlikely 
to benefi t from an early invasive strategy just because of 
older age or the presence of diabetes. Yet a similar patient 
with increased background risk due to diabetes, impaired 
renal function or known coronary artery disease probably 
should receive clopidogrel and a heparin during the obser-
vation period.   

 The patient with any one of the high - risk features 
described in Box  73.1  is at higher risk of an adverse outcome, 

  Case history 

 A 78 - year - old woman with a past history of hypertension and 
type 2 diabetes awoke with dyspnea and burning chest 
discomfort. Despite taking antacids the symptoms persisted for 
45 minutes. She arrived in the emergency department about one 
hour later. At the time of arrival she had no symptoms. 

 Her medications included metformin, hydrochlorothiazide, and 
amlodipine. She was a lifelong non - smoker. Her parents died in a 
car crash at a young age and she had no siblings. 

 The vital signs were normal (heart rate 84   bpm, BP 140/85, O 2  
saturation 97%), The venous pressure was not elevated, but 
there were scattered crepitations in both lung bases. The heart 
sounds were normal. 

 The ECG showed 1   mm T - wave inversion in V1 – 4. 

 The biochemical profi le showed normal electrolytes, creatinine 
112    μ mol/L (eGFR 35   mL/min/1.73   m 2 ), blood glucose 10.7   mmol/L. 
The cardiac troponin I taken within 10 minutes of arrival was 
0.05   ng/L (99 percentile 0.06   ng/L).   
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   •      a higher risk for recurrent ACS  
   •      benefi t from an early invasive strategy of coronary angi-
ography and revascularization when appropriate  
   •      benefi t from immediate use of antiplatelet and anti-
thrombotic treatment.    

  Outcomes  r elated to  e levated  t roponin 
 The relationship between elevated biomarkers of myocar-
dial necrosis and outcomes has been recognized for many 
years. The patient with a myocardial infarction and 
increased biomarkers (transaminases, lactate dehydroge-
nase (LDH) or creatine kinase (CK)) has substantially 
increased mortality when compared to the patient present-
ing with rest pain and no biochemical evidence of infarc-
tion, i.e. unstable angina. With the development of troponin 
as a highly sensitive and specifi c marker of myocardial 
injury, approximately 30% of patients with a previously 
designated diagnosis of unstable angina and normal CK 
and CKMB have increased troponin. Whereas early mortal-
ity relates to both the maximal CKMB and troponin levels, 
the risk of early myocardial (re - ) infarction is more related 
to low levels of troponin.  3   Small increases in troponin I or 
T in a patient with a clinical history compatible with an 
acute coronary syndrome indicate increased risk of recur-
rent ACS and the need for more aggressive treatment. It 
should be recognized that many other clinical situations 
such as pulmonary embolism, septic shock, acute heart 
failure and renal failure are associated with minor degrees 
of myocardial injury indicated by elevation of troponin, 
that are not due to thrombotic coronary occlusion. The 
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     Figure 73.1     Death and non - fatal myocardial infarction rates over one 
year, in patients with symptoms compatible with an acute coronary 
syndrome yet no increased troponin and no high - risk ECG fi ndings.  1,2,60   A 
chest pain score  > 10 is for chest pain symptoms that are likely to have 
been due to myocardial ischemia.  

BOX 73.1  Risk evaluation of the patient with possible 
 non  -  ST  segment elevation  ACS  

  High - risk features that support early 
invasive strategy 
     •      Elevated troponin or CKMB  
   •      ECG ST segment depression or transient ST segment 

elevation  
   •      Associated heart failure or hypotension  
   •      Life - threatening ventricular arrhythmias  
   •      Refractory myocardial ischemia despite initial medical 

treatment     

  Other features that indicate an increased risk for 
adverse outcomes 
     •      Older age  
   •      Diabetes  
   •      Impaired renal function  
   •      Impaired left ventricular function  
   •      Recent ACS  
   •      Known extensive coronary artery disease     

and justifi es an early invasive management strategy. 
However, the patient with no high - risk features is not nec-
essarily at low risk, especially over the medium and longer 
term. A recently developed scoring system  1   to identify 
high - risk patients who have no troponin elevation nor 
high - risk ECG features is shown in Figure  73.1 . This scoring 
system shows that patients with a score  > 3 have outcomes 
similar to a patient with an elevated troponin  2   and in this 
patient population, the score was a better predictor of out-
comes than the thrombolysis in myocardial infarction 
(TIMI) risk score.     

 Our patient has no high - risk features that would by 
themselves indicate high risk. Yet age and the history of 
diabetes give her a score of 3 according to the scoring 
system in Figure  73.1 . She received dual antiplatelet therapy 
with aspirin and clopidogrel. An anticoagulant (a heparin, 
fondaparinux or bivalirudin) was not given. 

 

  Case history  continued  

 The blood sample taken at six hours after the patient arrived in 
the emergency department shows the troponin I has increased to 
0.15   ng/L (99 percentile reference level 0.06   ng/L). Would this 
result change your management?    

  Comment 

 The presence of an elevated troponin I level in a patient 
with symptoms and circumstances compatible with an 
ACS is objective evidence supportive of the diagnosis of 
ACS, and indicates: 
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     Figure 73.2     Meta - analysis of clinical trials comparing an early invasive with a conservative strategy in the management of patients with NSTE ACS.  61    

troponin elevation should be evaluated in the clinical 
context.  

  Early  i nvasive  s trategy or  c onservative 
 m anagement? 
 The strategy of early cardiac catheterization and revascu-
larization (when appropriate) reduces early recurrent acute 
coronary syndromes and long - term mortality when com-
pared to a conservative strategy of cardiac catheterization 
only if the patient has recurrent ischemia or high - risk non -
 invasive testing. 

 Four meta - analyses  4 – 7   have showed that an early (during 
the index hospitalization) invasive strategy is superior to a 
selectively invasive approach. A meta - analysis of the seven 
most recent trials, included 9212 patients and showed that 
death or myocardial infarction was reduced by 18% (odds 
ratio (OR) 0.82, 95% confi dence interval (CI) 0.72 – 0.93) over 
a follow - up period of 17 months (range 6 – 24 months) with 
routine early coronary angiography and revascularization 
(when appropriate), compared to a selective approach  5   
(Fig.  73.2 ). An analysis showed improved outcomes, includ-
ing reduced mortality, were only achieved when coronary 
stenting and an aggressive antiplatelet strategy were 
employed.  6   The early benefi t from an invasive strategy is 
mainly from a reduction of myocardial infarction. However, 
long - term mortality was reduced in the FRISC 2  8   and the 
RITA 3  9  ,  10   trials with a 26 – 30% reduction in 1 – 5 - year 
mortality compared to patients managed conservatively. 
High - risk patients with elevated troponin or greater TIMI 
risk scores benefi t the most from the early invasive 
strategy.  11 – 13     

 Early revascularization within 48 hours in high - risk 
patients with non - ST segment elevation (NSTE) ACS is 

supported by data from the CRUSADE registry  14   and the 
TACTICS/TIMI 18 study.  11   Furthermore, the ISAR COOL 
trial  15   indicated that there was no benefi t from a 72 - hour 
period of medical stabilization with an aggressive protocol 
of heparin, acetylsalicylic acid (ASA), clopidogrel and gly-
coprotein (GP) IIb/IIIa inhibitors compared to immediate 
cardiac catheterization within six hours. Ischemic events 
occurred more frequently prior to percutaneous coronary 
intervention (PCI) in the medical stabilization group 
despite the vigorous treatment. Hence the current evidence 
supports early angiography within the fi rst 48 hours in the 
majority of patients identifi ed as being at high risk. For 
patients with frequent episodes of ischemia, heart failure 
or hypotension, even more urgent coronary angiography 
allows immediate revascularization in very high - risk 
individuals. 

 The 2007 ACC/AHA guidelines  16   for the management of 
NSTE ACS have recommended that an initially conserva-
tive management strategy can be considered for initially 
stabilized patients even with high - risk features (Class IIb, 
Level C). This recommendation is based on the results of 
the ICTUS trial.  17   Patients included had rest pain, elevated 
troponin and either ECG abnormalities or a known coro-
nary artery disease. The study compared an early invasive 
management strategy, with coronary angiography and 
revascularization where feasible within 24 – 48 hours, with 
a selectively invasive approach that only progressed to an 
invasive management with recurrent ischemia or a high -
 risk stress ECG. In the ICTUS study myocardial infarction 
was defi ned as any increase in CKMB beyond the normal 
range, with no higher threshold for patients undergoing 
PCI or bypass surgery. During the index hospitalization 
98% of the early invasive group and 53% of the selectively 
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the days of frequent revascularization. In patients with 
NSTE ACS the CURE trial  18   demonstrated that the addition 
of clopidogrel 75   mg daily to ASA reduced the primary 
endpoint (cardiovascular mortality, myocardial infarction 
or stroke) by a relative 20% (2% absolute risk reduction) 
over the nine - month period of treatment. Within hours of 
administration of the 300   mg loading dose, there was a 
signifi cant reduction of the combined endpoint of cardio-
vascular death, myocardial infarction (MI) and recurrent 
severe ischemia. The majority of patients included in the 
CURE trial had either ECG abnormalities or positive 
biochemical markers (usually CKMB). However, for the 
fi rst 3000 patients enrolled, age greater than 60 and a 
history of coronary artery disease were entry criteria. 
Across a wide risk spectrum, there was a constant relative 
risk reduction with clopidogrel. The benefi ts were achieved 
with a 1% absolute increase in major bleeding, mainly 
determined by a 50   g/L fall in hemoglobin or need for 
transfusion, yet with no increase in life - threatening bleed-
ing. Approximately one - third of patients underwent revas-
cularization after randomization. Patients undergoing both 
percutaneous coronary intervention  19   and coronary artery 
bypass surgery  20   had benefi t from pretreatment with clopi-
dogrel before revascularization. However, for the few 
patients undergoing coronary bypass surgery within fi ve 
days of receiving clopidogrel, major bleeding was increased 
50%.  18   

 The intravenously administered GP IIb/IIIa inhibitors 
abciximab, tirofi ban and eptifi batide were studied in 
patients with NSTE ACS before clopidogrel was used in the 
early management of these patients. A meta - analysis of 
clinical trials that included over 31   000 patients suggested 
a modest benefi t with one fewer death or MI at 30 days per 
100 patients treated.  21   The greatest benefi t was observed in 
higher risk patients, such as those with troponin eleva-
tion,  22,23   and diabetes mellitus.  24   

 Currently it is unclear whether the addition of a GP IIb/
IIIa inhibitor to dual antiplatelet therapy with ASA and 
clopidogrel improves outcomes. The ISAR React 2 study 
evaluated the use of abciximab at the time of PCI in patients 
with recent NSTE ACS pretreated with clopidogrel. Those 
receiving both clopidogrel and abciximab and with ele-
vated troponin had a 25% reduction of the combined end-
point of death/non - fatal myocardial infarction or urgent 
target vessel revascularization.  

  Antithrombotic  t reatment     Activation of the coagulation 
pathway by agents such as tissue factor initiates a positive 
feedback system activating platelets and resulting in rapid 
growth and propagation of the thrombus. Control of the 
coagulation pathway is important to prevent recurrent 
ischemic events in patients with acute coronary syndromes. 
Available agents and their interaction with the coagulation 
pathway are shown in Figure  73.3 .    

invasive group underwent coronary angiography. One 
year after the index ACS event, 67% of the selectively inva-
sive group had undergone coronary angiography. At one 
year after the ACS event, there was no difference in the 
primary outcome of death/recurrent myocardial infarction 
or unstable angina. The ICTUS patients had a low inci-
dence of cardiovascular events (one - year mortality 2.5%). 
Almost two - thirds of the conservative group underwent 
coronary angiography and revascularization by the end of 
the fi rst year. Thus the management strategies mainly dif-
fered by the timing of the invasive strategy and the study 
compared an early invasive with a delayed invasive strat-
egy. It is unlikely therefore that this study alone will change 
practice.  

  Antithrombotic and  a ntiplatelet  t herapy 
 The vast majority of acute coronary syndromes result from 
arterial thrombosis occurring with either atherosclerotic 
plaque erosion that denudes endothelial cells or plaque 
rupture exposing thrombogenic collagen and tissue factor 
to the blood. Propagating thrombus may occlude the vessel. 
However, the size of the thrombus and the activity of 
intrinsic fi brinolysis may determine whether the vessel 
remains occluded or is spontaneously recanalized. A high 
proportion of patients with NSTE ACS have patent culprit 
coronary arteries when investigated within the fi rst 24 
hours. This is in contrast to ST segment elevation ACS (STE 
ACS) where 80% of patients have an occluded infarct -
 related artery. In the patient with NSTE ACS the rationale 
of therapy is to prevent recurrent ACS due to reocclusion 
of both the culprit artery and other sites of plaque rupture 
or vulnerability, by using medications (antiplatelet and 
antithrombotic agents) and revascularization when feasible 
and indicated. 

 Medications to reduce thrombosis are the mainstay of 
early therapy in patients with acute coronary syndromes. 
Drugs reducing platelet activation and aggregation such as 
ASA, clopidogrel and GP IIb/IIIa inhibitors, and agents 
interfering with blood coagulation such as heparins, 
fondaparinux and bivalirudin have been shown to reduce 
recurrent ischemic events when administered in the fi rst 
few hours after the onset of symptoms. The clinical trials 
for many agents were performed in an era when cardiac 
catheterization was performed less frequently and usually 
much later than has become current practice. Consequently, 
application of the results to current practice requires inter-
pretation and extrapolation often beyond information pro-
vided by the individual trials. 

  Antiplatelet  t herapy     ASA was studied in patients with 
unstable angina and shown to reduce recurrent events both 
early and over many months. The benefi t was observed in 
patients receiving no antithrombotic treatment and before 
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  Fondaparinux     The synthetic anti - factor Xa inhibitor 
fondaparinux was evaluated in the large outcome study 
OASIS 5 (Organisation to Assess Strategies for Ischemic 
Syndromes 5).  18   In this study, 20   078 patients with NSTE 
ACS were randomized to receive either fondaparinux or 
enoxaparin for an average of six days. The primary effi cacy 
endpoint (death, MI or refractory ischemia at nine days) of 
the two treatment groups (fondaparinux 5.8% vs enoxapa-
rin 5.7%) was not statistically different and satisfi ed prede-
termined non - inferiority criteria. The composite effi cacy 
and safety endpoint (death, MI, refractory ischemia or 
major bleeding) was signifi cantly reduced in patients 
receiving fondaparinux (fondaparinux 7.3% vs enoxaparin 
9.0%). Major bleeding was increased in patients receiving 
enoxaparin compared to fondaparinux, and was an inde-
pendent predictor of medium -  and long - term mortality 
(six - month mortality: fondaparinux 5.8%, enoxaparin 6.5%, 
 P    =   0.05). The increased mortality at 30 days and at six 
months in patients receiving enoxaparin is almost entirely 
accounted for by the increase in major bleeding. The 
reduced bleeding associated with fondaparinux compared 
to enoxaparin treatment was observed in a very wide range 
of patient baseline observations and management strate-
gies. Older patients, women, and those with renal insuffi -
ciency had less major bleeding with fondaparinux. Patients 
undergoing early cardiac catheterization (even within the 
fi rst 24 hours) and those receiving either a GP IIb/IIIa 
inhibitor or heparin at the time of the procedure had less 
major bleeding when they received fondaparinux com-
pared to the enoxaparin group.  30   

 Guide catheter thrombosis at the time of PCI was 
observed more frequently in fondaparinux - treated patients 
(0.9% vs 0.4%,  P     <    0.001). Although the additional use of 
unfractionated heparin with fondaparinux at the time of 
PCI appears to reduce the incidence of guide catheter 
thrombosis, the safety of the combined treatment needs 
further assessment. Fondaparinux has a similar effi cacy to 
enoxaparin for the prevention of recurrent ischemic events 
but in the protocol used in the OASIS 5 study, the reduction 
of major bleeding translated into a signifi cantly lower 
mortality.  

  Bivalirudin     Direct thrombin inhibitors such as bivalirudin 
were shown in a meta - analysis to be more effective than 
heparin in reducing death or reinfarction in patients with 
ACS undergoing early percutaneous coronary interven-
tion.  31   Bivalirudin was evaluated in patients with NSTE 
ACS in the ACUITY trial.  32   Although there was no differ-
ence in the ischemic endpoint between the three strategies 
of heparin and GP IIb/IIIa inhibitor, bivalirudin and GP 
IIb/IIIa inhibitor, and bivalirudin alone, patients receiving 
bivalirudin alone had less major bleeding than those in the 
other two groups. Bivalrudin is an attractive antithrombin 
in moderate -  to high - risk NSTE ACS patients who will 

  Unfractionated  h eparin ( UFH )     An analysis of six clinical 
trials in patients with NSTE ACS that compared UFH with 
placebo showed a 33% reduction of death and MI over the 
short term (OR 0.66, 95% CI 0.44 – 0.99,  P    =   0.045).  25   When 
UFH is combined with ASA and compared to ASA alone, 
there is a trend to a benefi t with the combined therapy.  26   
Studies that compare either UFH or low molecular weight 
heparin combined with ASA with ASA alone show a 39% 
reduction of death and MI.  

  Low  m olecular  w eight  h eparin ( LMWH )     When compared 
with placebo in patients with NSTE ACS, there is benefi t 
from LMWH (death/MI OR 0.34, 95% CI 0.20 – 0.58, 
 P     <    0.0001).  27   However in this meta - analysis LMWH was 
not superior to UFH (OR 0.88, 95% CI 0.69 – 1.12,  P    =   0.34). 
However, individual LMWH preparations may be superior 
to UFH. When enoxaparin is compared to UFH a meta -
 analysis showed no difference in mortality outcomes at 30 
days (OR 1.00, 95% CI 0.85 – 1.17). Yet death/MI was reduced 
9% by enoxaparin (OR 0.91, 95% CI 0.83 – 0.99).  28   In this 
analysis there was no increase in bleeding as defi ned by 
major bleeding or transfusion needs when enoxaparin was 
used. A more contemporary use of enoxaparin in the 
SYNERGY trial  29   included 9978 high - risk patients with 
NSTE ACS destined to undergo very early coronary angi-
ography and revascularization. Patients were randomized 
to receive either enoxaparin or UFH. Coronary angiogra-
phy was performed an average 22 hours after 
randomization. In the context of aggressive, very early 
invasive management, enoxaparin was not shown to be 
superior to UFH. There was a trend to increased major 
bleeding in patients receiving enoxaparin (OR 1.17, 95% CI 
0.99 – 1.39). As a result of the SYNERGY trial, UFH is pre-
ferred over enoxaparin if the patient is likely to go to the 
catheterization laboratory within the fi rst 24 hours after 
presentation.  
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     Figure 73.3     The sites of action of the antithrombin agents currently 
used in the management of patients with NSTE ACS.  
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IIb/IIIa inhibition in patients with NSTE ACS have either 
recruited patients at the time of presentation  37 – 39   or during 
the waiting period for PCI, when the coronary anatomy 
was known.  40   

 

undergo very early cardiac catheterization in the fi rst 12 – 24 
hours. 

 

  Case history  continued  

 Our patient now has evidence for a high - risk non - ST segment 
ACS. Evidence shown above supports referral for early coronary 
angiography and revascularization, and the use of both 
antithrombotic and antiplatelet agents. 

 She was already receiving dual antiplatelet therapy with ASA 
81   mg and clopidogrel 75   mg daily (after a 300   mg loading dose). 
The ASA dose was maintained at 81   mg to minimize the 
incidence of gastrointestinal bleeding. In the CURE trial the 
incidence of major bleeding in patients receiving combined 
clopidogrel 75   mg daily and ASA 75 – 100   mg daily was less than 
for those receiving only ASA 325   mg. 

 On the basis of the ESSENCE  33   and TIMI 11b  34   trials, our patient 
was given enoxaparin 1   mg/kg daily. It was recognized that she 
had moderate renal insuffi ciency with an estimated glomerular 
fi ltration rate (eGFR) of 35   mL/min. LMWH and fondaparinux are 
excreted renally. Although it is recommended that the dose of 
enoxaparin be reduced 50% to 1   mg daily for patients with 
eGFR    <    30   mL/min, there are no safety data to support this 
recommendation. The patient was admitted to an ECG 
monitored bed. A referral was sent to the local cardiac center for 
coronary angiography, and arrangements made for transfer 
within the next 48 hours. 

 Over the next 24 hours our patient had a further episode of 
chest pain and dyspnea with associated ST segment depression in 
ECG leads V1 – V4. The pain resolved within 10 minutes after 
administration of nitroglycerin 0.4   mg sublingually. 

 How will you manage this patient now?      

  Comment 

 Our patient now has refractory myocardial ischemia with 
associated ECG abnormalities. Prior to the current era of 
the use of early cardiac catheterization and multiple anti-
thrombotic agents, refractory ischemia was the factor most 
predictive of future adverse outcomes.  35   More recently, the 
GUSTO 2b study  36   showed that mortality was threefold 
greater in patients receiving ASA and heparin who devel-
oped refractory ischemia associated with ECG changes. 

 The patient requires urgent transfer to a cardiac center 
for angiography and, if possible, PCI. The question now is 
whethere there is benefi t to starting other medication to 
reduce recurrent ischemic events. The patient ’ s chest pain 
did appear to resolve with sublingual nitroglycerin. Thus 
many physicians would use an infusion of intravenous 
nitroglycerin at doses of 20 – 150    μ g/h. The use of an intra-
venous GP IIb/IIIa inhibitor for patients with refractory 
ischemia has never been evaluated. The clinical trials of GP 

  Case history  continued  

 Our patient is started on an infusion of nitroglycerin at 60    μ g/h. It 
was decided not to use a GP IIb/IIIa inhibitor in addition to ASA, 
clopidogrel and enoxaparin, because the patient ’ s gender, age, 
and impaired renal function would substantially increase the 
bleeding risk. The cardiac center was called and transfer arranged 
in the next four hours. 

 At coronary angiography a severe proximal left anterior 
descending coronary stenosis was found. There were minor 
stenoses in the other coronary vessels. Left ventricular function 
was not assessed at this procedure. 

 Arrangements were made for immediate PCI. As the patient had 
received enoxaparin four hours previously, no additional 
anticoagulant was given. However, eptifi batide was started prior 
to the procedure. The artery was successfully dilated and a 
4.0   mm paclitaxel drug - eluting stent deployed. The fi nal result 
showed no residual stenosis.    

  Comment 

 Successful dilation and stenting of the culprit stenosis is 
not the end of the story. The patient may have other vulner-
able coronary plaques that could cause further acute coro-
nary events unrelated to the original culprit lesion; acute 
stent thrombosis, although rare, may occur and there is a 
short -  and long - term risk of bleeding resulting from the 
multiple antithrombotic agents. In addition, there is need 
for evidence - based vascular protective medication and life-
style modifi cation to reduce progression and atherothrom-
botic complications of atherosclerosis. 

 

  Case history  continued  

 Following the successful PCI, our patient returned to the 
cardiology ward of the cardiac center. The arterial access sheath 
had been closed with a vascular closure device. There was no 
hematoma or evidence of bleeding when the patient returned to 
the ward. An order had been written to discontinue enoxaparin, 
but to continue eptifi batide at the standard infusion rate of 2    μ g/
kg/minute for the next 18 hours. In addition, the ASA dose was 
increased to 325   mg and clopidogrel 75   mg daily continued. 

 Six hours after the PCI our patient complained of lower back pain 
and pain over the front of the thigh. The blood pressure had 
initially been 140/85, but with the onset of pain fell to 90/50.    
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bleeding, selecting the antithrombotic agent that is best for 
the patient, minimizing the duration of exposure to anti-
thrombotic agents, using the correct dose of medications, 
and recognizing early signs of bleeding. 

 Our patient had a number of higher risk features that 
increased her chance for major bleeding. These included: 
older age, female gender, hypertension, diabetes, renal 
insuffi ciency, and recent femoral arterial vascular access. 
Furthermore, she had received enoxaparin and eptifi batide 
at standard doses, despite moderately severe renal insuf-
fi ciency. Excessive dosing of anticoagulants and antiplate-
let agents, due to inaccurate estimates of weight and failure 
to correct doses for renal impairment, is responsible for 
bleeding in an important number of cases.  44   

 

  Question 

 What is the current problem, how will you make a diagno-
sis, what is the management, and will it infl uence long -
 term outcomes?  

  Comment 

 The onset of back and thigh pain in a patient receiving 
powerful antiplatelet or anticoagulant therapy should raise 
a high level of suspicion for a retroperitoneal bleed. 

 There was no visible or palpable hematoma at the 
femoral access site. The abdominal examination was unre-
markable and bowel sounds were present. With the admin-
istration of 1.5 litres of 0.9% saline, the blood pressure was 
restored to the baseline level. The eptifi batide was discon-
tinued. Our patient was sent for a CT scan of the abdomen 
that confi rmed the presence of a large retroperitoneal hem-
orrhage, on the contralateral side to the arterial access site. 
The hemoglobin fell from a baseline 135   g/L to 85   g/L 
when measured the next day. The patient was transfused 2 
units of packed red blood cells.  

