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 Total joint arthroplasty is truly one of the great surgical advances of the 
twentieth century. It has led to relief of pain and improved mobility in count-
less sufferers of arthritis throughout the world. The surgical techniques and 
advances in implant design have led to outstanding outcomes in the vast 
majority of patients undergoing these procedures. In many hospital centers, 
joint replacement surgery has become a common procedure, and protocols 
and clinical pathways continue to evolve in the management of these patients. 
Certainly, as important as surgical outcome is the perioperative management 
of patients undergoing joint replacement. Today, arthroplasty surgeons are 
performing replacement surgery on patients who are complex medically and 
require profi cient perioperative management to mitigate serious complica-
tions. These include thromboembolic, wound and periprosthetic infection 
which can be life threatening and catastrophic. Pain management, particu-
larly after total knee replacement, continues to be a problem in a subset of 
patients and can lead to a poor surgical result. Drs. Andrea Baldini and 
Patrizio Caldora have edited a magnifi cent and much needed text which pro-
vides crucial information on the perioperative management of the arthro-
plasty patient. To my knowledge, there is no other text that covers this 
material in a comprehensive way and brings a multidisciplinary approach to 
the topic. 

 The editors have provided current and evidence-based approaches to 
blood management, thromboembolic prophylaxis, pain management, infec-
tion, and wound problem prevention and treatment. Many of these areas 
remain heavily debated, but each author documents literature-based ratio-
nale for the treatment options recommended. The international perspective 
is another strength of this book in that authors represent a broad spectrum of 
arthroplasty expertise globally. Each chapter begins with the “open ques-
tions” which are still debated and then provides scientifi c data for the 
answers to these controversial questions. Do we need potent anticoagulant 
agents in patients undergoing joint replacement, how can we prevent alloge-
neic transfusion and when should we transfuse a patient, what is the best 
anesthetic technique for arthroplasty, how do you manage the recalcitrant 
pain after arthroplasty, how do you prevent this pain from occurring at all, 
and what should you do with a draining wound—these are but a few of the 
important and constantly debated questions in the arthroplasty patient, and 
answers are provided in this book. 

   Foreword      
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 Cost-effectiveness is a topic which is of global concern in heath care and 
particularly in joint replacement surgery. This is addressed thoroughly in 
Baldini and Caldora’s book in many areas of recovery from joint replace-
ment. Early mobilization of the patient is important to reduce thromboem-
bolic problems, and accelerated clinical pathways have led to early discharge 
from the hospital. It is crucial, however, that quality and patient safety not be 
compromised in any measures which reduce cost to the arthroplasty interven-
tion. Often, hospitals harbor virulent and resistant organisms, and the safest 
environment for the patient is home, and this is emphasized in this text. 

 I congratulate Drs. Baldini and Caldora on a superb accomplishment in 
providing a much needed and comprehensive book. It deals with issues of 
perioperative medicine which are present in a fragmented way in other arthro-
plasty texts. Here in one place physicians, anesthesiologists, pain manage-
ment providers, infectious disease experts, and orthopedic surgeons will fi nd 
the most useful and evidence-based information on signifi cant topics that 
often determine surgical outcome. It should become a text that is on the desk 
not sitting on the book shelf of every physician and surgeon that cares for 
arthroplasty patients.  

    Thomas     P.     Sculco    
  Hospital for Special Surgery 

  New York ,  NY ,  USA      

Foreword
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  Pref ace   

 Scientifi c research on the medical management of patients undergoing arthro-
plasty has offered new and useful insights to clinical practice in the last 
decade. In the fi eld of hip and knee arthroplasty surgery, the medical aspects 
that most affect the fi nal outcome of the procedure are pain management, 
hemostasis balance, and infection control. 

 For this reason, we have asked leading national and international experts 
to participate in the preparation of this volume, which is divided into three 
sections: each of these parts include topics related to the management of 
pain, hemostasis, and infection. The authors – and we thank them deeply – 
represent all medical fi gures who work every day around the arthroplasty 
patient: orthopedic surgeons, anesthesiologists, cardiologists, physiatrists, 
rheumatologists, and infectious disease specialists. 