  Question 

 Was this major bleeding event predictable and 
preventable?  

  Comment 

 With the greater use of both antithrombotic medications 
and early revascularization, bleeding has become an 
increasingly important problem for patients admitted to 
hospital with ACS. In fact, major bleeding and the need for 
transfusion is the most common adverse event and exceeds 
the incidence of death, myocardial infarction and heart 
failure.  41   Not only does bleeding result in an immediate 
threat, but it is also associated with increased coronary 
heart disease mortality and reinfarction. The older patient, 
females, those with anemia, renal dysfunction, high - risk 
ACS, diabetes, hypertension and those undergoing inva-
sive procedures are at high risk for bleeding. Major bleed-
ing, from whatever cause or site, is associated with a 60% 
increased risk of in - hospital death and a fi vefold increase 
in one - year mortality and reinfarction.  42,43   In addition, 
patients receiving blood transfusion had a fourfold increase 
in mortality.  41   Yet the causal link between bleeding, transfu-
sion and increased coronary heart disease events is 
unproven. 

 The current paradigm for the management of ACS is to 
minimize recurrent ischemic events but also to minimize 
the risk of bleeding. Such a strategy includes matching the 
ACS risk to the most appropriate treatment, assessing the 
bleeding risk, using vascular access techniques to minimize 

  Case history  continued  

 Fortunately our patient made a good recovery from the 
retroperitoneal bleeding and left hospital fi ve days after the PCI 
procedure. She was given a discharge prescription that included 
ASA 81   mg daily, clopidogrel 75   mg daily, ramipril 10   mg daily, 
hydrochlorothiazide 25   mg daily, atorvastatin 80   mg daily, 
metoprolol 50   mg twice daily, and metformin 500   mg bid.    

  Comment 

 Vascular protective measures that reduce recurrent isch-
emic events have a large impact on long - term outcomes. 
These measures include lifestyle changes and pharmaco-
logic treatment. All patients admitted to hospital for an 
ACS should receive lifestyle counseling. This should 
include smoking cessation advice and referral to a smoking 
cessation clinic. Weight control, increased physical activity 
and dietary advice are frequently required. Vascular pro-
tective medications for patients who have had an ACS 
should include ASA, a statin, an ACE inhibitor and a beta -
 blocker. In addition, glycemic and blood pressure control 
should be optimized. 

  Long -  t erm  t reatment: the  d ischarge  p rescription 
 Lifestyle counseling is started in hospital prior to discharge. 
Efforts to promote smoking cessation after an acute 
coronary event are likely to be more successful than at 
any other time. However, it is recognized that for success 
with lifestyle modifi cation, ongoing support in a cardiac 
rehabilitation center is most likely to result in long term 
gains. 

 Abnormal glucose metabolism is present in two - thirds 
of patients with acute coronary syndromes  45,46   (30% have 
known diabetes, 15% have newly diagnosed diabetes, 22% 
have impaired glucose tolerance (IGT), and 5% have 
impaired fasting glucose (IFG)). The earlier detection and 
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treatment of diabetes will prevent microvascular disease 
and may have an impact on preventing recurrent cardiac 
events. 

 Statin treatment reduces death, MI and stroke in patients 
with stable coronary heart disease over a wide range of 
baseline LDL cholesterol. The MIRACL  47   and PROVE - IT -
 TIMI 22  48   studies showed that cardiovascular events were 
reduced within 30 days of initiating treatment by vigor-
ously reducing LDL - C in patients with a recent ACS.  49   
Current evidence supports treatment early after an ACS 
with an intensive statin regimen such as atorvastatin 80   mg 
daily. Angiotensin - converting enzyme inhibitors or angio-
tensin receptor blockers (ARB) should be considered in 
patients with ACS and heart failure or impaired LV ejection 
fraction (LVEF    <    40%) to prevent the development of heart 
failure and reduce mortality.  50   The VALIANT study dem-
onstrated that the ARB valsartan was not inferior to the 
ACE inhibitor captopril for the prevention of cardiovascu-
lar events in patients with recent myocardial infarction and 
either heart failure or LVEF    <    40%. The SAVE trial  50   also 
demonstrated that early treatment with captopril reduced 
recurrent myocardial infarction. A combined analysis  51   of 
the HOPE,  52   EUROPA  53   and PEACE  54   clinical trials showed 
that ACE inhibition resulted in a 14% reduction of cardio-
vascular mortality and 18% reduction of myocardial infarc-
tion. The ONTARGET trial  55   showed that the ARB 
telmisartan was not inferior to ramipril for the prevention 
of cardiovascular events in high - risk patients. However, 
none of these four studies with ACE inhibitors or ARB 
included patients during the fi rst 1 – 3 months after acute 
MI. Yet it is likely that ACE inhibitors or ARBs started early 
after an acute MI will prevent recurrent MI, as suggested 
by the SAVE results.  50   

 Antiplatelet therapy with ASA and clopidogrel, initiated 
on admission and continued for nine months, was shown 
in the CURE trial  56   to reduce the combined outcome of 
death/MI/stroke by 20%. Many patients with NSTE ACS 
will receive an intracoronary stent as part of an early inter-
vention and revascularization strategy. These patients 
benefi t from combined ASA and clopidogrel continued for 
one year. Beyond one year, treatment with dual antiplatelet 
therapy remains controversial. Patients receiving drug -
 eluting stents, especially with complex anatomy or high -
 risk locations, may benefi t from longer term treatment to 
prevent late stent thrombosis. The CHARISMA trial  57   in 
patients with either clinically evident cardiovascular 
disease or multiple risk factors showed no overall advan-
tage of combined ASA and clopidogrel beyond ASA alone. 
However, an analysis of patients with established vascular 
disease showed a signifi cant, albeit modest benefi t.  58   

 Beta - adrenergic blockers reduce mortality by approxi-
mately 25% in patients with MI during treatment for two 
years or more after the acute event.  59   Patients with non - Q 
wave infarction were included in these studies. 

 

  Case history  continued  

 Our patient returned for follow - up with her cardiologist at one 
and four months after discharge. With the support of her family 
doctor and pharmacist, she has remained adherent to treatment. 
She has lost 10   lbs weight and is now walking for 30 minutes 
daily. Her blood pressure was less than 130/80 at both visits. 
With a better diet the diabetes is well controlled. A lipid profi le 
shows the LDL cholesterol reduced to 1.9   mmol/L.      
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  Case history 

 A 55 - year - old self - employed male truck driver suddenly 
experiences, for the fi rst time, severe retrosternal chest pain 
accompanied by weakness, nausea, and shortness of breath. 
When his distress fails to abate he presents, within 30 minutes, 
to the emergency room of a hospital without heart 
catheterization facilities. 

 Physical exam reveals a pale, anxious, diaphoretic overweight 
man with a blood pressure of 110/90 and a regular heart rate of 
98 beats per minute. There are sibilant rales at both lung bases 
bilaterally but his neck veins are fl at. On auscultation there is a 
soft apical systolic murmur and an S4 gallop rhythm. His risk 
factors include a 10 - year history of hypertension for which he is 
on a thiazide diuretic as his only medication. He is a 40 pack/year 
smoker with a strong family history of a sister with an MI at age 
58 and a father who suffered an MI in his 40s. He is not diabetic 
and his lipid status is unknown. 

 An ECG is immediately ordered (Fig.  74.1 ).     

  Question 

 What is your clinical assessment and what action should 
be taken at this juncture?  

  Comment 

 The clinical presentation of persistent chest pain, nausea, 
weakness, dyspnea and diaphoresis coupled with charac-
teristic ECG fi ndings of elevated ST segments in more than 
two contiguous leads points to the diagnosis of an acute ST 
segment elevation myocardial infarction (STEMI) of the 

anterior wall. The objectives of management at this stage 
are: (a) relief of symptoms with oxygen, morphine and an 
intravenous beta - blocker, and (b) rapid restoration of nutri-
ent blood fl ow through the occluded coronary artery. As to 
the latter, time is of the essence! There are three therapeutic 
options: 
   •      fi brinolytic therapy with streptokinase or intravenous 
tissue plasminogen activator (e.g. reteplase, tenectoplase or 
alteplase)  
   •      primary percutaneous coronary intervention (PCI)  
   •      facilitated PCI.    
 Although fi brinolytic therapy is a proven effective strategy 
for reducing both morbidity and mortality in STEMI,  1   there 
is now persuasive Level A evidence that primary PCI 
achieves better short - term (4 – 6 weeks) and long - term (6 – 18 
months) outcomes when compared to fi brinolytic therapy.  2   
The outcomes measured were mortality rates, non - fatal 
reinfarction, strokes and major bleeds. 

 Timing and access must be taken into consideration. The 
earlier the arrival of the patient (less than 30 minutes), the 
less the advantage of PCI over fi brinolysis becomes appar-
ent, especially if there is an anticipated time delay in trans-
porting the patient across town to another facility.  3   
Conversely, many studies have shown the superiority of 
primary PCI for those patients who require emergency 
transport to another facility especially if the  “ time to 
balloon ”  can be achieved within 60 – 90 minutes.  4   The 
degree of risk has not always been carefully integrated in 
trial analyses. However, it is safe to assume that those 
patients at higher risk, as with any of the established inter-
ventions, benefi t the most. Our patient is an ideal candidate 
for primary PCI. He is at moderate to high risk (anterior 
myocardial infarction with evidence of some cardiac 
decompensation), he appears within the recommended 
window of 30 – 60 minutes and has no major 
contraindications. 

 Should there be no ready access to an angiographic 
facility, the preferred treatment would be aspirin 150 –
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 350   mg followed immediately by fi brinolysis with, in this 
particular case, a tissue plaminogen activator. An anti-
thrombin agent is added to help maintain patency of the 
culprit artery. It should be borne in mind that the combined 
use of fi brinolytics, antiplatelets and antithrombin agents 
reduces mortality rates and non - fatal reinfarction at the 
expense of an increased risk of major and minor bleeding.  5   
While low molecular weight heparin offers better outcomes 
than weight - adjusted unfractionated heparin, the net clini-
cal benefi t (i.e. adjusted for major bleeding rates) is less 
apparent because of the higher rates of bleeding with low 
molecular weight heparin.  6   The presence of pulmonary 

rales and an S4 gallop rhythm in this patient with a sus-
pected large anterior wall infarction mitigates against intra-
venous beta - blocker therapy as long as the chest pain can 
be ameliorated with oxygen and morphine.  7   

 What about opting for a strategy of immediate throm-
bolysis followed by PCI? This is so - called facilitated PCI. 
Theoretically, this approach offers quicker patency of the 
culprit artery on the way to restoration of coronary blood 
fl ow with PCI. The 2007 ACC/AHA focused update no 
longer recommends facilitated PCI for STEMI.  7   Recent 
analyses have shown a worse outcome with facilitated PCI 
compared to primary PCI for STEMI.  8   

 

     Figure 74.1     12 - lead ECG of acute anterior 
ST elevation myocardial infarction.  

  Case history  continued  

 On the basis of the PCI - CURE study, our patient is quickly 
administered two antiplatelet agents: 150   mg of chewable aspirin 
and 300   mg clopidogrel loading dose.  9   He is quickly transported to 
a cardiovascular center situated within one mile of the index 
hospital. At 90 minutes post symptom onset, a paclitaxel drug -
 eluting stent (DES) is deployed at the site of an occlusive thrombus 
in the proximal left anterior descending artery. His angiogram also 
demonstrates an old distal occlusion of a dominant right coronary 
artery and a 30% lesion in the obtuse marginal branch of the 
circumfl ex artery. He tolerates the procedure without incident. His 
blood pressure is now 132/70 and he is not in heart failure. He is 
started on a well - established secondary prevention regimen of an 
oral beta - blocker (metoprolol 50   mg bid), an angiotensin - converting 
enzyme (ACE) inhibitor in the form of ramipril starting at 5   mg qam 
and a HMG Co - A reductase inhibitor (atorvastatin) at 20   mg qhs.  1   
Aspirin at 81   mg and clopidogrel 75   mg daily are continued. 

 The following day he complains of a sharp left parasternal pain 
exacerbated by movement, coughing and/or taking a deep breath. 
On his ECG we now see that the ST segment elevation has failed to 
descend following deployment of the stent and there is new ST 
elevation in leads II and III (Fig.  74.2 ). Furthermore, the tachycardia 
has returned despite the institution of a beta - blocker and clear lung 
fi elds. Physical examination confi rms the presence of a pericardial 
friction rub. His blood pressure remains stable at 130/80. His 
internal jugular veins are not distended.   

 An echocardiogram shows severe anteroapical hypokinesis of the 
left ventricle, a pedunculated apical thrombus and an estimated 
global ejection fraction of 35%. There is no signifi cant pericardial 
effusion. His troponin I levels increase from 0.8 to 4.5   ng/mL 
(normal    <    0.04). His routine serum electrolytes, urea, creatinine and 
blood sugars are normal. His white count is only slightly elevated. 
His hemoglobin on admission was 140   gm/L. It is now 119.    
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  Question 

 How would you manage the pericarditis and how aggres-
sive should you be with the LV apical aneurysm and endo-
cardial thrombus?  

  Comment 

 In the acute phase of a full - thickness myocardial infarction, 
pericarditis is not an uncommon complication. It rarely 
poses a threat and usually runs a benign course. For pain 
relief a short course of an anti - infl ammatory agent, either 
an increased dose of aspirin (650   mg qid) or a non - steroidal 
anti - infl ammatory agent, suffi ces. Ibuprofen should prob-
ably be avoided as it interferes with the antiplatelet effect 
of aspirin.  10   It is interesting that in the thrombolytic era, 
the incidence of pericarditis associated with STEMI has 
decreased signifi cantly, presumably due to smaller infarct 
sizes.  11   However, this is also the era of double antiplatelet 
agents, anticoagulants, antithrombin agents, platelet glyco-
protein IIb/IIIa inhibitors and fi brinolytics. Despite these 
agents the incidence of serious hemorrhagic pericardial 
effusion in the acute stage of STEMI remains low. 

 The presence of a pedunculated apical thrombus poses a 
more sinister threat of systemic embolism. The patient is 
already on clopidogrel and aspirin. His hemoglobin is 
falling. What to do? The 2004 ACC/AHA guidelines for 
treatment of STEMI issue a Level B recommendation for 
three months of warfarin preventive therapy for patients 
with a mural thrombus.  1   The decision to add warfarin to 
this patient ’ s double antiplatelet regimen (already a Level 
A recommendation) poses a hazard of a major bleed of 
0.62%/year  12   versus the risk of a systemic embolus ( < 0.1%). 
The mural thrombus is not static and will likely endotheli-
alize within two months. A judgment is made to forego the 
warfarin. 

 

     Figure 74.2     Note the new ST elevation in 
lead II with further ST depression in AVR - all 
consistent with an acute pericardial reaction.  

  Case history  continued  

 Our patient ’ s condition is now stabilized. He is ambulating well 
without symptoms. On day four of his hospital course he 
suddenly develops a severe retrosternal pain not unlike that of his 
infarct. His ECG (Fig.  74.3 ) shows evolutionary changes only. 
However, his troponin I level rebounds from 0.08 to 3.5   ng/mL, 
clearly indicating new myocardial injury. An urgent coronary 
angiogram reveals an occlusive thrombus at the site of the 
drug - eluting stent. An intravenous platelet glycoprotein IIb/IIIa 
inhibitor (eptifi batide) is quickly administered and the lesion is 
restented using, once again, a paclitaxel - eluting (Taxus) stent. 
Shortly following the procedure, our patient develops rigors, 
fever and an urticarial rash.      

  Questions 

     •      Do these events alter your management plans?  
   •      What precipitated the allergic reaction?     

  Comment 

 Persuasive evidence exists that deployment of drug - 
eluting stents (DES) such as paclitaxel reduces the inci-
dence of in - stent restenosis compared to bare metal stents.  13   
But thrombotic restenosis at the site of a DES is said to 
occur at a rate of 0.6% at one year.  14   Under these circum-
stances, the choice of a glycoprotein IIb/IIIa inhibitor such 
as eptifi batide (Integrilin) appears to offer slightly better 
protection by improving outcome following stent inser-
tion, according to the ESPRIT study.  15   The propensity for a 
serious bleed should be borne in mind whenever a third 
antiplatelet agent is added to aspirin and clopidogrel. This 
again is a judgment call because the occurrence of an early 
thrombotic occlusion of his DES does not place our patient 
neatly into any of the large - scale clinical trials. 
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     Figure 74.3     Evolutionary changes of an 
acute anterior myocardial infarction.  

 Other approaches to prevent restenosis have been pro-
posed. One of these is intracoronary gamma radiation, 
so - called brachytherapy.  16   This is a highly specialized pro-
cedure and so far its superiority in preventing restenosis 
when compared with DES has not been demonstrated.  17   
The evidence for the optimum choice in preventing in - stent 
restenosis at the site of a compromised DES is sparse and 
requires further study. 

 As for the allergic reaction, one can only surmise that it 
was more related to the contrast agent since the incidence 
of acute allergy to Integrilin was shown to be identical 
(0.15%) between the placebo group and the drug group in 
the PURSUIT study.  18   

 The allergic event responds well to intravenous cortico-
steroid and diphenhydramine, following which our patient 
goes on to make a gradual but satisfactory recovery. There 
are no appreciable hemodynamic, ischemic or electrical 
sequelae. At the time of hospital discharge he is pain free 
and ambulating well. Despite his trials and tribulations, 
our patient has a new DES in place with restoration of 
satisfactory fl ow through an occluded artery. He is pain 
free and failure free and he is now recovering without 
major mishap. He is ready for discharge and it is time for 
a chat. 

 The objectives of post - MI management are threefold: 
  1     to restore patient confi dence by outlining an activities 
program commensurate with the gradual healing process 
of his injured myocardium  
  2     to advocate and prescribe secondary prophylactic medi-
cations proven to be effective in reducing reinfarction and 
death. These include enteric - coated aspirin, clopidogrel (at 
least 12 months), a statin, an ACE inhibitor and, preferably, 
a beta - blocker  1    
  3     to advise on risk factor modifi cation and to promote 
lifestyle changes. The latter include a regular exercise 
program (initially supervised), weight reduction, nutri-

tional advice and maintenance of a low lipid profi le (see 
Chapters  12 ,  15 ,  23 ).    

 All this will certainly be a challenge insofar as our 
patient, who has just sworn off cigarettes, is a self - employed 
transport driver with erratic eating habits. 

 What about alternative strategies such as implantation 
of an intracardiac defi brillator (ICD) to prevent sudden 
cardiac death? He doesn ’ t quite fulfi ll the entry criteria for 
the MADIT II study.  19   His LV ejection fraction at the time 
of hospital discharge eight days post STEMI is now 40% 
and probably rising. Besides, the LV ejection fraction during 
the fi rst week post STEMI is a questionable determinant of 
future malignant events. His QRS duration is less than 
120   msec. Among the several untoward events that compli-
cated this patient ’ s hospital course, a sinister arrhythmia 
was not one of them.   

  Conclusion 

 Clinical decision making is a fi ne balancing act between 
application of external best evidence and what the physi-
cian deems best for the patient. Here is a case where on two 
separate occasions rapid restoration of coronary blood 
fl ow was indispensable. In both instances the strategies 
employed were guided by evidence derived from major 
clinical trials despite unforeseen complications such as 
acute pericarditis, depressed LV function, mild heart 
failure, allergic reactions, the presence of a large apical 
mural thrombus and the threat of a major bleed. 

 The case also cautions against blind adherence to every 
consensus recommendation for the individual patient with 
unique complications. Here is where the physician ’ s clini-
cal judgment ought to be weighed carefully. For example, 
in this case the decision to add an anticoagulant (warfarin) 
because of the mural thrombus had to be weighed against 
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the threat of a major bleed in a patient already on two 
antiplatelet drugs. The decision not to implant an ICD was 
a judgment call based on borderline criteria. With deploy-
ment of the second stent, the decision to add a platelet 
glycoprotein IIb/IIIa inhibitor was not based on external 
evidence pertaining to that particular circumstance but on 
a supposition that the site of the occluded DES was particu-
larly prone to repeat thrombosis.  
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  Case history 

 The patient is a 69 - year - old man who sustained an acute 
non - ST - elevation myocardial infarction. He has a family history of 
premature coronary artery disease (CAD), with a brother who 
had coronary bypass surgery at age 54 and his father died 
suddenly at age 60. He is a cigarette smoker (1/2 pack per day). 
The ECG showed ST segment depression in the anterior leads 
and plasma levels of troponin I (TnI) reached 3.18   u/L 
(normal    < 0.01). A coronary angiogram showed a proximal 90% 
stenosis of the left anterior decending (LAD) coronary artery and 
the decision was taken to place a bare metal stent in the 
proximal LAD lesion. The left ventricular ejection fraction (LVEF) 
was 55% with mild anterior wall hypokinesis. The patient was 
discharged the following day. 

 Six months later, he is referred for evaluation of a low high -
 density lipoprotein cholesterol (HDL - C). He is presently on 
atorvastatin 40   mg and ASA 81   mg; clopidogrel was discontinued 
after 3 months. He stopped beta - blockers on his own because 
they made him feel  “ sluggish ” . He is currently asymptomatic, in 
Canadian Cardiovascular Society angina class 1, and his exercise 
stress test showed no ischemia at a workload of 10 METS  . 

 On physical examination, the BP is 130/82, the heart rate 72 and 
his Body Mass Index (BMI) is 28. The rest of the examination is 
normal. The lipoprotein profi le is as follows: cholesterol 
3.72   mmol/L, low - density lipoprotein cholesterol (LDL) - C 
2.1   mmol/L, HDL - C 0.8   mmol/L, triglycerides 1.8   mmol/L, Chol/
HDL - C ratio 4.65 (Table  75.1 ). The thyroid - stimulating hormone 
(TSH) is normally suppressed, Serum levels of creatine kinase (CK) 
and alanine transaminase (ALT) are normal.     

  Question 

 Are further interventions warranted to further reduce 
cardiovascular risk?  

  Comment 

 This case is seen frequently in the secondary prevention 
setting. The patient is nearly at the LDL - C goal of 
 < 2.0   mmol/L. The argument can be made that in the 
absence of mortality benefi t of lowering the LDL - C  < 2.0 in 
the TNT and IDEAL trials, the patient is treated according 
to the current standard of care. The low HDL - C remains 
problematic. There is presently a paucity of evidence sup-
porting raising HDL - C pharmacologically on a background 
of statin treatment. This evidence is derived, in part, from 
 post hoc  analysis of large - scale studies or from pooled anal-
ysis of data. The approach to this patient must fi rst involve 
lifestyle changes (cigarette cessation, quality of diet, weight 
reduction, exercise, and possibly moderate alcohol intake) 
which stand on their own merits, irrespective of their 
effects on HDL - C levels. Indeed, an elevated serum level 
of HDL - C might be considered a biomarker for cardiovas-
cular health. 

 While each lifestyle change is expected to raise HDL - C 
by  ∼ 5%, the cumulative effect of these changes may bring 
the HDL - C into the low - normal range for age and gender. 
Unfortunately, few patients implement such changes. 
Smoking cessation should be a priority of treatment in this 
patient. My own approach would be to further reduce 
LDL - C by optimizing the dose of statin.  (Table  75.1 ) shows 
the expected effects of various pharmacologic manipula-
tions including (1) keeping the current treatment, (2) 
increasing atorvastatin to 80   mg, (3) switching to rosuvas-
tatin 40   mg, (4) adding niacin (extended release) 2   g, (5) 
adding fenofi brate 200   mg or (6) adding ezetimibe to ator-
vastatin 40   mg. 

 While the lipoprotein profi le is improved by the fi ve 
additional options suggested here, the improvement is 
relatively small and the clinical signifi cance is uncertain. 
Niacin extended release seems to have the most favorable 
improvement in both HDL - C and the Chol/HDL - C ratio. 
Increasing the statin dose is another option and favors 
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 Table 75.1     Expected effects on  LDL  -  C ,  HDL  -  C  and the  C  hol / HDL  -  C  
ratio if the current treatment is maintained, if niacin 2   g/d is added, if 
atorvastatin is increased to 80   mg/d, if atorvastatin is substituted for 
rosuvastatin 40   mg/d and if ezetimibe 10   mg/d is added. Data are 
based on large - scale clinical trials (see Table  75.2 ). 

   Expected  →   
   Treatment  ↓   

     % Δ  HDL - C 
 % Δ  LDL - C  

     HDL - C 
 LDL - C 
(mmol/L)  

     Chol/
HDL - C  

     Evidence -  
 based?  

  Current treatment 

 Atorvastatin 40   mg  

  No  Δ    
 No  Δ   

  0.80 

 2.1  

    4.65      Yes  *    

  Atorvastatin 80   mg    No  Δ  
  − 10%  

  0.80 

 1.9  

    4.39      Yes  

  Rosuvastatin 40   mg    No  Δ  
  − 10%  

  0.80 

 1.9  

    4.39      Yes  *    

  Niacin 2   g 

 added  

  +20% 

  − 18%  

  0.96 

 1.72  

    3.45      No  

  Fenofi brate 200   mg 

 added  

  +6% 

 No  Δ   
  0.9 

 2.1  

    4.04      No  

  Ezetimibe 10   mg 

 added  

  No  Δ  
  − 20%  

  0.80 

 1.7  

    4.14      No  

    *    Based on clinical trials of LDL - C reduction to prevent primary or 

recurrent cardiovascular events in high - risk populations.   

monotherapy. It should be pointed out that of the options 
presented here, only statins (at either the maximal dose or 
used to decrease LDL - C  < 2.5   mmol/L) are currently sup-
ported by evidence - based literature. The use of fenofi brate 
is less well supported by clinical trial data, especially in 
light of the FIELD trial. Other fi brates, especially gemfi bro-
zil, should not be combined with statins because of the risk 
of rhabdomyolysis. The addition of ezetimibe to statin 
monotherapy has the advantage of reducing LDL - C to a 
greater extent than simply doubling the dose of statin and 
avoiding side effects and adverse events associated with 
high - dose statins. 

  General  c omments on  s econdary 
 p reventive  s trategies 
 National guidelines for the secondary prevention of cardio-
vascular disease emphasize lifestyle changes (smoking ces-
sation, quality of the diet, in terms of reducing saturated 
fats, weight reduction, physical activity and decrease in 
psychologic stress  1 – 3  ). In this case, the immediate period 
following acute myocardial infarction was discussed, with 
emphasis on treatment and prevention of thrombotic epi-
sodes. Here, we will review an aspect of metabolic heart 
disease that is more controversial and much less supported 
by evidence - based medicine. 

 The data supporting lowering LDL - C for the prevention 
of recurrent events are well established and entrenched in 

clinical practice. Pharmacologic therapy is indicated to 
reach an LDL - C  < 2.0   mmol/L and a Chol/HDL - C ratio  < 4.0. 
Aspirin is indicated in all subjects unless contraindicated. 
Beta - adrenergic blockers are indicated post myocardial 
infarction as are ACE inhibitors if the LVEF is decreased. A 
goal for HDL - C has not been set because of a lack of effective 
therapies to raise HDL - C and a lack of solid clinical evidence 
supporting raising HDL - C pharmacologically for cardiovas-
cular disease prevention. While a low HDL - C is considered 
a categoric cardiovascular risk factor  2 – 4   and is the most fre-
quent lipoprotein disorder in premature CAD,  5,6   there is still 
controversy surrounding the causal role of a low HDL - C in 
atherosclerosis. Experimental evidence shows that the ath-
eroprotective effects of HDL extend far beyond removing 
cholesterol from lipid - laden macrophages in the atheroscle-
rotic plaque, an effect known as the reverse cholesterol 
transport. HDL have anti - infl ammatory effects, prevent oxi-
dation of LDL, have antithrombotic properties, modulate 
vasomotor tone and may improve endothelial cell survival 
(by preventing apoptosis), migration and proliferation.  7,8   

 Current approaches to raising HDL - C pharmacologically 
include statins, fi brates and niacin. Large - scale clinical 
studies using statins or fi bric acid derivatives (fi brates) have 
shown a modest effect of these two classes of medication on 
HDL - C levels, usually in the order of 5 – 10%, much less than 
reported in smaller studies  9   (Table  75.2 ). The drug torcetra-
pib, an inhibitor of cholesteryl ester transfer protein (CETP), 
led to marked improvement in all lipoprotein classes when 
used with atorvastatin, but proved toxic in the large - scale 
clinical trial ILLUMINATE  10   and showed no benefi ts on 
surrogate markers of atherosclerosis such as intravascular 
ultrasound  11   or carotid intima - media thickness.  12,13   Whether 
other CETP inhibitors will prove cardioprotective will have 
to be determined in appropriate clinical trials.    

  Effects of  s tatins 
 Statins have a modest effect on HDL - C which may be medi-
ated by the decrease in plasma triglycerides and an indirect 
effect on the transcriptional regulation of apolipoprotein AI 
(apo AI).  14   There are presently six large - scale secondary or 
high - risk prevention trials that have examined the effect 
of statins on major cardiovascular events, coronary heart 
disease (CHD) mortality and total mortality  15 – 20  ; the 
SEARCH trial  21   will compare simvastatin 20   mg to atorvas-
tatin 80   mg. These fi ndings are summarized in Table  76.2 . 
Overall, the increase in HDL - C is modest, between 0% and 
10%. The reduction in LDL - C is far more impressive and is 
considered to be a major factor in the reduction in cardio-
vascular morbidity and mortality. Meta - analysis of choles-
terol reduction trials shows unambiguously the benefi ts of 
lowering LDL - C for cardiovascular disease prevention, 
especially in high - risk individuals.  22   The results of these 
trials have been incorporated in national treatment guide-
lines for the prevention of CAD.  1,2    
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 Table 75.2     Major high - risk studies of lipid - modifying therapies in high - risk patients. 

   Study     Intervention 
 (dose in mg/day)  

   n     % HDL - C       Endpoints  

   Statin studies                   

  4S 15     Simva 20 – 40    4444    +8%    Total mortality  

  CARE 16     Prava 40    4159    +5%    CHD mortality, non - fatal MI  

  LIPID 17     Prava 40    9014    +5%    CHD mortality  

  HPS 18     Simva 40    20   556    +0.03   mmol/L    Total mortality  

   “  Incremental ” s tatin studies                   

  TNT 19     Atorva 10 – 80    10   001    No    CHD mortality  

  IDEAL 20     Atorva 10 – 80    8888    +0.03   mmol/L    Neutral  *    

  SEARCH 21     Simva 20 or 80    12   064    NA    Expected 2009  

   Fibrate studies                   

  VA - HIT 23     Gem 1200    2   531    +6%    Death, non - fatal MI  

  BIP 24     Beza 400    3090    +18%    Neutral  *    

  FIELD 25     Feno 200    9785    +6%    CHD deaths, MI  

   Niacin studies                   

  Coronary Drug Project 27     Niacin 3   g    3908    +15 – 35%    Total mortality  

  Stockholm IHD study 28     Niacin 3   g+ 

 clofi brate 2   g  

  555    NA    Total CHD mortality  

    *    Primary endpoint not statistically signifi cant. Combined secondary endpoints signifi cant. 20   

  Simva, simvastatin; Prava, pravastatin; Atorva, atorvastatin; Gem, gemfi brozil; Beza, bezafi brate; Feno, fenofi brate.   

  Effect of  fi  brates 
 The use of fi brates for the prevention of cardiovascular 
diseases had led to more nuanced results. The VA - HIT trial 
showed a 22% reduction in major cardiovascular events 
with the drug gemfi brozil in patients with low HDL - C.  23   
Conversely, bezafi brate showed no benefi ts overall in 
patients post MI in an Israeli study.  24   The FIELD study, in 
stable diabetic subjects, showed a neutral effect of fenofi -
brate on cardiovascular endpoints.  25   These studies showed 
potential benefi ts of fi brates in subgroup analysis which 
were, for the most part, not prespecifi ed. Meta - analysis 
of fi brate trials, based on 17 studies,  26   not including the 
FIELD trial, suggests that fi brates have a neutral effect 
on cardiovascular mortality. Generally, fi brates use will 
increase HDL - C by 5 – 15%, reduce triglycerides by 20 – 40% 
and cause a variable change in LDL - C. In moderate hyper-
triglyceridemia, fi brates can cause an elevation in LDL - C, 
because of an increase in lipoprotein lipase activity and 
increased conversion of VLDL to LDL.  

  Effects of  n iacin 
 Only two relatively large trials, both predating the statin 
era, have studied the effects of niacin on cardiovascular 
outcomes. The Coronary Drug Project examined the effects 
of 3   g/day of nicotinic acid on CHD events.  27   After 6.5 
years, there was a reduction in CHD events, but not car-
diovascular mortality. A  post hoc  analysis performed 10 

years after the end of the study revealed a signifi cant 11% 
reduction in total mortality, even when most patients were 
off study drug. The Stockholm Ischemic Heart Disease 
Study examined the combined effects of clofi brate 2   g/d 
with niacin 3   g/day in MI survivors. Total mortality was 
reduced by 26% and cardiovascular mortality by 36%.  28   
Niacin has broad and benefi cial effects on all lipoprotein 
subclasses, including lipoprotein Lp(a).  29   An in - depth anal-
ysis of all subsequent trials, most of which are angiographic 
regression studies or surrogate endpoints of atherosclero-
sis, and underpowered to evaluate cardiovascular morbid-
ity and mortality, suggests that niacin has potent 
antiatherosclerotic effects.  30   It should be noted that the cur-
rently recommended dose of niacin (either in a slow -  or 
extended - release form) is 2   g/d. At this dose, one can 
expect an increase in HDL - C in the order of 20 – 25%, a 
reduction in LDL - C of 15 – 20% and a reduction in triglyc-
erides of 20 – 30%, depending on baseline values. 

  Clinical  t rial  e vidence     Niacin has been used clinically for 
the past 50 years, since the observation by Canadian 
pathologist Aschtul that it can decrease total serum cho-
lesterol.  31   For many years, niacin was one of the few medi-
cations available to treat patients with dyslipidemias. The 
use of bile acid - binding resins and fi brates in the 1970s 
increased the physician ’ s armamentarium. However, the 
many side effects of niacin led to a decreased enthusiasm 
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for its continued use in favor of statins which were fi rst 
used in the mid 1980s. The side effects of niacin include 
fl ushing, now known to be caused by the release of pros-
taglandin G2 by the Langerhans cells in the epidermis. 
Blocking the PgG2 receptor DP1 markedly decreases epi-
sodes of fl ushing and may make niacin easier to tolerate.  32   
A decrease in fl ushing is also seen in extended - release 
forms of niacin, by taking the drug with a small amount 
of food and taking aspirin which may work by decreasing 
prostaglandin release. Other side effects include gastritis, 
elevation of hepatic transaminases, worsening of dysgly-
cemia and diabetes control, and an unusual form of acan-
thosis nigricans affecting the skin. These side effects, 
especially vasomotor fl ushing, cause a marked decrease 
in compliance, with less than half of the patients continu-
ing treatment at one year. 

 A recent meta - analysis of published trials with niacin, 
statins or fi brates in combination concluded that the simul-
taneous reduction of LDL - C and elevation of HDL - C are 
associated with independent and synergistic effects of these 
two approaches.  30   This analysis and another review of IVUS 
studies  33   suggest that HDL - C elevation brings additional 
benefi ts to those observed by lowering LDL - C alone.   

  Novel  a pproaches to  r aising  HDL  -  C  
   CETP   i nhibitors     CETP is a serum enzyme that facilitates the 
equimolar exchange of cholesteryl esters within HDL par-
ticles for triglycerides in triglyceride - rich lipoproteins, 
such as VLDL. Its role is to facilitate the reverse cholesterol 
transport from HDL to the liver. Rare defi ciencies of CETP 
in man are associated with a marked increase in large HDL 
particles that appear biologically functional, in terms of 
promoting cellular cholesterol effl ux.  34   Several CETP inhib-
itors have been or are in the process of being developed. 
Initial clinical data on torcetrapib and JTT705  35,36   showed 
that these agents increase HDL - C in a dose - dependent 
fashion. Unfortunately, clinical trials with torcetrapib have 
led to the conclusion that despite a marked (and benefi cial) 
improvement in all lipoprotein subclasses, the drug has 
toxic features unrelated to its HDL - C rising effects.  10   
Whether other CETP inhibitors will show similar problems 
will be determined clinically. In light of the increased mor-
tality in the ILLUMINATE trial with torcetrapib, it is likely 
that regulatory agencies will scrutinize this class of prod-
ucts very closely.  

  Endocannabinoid  r eceptor  CB 1  a ntagonists     The fi rst of its 
class, the CB1 blocker rimonabant is designed to be used 
for the reduction of cardiometabolic risk in subjects with 
obesity and elevated cardiovascular risk. In large clinical 
trials of weight reduction, HDL - C increased by  ∼ 8%, a 
fi nding closely related to weight reduction.  37   This is likely 
to represent an appealing therapeutic option in patients 
with abdominal obesity and at elevated cardiovascular 

risk. Rinomabant is no longer approved because of con-
cerns about depression and suicide.  

  Oral  p hospholipid  s upplements     Lipoprotein researchers have 
known for some time that phospholipids, the major lipid 
constituent of nascent HDL particles, can increase HDL - C. 
A novel approach, the use of orally administered phospha-
tidylinositol, has been associated with a modest rise in 
HDL - C when taken in large doses (3 – 5   g/d).  38   This approach 
is limited because of a high incidence of gastrointestinal 
side effects (mostly diarrhea) at the highest doses in small -
 scale clinical trials.  

  Intravenous  i njections of  a po  AI   p roteoliposomes     A proteolipo-
some is an artifi cially reconstituted small (nascent) HDL 
particle. It consists of apo AI mixed with phospholipids 
(usually phosphatidylcholine  –  PC) in a specifi c ratio of 
approximately two molecules of apo AI to  ∼ 200 molecules 
of PC. This results in the formation of disk - like structures 
that have many of the proprietes of nascent HDL particles. 
Apo AI Milano (Apo AI M ) is a naturally occurring mutant 
of apo AI found in a single kindred living in the northern 
Italian region of Limone sul Garde. Carriers of Apo AI M  
have very low levels of HDL - C but do not develop athero-
sclerosis and appear to benefi t from longevity.  39   In a small 
clinical trial, apo AI M  proteoliposomes were injected intra-
venously weekly for fi ve weeks in 47 subjects presenting 
with an acute coronary syndrome. Intravascular ultra-
sound of the coronary arteries documented a small but 
signifi cant 4.2% regression of coronary artery atheroscle-
rotic plaques, suggesting that apo AI M  has rapid antiath-
erosclerotic effects.  40   A similar trial used wild - type (i.e. 
normal) apo AI proteoliposomes in patients with acute 
coronary syndromes. The results of this study showed no 
evidence of regression of CAD on intravascular ultrasound 
(IVUS), compared to placebo.  41   Large - scale trials with clini-
cal events are needed to assess the impact of apo AI M  on 
cardiovascular events. The cost of repeated injections with 
a protein, the stability and shelf - life of proteoliposomes 
preparations remain concerns. 

 The potential benefi ts of peptide - mimetic substances 
that share similar properties of the amphipathic  α  - helical 
structural domains of apo AI were examined using 
the synthetic peptide D4F that appears to have anti - 
infl ammatory effects similar to apo AI. The advantage of 
this compound is that it can be administered orally. In 
animal studies, D4F has been shown to act synergistically 
with statins to prevent atherosclerosis in the apo E  - / -   mouse 
model.  42   Clinical trials in man have not yet been reported.   

  Molecular  a pproaches to  i ncreasing  HDL  -  C  
 Drugs that increase the production of apo AI have the 
potential benefi t of raising HDL - C. Statins and fi brates 
both increase apo AI production. 
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 Patients infected with the human immunodefi ciency 
virus (HIV) who are treated with highly active antiretrovi-
ral therapy (HAART) develop, in some instances, a dyslip-
idemia similar to that observed in partial lipodystrophy 
and the metabolic syndrome, with a low HDL - C and ele-
vated triglycerides. The non - nucleoside reverse transcrip-
tase inhibitors nevirapine and efavirenz are associated with 
an increase in apo AI and HDL - C, likely caused by an 
increased production of apo AI.  43   While the effect on ath-
erosclerotic cardiovascular disease of these compounds has 
yet to be reported, they represent interesting alternatives 
in patients on HAART who develop a dyslipidemia. In 
theory, a compound that increases the transcriptional regu-
lation of apo AI in the liver and intestine could lead to the 
formation of nascent HDL particles. Several compounds, 
such as statins and fi brates, may increase apo AI produc-
tion, albeit weakly.  14   Novel molecules that increase apo AI 
are currently being explored. Similarly, compounds that 
increase the ABCA1 transporter may increase the forma-
tion of HDL particles. The ABCA1 gene is under the regula-
tory control of the liver - specifi c receptor (LxR) family of 
transcriptional regulators. Several LxR agonists are avail-
able for  in vitro  experiments, but these lack specifi city for 
the ABCA1 gene and may cause the upregulation of a 
multitude of genes, especially in fatty acid metabolism. The 
search for selective ABCA1 LxR agonists holds theoretic 
promise.  44      

  Conclusion 

 The prevention of cardiovascular events in high - risk indi-
viduals or those at high risk of recurrent events in second-
ary prevention of CAD requires a multifactorial approach, 
combining lifestyle changes and intensive medical therapy. 
The interventions explain more than half the observed 
reduction in CHD observed between 1980 and 2000.  45   Such 
therapy has been shown to preclude the necessity of coro-
nary revascularization in patients with chronic, stable 
angina.  46   The role of LDL - C lowering is well established 
and current guidelines emphasize this point. The issue of 
raising HDL - C is presently uncertain.  47   Epidemiologic evi-
dence has consistently shown the inverse relationship 
between HDL - C and CAD. It has yet to be shown that 
raising HDL - C pharmacologically prevents atherosclero-
sis. The current therapies available to clinicians are limited, 
especially after the failure of torcetrapib to reduce cardio-
vascular events. The only drug that raises HDL - C reliably 
is niacin. Statins, fi brates and ezetimibe have a more modest 
effect on HDL - C. An argument can be made that aggressive 
lowering of LDL - C is presently the only treatment unequiv-
ocally shown to reduce cardiovascular risk. Drug therapy 
aimed at increasing HDL - C (other than niacin) has been 

disappointing and the data supporting niacin are weaker 
than that for statins. 

 Two large - scale trials are currently under way to assess 
the effects of HDL - C elevation with niacin on cardiovascu-
lar morbidity and mortality. These two trials will examine 
the effects of adding niacin to the current standard of care 
in patients at high risk of cardiovascular diseases (informa-
tion available at http://clinicaltrials.gov/) The AIM - HIGH 
study will randomize 3300 subjects with atherogenic dys-
lipidemia to a combination of extended - release niacin and 
simvastatin or simvastatin alone in the prevention of heart 
disease. The primary objective will be to examine the com-
posite endpoints of CHD death, non - fatal MI, ischemic 
stroke or hospitalization for high - risk non - ST segment 
elevation acute coronary syndrome. The trial is expected to 
last four years. The HPS THRIVE trial will examine the 
effects of MK0264a (niacin 2   g/day with the PgG2 DP1 
blocker laropiprant 40   mg) or placebo in 20   000 subjects at 
high cardiovascular risk from the UK, Scandinavia and 
China over a background treatment with simvastatin 40   mg 
or simvastatin 40   mg plus ezetimibe 10   mg to reach LDL - C 
goals. The follow - up will be approximately four years for 
an expected number of major cardiovascular events of 
2300. Results are expected by 2013.  
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 Heart failure  

  Michael M   Givertz   and   Garrick C   Stewart  
  Brigham and Women ’ s Hospital, Harvard Medical School, Boston, MA, USA       

       

  Question 

 How would you manage this patient?  

  Comment 

 This is a middle - aged man with diabetes and an ischemic 
cardiomyopathy who presents with New York Heart 
Association (NYHA) functional class III heart failure. 
There is clinical and laboratory evidence of left ventricular 
systolic dysfunction, and  “ bedside ”  hemodynamic assess-
ment reveals volume overload without evidence of 
decreased systemic perfusion. In addition, his echocardio-
gram shows fi ndings consistent with left ventricular 
remodeling without intracavitary thrombus formation. He 
has been compliant with his medications and fl uid and salt 
restriction, and does not drink alcohol. His blood sugars 
have been well controlled, and he has had no recent infec-
tion. A complete blood count and thyroid function tests 
should be checked to rule out anemia and hyperthyroid-
ism, respectively. One possible precipitating factor in this 
case is his use of a thiazolidinedione for glucose control, a 
class of medications that has been shown to worsen heart 
failure symptoms and may increase the risk of cardiovas-
cular events.  1,2   The patient should be switched to an alter-
native antidiabetic medication, such as a sulfonylurea or 
insulin. Metformin is relatively contraindicated in patients 
with heart failure and renal dysfunction due to a small risk 
of lactic acidosis. 

 After identifying and addressing a precipitating factor, it 
is reasonable to consider treatment of the underlying cause 
of heart failure.  3   The patient is a diabetic status post myo-
cardial infarction several years ago and may have devel-
oped recurrent ischemia, either silent or with dyspnea as 
an anginal equivalent. An exercise study with imaging 
should be performed to rule out reversible ischemia. If this 
is negative, an assessment of myocardial viability with 
low - dose dobutamine stress echocardiography, resting 

 Case history 

 A 60 - year - old man with type 2 diabetes mellitus and coronary 
artery disease presents to your offi ce with progressive dyspnea on 
exertion and lower extremity edema. He is status post anterior 
myocardial infarction fi ve years ago. Following cardiac 
rehabilitation, he returned to work full - time as an electrical 
engineer and remained asymptomatic without angina or heart 
failure until one year ago when he started to  “ slow down ” . Over 
the last several months, he has noted increasing shortness of 
breath with usual daily activities, and more recently the onset of 
bilateral lower extremity edema. He can no longer play with his 
grandchildren due to fatigue. He denies chest pain, palpitations 
or lightheadedness. He sleeps comfortably on two pillows and 
has had no recent change in his weight or appetite. His current 
medications include captopril 12. 5   mg tid, furosemide 20   mg   qd, 
rosiglitazone 4   mg   qd and aspirin 81   mg   qd. 

 On physical exam, he is a well - nourished older - appearing man 
who appears comfortable lying supine. Blood pressure is 
130/70   mmHg and heart rate is 95 beats per minute and regular. 
Jugular venous pressure is 10   cm of water. Lungs are clear 
bilaterally. Cardiac exam reveals a laterally displaced point of 
maximal impulse, grade 2 over 6 holosystolic murmur at the apex, 
and soft S 3  gallop. The liver edge is palpable 2   cm below the right 
costal margin, and there is 1+ pitting edema to the mid - calves 
bilaterally. His feet are warm with intact distal pulses. Lab tests are 
notable for serum sodium of 136   mmol/L, creatinine of 1. 6   mg/dL 
and hemoglobin A1c of 6.2%. His electrocardiogram reveals 
normal sinus rhythm with an intraventricular conduction delay 
(QRS duration 150   msec) and old anterior myocardial infarction. A 
transthoracic echocardiogram demonstrates moderate left 
ventricular dilation (end - diastolic dimension 63   mm) with 
anteroapical akinesis, left ventricular ejection fraction of 25%, mild 
right ventricular dysfunction, and 2+ mitral regurgitation with a 
structurally normal valve. 



CHAPTER 76 Heart failure

1165

thallium scintigraphy or positron emission tomography 
should be considered.  4   Several studies have shown that 
patients with ischemic cardiomyopathy and viable myocar-
dium have signifi cant improvement in left ventricular 
function following surgical revascularization. However, in 
the absence of angina or inducible ischemia, the superiority 
of surgery over medical therapy in prolonging survival in 
patients with ischemic cardiomyopathy remains unproven. 

 Sleep - disordered breathing is a common co - morbidity in 
heart failure. As many as 30 – 40% of heart failure patients 
may have obstructive or central sleep apnea, or both.  5   Fre-
quent apneic episodes lead to sympathetic activation, 
hypertension and diastolic dysfunction, which may worsen 
heart failure symptoms. The most extreme form of central 
sleep apnea, Cheyne – Stokes periodic breathing, is present 
in more severe forms of heart failure. Routine screening for 
sleep apnea should be performed in all heart failure patients 
by asking the patient and spouse about snoring, nocturnal 
apneic episodes, and daytime somnolence.  6   The corner-
stone of sleep apnea therapy is positive airway pressure, 
often with supplemental oxygen. Positive pressure therapy 
has been shown to improve ejection fraction and six - min-
ute walk distance, but not survival.  7   Prospective studies are 
needed to evaluate the impact of sleep apnea on heart 
failure outcomes, including sudden death. 

 The overall goals in the management of heart failure are 
to eliminate symptoms, improve quality of life, and prolong 
survival. Non - pharmacologic management of heart failure 
should be reviewed with the patient and family. The impor-
tance of salt and fl uid restriction and daily weight monitor-
ing should be reinforced, and alcohol moderation or 
cessation should be advised. Once euvolemia has been 
achieved, a submaximal aerobic exercise program (e.g. 
walking, stationary bicycle) should be encouraged. Exer-
cise training may result in improvement in symptoms and 
functional capacity, enhanced blood fl ow and skeletal 
muscle metabolism, and reduced heart failure hospitaliza-
tions.  8,9   In a National Institutes of Health - sponsored trial 
(HF - ACTION), exercise training had no signifi cant effect 
on survival in heart failure.  10   

 Pharmacologic therapy should be optimized according 
to consensus guidelines.  11 – 13   The patient is currently taking 
captopril, an angiotensin - converting enzyme (ACE) inhibi-
tor, at a relatively low dose. Several large prospective ran-
domized controlled trials have demonstrated the benefi cial 
effects of ACE inhibitors on exercise tolerance, salt and 
water balance, symptoms, neurohormonal activation, 
quality of life and survival in patients with chronic heart 
failure.  14   As demonstrated in SAVE, captopril reduces the 
risk of recurrent myocardial infarction and stroke in 
patients with post - MI left ventricular dysfunction.  15   In this 
patient with mild diabetic nephropathy, ACE inhibitor or 
angiotensin - II receptor blocker (ARB) therapy may also 
slow the progression of renal dysfunction. The optimal 

dosing of ACE inhibitors remains controversial. One pro-
spective study (ATLAS) demonstrated the modest superi-
ority of high - dose versus low - dose ACE inhibitor therapy 
in patients with chronic heart failure without increased 
toxicity.  16   Current guidelines recommend increasing the 
dose of captopril to 50   mg tid as blood pressure and renal 
function tolerate. For improved medication compliance, a 
change to once - daily ACE inhibitor dosing may also be 
considered since these drugs exhibit a class effect. Despite 
previous concerns that aspirin use may attenuate ACE inhi-
bition, recent studies indicated no adverse effects of com-
bining aspirin and ACE inhibitors.  17,18   Therefore it is 
reasonable to continue low - dose aspirin for secondary pre-
vention of coronary artery disease. 