 Enhanced control of postoperative pain and bleeding is nowadays 
allowing faster recovery of patients compared to the past decades, without 
associated complication risks. This positively refl ects on a multitude of 
health-related factors. We believe that the orthopedic surgeon should be 
sensitive to the improvements in the medical management of their patients 
with the same emphasis they have for the advancements in implant design, 
materials, and surgical technique. 

 Several medical aspects in the management of the arthroplasty patients are 
still controversial. For this reason, some chapters are composed by two 
authors who are presenting their different points of view around the same 
topic. 

 Each chapter is characterized    by a specifi c format, which begins with a 
list of typical, open questions, the most common issues that the practitioner 
usually wants to clear in their daily practice; they are answered to throughout 
the chapter; and they are then outlined in the fi nal list of key points. 

 We hope that readers of these chapters will fi nd the contents full of hints 
for learning, practical, and most of all useful. The fi nal benefi ciaries of this 
book will be our patients, who will defi nitely benefi t, during their journey 
through arthroplasty surgery, from the application of the knowledge and tips 
offered by our admirable authors. 

 Florence, Italy Andrea Baldini 
 Arezzo, Italy Patrizio Caldora  
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   Hemostasis Control (Bleeding/
Thromboembolism)        
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1.1             Introduction 

 One of the oldest and still commonest procedures 
in clinical practice, allogeneic blood transfusion 
(ABT), is not fully supported by available evi-
dence. In the last few decades, increasing con-
cerns about unfavorable outcomes associated 
with ABT, anticipation of future insuffi cient 
blood supply, and awareness of the cost (direct 
and indirect) of transfusion have led to the pro-
motion of patient blood management (PBM) as a 
cost-effective strategy, benefi cial for patients as 

well as for society (Shander et al.  2010 ). PBM 
programs utilize a series of measures with a 
proven ability to reduce ABT and to be cost- 
effective. Despite that the impact of PBM on 
patient clinical outcomes needs to be fully defi ned 
and future studies are needed, PBM should be 
adopted as a new standard of care.  

1.2     Background 

 The complex of measures undertaken with 
a multiprofessional and multidisciplinary 
approach by medical and surgical staffs, in 
order to perform planned surgery without 
transfusion and to improve patient’s clinical 
outcomes, has been termed patient blood man-
agement. This issue, regarded as one of the ten 
key advances in transfusion medicine over the 
past 50 years, has been fully developed in the 
last decade, in response to the different needs 
that emerged at the turn of the millennium. 
At that time the scenario shows that alloge-
neic blood transfusion (ABT) is universally 
considered part of the standard cure in major 
elective surgery, but relevant variations exist in 
the use of blood and blood products between 
countries and both between and within hospi-
tals in the same country. Even limited to lower 
limb arthroplasty, heterogeneity in the likeli-
hood of transfusion is very large: a 16–85 % 
and a 7.5–87 % rate of transfusion, for hip and 

        G.   Gentilini      (*) •    A.   Ringressi    
  Immunohematology and Transfusion Service , 
 Azienda Ospedaliero–Universitaria Careggi , 
  3, L.go Brambilla ,  Florence   50134 ,  Italy   
 e-mail: gentilinig@aou-careggi.toscana.it  

  1      Modern Patient Blood 
Management in Arthroplasty 

           Grazia     Gentilini      and     Alvaro     Ringressi   

 Open Questions 

•     Which are the modern transfusion risks 
and disadvantages?  

•   How feasible is a patient blood manage-
ment program in the clinical daily 
practice?  

•   How should it be treated preoperative 
anemia?  

•   When is autologous blood donation 
advisable?    

mailto:gentilinig@aou-careggi.toscana.it
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knee surgery, respectively, have been reported 
(Rosencher et al.  2003 ; Gombotz et al.  2007 ). 
These numbers suggest that standards of care 
for patients undergoing elective orthopedic sur-
gery are poorly defi ned, since transfusion rate 
does not appear to be related to case mix, surgi-
cal technique, or anesthetic practices. 