 Treatment of systemic and pulmonary venous conges-
tion warrants more aggressive diuresis. The daily dose of 
furosemide or other loop diuretic should be increased until 
the required response is achieved (e.g. absence of jugular 
venous distension, hepatomegaly and edema). This  “ dry 
weight ”  should be recorded and used as a euvolemic base-
line to guide future diuretic therapy, although further 
weight loss in advanced heart failure may be due to cardiac 
cachexia.  19   If this strategy is not effective, combination 
therapy with a thiazide diuretic should be tried. Adequate 
diuresis will generally result in improved symptoms and 
may slow the progression of chamber dilation by reducing 
ventricular fi lling pressures. However, diuretic therapy 
may also cause renal dysfunction, electrolyte depletion and 
neurohormonal activation. It should be emphasized that 
there have been no randomized controlled trials demon-
strating the long - term effi cacy and safety of diuretic therapy 
in patients with heart failure. Furthermore, studies are 
needed to address the safety and effi cacy of diuretic with-
drawal in stable heart failure patients.     

 Case history  continued  

 The patient undergoes rest and stress imaging with positron 
emission tomography, which is negative for ischemia and 
demonstrates no signifi cant viability of the anterior wall. He 
diureses eight pounds on an increased dose of oral furosemide, 
and captopril is titrated to 37. 5   mg tid. Jugular venous distention 
and lower extremity edema resolve, while blood pressure, heart 
rate, and renal function are unchanged. Despite adjustment of 
ACE inhibitor and diuretic therapy, there is minimal improvement 
in his exertional dyspnea and fatigue. 

  Question 

 The patient remains moderately symptomatic despite treat-
ment with an ACE inhibitor and diuretic. What is the next 
step?  
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  Comment 

 The next step is to initiate beta - adrenergic antagonist 
therapy. Multiple randomized controlled trials have dem-
onstrated that beta - blockers improve symptoms and 
cardiac function, and reduce morbidity and mortality in 
patients with chronic heart failure due to left ventricular 
systolic dysfunction.  20 – 23   Consensus guidelines recommend 
using beta - blockers, in addition to ACE inhibitors and 
diuretics, in the management of patients with left ventricu-
lar systolic dysfunction.  11   Once euvolemia has been 
achieved, beta - blocker therapy with carvedilol, bisoprolol 
or sustained - release metoprolol can be initiated safely at a 
low dose and titrated gradually at regular intervals (e.g. 
every 1 – 2 weeks). Despite concerns that beta - blockers may 
increase insulin resistance, reduce insulin secretion or mask 
hypoglycemia, they have been shown to be safe and effec-
tive in treating symptomatic systolic dysfunction in dia-
betic patients.  24   In heart failure patients, carvedilol, a 
non - selective beta - blocker with alpha 1  - blocking properties, 
has a lower rate of new - onset diabetes and diabetic events 
when compared to metoprolol.  25   

 Given this patient ’ s multiple exacerbations of chronic 
heart failure, complicated by diabetes and renal insuffi -
ciency, it would be appropriate to refer him to a compre-
hensive disease management program in heart failure. 
Either clinic or home - based disease management programs 
signifi cantly reduce readmission rates and costs, while 
improving functional status and quality of life for heart 
failure patients.  26,27   Such programs promote self - care, 
emphasize behavioral strategies to increase adherence, 
increase access to providers, and give early attention to 
signs and symptoms of fl uid overload.  28       

  Question 

 What are your next steps in pharmacologic management if 
the patient continues to have symptomatic heart failure?  

  Comment 

 For persistent heart failure symptoms despite optimal 
dosing of ACE inhibitor, beta - blocker and diuretic, several 
adjunctive medications may be considered. Given the 
patient ’ s reduced ejection fraction and relatively preserved 
renal function, an aldosterone antagonist is a reasonable 
next step. Aldosterone, an adrenal mineralocorticoid, plays 
an important role in the pathophysiology of heart failure, 
contributing to salt and fl uid retention, cardiac and vascu-
lar remodeling and ventricular arrhythmias.  29   The addition 
of spironolactone to standard therapy was shown to reduce 
mortality in patients with NYHA functional class III – IV 
heart failure in the RALES trial.  30   Although spironolactone 
is generally well tolerated, it has antiandrogenic and pro-
gesterone - like effects and is associated with a small risk 
of painful gynecomastia, often prompting a switch to the 
more selective aldosterone antagonist eplerenone. Eplere-
none has been shown to reduce mortality if added to stan-
dard therapy within two weeks of myocardial infarction 
complicated by reduced ejection fraction or heart failure.  31   
Both spirinolactone and epleronone can produce hyperka-
lemia, a particular risk in older patients with compromised 
renal function on ACE inhibitors, ARBs or potassium sup-
plements.  32   Serum potassium and creatinine levels must be 
checked frequently during initiation and titration of aldo-
sterone antagonists. Potassium supplementation should be 
discontinued unless there is evidence of persistent hypoka-
lemia with serum potassium levels  < 4   mmol/L. The addi-
tion of an ARB to ACE inhibitor and beta - blocker therapy 
may be considered for heart failure patients with reduced 
ejection fraction and preserved blood pressure.  33   ARBs 
have also been recommended for use in heart failure 
patients with systolic dysfunction who are intolerant of 
ACE inhibitors, or in addition to ACE inhibitors in patients 
not treated with beta - blockers.  34   

 Another class of medications that may provide symp-
tomatic benefi t in heart failure patients is the organic 
nitrates. Nitrates may be used to reduce both systemic and 
pulmonary venous congestion and prevent ischemia. As 
with diuretics, nitrates alone have not been shown to 
reduce morbidity and mortality in patients with chronic 
heart failure. However, a fi xed combination of hydralazine 
and isosorbide dinitrate has been shown to reduce morbid-
ity and mortality and improve quality of life in self - 
identifi ed blacks with heart failure already treated with 
ACE inhibitors and beta - blockers.  35   

 Digoxin is an oral positive inotropic agent with anti-
adrenergic effects that has been shown to be safe and 

 Case history  continued  

 Carvedilol is initiated at a dose of 3.125   mg bid. One week later, 
the patient returns to your offi ce with complaints of increased 
exertional dyspnea and pedal edema. His clinical evaluation is 
consistent with worsening heart failure, a known adverse effect 
of beta - blocker therapy initiation. This responds to a doubling of 
the furosemide dose for two days. The patient is also enrolled in 
a heart failure disease management program for comprehensive 
care. Over the next three months, carvedilol is titrated to a target 
dose of 25   mg bid. During this period, an exacerbation of heart 
failure symptoms occurs on one additional occasion. Close 
monitoring of symptoms and weight, and adjustments in diuretic 
dosing, enable the patient to achieve a target dose of beta -
 blocker therapy. Repeat echocardiogram reveals a modest 
decrease in the left ventricular end - diastolic dimension and an 
increase in the left ventricular ejection fraction to 30%. 
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effective in patients with symptomatic heart failure. While 
the DIG trial showed no difference in survival in heart 
failure patients treated with digoxin versus placebo, there 
were fewer heart failure hospitalizations and a trend 
toward reduced death from progressive heart failure in the 
digoxin - treated group.  36   For heart failure patients in sinus 
rhythm, digoxin dosing should be based on lean body mass 
and renal function, and serum digoxin levels should be 
maintained less than 0.8 – 1.0   ng/mL.  37    

  Question 

 Which device - based therapies may be considered for this 
patient with symptomatic heart failure and reduced ejec-
tion fraction?  

  Comment 

 In recent years there has been considerable enthusiasm for 
cardiac resynchronization therapy (CRT) as adjunctive 
treatment for patients with advanced heart failure. Dys -
 synchronous contraction, as occurs with left bundle branch 
block or other intraventricular conduction delays, is 
mechanically ineffi cient and over time may lead to a reduc-
tion in left ventricular ejection fraction and cardiac output.  38   
Simultaneous pacing of the left and right ventricles (biven-
tricular pacing) to resynchronize ventricular contraction 
has been shown to improve both functional capacity and 
quality of life as early as one month after device implanta-
tion, and is associated with reverse ventricular remodeling 
as early as six months.  39,40   Two clinical trials, COMPANION 
and CARE - HF, evaluated the effect of CRT on survival.  41,42   
In both trials the risk of all - cause mortality was reduced by 
CRT as compared to no pacing, although only CARE - HF 
reached statistical signifi cance. Current indications for CRT 
include dilated cardiomyopathy of any cause with a left 
ventricular ejection fraction  < 35%, intraventricular conduc-
tion delay as measured by a QRS interval of at least 120   msec, 
and NYHA functional class III or stable class IV heart 
failure despite optimal medical therapy.  43   The REVERSE 
trial also showed benefi ts of CRT on hospitalization and 
ventricular remodeling in patients with mildly symptom-
atic HF.  44   Of concern, 20 – 30% of patients will not have 
signifi cant clinical or echocardiographic improvement with 
CRT. Establishing criteria to identify CRT responders prior 
to device implantation is an active area of investigation. 

 Heart failure patients with reduced ejection fraction are 
also at increased risk for sudden cardiac death.  45   Implant-
able cardioverter - defi brillators (ICDs) have been shown to 
improve survival in patients with left ventricular ejection 
fraction  < 30 – 35% and heart failure due to either ischemic 
or non - ischemic causes.  46,47   In SCD - HeFT, ICD implanta-
tion was superior to both antiarrhythmic therapy with 
amiodarone and placebo on primary prevention of sudden 
cardiac death in symptomatic heart failure patients with 

low ejection fraction.  48   As with CRT, ICDs are not recom-
mended for end - stage, refractory heart failure patients 
with little prospect of clinical improvement or survival 
beyond one year.  49   Primary prevention therapy with an 
ICD may be considered if there is a persistently reduced 
ejection fraction despite 3 – 6   months of optimal medical 
therapy, including an ACE inhibitor and beta - blocker. 
Most candidates for CRT are also candidates for ICD place-
ment. An ongoing trial (MADIT - CRT) will evaluate the role 
of ICDs with or without CRT in a large cohort of minimally 
symptomatic patients with NYHA class I or II heart failure.      

 Case history  continued  

 The patient is started on spironolactone 12. 5   mg once daily and 
eventually titrated to 25   mg, with close monitoring of his renal 
function and serum potassium level. Despite these maneuvers, he 
still has recurrent symptomatic heart failure and elects to 
undergo implantation of a CRTD (CRT plus ICD) device. The 
patient responds clinically to CRT and experiences an 
improvement in his exercise capacity and quality of life. Two 
months after implantation he is playing with his grandchildren 
again with minimal dyspnea. A repeat echocardiogram obtained 
six months later shows reduced LV dimensions and an increase in 
ejection fraction to 35%. 
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 Atrial fi brillation  

  Michael   Klein  
  Boston University Medical Center, Boston, MA, USA       
     

 Case history 

 A 40 - year - old male was evaluated for intermittent chest tightness 
without shortness of breath or palpitations. Symptoms occurred 
with nervousness but not exertion. Family history was notable for 
the death of his mother at 57 with chronic heart failure and a 
brother at age 16 of sudden cardiac death while jogging. His 
father was 75 and previously had both aortic valve replacement 
and abdominal aortic aneurysm surgery. Personal habits included 
no smoking, two cups of caffeinated coffee daily, modest alcohol, 
on weekends mostly. He was physically active including bike riding 
and water skiing. 

 Physical exam revealed a robust male with normal peripheral pulses 
and no bruits or edema. The BP was 136/90   mmHg sitting and 
130/86   mmHg right arm after 30 seconds standing. Pulse was 80 
and regular. Fundoscopy was normal. The chest was muscular with 
left precordial hypertrophy. S1 was normal, S2 normally split with 
A 2     >    P 2 ; apical fourth and third heart sounds were audible together 
with a Grade 2/6 midsystolic murmur. Occasional extrasystoles 
were noted. ECG (Fig.  77.1 ) showed normal sinus rhythm with 

normal PR, QRS, QT intervals, a QRS axis of 9 degrees, 
narrow Q - waves in aVF. Increased voltage of left ventricular 
hypertrophy (LVH) with strain effect and left atrial enlargement 
were present.   

 A tentative diagnosis of cardiomyopathy with possible outfl ow 
tract obstruction was made.  1   Because of the worrisome pattern of 
LVH with strain which has been associated with non - fatal and fatal 
cardiovascular events,  2   the family history, and the angina - like 
symptoms, cardiac catheterization was undertaken. 

 Coronary angiography revealed a 60 – 70% left anterior descending 
artery stenosis. Minimal atherosclerosis was evident elsewhere. 
Pressures were 107/18   mmHg in the LV, 24/13   mmHg in the PA, 
and 29/7   mmHg in the RV without evidence for either left -  or 
right - sided outfl ow tract obstruction at rest. By echocardiogram, 
the LV was normal in size and had concentric hypertrophy with an 
interventricular septal thickness of 16   mm. The LVEF was 40%. Left 
atrial volume was modestly increased at 36   mL/m 2  with an 

     Figure 77.1     Initial encounter ECG 
showing sinus rhythm, left atrial 
enlargement, left ventricular strain.  
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    Question 

 What action would you take at this juncture?  

  Comment 

 Sinus rhythm was re - established by cardioversion. Restora-
tion of rhythm control, as opposed to rate control, was 
believed likely to alleviate symptoms of exertional dyspnea 
and palpitations, thereby improving lifestyle,  6   even if it did 
not confer an additional benefi t of stroke risk protection.  7   
Sequential atrioventricular contraction would maximize 
diastolic fi lling of the hypertrophied left ventricle while 
lowering left atrial pressure and normalizing exertional 
heart rate increments, enhancing exercise capacity.  8   

 Anticoaulation with warfarin to INR 2.0 – 3.0 was initi-
ated to reduce the risk of atrial fi brillation - induced throm-
boembolic (TE) stroke.  9   Even though the patient ’ s CHADS 2  
score was only one, implying an intermediate risk for such 
TE stroke origin, both this metric and other risk stratifi ca-
tion schemes used to predict stroke risk in atrial fi brillation 
exhibit poor discriminatory ability with c - statistic of 0.56 –
 0.62, distant from the ideal of 1.0.  10   The advanced left ven-
tricular hypertrophy and diastolic dysfunction associated 
with the patient ’ s cardiomyopathy was likely to result in 
recurrent atrial fi brillation with sluggish left atrial append-
age infl ow and outfl ow velocities posing an appendicular 
thrombus risk.     

emptying time of 190   msec. Mitral infl ow velocity profi le showed a 
E/A ratio of 1.2. The low septal early diastolic mitral annular 
velocity e /  was 8   cm/sec with increased E/e/ ratio. Grade II diastolic 
dysfunction was calculated.  3   

 Based upon these fi ndings, drug therapy was begun with 
beta - blocker, aspirin, statin and low - dose angiotensin - converting 
enzyme (ACE) inhibition. Goals included: 

   •      slowing the resting heart rate to 50 – 60 to maximize diastolic fl ow -
 time into the hypertrophied LV  

   •      affording some protection against atrial or ventricular ectopy  
   •      lowering LDL cholesterol to below 130   mg/dL.  4,5      
 Four years later the patient developed palpitations and exertional 
dyspnea. ECG revealed atrial fl utter - fi brillation (Fig.  77.2 ). 
Transesophageal echocardiography excluded left atrial thrombus or 
smoke.   

     Figure 77.2     Four years later. ECG shows 
atrial fl utter fi brillation.  

 Case history  continued  

 Within six months, however, palpitations recurred and the ECG 
documented atrial fl utter. An electrophysiology study confi rmed 
the presence of atrial fl utter with a 230   msec cycle length and 
typical cavotricuspid isthmus (CTI) and counterclockwise rotation. 

  Question 

 How should you proceed with this information?  

  Comment 

 The atrial fl utter was thought to present an even greater 
problem with heart rate control with the potential for 
quantum jumps in ventricular rate with exertion. Radiofre-
quency catheter ablation was performed and terminated 
the fl utter with bidirectional conal block documented at the 
ablation site.  11   The atrial fl utter was thought to be related 
to previous fi brillation - fl utter functionally, wherein a line 
of block (LoB) in the right atrium in the CTI formed.  12   
Medical therapy with low - dose aspirin and warfarin was 
continued. Beta - blocker, angiotensin - converting enzyme 
inhibitor and statin therapy were also maintained to slow 
the process of electrical ventricular remodeling associated 
with hypertrophic cardiomyopathy  13   and retard the pro-
cesses of mechanical and electrical atrial remodeling pre-
disposing to atrial fi brillation.  14 – 16       
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 Case history  continued  

 During offi ce visits over the next several years, the patient reported episodes of palpitations and recrudescent atrial fi brillation documented 
by ECG. INR control was managed via an anticoagulation clinic with documented INRs between 2.0 and 3.0 for more than 85% of 
measurements. Cardioversion to sinus rhythm was successfully accomplished on two separate occasions nine months apart. Amiodarone, 
200   mg/day, was added to the medical regimen in an effort to electrically stabilize the atria and preserve sinus rhythm.  17   However, though 
remaining physically very active, the patient continued to have palpitations, sporadic chest pressure or dyspnea and a new fatigue and 
occasional light - headedness. Repeat ECG showed sinus bradycardia of 46 – 50/min, infrequent single late cycle ventricular premature beats, 
and an unchanged left ventricular hypertrophy with strain. Blood tests showed a thyroid - stimulating hormone (TSH) of 3.5,   HCt 42%, Cr of 
0.8 mg/dL, BUN 12 mg/dL, glucose 88, NA 144 mEq/L, K 4.5 mEq/L, cholesterol 188 mg/dL, HDL 45 mg/dL, triglyceride 160 mg/dL, with 
calculated LDL of 111 mg/dL. A stress echo was performed to clarify the symptoms of exertional chest pressure and shortness of breath. 
With the BRUCE protocol the patient exercised for 8.2 minutes, stopping with fatigue and chest pressure at a peak heart rate of 114 per 
minute. The ECG was obscured by LVH with strain. Occasional ventricular and atrial premature beats were observed. Echo recordings 
indicated preserved LV systolic function, Grade II diastolic dysfunction, and recruitment (thickening) on all regions of the left ventricle except 
the septum. Based upon these fi ndings, repeat coronary angiography was done which indicated persistent 60 – 70% left anterior descending 
artery stenosis and minimal atherosclerosis elsewhere. Symptoms of exertional dyspnea and chest pressure were ascribed to diastolic 
dysfunction and, possibly, abnormal coronary vasodilator reserve capacity.  18   Amiodarone was discontinued because of fatigue and sinus 
bradycardia. 

 On return evaluation six months later, atrial fi brillation was again documented by ECG. The ventricular response rate was 48 per minute. Fatigue and 
light - headedness symptoms were more prominent and interfering with the patient ’ s active lifestyle and work. 

 Figure 77.3     Restoration of sinus rhythm 
following successful cardioversion. Left 
ventricular hypertrophy with strain is seen 
again. Ventricular premature beats are 
present. 

  Question 

 What, if any, intervention should be considered now?  

  Comment 

 An electrophysiologic radiofrequency ablation procedure 
was proposed to the patient because: 
   •      beta - blockers to constrain the atrial fi brillation might 
have contributed to unacceptable bradycardia  
   •      electrical and mechanical remodeling of the atria might 
have progressed to a degree where drug therapy alone 
could no longer suppress the atrial fi brillation  

   •      restoration of co - ordinated atrioventricular contraction 
would be expected to lower left heart fi lling pressures and 
mitigate exertional dyspnea and chest discomfort.  19      
 A wide area of substrate radiofrequency ablation was 
accomplished with the catheter procedure lasting 5.5 
hours.  20 – 22   Sinus rhythm was restored without ensuing 
complications (Fig.  77.3 ). Effort dyspnea and fatigue were 
alleviated. Follow - up Holter monitoring one year later 
revealed persistent sinus rhythm with occasional isolated 
ventricular premature beats (VPB) and rare VPB couplets. 
Repeat echocardiography indicated moderate left atrial 
volume enlargement of 39   ml/m 2  but recurrent atrial 
fi brillation was not observed.  23,24   Medical therapy with 
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beta - blocker, ACE inhibitor, statin, low - dose aspirin, and 
warfarin was continued. During a repeat treadmill exercise 
test, to 6.5 metabolic equivalents, sinus rhythm was main-
tained. VPB and VPB couplets were observed but no ven-
tricular tachycardia (VT). Blood pressure rose from 110/70 
to 140/70   mmHg with exertion. Recall the patient ’ s family 
history that included his brother ’ s sudden cardiac death in 
adolescence and his mother ’ s mid - life demise with chronic 
heart failure. Although his ventricular wall thickness of 
less than 20   mm placed him in a low - risk cohort for sudden 
death,  25   his combination of coronary and myopathic heart 
disease and family history presented an unusual hazard for 
sudden death. He was offered an implantable defi brillator, 
but declined.     
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 The case for and against implantable 
cardioverter defi brillators in patients 
with coronary artery disease  

  Jeffrey S   Healey  
  Hamilton Health Science, Hamilton, Ontario, Canada       
       

 Case history 

I aVR V1 V4

II

III

aVL V2 V5

III aVF V3 V6

 Figure 78.1     Patient ’ s ECG in the emergency department. 

 A 50 - year - old steelworker experiences severe retrosternal chest pain. 
He is brought to a tertiary care hospital by one of his co - workers, 
approximately two hours after the onset of chest pain. On examina-
tion, the patient ’ s pulse is regular at 95 beats per minute and his 
blood pressure is 145/90. The lungs are clear bilaterally and there is 
an S4, but no murmurs. The patient ’ s father died of a myocardial 
infarction at age 52. He has no signifi cant prior medical history and 
does not have regular health maintenance visits with a physician or 
nurse. He does not smoke, but is overweight (Body Mass Index is 
29) and eats a  “ fast food ”  diet. He is physically active at work, but 
does not engage in additional regular exercise. 

 An ECG is done in the emergency department which shows 
evidence of an acute, lateral wall myocardial infarction. He is given 
160   mg of aspirin and a total of three doses (0.4   mg) of sublingual 
nitroglycerin. Approximately 15 minutes later, while a subsequent 
ECG is being done (Fig.  78.1 ), the patient loses consciousness. His 
nurse recognizes that the patient has developed ventricular 
fi brillation and promptly defi brillates him with a 200   J biphasic 
shock. The patient is returned to sinus rhythm and regains 
consciousness. He is given a total of 15   mg of intravenous 
metoprolol and 300   mg of clopidogrel and is taken promptly to the 
catheterization laboratory. There he is found to have single - vessel 
disease, with an occluded proximal circumfl ex artery. Percutaneous 
coronary intervention (PCI) is successfully performed and a bare 
metal stent inserted. With the re - establishment of TIMI - 3 fl ow, it is 

apparent that the non - dominant circumfl ex 
supplies three large marginal branches. A left ventricular angio-
gram is performed which shows hypokinesia of the entire lateral 
wall, with an estimated ejection fraction of 35%.   

 Three days following his myocardial infarction, the patient is doing 
well. He has had no heart failure, no recurrent angina and no 
evidence of heart block or ventricular arrhythmias. He is receiving 
aspirin 81   mg daily, clopidogrel 75   mg daily, metoprolol 50   mg bid, 
ramipril 5   mg daily and pravastatin 40   mg daily. 

  Question 

 What else can be done to reduce the chance of this patient 
dying suddenly?  

  Comment 

 This patient has suffered an acute ST elevation myocardial 
infarction that was complicated ( < 48 hours) by the 

development of ventricular fi brillation. In this context, the 
arrhythmia is often referred to as  “ primary ventricular 
fi brillation ”   1   although this term is often a source of confu-
sion, as the arrhythmia is actually  secondary  to the acute 
myocardial infarction. Given the potential for confusion 
with  “ idiopathic ventricular fi brillation ” , this term should 
probably be abandoned. 

 It is traditionally felt that ventricular fi brillation (VF) 
occurring within 48 hours of a myocardial infarction does 
not confer an increased risk of arrhythmic death and thus 
does not warrant specifi c therapy, such as an implantable 
defi brillator (ICD) or antiarrhythmic drugs.  2   This is based 
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on data from the GISSI - 1 trial, which suggests that patients 
with this type of arrhythmia in the acute phase of an acute 
(AMI) have a similar prognosis to patients with compara-
ble myocardial infarctions without VF.  3   Accordingly, 
current guidelines suggest that an implantable defi brillator 
is  not  indicated in this setting (Class III).  2   

 However, this decision is contingent on two key facts. 
First, the arrhythmia in question must be polymorphic ven-
tricular tachycardia or ventricular fi brillation, as the occur-
rence of monomorphic ventricular tachycardia generally 
implies the existence of an arrhythmogenic substrate  4   and 
an unfavorable prognosis,  5   warranting specifi c therapy. 
Secondly, it should be clear that the arrhythmia in question 
occurred in the context of a defi nite myocardial infarction. 
As sustained ventricular arrhythmias may increase serum 
troponin (even in the absence of coronary artery disease), 
clinicians should have other corroborating evidence of 
myocardial infarction (history of chest pain, ECG changes, 
wall motion abnormality, occluded artery) before attribut-
ing a potentially lethal ventricular arrhythmia to an acute 
myocardial infarction.  6   In practice, it can sometimes be dif-
fi cult to make this distinction, and if there is any doubt, it 
is generally advisable to pursue specifi c treatment of the 
ventricular arrhythmia. 

 More recently, several reports have called into question 
the  “ benign ”  nature of ventricular fi brillation occurring 
within 48 hours of acute myocardial infarction.  7,8   It is pos-
sible that in the modern therapeutic era for myocardial 
infarction, the prognostic signifi cance of early ventricular 
arrhythmias has changed. However, there have been no 
randomized trials demonstrating a benefi t with implant-
able defi brillators in this group of patients and current 
guidelines have not been changed.  2,9   Left ventricular ejec-
tion fraction remains the strongest predictor of all - cause and 
arrhythmic mortality following myocardial infarction  10   and 
arrhythmic mortality remains an important cause of death 
during the fi rst year following myocardial infarction, in 
patients with a low ejection fraction.  10   

 With the emergence of the ICD as the treatment of choice 
for cardiac arrest survivors, the DINAMIT study was con-
ducted to determine if the routine use of ICD, 6 – 40 days 
following myocardial infarction, in patients with an ejec-
tion fraction of  ≤ 35% and with low heart rate variability, 
reduced mortality.  9   Surprisingly, it did not.  9   Although the 
implantation of an ICD signifi cantly reduced arrhythmic 
death, ICD - treated patients experienced a signifi cant 
 increase  in heart failure death, such that all - cause mortality 
was unchanged.  9   The increase in heart failure was not due 
to right ventricular pacing  11   as patients in DINAMIT were 
only paced in VVI - 40 mode.  9   Furthermore, patients dying 
of heart failure typically had received appropriate ICD 
shocks before death.  9   In essence, the use of the ICD in these 
high - risk patients merely converted sudden death to heart 
failure death. 

 Given the negative results of DINAMIT, the prophylactic 
implantation of an ICD early after myocardial infarction is 
not indicated (Class III, Level B).  2   However, if a patient 
similar to the one described were to develop atrioventricu-
lar block requiring permanent pacing, it would be reason-
able to implant an ICD instead, given the potential for 
benefi t and the minimal incremental risk to the patient.     

 Case history  continued  

 The patient was discharged home on the fourth day following 
myocardial infarction. In addition to the usual secondary 
prophylactic agents, he was also instructed to take 1   g/day of 
omega - 3 fatty acid supplements (EPA/DHA), as this intervention 
has been shown in the GISSI - Prevenzione trial to lower the risk of 
arrhythmic death.  12   An ICD was not implanted; however, a 
follow - up radionuclide angiogram was scheduled in three 
months ’  time, to re - evaluate the patient ’ s left ventricular ejection 
fraction. 

 Guidelines typically suggest waiting at least 40 days following 
myocardial infarction and 90 days following revascularization, to 
allow time for ventricular remodeling (positive or negative) and to 
ensure that the patient survives the early postmyocardial 
infarction period.  2,13   

 Three months later, the patient was asymptomatic and still taking 
his medications. The follow - up ejection fraction was 38%. A 
Holter monitor was also completed and did not show any 
evidence of ventricular arrhythmias. The patient was seen in 
consultation by an electrophysiologist who discussed the 
potential role of an ICD (and its potential complications). A 
determination was made that an ICD was not indicated at the 
present time. 

  Comment 

 The current ACC/AHA/ESC guidelines suggest that a 
prophylactic ICD should be considered in patients with 
coronary artery disease, who are at least 40 days following 
myocardial infarction and who have a left ventricular ejec-
tion fraction of  ≤ 30 – 40% (Class I, Level A).  2   However, not 
a single randomized trial has demonstrated a benefi t for 
the ICD in patients with an ejection fraction of 36  –  40%. 
The only ICD trial to include a small number of such 
patients was the MUSTT trial; however, this was not a 
randomized trial of the ICD, but rather a strategy of   EP 
testing in patients with coronary artery disease, left ven-
tricular dysfunction and non - sustained ventricular tachy-
cardia.  14   Appreciating that there is a measurement error 
associated with assessment of left ventricular ejection frac-
tion (even when using radionuclide angiography), many 
clinicians continue to recommend an ICD to individual 
patients with a left ventricular ejection fraction of between 
35% and 40%. However, there is insuffi cient evidence to 
warrant a Class I, Level A recommendation for this group 
as a whole.     



PART IV Clinical applications

1176

  Comment 

 It appears that the patient ’ s left ventricle has suffered late, 
negative remodeling, perhaps as a result of uncontrolled 
hypertension. In the short term, it is important to re - initiate 
evidence - based therapy for left ventricular dysfunction 
and to gain control of his blood pressure. Time should be 
given for this therapy to impact ventricular function before 
re - evaluating the ejection fraction. 

 It is a common misconception that if patients are doing 
well and are many years following myocardial infarction, 
they do not warrant consideration for an ICD. Although 
some trials (SCD - HeFT, COMPANION) did require symp-
tomatic heart failure as an inclusion criterion,  15,16   others 
(MADIT - II) did not.  17   In fact, cost - effectiveness analyses 
suggest that it is among minimally symptomatic patients 
that the ICD is the most cost - effective.  18   

 Despite the patient ’ s low ejection fraction and pro-
longed QRS duration, there is currently no indication to 
implant a cardiac resynchronization device. All major, 
published studies of this therapy have been in patients 
with NYHA class III or IV heart failure. Two studies are 
ongoing (RAFT, MADIT - CRT) that will help determine if 
this therapy can reduce the incidence of death and heart 
failure in patients with NYHA class I or II heart failure. 
Given the increased cost and complexity of cardiac resyn-
chronization devices, pending the results of these two 
trials, the use of cardiac resynchronization in these patients 
is not recommended.      

  Conclusion 

 The decision to implant an ICD in this patient was based 
on robust scientifi c evidence and good clinical judgment.  17   
However; unlike most other prophylactic interventions (i.e. 
vaccines, aspirin), physicians can determine if a specifi c 
patient actually derived benefi t from their ICD given the 
ICD ’ s capacity to capture and store records of arrhythmia. 
Over 21 months mean follow - up, only 23% of similar ICD 
recipients would be expected to receive an appropriate 
therapy from the ICD.  19   The fact that this patient has not 
received therapy from his device should not cause physi-
cians to reconsider the appropriateness of the ICD for this 
patient, as the application of these guidelines to a popula-
tion of similar patients is expected to produce a net benefi t, 
with a very respectable number needed - to - treat of only 8 
patients, for three years to prevent one death.  20   However, 
efforts are ongoing to more precisely defi ne patients at risk 
of ventricular arrhythmias.  21    
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 Case history 1 

 A 58 - year - old woman presents to your offi ce with a three - month 
history of recurrent presyncope and progressive fatigue on 
exertion. There is no history of chest pain or dyspnea. She has had 
two syncopal episodes over the last 10 months, both without 
prodromes. During the last episode she suffered a Colles ’  fracture. 

 Physical examination reveals a patient in no acute distress with a 
blood pressure of 120/68 and a regular heart rate of 42 beats per 
minute. Chest exam shows good bilateral air entry and lungs are 
clear. Neck veins are fl at. Heart sounds show a normal S1 and S2. 
No added sounds or murmurs on auscultation. She was diagnosed 
with hypertension fi ve years ago for which she is on a thiazide 

I aVR V1 V4

V5II aVL V2

V6III aVF V3
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 Figure 79.1     Twelve - lead ECG from Case 1 showing severe sinus 
bradycardia at a rate of 37   bpm. 

 Figure 79.2     Holter monitor recording from Case 1 showing signifi cant 
bradycardia and a sinus pause lasting 5.8 seconds. This pause was 
associated with severe presyncope. 

diuretic as her only medication. She is not a smoker and she has 
no history of diabetes, coronary artery disease, dyslipidemia or 
syncope until last year. Her family history is non - contributory. 
Anemia and thyroid disease were ruled out by her family doctor. 
Her two - dimensional echocardiogram revealed normal left 
ventricular size and function. 

 Baseline 12 - lead ECG (Fig.  79.1 ) and 24 - hour Holter monitor were 
ordered. Of note, she had a presyncopal episode during Holter 
recording (Fig.  79.2 ).   
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 Case history 2 

 A 72 - year - old man is brought to the emergency department by 
his daughter after a syncopal episode. He was sitting on a chair 
when he suddenly lost consciousness for approximately 40 
seconds. He recovered with no residual symptoms. When asked, 
he denied any prodromes but his daughter noticed transient 
cyanosis during the episode. Past medical history is signifi cant for 
hypertension which was controlled after weight loss and low - salt 
diet. 

 Physical examination reveals no acute distress with a blood 
pressure of 112/62 and a regular heart rate of 48 beats per 
minute. Chest exam shows good bilateral air entry and lungs are 
clear. Neck veins are 3   cm above the sternal angle. Normal S1 
and S2. No added sounds or murmurs on auscultation. He is not 
a smoker and he has no history of stroke, coronary artery disease 
or diabetes. There is no previous history of syncope. A recent 
two - dimensional echocardiogram (three months ago) measured 
his left ventricular ejection fraction at 60%. A 12 - lead ECG was 
obtained (Fig.  79.3 ).   

 Figure 79.3     Twelve - lead ECG from Case 2 showing complete 
third - degree heart block with right bundle branch block. 

latter condition may be symptomatic from paroxysmal 
tachycardia, bradycardia or both. Correlation of symptoms 
with the above - mentioned arrhythmias by use of 12 - lead 
ECG, Holter monitoring or event recorder is essential. 

 Sinus node dysfunction may present as chronotropic 
incompetence in which there is an inadequate response to 
exercise or stress. Chronotropic incompetence is defi ned as 
failure to achieve 85% of the predicted maximal heart rate 
during a treadmill stress test. Other more common causes 
of syncope such as vasovagal syncope should always be 
ruled out. However, this diagnosis is unlikely given the 
clinical presentation of syncope, presyncope and progres-
sive fatigue induced by exercise in addition to symptom 
correlation of presyncope and a sinus pause  > 3 seconds (see 
Fig.  79.2 ). 

 Simple historic criteria have recently been described and 
a point score to rule out vasovagal syncope, known as the 
Calgary Syncope Score, that includes age of onset of 
syncope before age 35, classic prodrome, evidence of ECG 
alterations, and other clinical characteristics, has been vali-
dated.  1   A point score  <  – 2 had a high sensitivity and speci-
fi city for the diagnosis of vasovagal syncope. In both cases 
the Calgary Syncope Score was  – 7, which rules out vaso-
vagal syncope. Case 1 has typical clinical and ECG features 
of SND and has a Class I, Level C indication for a perma-
nent pacemaker.  2,3   Sinus bradycardia is a physiologic 
fi nding in trained athletes, who frequently have resting 
heart rates between 40 and 50   bpm at rest. Moreover, 
rhythm changes during sleep such as sinus pauses  > 2 
seconds, sinus bradycardia ( < 40   bpm), fi rst - degree atrio-
ventricular (AV) block and type I second - degree AV block 
are observed in up to 24% of healthy subjects.  4   The patient 
presented in Case 1 has a Class I, Level C indication for a 
permanent pacemaker .  Current Class I, Level C indica-
tions for sinus bradycardia syndromes are as follows; per-
manent pacemaker implantation is indicated for: 
   •      SND with documented symptomatic bradycardia, 
including frequent sinus pauses that produce symptoms  
   •      symptomatic chronotropic incompetence  
   •      symptomatic sinus bradycardia that results from 
required drug therapy for medical conditions.    
 The patient presented in Case 2 has a clear presentation of 
abrupt syncope with no prodrome and ECG documenta-
tion of third - degree AV block associated with right bundle 
branch block (see Fig.  79.3 ). Patients diagnosed with high -
 degree AV block  –  third - degree or second - degree type 2  –  
are clearly at risk for adverse cardiovascular events if not 
treated with permanent pacemaker implantation.  5,6   There-
fore, this patient unquestionably benefi ts from a permanent 
pacemaker and also has a Class I, Level C indication. 

 Both cases may benefi t from a single - chamber pacemaker. 
In Case 1 an atrial - based single - chamber pacemaker is 
appropriate and in Case 2 a single - chamber ventricular 
pacemaker may also be adequate. The need for a temporary 

  Question 

 What is your diagnosis and what therapy is indicated for 
each patient?  

  Comment 

 In Case 1 the clinical presentation of syncope, presyncope 
and fatigue, temporarily related to sinus pauses on both 
the 12 - lead ECG and Holter monitor, point to a diagnosis 
of sinus node dysfunction (SND). Before confi rming the 
diagnosis, it is of key importance to exclude secondary 
causes of sinus bradycardia such as hypothyroidism or 
pharmacologically induced bradycardia. 

 SND constitutes a spectrum of cardiac arrhythmias 
including sinus bradycardia, sinus arrest, sinoatrial block, 
and paroxysmal supraventricular tachycardia alternating 
with periods of bradycardia or asystole. Patients with the 
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transvenous wire is advocated by current ACLS guidelines  7   
for patients with second - degree AV block type 2 or third -
 degree AV block associated with signs or symptoms of poor 
perfusion secondary to bradycardia. Transvenous pacing 
may increase the risk of postoperative infection  8   and cardiac 
perforation  9   and should be reserved for carefully selected 
patients although these issues have not been addressed by 
randomized controlled studies.  

  Question 

 Which is the most benefi cial pacing mode for each patient?  

  Comment 

 The use of dual - chamber pacing offers theoretic advan-
tages over ventricular pacing, such as maintenance of AV 
synchrony and preservation of normal ventricular activa-
tion through the His – Purkinje system (only in SND and 
depending upon a programmed long AV delay). Given 
the higher cost, greater complexity and increased compli-
cations of dual - chamber permanent pacemaker (PPM), 
several clinical studies assessed their potential benefi t. In 
patients with SND, retrospective studies involving approx-
imately 1400 patients suggest a signifi cant survival benefi t 
of dual - chamber PPM.  10 – 16   However, this is observational 
information and randomized clinical trials are needed to 
establish the benefi t of dual - chamber pacing. 

 The fi rst prospective, randomized controlled trial was 
published in 1994 by Andersen and colleagues.  17   This study 
assigned 225 patients with SND to receive a single - chamber 
atrial or ventricular PPM. A second analysis was published 
when the mean follow - up in these patients was 5.5 years  18   
showing a signifi cant lower risk of atrial fi brillation in 
the atrial pacing group, with a relative risk reduction of 
0.54 ( P    =   0.012). There was also a reduced incidence of 
thromboembolic events and cardiovascular death. These 
results should be interpreted with caution since this study 
was small. The second analysis was  post hoc . Thus no con-
clusive information could be derived but the exercise was 
useful as hypothesis generating. 

 The Danish group provided important data on the safety 
of atrial pacing in carefully selected patients with SND.  17,18  
 They excluded patients with bifascicular bundle branch 
block, atrial fi brillation with R - R interval longer than 3 
seconds, PQ interval  > 220   ms (or  > 260   ms if age  > 70 years), 
and those who could not support 1   :   1 AV conduction with 
atrial pacing at 100   bpm. The population studied was 
shown to be at low risk for AV block, with an incidence of 
0.6% per year.  18   The fi nal word on atrial - based pacing for 
SND will be provided by the DANPACE study, a random-
ized multicenter study comparing single - chamber atrial 
pacemaker (AAI) versus dual - chamber pacemaker (DDD) 
pacing in patients with sick sinus syndrome which will 
complete enrollment in 2008. 

 The Mode Selection Trial (MOST) in SND followed 2010 
patients for a median of 33.1 months. No advantage for 
dual - chamber pacing over single - chamber ventricular 
pacing in terms of the trial ’ s primary endpoint  –  death from 
any cause or non - fatal stroke  –  was observed.  19   However, 
there was a signifi cant reduction in the incidence of atrial 
fi brillation, with a relative risk reduction of 0.21 ( P    =   0.008). 
The effect of dual - chamber pacing was probably underes-
timated in this study since more than 30% of patients ran-
domized to ventricular pacing were crossed over to 
dual - chamber mode. Moreover, the potential benefi t of 
dual - chamber pacing may have been counteracted by the 
hazardous effects of unnecessary right ventricular pacing 
associated with short AV delay programmed in patients 
with SND and dual - chamber devices.  20,21   

 The Canadian Trial of Physiological Pacing (CTOPP) 
compared clinical outcomes in 2568 patients who were ran-
domized to atrial - based or ventricular pacing for a mean 
follow - up period of 3.5 years. Among the study popula-
tion, SND was the indication for pacing in 42% and AV 
block in 58%. The study found no difference between the 
two groups in the combined incidence of stroke or death 
or in the likelihood of hospitalization for heart failure. Nev-
ertheless, after two years of follow - up, physiologic pacing 
was associated with 18% relative risk reduction in the 
development of chronic atrial fi brillation (AF). The sub-
group of patients paced for SND showed no benefi t from 
physiologic pacing in terms of mortality or stroke. 

 The United Kingdom Pacing and Cardiovascular Events 
(UKPACE) was the most recently published of the major 
trials. It randomized 2023 patients greater than 70 years of 
age with high - grade AV block to dual -  or single - chamber 
devices, showing no signifi cant difference in overall 
survival after a mean follow - up period of 4.6 years. The 
incidence of stroke, atrial fi brillation or heart failure hospi-
talizations did not differ between groups. The UKPACE 
was the largest appraisal of pacing mode in patients with 
AV block and hence provides the best estimate of treatment 
effect in this population. 

 The Pacemaker Selection in the Elderly (PASE) trial  –  the 
only randomized trial specially designed to address quality 
of life (QoL)  –  enrolled 407 patients with indication 
for pacing, half of them with AV block. No signifi cant dif-
ference in total mortality was shown between treatment 
groups (rate - responsive, single - chamber ventricular pace-
maker [VVIR] vs. rate - responsive, dual - chamber pacemaker 
[DDDR]). Nevertheless, QoL improved after 30 months, cor-
roborating with data from MOST and CTOPP substudies.  22   
Of note, QoL improvement in PASE and MOST was mainly 
through a reduction in pacemaker syndrome, a  “ question-
able ”  endpoint showing distinct incidence among series.  23   

 A recently published meta - analysis confi rmed that the 
bulk of data available to date is inconclusive for pacing 
mode selection and survival. Nevertheless, this meticulous 
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review showed that atrial - based pacing reduces the inci-
dence of atrial fi brillation.  24   This careful analysis suggests 
that the benefi t was mainly observed in patients with SND. 
It also verifi ed the higher complication rate associated with 
atrial - based PPM, generally secondary to lead dislodg-
ment. Of note, atrial - based pacing translates to dual - cham-
ber pacing in all studies but the fi rst published by Andersen 
and colleagues.  17   Also, dual - chamber devices cost more, do 
not last as long and have a higher incidence of minor com-
plications.  24   A few retrospective studies  25 – 27   as well as 
current guidelines  2,3   support the use of single - lead capable 
of dual sensing and ventricular pacing devices  –  so - called 

VVD pacemakers  –  in patients with atrioventricular block 
and preserved sinus node function. Table  79.1  summarizes 
the current recommendations on mode selection in patients 
requiring permanent pacemaker implantation.     

  Conclusion 

 What about our patients? Case 1 has SND and is at low risk 
for complete heart block given her normal PR interval and 
QRS width less than 120   msec. The fi rst choice for a PPM 
in her case would be a single - chamber atrial device.  2   
Implanting a dual - chamber device capable of minimizing 
ventricular pacing would be an acceptable option as well 
in patients considered at higher risk for AV block (Class 
IIa) and indeed, the recommended mode when AV block 
was previously documented (Class I, Level C). Both strate-
gies intend to avoid or reduce unnecessary ventricular 
pacing and may decrease the burden of atrial fi brillation in 
patients with SND.  18,28   Case 1 underwent an AAI pace-
maker implantation after documenting 1   :   1 AV conduction 
when atrial paced at 110 pulses per minute, a simple test 
performed during the procedure. 

 It is well recognized in patients with AV block (as is also 
true for SND) that mortality is mainly a refl ection of the 
severity of underlying disease, and less dependent on the 
conduction system status or pacing mode. Thus, it is not 
surprising that no signifi cant difference in mortality 
between single -  or dual - chamber PPM has been encoun-
tered to date. In view of the above, Case 2 underwent a 
single - chamber ventricular (VVIR) PPM implantation.  
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  Question 

 In this patient, what is your strategy to avoid any cardiac 
ischemic events during the perioperative period?  

  Comment 

 We are confronted here with a middle - aged patient with 
severe proximal peripheral arterial disease (PAD), without 
any clinical evidence of coronary artery disease (CAD). In 
the classic study of Hertzer  et al ,  1   performing systematic 
coronary angiography in 1000 patients undergoing periph-
eral vascular surgery, the prevalence of  > 70% coronary ste-
nosis was 60%. More recently, using rest and stress 
echocardiography in a similar popluation, Feringa  et al   2   
reported a prevalence of 23% and 28% of unrecognized 
myocardial infarction and silent ischemia, respectively. 

 Several risk scores are used to assess the risk of periop-
erative cardiovascular events in non - cardiac surgery. 
According to the 2007 ACC/AHA guidelines,  3   the clinical 
risk factors are: ischemic heart disease, compensated or 
prior heart failure, diabetes mellitus, renal failure and cere-
brovascular disease. This leads us to classify our patient at 
intermediate risk level with one risk factor (prior TIA sug-
gestive of cerebrovascular disease). According to these 
guidelines,  3   preoperative heart rate control with beta -
 blockers is recommended. Of note, it still remains unclear 
whether lowering heart rate alone or the use of beta - block-
ers  per se  is benefi cial. No substantial data regarding the 
potential interest of other treatments reducing heart rate 
(i.e. calcium channel blockers) are currently available. 
In addition, even the interest in beta - blockers according 
to these guidelines might be tempered by more recent 
data. In the POISE trial,  4   the benefi t of metoprolol versus 
placebo to prevent myocardial infarction during non - car-
diac surgery was counterbalanced by an excess risk of 
death and disabling stroke, although the high dosage of 
metoprolol and the lack of titration in this study have been 
criticized. Besides, in a retrospective analysis of a large 

 Case history 1 

 A 63 - year - old man presents with progressive right leg discomfort, 
with his walking distance gradually decreasing to less than one 
block over the last 2 months. Standing still provides complete 
relief within 5 minutes. His claudication is now very disabling. He 
has smoked 20 cigarettes daily for 40 years. He is treated with 
ramipril for hypertension and takes 325   mg of aspirin daily since 
a transient ischemic attack (TIA) 3 years ago. 

 On examination, his blood pressure is 140/90   mmHg in the right 
arm and 130/85   mmHg in the left arm. His resting pulse is regular 
at 85   bpm. He does not report any chest pain or shortness of 
breath. Chest and neck auscultation are normal. There is a right 
femoral bruit, with reduced femoral and popliteal pulses and 
absent pulses distally. On the left side, a reduced femoral pulse is 
present, and none of the other pulses are palpable. The 
remainder of the physical examination is normal. 

 A resting ECG reveals normal sinus rhythm with no abnormality. 
The chest radiograph is normal. Routine hematology and 
chemistry values are normal except for an abnormal fasting blood 
lipid profi le: triglycerides, 280   mg/dL; total cholesterol, 305   mg/dL; 
HDL cholesterol, 42   mg/dL; LDL cholesterol, 195   mg/dL. 

 The Ankle Brachial Indexes (ABI) are 0.70 on the right, 0.45 on 
the left. After walking 99 yards (90   m) on a treadmill (10% 
incline, 1.5   mph) and the occurrence of bilateral (left    >    right) hip 
and thigh claudication, his post - exercise ABIs are 0.25 on the 
right and 0.20 on the left, consistent with severe peripheral 
arterial occlusive disease. Duplex ultrasound reveals a 2.5 inch 
(6   cm) long severe stenosis (90%) at the level of the right 
common and external iliac arteries, and an occlusion of the left 
external iliac artery, with femoral reperfusion by collaterals. An 
MRA confi rms these observations. The arteries below these 
lesions are free of any signifi cant stenosis. 

 You decide to refer the patient to a vascular surgeon who 
eventually schedules an aortic – bifemoral bypass. 
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database in the United States, Lindenauer  et al   5   found a 
neutral effect of preoperative use of beta - blockers. However, 
beta - blockers appeared harmful in patients at low risk of 
perioperative events, but benefi cial for those at a high level 
of perioperative risk. 

 According to the ACC/AHA guidelines,  3   non - invasive 
testing might only be considered if it could change man-
agement. The randomized Coronary Artery Revasculariza-
tion Prophylaxis (CARP) trial  6   failed to demonstrate any 
additional prognostic benefi t of preoperative coronary 
revascularization in such cases, but led to extended vascu-
lar surgery delays. 

 Beyond the perioperative period, the Clinical Outcomes 
Utilizing Revascularization and Aggressive Drug Evalua-
tion (COURAGE) trial  7   also failed to demonstrate any 
prognostic improvement of patients with stable coronary 
artery disease when undergoing coronary revasculariza-
tion, compared to those with optimal medical manage-
ment. In the DECREASE - II study,  8   patients at intermediate 
risk prior to vascular surgery were randomized into two 
strategies comparing tight heart rate control (60 – 65   bpm) 
using beta - blockers with the use of non - invasive testing 
followed by coronary angiography and revascularization 

 Case history 2 

when appropriate. At 3 years, the cardiac event rates were 
similar between both groups. 

 Thus, we propose for our patient an optimal medical 
management. Smoking cessation is essential to improve 
the long - term vital prognosis  9   and reduce the progression 
of PAD.  10   Additionally, smoking cessation within the weeks 
prior to surgery is associated with a signifi cant reduction 
of perioperative complications.  11   Beta - blockers could be 
proposed to decrease his resting heart rate to within the 
60 – 65   bpm range, being careful to avoid a large drop in 
systolic blood pressure. In a longitudinal study,  12   patients 
who had their beta - blocker therapy prolonged beyond the 
perioperative period presented a better prognosis than 
those who had their treatment discontinued. Finally, the 
use of statins (and possibly combined lipid - lowering 
therapy) is highly recommended for the long - term man-
agement of this patient, with the aim to lower LDL choles-
terol below 100   mg/dL.  13   The use of statins can also be 
benefi cial in the fi rst months following revascularization: 
in a randomized study comparing atorvastatin 10   mg 
with placebo in patients undergoing vascular surgery,  14   
an 18% event risk reduction was noted in the statin 
group.     

 A 72 - year - old woman presents with progressive leg pain atypical 
for claudication in the right calf and ankle over the past year. 
Standing still provides complete relief but her walking distance has 
gradually shortened to two blocks. She also sometimes experiences 
this pain at rest when sitting on a chair or during the night. She 
notes similar but less severe discomfort in the left ankle, occurring 
only when walking. When asking for other cardiovascular 
symptoms, she also reports occasional epigastric pain when 
climbing a fl ight of stairs, and sometimes even at rest. The pain 
does not radiate elsewhere and usually disappears after a couple of 
minutes. 

 She has taken metformin for type 2 diabetes for 12 years. She 
stopped smoking 5 years ago (overall amount is 35 pack - years). 
She is hypertensive, treated by hydrochlorothiazide 25   mg daily. 

 On examination her blood pressure is 150/90   mmHg (both arms), 
resting pulse is regular at 90   bpm. Chest and neck auscultation are 
normal. The popliteal, posterior tibial and dorsalis pedis pulses are 
absent on the right. On the left, the popliteal and posterior tibial 
pulses are moderately reduced. The dorsalis pedis pulse is absent. 

 Resting ECG (Fig.  80.1 ) shows normal sinus rhythm with Q - waves 
located at leads II, III and aVF, associated with abnormal 
repolarization in the same leads as well at V3 – V6 and D1 and aVL, 
suggesting past inferior myocardial infarction as well as apical and 
lateral silent ischemia. Routine hematology and chemistry values 
are normal but glycosylated hemoglobin is elevated at 9%. Blood 
lipids profi le is as follows: total cholesterol, 180   mg/dL; HDL - C, 

52   mg/dL; LDL - C, 118   mg/dL. Resting ABI is 0.8 on the right but 
cannot be measured on the left due to incompressible arteries. 
Duplex ultrasound reveals an occlusion of the right popliteal artery 
and a very attenuated fl ow through a calcifi ed fi bular artery. Left 
distal arteries (posterior tibial, fi bular and anterior tibial) present 
multiple stenoses and diffuse calcifi cations.   

 You decide to assess her coronary state prior to referring her to a 
diabetes care center. She undergoes dobutamine stress 
echocardiography (DSE). At rest, the prior myocardial infarction is 
confi rmed by the presence of akinesis at the inferior wall (basal, 
mid and apical segments). The ejection fraction is estimated at 
52%. After dobutamine infusion, an extended hypokinesia of the 
anterior and lateral walls occurs at the level of 68% of the 
maximal theoretical heart rate. She denies any chest pain. 

I aVR V1 V4

II

II

aVL V2 V5

III aVF V3 V6

 Figure 80.1     Case 2  –  ECG at rest. 
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  Question 

 How would you proceed at this point?  

  Comment 

 This case deals with the management of multifocal athero-
sclerotic disease in an elderly diabetic patient. Clinical 
symptoms may be atypical and may occur at a more 
advanced stage of the disease, possibly due to the associ-
ated diabetic neuropathy with impaired sensory feedback.  15   
In addition, walking impairment related to PAD may 
reduce the patient ’ s physical efforts and limit the occur-
rence of angina. In this case, the modest limb symptoms, 
the absence of critical ischemia and the poor distal arterial 
state preclude peripheral revascularization at this point. 
However, the coronary artery disease revealed by interro-
gation and ECG is a matter for concern. 

 Dobutamine stress echocardiography is a valuable tool 
to detect CAD in PAD patients with limited ability to 
perform a satisfactory exercise test.  16   The DSE data in this 
patient are highly suspect for severe CAD, possibly affect-
ing several arteries, which is frequent in diabetic patients.  17   
In this situation, revascularization can improve progno-
sis.  18   Thus, we referred the patient for coronary angiogra-
phy. This exam revealed triple - vessel disease, including a 
80% stenosis of the left main coronary artery. Of note, in 
the COURAGE trial  19   comparing percutaneous coronary 
revascularization to optimal medical treatment alone, 
patients with these types of severe lesions were excluded 
from the study. 

 The patient was referred for coronary artery bypass 
grafting, which was ultimately successful despite a pro-
longed intensive care unit stay for poorly tolerated atrial 
fi brillation. Overall, the long - term management of CAD in 
PAD is similar to any other patient.  20   It should, however, 
be emphasized that in cases of concomitant PAD, the short -  
and long - term prognosis of patients with CAD is more 
severe, even with revascularization.  21,22   Beyond coronary 
revascularization, our patient should benefi t from statins 
with the aim of lowering LDL below 70   mg/dL. Beta - 
blockers are also indicated because of the history of myo-
cardial infarction.  23   Finally, according to the results of the 
HOPE  24   and EUROPA  25   trials, she should benefi t from an 
ACE inhibitor. Blood pressure should be controlled under 
130/80   mmHg in this diabetic patient.   
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 Case history 1 

 A 63 - year - old male carpenter is referred to a cardiologist for 
consultation regarding a newly diagnosed systolic ejection 
murmur noted by his family physician during his annual physical 
examination. His medical history is signifi cant for a remote 20 
pack - year smoking history and type 2 diabetes mellitus for which 
he is on an oral hypoglycemic agent. Upon close questioning, he 
does not report any cardiovascular limitations despite an active 
lifestyle. Specifi cally, he denies any symptoms of shortness of 
breath, angina, exertional presyncope or syncope. 

 Physical examination by the consulting cardiologist reveals a 
grade IV – VI, late - peaking, systolic murmur at the right upper 
sternal border with radiation to both carotid arteries. S2 is 
diminished and an apical - carotid delay is noted. The heart rate is 
72 beats per minute and the blood pressure 110/88   mmHg. 

 His baseline electrocardiogram is within normal limits, 
demonstrating no evidence of left ventricular hypertrophy. 
Transthoracic echocardiogram confi rms a calcifi c bicuspid aortic 
valve with an area of 0.9   cm 2 , and a mean transvalvular gradient 
of 46   mmHg. There is mild aortic insuffi ciency and the aortic root 
dimension is within normal limits. There is preserved left 
ventricular function with no wall motion abnormalities and no 
evidence of left ventricular hypertrophy. 

  Question 

 What is the appropriate initial management and follow - up for 
this patient? Is aortic valve replacement indicated at this time?  

  Comment 

 This case is meant to highlight the appropriate investiga-
tions, follow - up, and management of patients found to 
have an asymptomatic murmur of severe aortic stenosis on 
routine physical exam. Aortic stenosis is the most common 

valvular condition across Europe and North America, 
affecting 2 – 7% of individuals over the age of 65 years.  1   The 
most common cause of aortic stenosis is calcifi cation of 
either a congenitally bicuspid valve (more common if 
under 70 years of age) or a tricuspid valve (more common 
over 70 years of age).  2   

 Aortic stenosis is a progressive condition with signifi cant 
interpatient variability. A prospective study has shown an 
average increase in mean aortic gradients of 7   mmHg per 
year and a decrease in valve area of 0.1   cm 2  per year.  3   

 While severe aortic stenosis carries an increased risk of 
sudden cardiac death, this rarely occurs ( < 1%/year) 
without the development of any of the classic symptoms 
including angina, heart failure, and syncope.  3   Symptoms 
tend to develop when the aortic valve area is less than 1   cm 2  
or the mean transvalvular gradient is more than 40   mmHg. 
Thus, severe aortic stenosis is defi ned as a valve area less 
than 1   cm 2 , mean gradient greater than 40   mmHg or jet 
velocity greater than 4.0   m per second.  4   Following the onset 
of symptom development in patients with severe aortic 
stenosis, the mean survival is 2 – 3 years without surgical 
intervention.  5   Conversely, aortic valve replacement is not 
indicated in asymptomatic patients despite having severe 
aortic stenosis and preserved left ventricular function. 

 Given the strong association of increased mortality with 
symptom development, close clinical follow - up is recom-
mended. The frequency of clinical follow - up depends on 
multiple factors including the degree of stenosis, left ven-
tricular function, functional capacity, and patient compli-
ance. Patient education regarding the natural history of 
aortic stenosis and how to properly interpret their symp-
toms is essential to clinical follow - up. Often, patients will 
not report one or more of the classic triad of symptoms. A 
slight change in exercise capacity or exertional dyspnea may 
be their only tell - tale sign of progressing disease. Due to the 
gradual onset of symptoms related to aortic stenosis, it is not 
uncommon for patients to fully appreciate the severity of 
their symptoms after their aortic valve has been replaced. 
The ACC/AHA 2006 practice guidelines recommend (Class 
I) that patients with severe aortic stenosis undergo yearly 
echocardiograms to evaluate the severity of aortic stenosis, 
left ventricular hypertrophy, and function.  4   
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 Until recently, aortic stenosis was a Class I indication for 
the use of antibiotics in preventing bacterial endocarditis.  6   
However, more recent guidelines have removed acquired 
and congenital valvular disease as an indication for the use 
of prophylactic antibiotics in the prevention of bacterial 
endocarditis. Antibiotics continue to be recommended with 
dental procedures in patients with a prosthetic valve.  7       

testing may also help provide the patient with an exercise 
prescription.  9   Exercise testing should not be performed in 
symptomatic patients with severe aortic stenosis. 

 Cardiac catheterization is recommended for patients before 
planned aortic valve replacement who are at risk of coronary 
artery disease or to help clarify the severity of aortic stenosis in 
symptomatic patients when non - invasive imaging was incon-
clusive.  4   Given that ST segment depression is common with 
aortic stenosis during exercise stress testing and the patient 
was asymptomatic with a normal blood pressure response, 
cardiac catheterization could be postponed at this time. 

 In summary, this patient remains asymptomatic with 
respect to his severe aortic stenosis. Despite close clinical 
and echocardiographic follow - up, he has not demonstrated 
progression of his disease. Given these fi ndings, he should 
not be advanced for aortic valve replacement. As per the 
ACC/AHA 2006 guidelines, patients should not undergo 
aortic valve replacement until they become symptomatic, 
develop left ventricular dysfunction (ejection fraction less 
than 50%) or are scheduled to undergo another cardiac 
surgical procedure (e.g. coronary bypass surgery).  4   

 Despite these fairly simple and clear - cut guidelines, 
timing of valve replacement surgery for patients with 
 “ asymptomatic ”  severe aortic stenosis remains one of the 
more common dilemmas in clinical practice. Many factors, 
such as patient age, surgical risk profi les, choice of prosthe-
sis types, and the need for long - term anticoagulation, can 
play a signifi cant role in the decision process. It is impor-
tant for the treating physician to carefully balance the risks 
and the potential pitfalls of continued medical therapy 
against the risks of an elective operative procedure before 
making a recommendation to the patient.     

 Case history 1  continued  

 The patient returns for his one - year follow - up visit. He remains 
asymptomatic with no signifi cant change noted on either physical 
examination or echocardiogram. He states that he has joined a 
cycling club and plans to undertake some long - distance trips. 
Given this planned increase in exercise, an exercise stress test is 
arranged. 

 He exercises on the bicycle ergometer for 8 minutes and 57 
seconds, reaching a peak heart rate of 127 beats. His blood 
pressure rises appropriately with exercise and he has no anginal 
symptoms. The reason for terminating the test is leg fatigue and 
signifi cant ST segment depression of 3   mm. After review of the 
exercise stress test results, his consulting cardiologist is concerned 
regarding possible silent ischemia and the patient is advanced for 
cardiac catheterization. Catheterization reveals no fl ow - limiting 
coronary artery disease with a mean gradient across the aortic 
valve of 45   mmHg. 

  Question 

 Can this patient with severe but asymptomatic aortic ste-
nosis undergo activities requiring signifi cant exertion? 
What is the role of exercise stress testing in aortic stenosis? 
Was the cardiac catheterization indicated at this time?  

  Comment 

 This patient, with a history of severe but asymptomatic 
aortic stenosis, wants to undertake a new level of exercise. 
The ACC/AHA practice guidelines recommend against 
competitive sports with high dynamic or static muscular 
demands.  4   However, can we risk stratify the average 
patient who wants to undertake an increase in exercise? 

 Currently, the evidence suggests that routine exercise 
stress testing of patients with aortic stenosis is not war-
ranted.  8   With confounding variables such as left ventricular 
hypertrophy and reduced coronary fl ow reserve, ST 
segment depression during exercise stress testing of 
patients with aortic stenosis adds little prognostic value. 
Electrocardiographic ST segment depression during exer-
cise occurs in 80% of patients with asymptomatic aortic 
stenosis. However, exercise stress testing in patients with 
asymptomatic severe aortic stenosis may add other prog-
nostic information including exercise - induced symptoms 
and abnormal blood pressure response (fall of  > 10   mmHg 
or a blunted blood pressure rise of  < 20   mmHg).  4,8   Stress 

 Case history 2 

 An 86 - year - old retired offi ce manager is referred to a cardiologist 
for review of progressive symptoms of exertional syncope and 
Canadian Cardiovascular Society class III angina. She has multiple 
co - morbidities including poorly controlled diabetes mellitus, 
hypertension, obesity, current cigarette smoking with a 50 
pack - year history, chronic obstructive lung disease, and atrial 
fi brillation. Despite these co - morbidities, she has a reasonable 
quality of life but is signifi cantly limited by her cardiovascular 
symptoms. Her medications include insulin, metformin, 
salbutamol inhalers, ramipril, simvastatin, diltiazem, and warfarin. 

 Her electrocardiogram demonstrates controlled atrial fi brillation 
averaging 78 beats per minute and left ventricular hypertrophy 
with strain pattern. Transthoracic echocardiogram reveals severe 
aortic stenosis with a valve area of 0.7   cm 2  and a mean gradient 
of 50   mmHg. She has mild left ventricular dysfunction with an 
ejection fraction of 45%. Left ventricular hypertrophy with a 
mass index of 140   g/m 2  is noted. Cardiac catheterization reveals a 
peak - to - peak gradient of 45   mmHg but no fl ow - limiting coronary 
artery disease is seen. 
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  Question 

 Is this patient considered to be too high a risk for traditional 
aortic valve replacement? Are there other management 
options available for the treatment of aortic stenosis?  

  Comment 

 This case is meant to highlight the risk stratifi cation of patients 
being considered for traditional aortic valve replacement 
surgery and to address possible alternative interventions for 
high - risk elderly patients with multiple co - morbidities. 

 Aortic valve replacement surgery is a well - established pro-
cedure which has been perfected since the early 1960s. The 
average perioperative mortality is 3% for isolated aortic valve 
replacement and 6% when combined with coronary bypass 
surgery.  10   However, the 30 - day mortality rate for the octoge-
narian population is approximately 17%, with 40% mortality 
after one year.  11   These rates are highly center dependent. 

 For our patient, the perioperative morbidity and mortal-
ity are considered to be prohibitively high with traditional 
aortic valve replacement as estimated using the EuroS-
CORE.  12   Considering the yearly rate of sudden death with 
severe aortic stenosis is 1% (the patient is 86 years old), the 
upfront risk of the surgery far outweighs the expected 
reduction in mortality with aortic valve replacement. 
However, the patient may accept an increased periopera-
tive mortality risk considering she is signifi cantly limited 
by her symptoms. Often, octogenarians undergo aortic 
valve replacement to improve their quality of life, rather 
than for an improvement in overall prognosis. Unfortu-
nately medical therapy does not offer a signifi cant reduc-
tion in morbidity or mortality. Aortic stenosis is a mechanical 
problem, requiring a mechanical solution. While percuta-
neous balloon aortic valvotomy is indicated in treating the 
pediatric population and young adults, its only indication 
for treating aortic stenosis in the adult population is for 
palliation in inoperable patients or as a bridge to surgery.  4   

 Another novel and still experimental option is that of 
percutaneous aortic valve replacement. This procedure was 
fi rst reported in a human subject in 2002 using a Cribier –
 Edwards valve (Edwards Lifesciences Inc, Irvine, CA), con-
structed from a tubular slotted stainless steel stent with an 
attached equine pericardial trileafl et valve.  13   This procedure 
is done without the need for cardiopulmonary bypass and 
two approaches are currently being studied. The fi rst method 
is via a femoral transarterial approach with retrograde access 
to the aortic valve.  14   More recently, a transapical approach 
has been developed, which is particularly effective in 
patients with signifi cant peripheral vascular disease, thus 
limiting a peripheral approach.  15   For all methods of percu-
taneous aortic valve implantation, rapid pacing of the ven-
tricle is required at the time of valve deployment to reduce 
both transaortic fl ow and cardiac motion. 

 Percutaneous aortic valve implantation is a reasonable 
option for patients deemed to be too high a risk for tradi-
tional aortic valve replacement. However, this procedure is 
still under development with immediate hemodynamic 
and early clinical improvement only reported in a small 
number of patients. 

 This 86 - year - old patient was deemed to be too high a risk 
for traditional aortic valve replacement surgery. She is cur-
rently being evaluated for percutaneous aortic valve 
replacement.   
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re-entrant 610
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Australia-New Zealand Heart Failure Trial 749
autoimmune disease

acute pericarditis 846
Chagas’ cardiomyopathy 828–9
myocarditis 785, 786

automatic junctional tachycardia (AJT) 612–13
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prevention 744, 768
hypertension 169–70, 172, 173

obesity 225
pharmacogenetics 174–5

hypertrophic cardiomyopathy 799
ICD recipients 626
long QT syndrome 711–12
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see also hypertension; hypotension

Blood Pressure Lowering Treatment Trialists’ 
Collaboration (BPLTCC) 744–5
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bufl omedil, intermittent claudication 1061
bundle branch block

postinfarction 506, 643–4
see also left bundle branch block; right bundle 

branch block
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aortic regurgitation 888
heart failure 762, 763, 1165
hypertension 571
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catheter ablation
arrhythmogenic right ventricular 

cardiomyopathy 726
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smoking-related risks 113, 114
syncope 679
see also stroke

cerivastatin 149, 151
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CLARITY-TIMI-28 trial 477
CLASSICS trial 365
CLEAR PLATELETS 1b trial 368
Clinical and Translational Science Awards 

(CTSAs) 74–5
clinical applications of evidence 1135–7
clinical assessment 14, 15–17

diagnosis of CAD 15–16
diagnosis of severe CAD 17
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risks 461–2
trial methodologies 28, 29, 30–1
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acute stroke 972, 974–6
intra-arterial delivery 976–7
intravenous delivery 974–6

approved agents 458
cardiac arrest 698
cardiogenic shock 499
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mechanisms of action 457
pulmonary embolism 1041–2
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fi nancial quality improvement interventions 70, 
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Finland 105–6, 238–9
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fi sh oils 307, 314

atrial fi brillation prevention 575, 577
ICD recipients 627–8
sudden cardiac death prevention 622

fi stula formation, infective endocarditis 952
fi tness, cardiorespiratory 190, 192–3
5A study 554
fl avonoids 310
fl ecainide

atrial fi brillation 537–9, 542, 545–6
atrial tachycardia 610
atrioventricular nodal re-entrant tachycardia 

612
atrioventricular reciprocating tachycardia 614
long QT syndrome 711–12
paroxysmal supraventricular tachycardia 608
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sudden cardiac death prevention 619–20
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546
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cost-effectiveness 160
perioperative 57
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acute STEMI 488–90
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NSTE acute coronary syndrome 429, 431, 435, 

1146
PCI 369, 490
venous thromboembolism 1033, 1039, 1040
venous thromboprophylaxis 1033, 1042

Fontan procedure 1021–3
clinical presentation 1022
late complications 1022–3, 1024, 1025
pregnancy after 996
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consumption data collection 305
specifi c, and CVD risk 313–18

Forrester classifi cation 496
foscarnet 1106
4S see Scandinavian Simvastatin Survival Study
fractional fl ow reserve (FFR), coronary 364–5
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atrial fi brillation 574
heart failure 736, 738, 739, 743
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diagnostic tests 20–1
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atrial fi brillation 581
cardiovascular risk factors 103, 104
heart failure 739, 742
syncope 674

FRAMI study 484
France 95, 96, 237–8
FREEDOM study 401
French paradox 310
FRISC-II study 430, 432, 1144
FRISC study 413, 415, 428
fruit and vegetables 313–14, 315

antioxidants 310–11
differences in access 216
hypertension prevention 168, 314, 319
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preoperative evaluation 1069, 1070
pulmonary arterial hypertension 1120, 1121
sudden cardiac death and 619
see also New York Heart Association (NYHA) 
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fungal infections 812

endocarditis 942, 951
pericarditis 849
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postinfarction 497
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gastrointestinal bleeding, patient information 11
gastroplasty, vertical-banded 228, 229
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combination therapy 157
cost-effectiveness 160
heart failure prevention 745, 746
secondary prevention of MI 1159

gender differences
hypertension 165–6
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smoking prevalence 111, 112
smoking-related mortality and disability 112–13
venous thromboembolism recurrence 1041
see also women

gene chips 275, 279
gene–environment interactions 288

ethnic groups 252
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336–7
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clinical role 296
coronary heart disease 268–83, 296, 297–8

candidate–gene association studies 275–6, 
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evidence for 268
genome-wide association studies 276–7, 297
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single nucleotide polymorphisms 273–5, 

276–7
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future therapy and 299–300
glossary of terms 283–4
hypertension 174, 298–9
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single gene disorders see single gene disorders
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296–7
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Global Burden of Disease study 98–9, 242, 245
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therapeutic implications of low 1113–15
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acute stroke 974
cardiovascular disease risk and 182–3
diabetic complications and 179, 180
diagnostic thresholds 179, 180

toxic effects 183–4
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impaired glucose tolerance
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glycemic control, diabetic

cardiovascular outcomes and 185–6
non-cardiac surgery 1069–70
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glycemic index 309
glycemic load 309
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glycogen storage diseases 815–16
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type III 816

glycoprotein IIb/IIIa receptor blockers (GPI)
acute STEMI 478–81
coronary in-stent thrombosis 1154
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435, 1145, 1147
oral 427
PCI 366–8
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gold standard test 18–19
GRACE registry 106, 411, 414, 427
GRACE score 417, 418
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1043
graft failure, primary cardiac 1104
graft rejection, cardiac 1104, Plate 68.1, Plate 68.2
granulocyte colony-stimulating factor (G-CSF), 

STEMI 518–19
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861–2
prevention of rheumatic fever 862–4, 866
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haplotype map (HapMap), human 274–5
HART-II trial 485
Harvard Alumni Study 191–2, 193, 195–6
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healthcare expenditure 38, 39, 106–7
healthcare insurance 72
healthcare providers see providers, healthcare
health economics see economics, health
Health Food Shoppers Study 315
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313–14, 315, 319
health transition 96–7, 98
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heart block
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postinfarction 506
see also atrioventricular (AV) block; bundle 

branch block
heart failure (HF) 735–50
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adjunctive therapies 770–1, 1166–7
amyloidosis 812, 813
aortic regurgitation 886, 888
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ablation therapy 600
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antiarrhythmics for prevention 544, 552, 553
cardiac resynchronization therapy 656, 657–9, 

661
rate vs. rhythm control 536–7
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cardiac transplantation see cardiac 

transplantation
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clinical trial designs 772
developing world 739–40
device-based therapy 771, 1167
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etiology 740–3
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hospitalization rates 738–9
hypertension-related risk 166, 167, 742
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infective endocarditis 945, 951, 952, 953
left ventricular assist devices (LVADs) 771, 

1106–7
lifestyle modifi cation 770, 1165
management 756–73, 1164–7
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recommendations 773
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mortality 739
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performance measures 773
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prognosis 739

preventive strategies 743–8
renal dysfunction and 743, 1114–15, 1165
risk factors 741, 742–3
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623–5, 769
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incidence 736–8
prevalence 735, 736, 736
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see also left ventricular dysfunction; left 

ventricular systolic dysfunction
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Heart Outcomes Prevention and Evaluation trial 
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Heart Protection Study (HPS) 157, 435, 521

adverse events 151
design 30
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peripheral arterial disease 1058
stroke prevention 983
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heart transplantation see cardiac transplantation
HELP AMI trial 517
Helsinki Heart Study 154
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intramural hematoma (IMH) of thoracic 
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hemochromatosis, hereditary 815
hemodynamic monitoring

heart failure 772, 773
non-cardiac surgery 1077
peripartum, maternal heart disease 1001

hemodynamic therapy, acute MI 497–8
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cardiovascular disease and 181–2, 183, 185, 186
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hemorrhage see bleeding/hemorrhage
heparin

low molecular weight see low molecular weight 
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postinfarction thromboembolism 502
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acute ischemic stroke 977, 978
acute STEMI 481–3
atrial fi brillation 587
NSTE acute coronary syndrome 427–9, 430–1, 

435, 1146
PCI 368, 369
during pregnancy 1000–1
prosthetic valve recipients 961–2, 964, 965
sites of action 427, 429
venous thromboembolism 1033, 1039–40
venous thromboprophylaxis 1033, 1042, 1043
vs. other anticoagulants 484

heparin-induced thrombocytopenia (HIT) 1035, 
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hepatopulmonary syndrome 1127–8
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HF see heart failure
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cardiovascular mortality 95–6, 235–6
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healthcare expenditure 106–7
prevention strategies 105–6
smoking trends 111–12
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tobacco-related deaths 113–14, 115
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EUROACTION program 336–7, 338
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acute STEMI 487, 488
NSTE acute coronary syndrome 429–30
PCI 368–9

Hirudin for the Improvement of Thrombolysis 
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HIV infection

Chagas’ disease co-infection 831
dyslipidemia 1161
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tuberculous pericarditis 850, 853

HLA haplotypes, rheumatic fever risk 862
HMG-CoA reductase inhibitors see statins
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HOPE trial 347, 498
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heart failure 743, 745, 746
sudden cardiac death 622
vitamin E supplements 310
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HORIZONS AMI trial 481, 488
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hostility 202–3, 205
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heart failure 760–1, 1166

hydrochlorothiazide, hypertension 170, 173, 174
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(HMG-CoA) reductase inhibitors see 
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hyperacute rejection, cardiac allografts 1104
hypercholesterolemia

autosomal dominant 3 (PCSK9 mutations) 270, 
271, 282

autosomal recessive 271
familial (FH) 270, 271, 281
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hypercoagulability 1035
HyperGEN 174
hyperglycemia

acute stroke 974
see also dysglycemia

hyperhomocystinemia 1035
hyperkalemia 1114
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familial combined 154
see also dyslipidemia
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atrial fi brillation prevention 571
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cardiovascular risk 102–4, 166, 167
cardiovascular risk stratifi cation 165, 166
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defi nition 165
dietary management 168, 169, 319–20
drug treatment 169–74

 see also antihypertensive agents
epidemiologic transition 97, 100
ethnic populations 166, 239, 244, 246, 250, 251
exercise 168, 169, 195–6
fetal determinants 260–1, 262, 263
gaps in implementing evidence 64
genetics 174, 298–9
gestational see pre-eclampsia
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heart failure risk 166, 167, 742
immunotherapy 175
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drug treatment 169, 171
natural history 166–8

multiple risk factor interventions 332, 335–6
natural history 166–8
non-cardiac surgery 1070
non-pharmacologic approaches 168–9, 319–20
obesity and 222, 224–5, 227
peripheral arterial disease and 1051–2
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potassium supplementation 168, 169, 312
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prevalence 165–6, 333–4
prevention 168–9, 319–20
sodium intake and 311
sodium restriction 168, 169, 312, 319
stroke 974, 979–80
thrifty gene hypothesis 101
weight loss 168, 169, 224–5
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hypertrophic cardiomyopathy (HCM) 796–804
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atrial fi brillation 587, 600–1

case history 1170–3
management 802
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familial (FHCM) 292–4, 714, 797–8

animal models 299–300
future therapy 300
genotype/phenotype correlations 292–3, 799
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pathogenesis 288, 293–4
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heart failure 798, 799–800
histopathology 797
ICD therapy 629, 714, 800–2
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management 799–804
natural history 798
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pacemaker therapy 640, 652–3, 803
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risk stratifi cation 714, 799
screening of relatives 296
sporadic 292
sudden cardiac death 292, 293, 714, 798–9

prevention 629, 800–2
surgical procedures 802–3
symptoms 798
syncope 679, 685
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693, 694
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hypotension
nitroglycerin-induced 420
orthostatic 680
perioperative, risks 52, 55
syncope 676
transient postural 676

hypothalamic-pituitary-adrenal axis 215
hypothyroidism, pericarditis 846

ibuprofen
acute pericarditis 847
atrial fi brillation 585

ibutilide
atrial fi brillation 538, 539–40, 542

after cardiac surgery 560
atrial fl utter 611

Ibutilide Repeat Dose Study 548–9
Ibutilide/Sotalol Comparator Study (ISCS) 548–9
ICDs see implantable cardioverter defi brillators
ICTUS study 432, 1144–5
IDEAL study 521
idraparinux, venous thromboembolism 1040
iliac artery angioplasty and stenting 1061
iloprost

critical limb ischemia 1063
pulmonary hypertension 1126

imaging
acute stroke 973
arrhythmogenic right ventricular 

cardiomyopathy 724–5
carotid arteries 984
infective endocarditis 944
peripheral arterial disease 1054–5
tuberculous pericarditis 850
see also specifi c modalities
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immune-mediated cardiac damage, Chagas’ 

disease 828–9
immunosuppressive therapy
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myocarditis 789–90, 791, 810, 811
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cardiomyopathy risk 743
myocarditis 809–10
post-transplant lymphoproliferative disorder 

1105–6
IMPACT study 619
IMPACT-II study 367
IMPACT-AMI study 478–80
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cardiovascular disease risk 182–3
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impaired glucose tolerance (IGT) 179, 180
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glucose-lowering trials 186
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623–32
adjunctive antiarrhythmic drugs 626–9
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Brugada syndrome 630, 713–14
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(CRT-D) 631–2, 656–7, 660–1
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tachycardia 713
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coronary artery disease 623–4, 1174–6
cost effectiveness 44
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hypertrophic cardiomyopathy 629, 714, 800–2
ischemic cardiomyopathy 623–4
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long QT syndrome 630, 712
myocarditis 790–1
non-ischemic dilated cardiomyopathy 624–5
pacing strategies 648

postinfarction 505, 520, 623–4, 1174–6
pregnancy and 1000
recommended use 631
secondary prevention of sudden cardiac 

death 625–6
short QT syndrome 712–13
syncope 675, 685
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implementation science/research 64
IMPROVE-IT trial 347
INCREMENTAL study 659
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cardiovascular disease epidemic 100
cardiovascular mortality 95, 96, 242
epidemiologic transition 98
migrants 243, 245
risk factors 242–3, 244
tobacco use 112, 113, 114, 116, 242
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The Indian Polypill Study (TIPS) 339
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industrialized countries see high-income countries
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cardiac device 941
heart transplant recipients 1106
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infective endocarditis (IE) 941–53

acute 941
antibiotic therapy 944–5, 946–50
complications and outcome 951–3
diagnosis 942–4
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epidemiology 941–2
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native valve 941

antibiotic therapy 946, 948, 950
mortality 953
surgical treatment 945, 951

nomenclature 941
nosocomial 941
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pathogenesis 942, Plate 59.1
prevention 953
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labor and delivery 1001–2

prosthetic valve see prosthetic valve endocarditis
subacute 941
surgical treatment 945–51
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infl ammatory markers

NSTE acute coronary syndrome 415–16
psychosocial infl uences 202, 215
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infl iximab, heart failure 770
infl uenza vaccination 521
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inheritance, patterns of 289–90
INIGHT study 744
INITIATIVE study 351
INJECT study 463
injuries, syncope 675
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cardiogenic shock 499
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RV infarction 500

Inoue balloon 913, 914, 918, 919
Institute for Healthcare Improvement 73
insulin

acute stroke 974
insuffi cient effect 184–5
intensive therapy 185
non-cardiac surgery 1069–70

insulin resistance
cardiovascular disease risk 184
early life infl uences 262, 263
exercise 196
obesity 224
syndrome see metabolic syndrome
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intention-to-treat analysis 27–8
interferon-alpha, acute myocarditis 789
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INTERHEART study 236–7

cardiovascular risk factors 102, 148, 236–7
fruit and vegetables 315
genetic factors 268
psychosocial stress 203, 211–12
specifi c ethnic groups 240–1, 242–3, 244, 248, 

250, 251
interim analyses 31
interleukin 6 215, 416
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diagnosis 1052–3
incidence 1050
lifestyle measures 1055–7
pharmacologic therapy 1058, 1059, 1060–1
surgical treatment 1061–2
see also peripheral arterial disease
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internal thoracic artery (ITA) grafts 384–5
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diabetic patients 401
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minimally invasive CABG 384
right (RITA) 384–5
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80–1
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274–5
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(ILCOR) 692, 695, 696–7
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bioprosthetic valve recipients 965
mechanical valve recipients 961, 964
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cardiogenic shock 499
non-cardiac surgery 1070

intra-arterial thrombolysis, acute stroke 976–7
intra-atrial re-entrant tachycardia (IART) 610, 

1024–5
intracerebral hemorrhage (ICH) 972, 979

acute ischemic stroke 978
antiplatelet therapy and 981

intracoronary thrombus
fi brinolysis see fi brinolytic therapy, acute MI
NSTE acute coronary syndrome 409, 418–19
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467–8
STEMI 456, 475–6

intracranial aneurysms, genetic factors 278–9
intracranial hemorrhage (ICH)

fi brinolytic therapy-associated 461
prasugrel-associated 425
warfarin-treated patients 582, 583–4, 588
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1081–2

incidence 1084
management 1087, 1089, 1090, 1092

intravascular ultrasound (IVUS)
heart transplant recipients 1105
PCI 363–4
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myocarditis 790, 809–10
rheumatic fever 865
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heart failure prevention 745
hypertension 171, 172

Irbesartan Diabetic Nephropathy Trial (IDNT) 
171, 172, 173, 745
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ISAR-COOL study 432, 1144
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non-cardiac surgery 1070
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isosorbide mononitrate, chronic stable angina 349, 
350
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Italy 96, 238
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epidemiologic transition 98
migrants 101, 236, 240
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risk factors 239–40
traditional diet 240, 319
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Jervell–Lang-Nielsen syndrome (JLN) 291, 710, 711

treatment 712
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job strain 203, 205, 214–15
Joint Aviation Authorities (JAA) 80
Joint European Societies’ guidelines 329, 330–1
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JTT705 1160
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ketorolac, acute pericarditis 847
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Killip classifi cation 496
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barriers 66–8
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Kussmaul’s sign 500

labeling dilemma 1135–6
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cardiovascular mortality 95
Chagas’ disease 824

latrofi ban 427
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left anterior descending (LAD) coronary artery 

disease
arterial grafts 384–5
CABG vs. medical therapy 380, 392–3, 394
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indications for CABG 381
indications for PCI 373, 374
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pacing 643
postinfarction 506
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CABG 384

left atrial ablation, atrial fi brillation see atrial 
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left atrial tachyarrhythmia, organized see 

organized left atrial tachyarrhythmia
left atrial thrombus, mitral stenosis 916, 917
left bundle branch block (LBBB)
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pacing indications 643, 644
postinfarction 506

left cardiac sympathetic denervation (LCSD), long 
QT syndrome 712

left main coronary artery disease
CABG 381, 392–3
indications for PCI 373, 374
recommendations for revascularization 402

left posterior hemiblock, pacing 643
left-to-right shunts

atrioventricular septal defects 1011
pregnancy and 993–4
ventricular septal defect 1009, 1010

left ventricular aneurysms
Chagas’ cardiomyopathy 830
postinfarction 500–1, 1153–4

left ventricular assist devices (LVADs)
acute myocarditis 791
end-stage heart failure 771, 1106–7

left ventricular dilation, aortic regurgitation 889, 
891

left ventricular (LV) dysfunction
CABG 380–2, 393, 394
diabetic patients 401
mitral regurgitation 870, 872–4
mitral stenosis 874
postinfarction 496–8

ICD therapy 505, 623–4
management 497–8, 748–50
pathophysiology 496
prevention 517–19
prognostic markers 496–7
ventricular aneurysms and 500–1

see also cardiomyopathies; heart failure; left 
ventricular systolic dysfunction

left ventricular ejection fraction (LVEF)
aortic regurgitation 889, 891
aortic stenosis 883, 884
ICD therapy and 623–5, 626, 1175–6
mitral regurgitation 871, 872–3
mitral stenosis 874
postinfarction 496, 519
sudden cardiac death risk stratifi cation 619, 623

left ventricular end-diastolic dimension, aortic 
regurgitation 891

left ventricular end-systolic dimension, mitral 
regurgitation 873

left ventricular free wall rupture 501
left ventricular function

assessment
mitral regurgitation 872–3
postinfarction 496
preoperative, non-cardiac surgery 1071

mitral regurgitation 870–1
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left ventricular hypertrophy
aortic stenosis 882, 896
hypertrophic cardiomyopathy 797
sodium intake and 312

left ventricular outfl ow tract obstruction (LVOTO) 
1012–14

clinical presentation 1012
diagnostic evaluation 1013
management 1013–14
outcomes and complications 1014
pregnancy and 994, 997
transposition of great arteries 1020
see also aortic stenosis

left ventricular pseudoaneurysms 501
left ventricular remodeling

heart failure 742
postinfarction 496

markers 496–7
prevention 517–19, 522

left ventricular systolic dysfunction (LVSD) 
735–50

aortic regurgitation 886, 889
aortic stenosis 882–3, 884
asymptomatic (ALVSD)

aortic regurgitation 886
epidemiology 740
management 748–50
prognosis 740

drug-induced 747
peripartum cardiomyopathy 996–7
postinfarction see under left ventricular (LV) 

dysfunction
prevalence 735, 737
see also heart failure

left ventricular (LV) thrombus, postinfarction 502, 
1153–4

Leriche’s syndrome 1061
levosimendan

cardiogenic shock 499
heart failure 765
postinfarction heart failure 497, 498

lidocaine (lignocaine), postinfarction 504
LIFE study 570, 571, 745
lifestyle

epidemiologic transition and 97–8, 100
sedentary 190

lifestyle modifi cation
chronic stable angina 346–7
coronary artery disease 332–4
diabetes 225
heart failure 770, 1165
hypertension 165, 168–9
integrated approach 337, 339–40
NSTE acute coronary syndromes 1148, 1157, 

1158
obesity 223, 224
peripheral arterial disease 1055–7
STEMI 520
see also diet; exercise; smoking cessation; weight 

loss
LIFE trial 172, 173
LIMIT-2 32
linear proportional hazards model 19
linkage analysis, genetic 272–3, 296
linkage disequilibrium 274
alpha-linolenic acid 307
lipid-lowering therapy 147–61

chronic stable angina 346–7
clinical use 161
combination 156–7
costs and cost effectiveness 159–60
diabetes mellitus 158–9, 160–1
elderly 157–8
future directions 160–1
heart failure prevention 744, 745, 746
non-statin agents 152
novel agents 155–6
perioperative 57–8, 1075–6
peripheral arterial disease 159, 1058
secondary MI prevention 1157–60
secondary stroke prevention 983–4

STEMI 521
treatment goals 147–8, 149
women 158
see also specifi c agents/groups of agents

lipids, serum 138–45
classifi cation 148
dietary carbohydrates and 308–9
dietary fats and 140–1, 306–7, 308
dietary fi ber and 309–10
effects of therapy 150–1, 152
exercise benefi ts 196
foods infl uencing 316
genetic studies 279, 280, 297, 298
heart failure risk and 743
ischemic heart disease and 138–40, 143–4
management policy 144
multiple risk factor interventions 332, 335–6
as screening tests 144
treatment targets 147–8, 149
see also cholesterol; dyslipidemia; fats, dietary; 

fatty acids; triglycerides
LIPID study 150, 521
lipoprotein (a) (Lp(a)) 150, 152

African Americans 251
genetic infl uences 280

5-lipoxygenase activating protein (FLAP) 273
lisinopril

heart failure 569, 762
heart failure prevention 745
hypertension 173, 571

liver disease, chronic 1127–8
liver transplantation 1128
lixivaptan, heart failure 770
LMWH see low molecular weight heparin
Loeys–Dietz syndrome 1086
logistic regression analysis 19, 20
long QT syndrome (LQTS)

aircraft pilots 87–9
congenital 706, 710, 711–12

heterogeneity 707
molecular genetics 289, 291

ICD therapy 630, 712
non-pharmacologic therapy 712
pacemaker therapy 653–4
pharmacologic therapy 711–12
syncope 675

Look AHEAD trial 225, 230
loop diuretics

heart failure 757–8, 1165
renal insuffi ciency 1114

losartan
animal model of hypertrophic cardiomyopathy 

299
aortic disease 1085
asymptomatic left ventricular systolic 

dysfunction 749
heart failure 763
heart failure prevention 745
hypertension 171, 172, 174, 571
STEMI 518

Louis, Pierre 3
lovastatin 149

combination therapy 156–7
cost-effectiveness 160
women 158

low- and middle-income countries (LMIC)
cardiovascular disease epidemic 99–102
cardiovascular disease projections 98–9
cardiovascular mortality 95, 96, 235
early age of cardiovascular deaths 96
epidemiologic transition 96, 97, 98
gaps in implementing evidence 65–6
healthcare expenditure 107
heart failure epidemiology 739–40
prevention strategies 105–6
smoking trends 111, 112
tobacco control interventions 116, 117, 120–1
tobacco-related deaths 113–14, 115

low birth weight see birth weight
low-calorie diets (LCDs) 224
low-density lipoprotein (LDL), oxidation 310

low-density lipoprotein (LDL) cholesterol 138
benefi ts of lowering 147
classifi cation 148
dietary fats and 306, 307
dietary fi ber and 309–10
effects of therapy 140, 150, 152, 153, 156–7
genetic infl uences 279, 280
secondary prevention strategies 1157, 1158
small dense particles 159
treatment recommendations 147–8, 149, 151
treatment targets 347, 521

low-density lipoprotein receptor adapter protein 1 
(LDLRRAP1) 271

low-density lipoprotein receptor (LDLR) gene 
mutations 270

low-density lipoprotein (LDL) receptor related 
protein 6 (LRP6) 272

lower extremity arterial bypass surgery 1062
antiplatelet therapy 1058, 1059, 1060
smoking and outcome 1055, 1062

low-frequency intermediate penetrance (LFIP) 
variants 282

low molecular weight heparin (LMWH)
acute STEMI 483–7
acute stroke 977, 978, 982
NSTE acute coronary syndrome 427–9, 430, 

431, 435, 1146
PCI 368, 369
pregnancy 1001
prosthetic valve recipients 961–2, 964, 965
sites of action 427, 429
venous thromboembolism 1033, 1034, 1039, 

1040
venous thromboprophylaxis 1042–3

Lp(a) see lipoprotein (a)
LRP6 gene mutations 272
Lund University Cardiac Arrest System (LUCAS) 

device 699
lung function tests 1123
lung transplantation, pulmonary 

hypertension 1122, 1126, 1128
LVADs see left ventricular assist devices
lycopene 310–11
Lyme myocarditis 792, 812
lymphotoxin-alpha (LTA) 276
Lyon Diet Heart Study 305, 307
lysosomal storage disorders (LSD) 815–16

MADIT trial 505, 520, 623, 626
MADIT II trial 505, 520, 623–4, 626, 648, 750
MADIT-CRT trial 660
MAGIC trial 32
magnesium, dietary intake 313
magnesium (sulfate) therapy

acute MI
unreliable meta-analyses 32, 33
VF prophylaxis 504

atrial fi brillation 541, 556, 560–1
cardiac arrest 698

magnetic resonance angiography (MRA)
peripheral arterial disease 1055
pulmonary embolism 1038

magnetic resonance imaging (MRI)
acute myocarditis 787, 809
acute stroke 973, 976
aortic disease 1086
aortic stenosis 879
arrhythmogenic right ventricular 

cardiomyopathy 725
atrial septal defect 1008
coarctation of aorta 1015
Eisenmenger’s syndrome 1023
hypertrophic cardiomyopathy 796–7
infective endocarditis 944
left ventricular outfl ow tract obstruction 1013
patent ductus arteriosus 1016
pericardial disease 850, 852
tetralogy of Fallot 1019

magnetic resonance (MR) venography 1036–7
MAIA study 553
malignant disease see cancer
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Marfan syndrome
aortic valve-sparing operations 928, 929
genetics 289, 999
management of aortic disease 1087, 1090–1
pathophysiology of aortic disease 1085–6
pregnancy and 994–5, 1000

marital status 212–13
marital stress 205
MASS-2 study 372
MASTER trial 58
MAST study 977
Mauritius 106
MAZE procedure

adult congenital heart disease 1018, 1023, 1025
hypertrophic cardiomyopathy 802

mecamylamine, smoking cessation 133
mechanical prosthetic valves 931, 957–8, 959

antithrombotic therapy 961–4
bileafl et 958
caged-ball 957, 958
new developments 931–4
pregnancy and 875, 994, 1000–1
selection 935, 936
single leafl et/tilting disk 957–8
thromboembolism risk 960
thrombogenicity 957–8
vs. biologic 931, 932
young women 875

Medicine, Angioplasty or Surgery Study-II 
(MASS-II) 398

Medi-RIVAGE study 318
Mediterranean diet 211, 307, 308, 318
Medtronic porcine valves 933, 960
Medtronic tilting disk valve 958
MEF2A gene 272
MELT trial 976
Mendelian disorders see single gene disorders
“Mendelian randomization” studies 279–80, 304
Merci Retriever device, acute stroke 976
MERIT-HF trial 766–7
MERLIN trial 351, 422
mesothelioma 853
meta-analyses 26, 31–4

fi xed-effect vs. random-effects methods 33
heterogeneity between trial results 33–4
individual patient data (IPD) 34
sources of bias 31–3

metabolic equivalents (METs) 1070
metabolic storage diseases 815–16
metabolic syndrome (insulin resistance 

syndrome)
case history 1138
ethnic populations 242
exercise 196
lipid-lowering therapy 147–8
obesity 225–6
small dense LDL-C particles 159
see also insulin resistance

meta-regression 33–4
metformin 225, 1164
methicillin-resistant Staphylococcus aureus (MRSA) 

endocarditis 950
methylene tetrahydrofolate reductase (MTHFR) 

gene polymorphism 276
alpha-methyl noradrenaline, cardiac arrest 697
methylprednisolone

atrial fi brillation prevention 577
NSTE acute coronary syndrome 433

metoprolol
acute myocarditis 788
acute STEMI 449
atrial fi brillation 544, 555, 558, 559–60
chronic stable angina 349
heart failure 766–8
NSTE acute coronary syndrome 421
paroxysmal supraventricular tachycardia 608
perioperative 54–6, 1073–5, 1183–4

Metoprolol in Dilated Cardiomyopathy (MDC) 
study 766

mevastatin 149
Mexican Americans 246–8

mexiletine
long QT syndrome 711
prevention of ventricular arrhythmias 619

microalbuminuria 1112
cardiovascular risk 1112–13
heart failure risk 743
see also proteinuria

microvascular coronary disturbances see coronary 
microvascular disturbances

middle cerebral artery (MCA) infarct, 
malignant 972, 978

midodrine, vasovagal syncope 684
migrants 101–2, 236

Chinese 241–2
Hispanic 247–8
Japanese 101, 236, 240
Kenyan Luo 311
South Asian 243, 245

milk and milk products 317
milrinone, heart failure 765
MIND-IT study 206
mineralocorticoid receptor mutations 299
minerals 311–13
minocycline, intrapericardial 854
MIRACLE study 656
MIRACLE ICD study 656
MIRACLE ICD II study 656, 660
MIRACL study 150, 433, 572–4, 1149
mitochondrial cardiomyopathies 289
mitochondrial inheritance 289, 290
mitomycin C, intrapericardial 854
mitoxantrone, intrapericardial 854
mitral commissurotomy

closed surgical 913, 919–20
open 875, 913, 919–20
percutaneous balloon see percutaneous balloon 

mitral valvuloplasty
restenosis after 920

mitral insuffi ciency (MI) see mitral regurgitation
mitral regurgitation (MR) 869–74

acute
hemodynamics 870
management 872
postinfarction 503

assessing symptom status 873
asymptomatic 873
balloon mitral valvuloplasty and 916, 917, 921
cardiomyopathic 874
chronic 872–3

hemodynamics 870
etiology 869
far advanced 873–4
functional 874
indications for surgery 871–4
infective endocarditis 945
ischemic 503, 874, 929

valve repair 930
medical therapy 874
mitral valve repair 929–31
non-ischemic 930–1
pathophysiology 870–1
pregnancy and 994
severity assessment 871–2

mitral stenosis (MS) 874–5
etiology and pathophysiology 874–5
indications for surgery 875
mitral valve repair 929–30
percutaneous balloon valvuloplasty 913–22
pregnancy 996, 1000
rheumatic 929–30
severity assessment 917
Wilkins–Weyman (MGH) scoring system 

915–16
mitral valve

Barlow’s disease 930
endocarditis 930
severe calcifi cation 917

mitral valve annuloplasty, undersized 930
mitral valve disease 869–75

myxomatous or degenerative 930
rheumatic 929–30

mitral valve repair 869, 929–31
guidelines 935
indications 872–3
infective endocarditis 945
vs. replacement 871

mitral valve replacement (MVR) 913
Chagas’ cardiomyopathy 835
choice of valve 931–5, 936
importance of chordal preservation 871, 930
indications 873, 875
vs. repair 930

mitral valve surgery
indications 871–3
postinfarction 503
timing 869, 875
young women 875

mitral valvotomy
closed 913
percutaneous balloon see percutaneous balloon 

mitral valvuloplasty
mitral valvulotome, percutaneous metallic 919
mobile cardiac outpatient telemetry (MCOT) 681, 

682
Modifi cation of Diet in Renal Disease (MDRD) 

formula 1111
molecular genetics 288–300
MONICA project 211, 213, 236, 735, 742
monogenic disorders see single gene disorders
monounsaturated fatty acids (MUFA) 307, 308
Montreal Heart Attack Readjustment Trial 

(M-HART) 507
Montreal Study 422
mood disorders, smoking cessation and 129–30, 132
moricizine, sudden cardiac death prevention 

619–20
morphine

acute STEMI 448
non-ST segment elevation ACS 419–20

Morrow procedure 803
mortality

cost-effectiveness analysis 43
ethnic variations 237–51
global cardiovascular 95–6, 98–9, 235–6, 495
operative, defi ned 928
risk scores 330–1

MOST trial 645–6, 647, 648, 1180
moxonidine, heart failure 768–9
MRI see magnetic resonance imaging
MTAP gene 279
mucopolysaccharidoses (MPS) 816
Multicenter Diltiazem Post-infarction Trial 213
Multiple Risk Factor Intervention Trial (MRFIT) 

102–3, 104, 168, 203, 212–13
MULTISTRATEGY trial 467, 481
Mustard operation 1020

late complications 1021, 1024, 1025
pregnancy after 995–6

MUSTIC trial 656
MUSTT trial 520, 623, 626
MWNAF trial 584
mycophenolate, heart transplant recipients 1103–4
myocardial infarction (MI)

acute (AMI) 1152–6
ACE inhibitors 498
antithrombotic therapies 449, 475–91
CABG 468–9
clinical decision-making 1152–6
clinical diagnosis 410–11
fi brinolytic therapy see fi brinolytic therapy, 

acute MI
hemodynamic therapy 497–8
new defi nition 495
patient delay 444–7
PCI see percutaneous coronary intervention 

(PCI), primary
prehospital diagnosis 447
prehospital management 447–52
reperfusion therapy see under reperfusion 

therapy
sinus tachycardia 609
symptoms 447
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complications 495–507
atrial fi brillation 505–6, 591, 593
case history 1153–4
conduction disturbances 506, 638, 643–4
heart failure see heart failure (HF), 

postinfarction
see also specifi c complications

diabetes-related risk 181, 182
exercise-related 195
expansion 495
extension 495
Forrester classifi cation 496
gaps in implementing evidence 65
hypertension-related risk 166, 167
ICD therapy after 505, 520, 623–4, 1174–6
Killip classifi cation 496
management after early phase 516–22, 1155

evidence-based integrated approach 522
ICD therapy 505, 520, 623–4
invasive evaluation and PCI 516–17
preventing arrhythmias 519–20, 619–22
preventing cardiac remodeling 517–19
secondary prevention 520–2

non-cardiac surgery after 1070, 1072
non-ST segment elevation (NSTEMI) 409

biomarkers 416
clinical diagnosis 410, 411
diabetes mellitus 413–14
incidence, natural history and 

prognosis 411–13
management 419–35
reinfarction 495, 496
secondary prevention strategies 1157–61
see also acute coronary syndromes

perioperative 52–4, 1077
benefi ts of surveillance 53–4
clinical signifi cance 53
diagnosis 53
pathophysiology 52–3
prevention 54–8

pregnancy 997
prevention see prevention
prognostic markers 496–7
recurrent (reinfarction) 495–6

after fi brinolysis 462
right ventricular 499–500
silent 447
smoking-related risk 112, 113
ST segment elevation (STEMI) 409

acute see myocardial infarction (MI), acute
clinical diagnosis 410, 411
discharge after 520
incidence 411
management after early phase 516–22
natural history and prognosis 412
pathophysiology 456
reinfarction 495–6

sudden cardiac death prevention 619–20
syncope 679

myocardial ischemia
asymptomatic

diabetic patients 400–1
management guidelines 373, 381

Chagas’ cardiomyopathy 828
early postinfarction 410
exercise benefi ts 197
medical management 346–51
pathophysiology 346, 357
postinfarction, management 516–17
refractory 414–15, 433, 1147
silent 346
syncope 679
see also angina

myocardial necrosis 456
myocardial reperfusion therapy see under 

reperfusion therapy
myocardial revascularization

aircraft pilots 84–5
broad indications 392
chronic stable angina 351–2, 353, 402
diabetic patients 400–2

individual decision-making 400
NSTE acute coronary syndrome 431–3, 434
peripheral artery disease 1184, 1185
prior to non-cardiac surgery 58, 1184
see also coronary artery bypass grafting; 

percutaneous coronary intervention; 
reperfusion therapy

myocarditis 784–93
acute 784–93

clinical presentation 784, 786
diagnosis 786–7
heart failure therapy 787–9
incidence 784–5
natural history and prognosis 785–6
specifi c therapy 789–91

acute necrotizing eosinophilic 785, 792
autoimmune 785, 786
bacterial 810–12
Chagas’ 792, 825, 827
chronic 786
Dallas criteria 784, 787
defi nition 784
eosinophilic 792
etiologies 784, 785
fulminant 785, 787
giant cell (GCM) 785, 791, Plate 48.2
HIV 792, 808
hypersensitivity 785, 791–2
infectious 785, 808–12
Lyme 792
lymphocytic 785, Plate 48.1
management 787–91
pathogenesis 786
prevention 791
subacute 786
viral 784, 785, 808–10

clinical presentation and diagnosis 808–9
management 789, 790, 809–10, 811
pathogenesis 786
prevention 791

see also dilated cardiomyopathy
Myocarditis Treatment Trial 784–5, 786, 787, 790, 

810
myocardium

free wall rupture 501
hibernating 497
stunned 497
Trypanosoma cruzi-induced damage 828

myoglobin, NSTE acute coronary syndrome 415
myosin-binding protein C mutations 293, 798
myosin heavy chain (MHC) mutations 293, 294, 

295, 299, 798
myosin light chain mutations 293
myozenin 2 (MY0Z2) gene 292, 293

n-3 fatty acids see omega-3 polyunsaturated fatty 
acids

n-6 fatty acids 307
NADPH oxidase 297
nadroparin

NSTE acute coronary syndrome 429
prosthetic valve recipients 961–2

nafcillin, infective endocarditis 950
naftidrofuryl, intermittent claudication 1060, 1061
narrow QRS complexes, cardiac resynchronization 

therapy 659–60
NASCET trial 984
NAS-PAEF study 585
nateglinide 186
National Cardiovascular Data Registry (NCDR) 

70
National Cholesterol Education Program (NCEP), 

Adult Treatment Panels (ATP) 147–8, 149, 
158, 226

National Health and Nutrition Examination 
Survey (NHANES) 315, 318

National Health Interview Survey (NHIS) 247
National Heart Attack Alert Working Group 463
National Heart Foundation of Australia 309, 313
National Institute of Neurologic Disease and 

Stroke (NINDS) tPA Stroke Study 974–5

National Institutes of Health Stroke Scale (NIHSS) 
975

National Longitudinal Mortality Study 247
National Millennium Project of Japan 174
Native Americans 248–50
natriuretic peptides, beta-type see brain natriuretic 

peptide
NAVIGATOR trial 186
Naxos disease 296, 714, 722

pathogenesis 723
nebivolol, heart failure 767, 768
Neisseria meningitidis pericarditis 849
neonates

mothers with heart disease 999
persistent pulmonary hypertension 1127

nesiritide
cardiogenic shock 499
heart failure 760
postinfarction heart failure 497, 498

Netherlands, cardiovascular mortality 96
neuraxial blockade, perioperative vascular events 

and 58
neurologic disorders

acute ischemic stroke 978
syncope 679

neurologic studies, syncope 683
neuroprotective therapy

acute stroke 977
aortic surgery 1091, 1093

nevirapine 1161
New York Heart Association (NYHA) functional 

capacity
aortic valve disease 889, 890, 900
biventricular pacing 650
CRT 640, 655–6, 659, 660
CRT plus ICD therapy 660–1
ICD therapy 505, 625, 631
mitral stenosis 875
pulmonary hypertension 1120
sudden cardiac death and 619

niacin see nicotinic acid
NICE-1 trial 368
nicorandil, chronic stable angina 351
nicotine 126

addiction 128–9
vaccine 134
withdrawal symptoms 128, 130–2
see also smoking; tobacco

nicotine replacement therapy (NRT) 119, 130–2, 
133

cost effectiveness 119–21
peripheral arterial disease 1055–6

nicotinic acetylcholine receptors (nAChR) 128
nicotinic acid (niacin) 151–3

chronic stable angina 347
combination therapy 156, 157
diabetes mellitus 158
peripheral arterial disease 1058
secondary prevention of MI 1157–8, 1159–60

nifedipine
aortic regurgitation 888–9
chronic stable angina 349
heart failure 761
heart failure prevention 744
NSTE acute coronary syndrome 421

nifurtimox, Chagas’ disease 830
Ni-Ho-San study 101, 236
nitrates

acute STEMI 449
chronic stable angina 349, 350
heart failure 759–61, 1166
NSTE acute coronary syndrome 420, 421
phosphodiesterase-5 inhibitor interactions 

420
postinfarction 497, 498

nitrendipine 171, 745
nitric oxide (NO)

pulmonary hypertension 1124, 1125, 1127
smoking-related effects 126

nitric oxide synthase, endothelial (eNOS), gene 
polymorphism 276
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nitroglycerin (NTG)
acute STEMI 448, 449
chronic stable angina 349, 350
heart failure 759–60
intraoperative 1077
NSTE acute coronary syndrome 420, 435, 1147
phosphodiesterase-5 inhibitor interactions 420
tilt-table testing 682

nitroprusside
aortic stenosis 882–3
heart failure 760

non-communicable diseases see chronic 
non-communicable diseases

non-exercise activity thermogenesis (NEAT) 190
non-inferiority trials 29
non-steroidal anti-infl ammatory drugs (NSAIDs)

acute MI 448–9
acute pericarditis 845, 847
myocarditis 790
postinfarction pericarditis 501–2, 1154
recurrent pericarditis 848
renin system inhibition and 1114
rheumatic fever 865

non-ST segment elevation acute coronary 
syndromes see acute coronary syndromes 
(ACS), non-ST segment elevation

non-ST segment elevation myocardial infarction 
see myocardial infarction (MI), non-ST 
segment elevation

Noonan syndrome 289
NORDIC trial 374
NORDIL trial 744
North American Aboriginal populations 248–50
North American Symptomatic Carotid 

Endarterectomy Trial (NASCET) 984
North Karelia Project 105–6, 239
nortriptyline, smoking cessation 133
Norway, cardiovascular mortality 96
Norwegian Vitamin Trial (NORVIT) 311
NSTEMI see myocardial infarction (MI), non-ST 

segment elevation
Nurses’ Health Study (NHS)

diet 306–7, 309, 315
physical activity 192, 196

nursing interventions, postinfarction 507
nutrients, cardiovascular disease and 306–11
nuts 316
NXY-059, acute stroke 977

OASIS-2 trial 429, 430
OASIS-5 trial 369, 429, 489, 1146
OASIS-6 trial 489–90
OASIS-7 trial 365, 366
OASIS pilot study 429, 430
OASIS registry 412
OAT trial 517
obesity 221–31

abdominal (central) 221
ethnic variations 242
fetal programming 261
temporal trends 333–4

cardiovascular benefi ts of weight loss 230
classifi cation 221–2
defi nitions 221, 222
diabetes 222, 224, 225
dyslipidemia 225–6
early life infl uences 261, 262, 263, 264
epidemiologic transition 97, 100
ethnic populations 239–40, 243, 244, 246, 250
exercise 196, 224
health hazards 222
heart failure prevention 744, 747
heart failure risk 743
hypertension 222, 224–5, 227
management 223, 224–30
maternal, effects on offspring 262, 263
natural history 222
pathophysiology 222–4
pharmacotherapy 226–7
social determinants 216–17
surgery 227–30

temporal trends 222, 333–4
thrifty gene hypothesis 101
weight reduction 223, 224–6

obesogenic environment 217
O’Brien–Fleming rule 31
observational studies 26, 34–5
occupational physical activity 191
Octopus study 383
Odyssey study 315
Ohsaki study 310
Okinawa diet 240
OKT3 monoclonal antibody 1102, 1104
older patients see elderly patients
olive oil 318
olmesartan, atrial fi brillation prevention 572
Olmsted County Study 736, 738, 739
omega-3 (n-3) polyunsaturated fatty acids 307, 

314
atrial fi brillation prevention 575–7
ICD recipients 627–8
sudden cardiac death prevention 622

omega-6 (n-6) polyunsaturated fatty acids 307
ONTARGET trial 980, 1149
ON-TIME 2 study 481
on treatment analysis 28
OPSITE trial 600
OPTIC trial 620, 626
OPTIMAAL study 518, 749
oral anticoagulants (OAC)

atrial fi brillation 581–5, 591
peripheral arterial disease 1059, 1060
prosthetic valve recipients 959–60, 961–5
self-monitoring 963
venous thromboembolism 1033, 1034, 1040–1
see also anticoagulation; warfarin

orbofi ban 427
organizational quality improvement interventions 

69–71
organized left atrial tachyarrhythmia (OLAT), 

after left atrial ablation 602, 603, Plate 38.2, 
Plate 38.3

ORIGIN trial 186
orlistat 226–7
orthopedic surgery, venous thromboprophylaxis 

1043
Osler nodes 942
Ottawa Heart Genome Study 298
outcomes (endpoints)

blinding of assessment 27
clinical assessment for predicting 17
cost-effectiveness analysis 43
dietary studies 304–5
public reporting 71, 72

outpatient settings, gaps in implementing 
evidence 65, 66

overweight
cardiovascular benefi ts of weight loss 230
classifi cation 221, 222
fetal infl uences 261, 262
management 223, 224–30
see also obesity

oxacillin, infective endocarditis 950
Oxford Vascular Study (OXVASC) 971, 972
oxygen administration

acute MI 448
acute stroke 973
Eisenmenger syndrome 1024
portopulmonary hypertension 1128

p22phox protein 297
PABA-CHF trial 597, 600
PAC-A-TACH trial 646
Pacemaker Selection in the Elderly (PASE) study 

645, 646, 647, 1180
pacemaker syndrome 644
pacemaker therapy

acute myocarditis 790
alternative site and multisite pacing 649–50
atrial fi brillation 597, 639, 653

ablate and pace strategy 599–600, 650
atrial fl utter 611

biventricular pacing 649–50
cardiac arrest 699
case histories 1178–81
Chagas’ cardiomyopathy 834
congenital heart disease 641, 1025
current practice 636
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paclitaxel-eluting coronary stents 361, 362–3

acute STEMI 467
safety 396–7

PAF 2 study 535
PAFAC study 544–5, 546, 547, 548–9
PAMI trial 464
PAMI-2 trial 469
Pamplona Hospital Study 315
panel-reactive antibodies (PRA), heart donor 

selection 1102
PAPABEAR study 560
Papa India aircraft disaster 80–1
paradoxical embolization 993
PARAGON-A study 414
paraoxonase gene polymorphism 276
paraplegia, after thoracoabdominal aortic repair 

1092–3
parasitic infections 812
paravalvular abscess 952
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aorta 1081, 1082
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pregnant women 1000
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prognostic scoring systems 915–16
pulmonary hypertension 920
restenosis 920
tricuspid insuffi ciency 920
vs. open and closed surgical commissurotomy 

919–20
percutaneous balloon pulmonary valvuloplasty 

1017
percutaneous coronary intervention (PCI) 357–74

aircraft pilots 84–5
atherectomy 363
atrial fi brillation and 591, 593
cardiogenic shock 499
challenging anatomic lesions 373–4
diabetes mellitus 400–2
early routine, STEMI 516–17
elective postinfarction 517
facilitated, STEMI 451, 480, 1153
gaps in implementing evidence 65
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door-to-balloon time 464–6
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endpoint (PROBE) study designs 27

Prospective Studies Collaboration (PSC) 138–9, 
140

PROSPECT study 659
PROSPER trial 157–8
prostacyclin

pulmonary hypertension 1124, 1125
unstable angina 423
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renin-angiotensin-aldosterone system (RAAS), 
atrial fi brillation 709

REPAIR-AMI trial 518
reperfusion therapy

acute STEMI 456–69
adjunctive antithrombotics 461, 475, 490
benefi ts of delayed therapy 460
benefi ts of very early therapy 460
choice of strategy 449, 450
gaps in implementing evidence 65
historic perspective 456–7
integrated system-wide program 451–2
left ventricular function after 497
mechanical 464–9

optimal time to initiation 444, 445, 463
patient delay and 444–7
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aortic stenosis 880–1
arrhythmogenic right ventricular 

cardiomyopathy 715, 722, 724
asymptomatic left ventricular systolic 

dysfunction 750
Brugada syndrome 291, 713
cardiomyopathies 629
Chagas’ cardiomyopathy 830
congenital heart disease 1025
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taffazin mutations 295
tamponade

acute pericarditis 846
chronic idiopathic pericardial effusion 848
complicating balloon mitral valvuloplasty 921
neoplastic pericarditis 853
postinfarction 502
tuberculous pericarditis 850

Tangier disease 271, 297
Tanzania 251
TAPAS trial 467
TAVR see transcatheter aortic valve replacement
TAXUS IV study 362
tecadenoson, atrial fi brillation 556
telemetry, mobile cardiac outpatient (MCOT) 681, 

682
telmisartan

acute coronary syndromes 1149
atrial fi brillation prevention 571

TEMPEST trial 556
tendon xanthomas 270
tenecteplase (TNK-tPA) 458

acute MI 463
adjunctive anticoagulants 485
adjunctive Gp IIb/IIIa antagonists 479, 480

acute stroke 976
cardiac arrest 698
risks 461

tetralogy of Fallot (TOF) 1018–20
arrhythmias 1025
diagnostic evaluation 1019
management 1019–20
pregnancy 994

tezosentan, heart failure 770
thallium imaging, incremental value 19, 20, 22
thiazide diuretics, heart failure prevention 744, 745
thiazolidinediones (TZDs), cardiac risks 743, 1164
thienopyridines

acute STEMI 477–8
NSTE acute coronary syndrome 423–5

PCI 365–6
peripheral vascular disease 1059
see also clopidogrel; prasugrel; ticlopidine
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see also stroke

Thrombolysis in Myocardial Infarction score see 
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ventricular septal rupture, postinfarction 503–4
ventricular tachycardia (VT)

arrhythmogenic right ventricular 
cardiomyopathy 725

catecholaminergic polymorphic see 
catecholaminergic polymorphic ventricular 
tachycardia

Chagas’ cardiomyopathy 832–4
congenital heart disease 1025
ICD therapy for survivors 625–6
idiopathic 289
inducible, ICD therapy 623
non-sustained (NSVT)

hypertrophic cardiomyopathy 799
ICD therapy 623, 625

pacing to prevent 639
postinfarction 500, 504–5
pulseless, precordial thump 695
syncope 676, 678–9, 685

ventriculography see cardiac catheterization
VEPARAF trial 542
verapamil

atrial fi brillation 541, 542, 554–5, 558–9
atrial tachycardia 609–10
atrioventricular reciprocating tachycardia 613
chronic stable angina 349
hypertrophic cardiomyopathy 799
NSTE acute coronary syndrome 421
paroxysmal supraventricular tachycardia 607

VERDICT trial 542
verifi cation bias 18–19
vernakalant, atrial fi brillation 542, 553
very low-calorie diets (VLCDs) 224
Veteran Affairs Co-operative Study (VACS) 58
Veteran Affairs Model, preoperative cardiac risk 

48–9
Veterans Administration Coronary Artery Bypass 

Surgery Co-operative Study Group (VA) 
380, 392–3

Veterans Administration Diabetes Trial (VADT) 
185, 186

Veterans Administration Study 422
V-HeFT trials 760–1
viral infections

acute pericarditis 846
myocarditis see myocarditis, viral

Virchow, Rudolph 1032
Virchow’s triad 1032, 1035
VISION study 49–50, 51, 52, 53
vital exhaustion 203
vitamin C 310
vitamin E 310
Vitamin Intervention for Stroke Prevention (VISP) 

311
vitamin K antagonists (VKAs)

peripheral arterial disease 1060
prosthetic valve recipients 959–60, 961–5
venous thromboembolism 1040
see also oral anticoagulants; warfarin

vitamin K epoxide reductase (VKORC1) genotype 
282

volume loading, RV infarction 500
vulnerable populations, gaps in implementing 

evidence 65
Vytorin Versus Atorvastatin (VYVA) trial 347

waist circumference 221, 222
warfarin

aircraft pilots 81, 87
atrial fi brillation 581–5, 587–8, 589

cardioversion 590
case history 1171, 1172

postinfarction 591
stroke prevention 982
during surgical procedures 591–2

contraindications 982
NSTE acute coronary syndrome 430
pharmacogenetics 282
during pregnancy 1000
prosthetic valve recipients 959–60, 961–5
secondary stroke prevention 982–3
STEMI 521, 1154
venous thromboembolism 1040
venous thromboprophylaxis 1042

Waterston shunt 1022
WAVE trial 1059, 1060
weight gain

infancy 262, 263, 264
medications causing 225
natural history and prognosis 222
see also obesity

weight loss
antiobesity medications 227
bariatric surgery 228–9
cardiovascular benefi ts 230
diabetes 225
dyslipidemia 225–6
heart failure prevention 747
hypertension 168, 169, 224–5
lifestyle modifi cations 224
obesity 223, 224
postinfarction 520

Wellcome Trust Case–Control Consortium 
(WTCCC) study 276–7, 279, 298

Wernicke’s encephalopathy 230
WEST study 486–7, 516
Whipple disease 810
Whitehall Study 203, 213
widowhood 212–13
Williams’ syndrome 1007, 1012
Wisconsin Epidemiologic Study of Diabetic 

Retinopathy 181
Wolff–Parkinson–White (WPW) syndrome 292, 707

Ebstein anomaly 1025
hypertrophic cardiomyopathy and 714
supraventricular tachycardias 613, 614

women
clinical diagnosis of CAD 15–16
delay in presentation of acute MI 444–6
Gp IIb/IIa antagonists 427
lipid-lowering therapy 158
NSTE acute coronary syndrome 413
young, mitral valve surgery 875
see also gender differences

Women’s Health Study (WHS) 192, 315
Women’s Ischemic Syndrome Evaluation (WISE) 

study 15–16, 19
work

environment 214–15
fi tness standards see employment fi tness 

standards
related physical activity 191
stress 203, 205, 214–15

work-up bias 18–19
World Health Organization (WHO)

functional status in pulmonary hypertension 
1121

risk prediction charts 331
WOSCOPS study 150, 157, 160

xanthinol nicotinate, peripheral arterial disease 1059
xemilofi ban 427
ximelagatran

atrial fi brillation 585–6
NSTE acute coronary syndrome 430
venous thromboembolism 1040

X-linked inheritance 289, 290

Yacoub procedure 928
young people, atherosclerosis 258–9
young women, mitral valve surgery 875

zotarolimus-eluting coronary stents 361
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