 Drivers for a change in blood management 
are different in nature but have contributed to 
strongly motivate international and national 
authorities to approve resolutions addressed to 
national governments and scientifi c societies. 
In Rec (2002)11, the European Council recom-
mends member states to arrange appropriate reg-
ulatory and advisory bodies both at the national 
and local levels in order to implement policies 
encompassing the use of alternatives to alloge-
neic blood transfusion and preventive strategies 
to reduce blood loss. In 2010, the World Health 
Assembly in “Resolution on availability, safety 
and quality of blood products” (WHA 63.12), 
“Bearing in mind that patient blood manage-
ment means that before surgery every reason-
able measure should be taken to optimize the 
patient’s own blood volume, to minimize the 
patient’s blood loss and to harness and optimize 
the patient-specifi c physiological tolerance of 
anemia following WHO’s guide for optimal clin-
ical use (three pillars of patient blood manage-
ment),” urged all member states to “promote the 
availability of transfusion alternatives including, 
where appropriate, autologous transfusion and 
patient blood management.” Thereafter, regula-
tory agencies and scientifi c societies worldwide 
have developed guidelines and recommenda-
tions aimed to reduce the use of allogeneic blood 
transfusion and also to implement PBM pro-
grams. Among others, worthy of mention, the 
Australian National Blood Authority is in the 
process of developing six comprehensive mod-
ules of a PBM guideline. In particular, Module 2 
(available at   http://www.blood.gov.au/pbm-mod-
ule-2    ) regards PBM in the perioperative setting. 
In Italy, the national scientifi c society of transfu-
sion medicine (SIMTI) has emanated a complex 
of comprehensive recommendations (Liumbruno 
et al.  2011a ,  b ,  c ). Also, useful guidelines are 
found in Leal-Noval et al. ( 2013 ). 

 Historical drives for advances toward the 
development of PBM have been:
    1.    Known and unknown risks of transfusion   
   2.    Preservation of national blood inventory   
   3.    Constraints from escalating costs     

1.2.1     Risks of Transfusion 

 Adverse effects to transfusion are traditionally 
distinguished in acute reactions, which occur in 
minutes to hours, and delayed, which occur within 
days to months. Acute reactions include acute 
hemolytic reactions, febrile nonhemolytic reac-
tions, allergic reactions, transfusion- associated 
circulatory overload (TACO), transfusion-related 
acute lung injury (TRALI), and transfusion-
related sepsis. Also, hyperkalemia, citrate toxic-
ity, coagulopathy, and hypothermia may occur, 
especially in the case of massive transfusion. 
Delayed transfusion reactions include delayed 
hemolytic reactions, active immunization toward 
blood cell antigens, iron overload, transfusion-
transmitted infections, autoimmunization and 
posttransfusion purpura, and transfusion-associ-
ated graft-versus-host disease. 

 All these adverse effects, among which some 
are mostly ascribable to human errors (acute hemo-
lytic reactions, TACO, that are among the main 
causes of transfusion-associated deaths), are well 
known, thanks to the reports of nation-based hemo-
vigilance systems. “Haemovigilance is required to 
identify and prevent occurrence or recurrence of 
transfusion related unwanted events, to increase 
the safety, effi cacy and effi ciency of blood trans-
fusion, covering all activities of the transfusion 
chain from donor to recipient.” The system should 
include monitoring, identifi cation, reporting, 
investigation, and analysis of adverse events, near 
misses, and reactions related to transfusion and 
manufacturing (WHO,   http://www.who.int/blood-
safety/haemovigilance/en    ). Hemovigilance carries 
extremely important conclusions and recommen-
dations but entails intrinsic limits. It essentially 
uses an incident- reporting methodology, where 
underreporting is common, since adverse effects 
may be not recognized or not ascribed to trans-
fusion, or due to the lack of a rigorous reporting 
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system. More importantly, some relevant adverse 
outcomes are not comprehended by an even well- 
established hemovigilance system but require large 
clinical studies for coming into light. On the basis 
of several observational studies and some RCTs, 
a causative relationship with transfusion has been 
shown for unfavorable outcomes, including higher 
mortality, more thrombotic events, organ dys-
function, infections, delayed wound healing, and 
increased length of hospital stay; transfusion has 
also been associated with cancer recurrence and 
insurgence of non- Hodgkin lymphoma (for com-
prehensive reviews, see Vamvakas and Blajchman 
 2009 ; Shander et al.  2011 ). A dose relationship is 
present, but complications can be observed after 
administration of minimal amounts of RBC units 
(Rubinstein et al.  2013 ). 

 In high-income countries, because of the cur-
rently adopted diagnostic measures for HBV, 
HCV, and HIV, the relative transfusion- transmitted 
infections have been dramatically reduced. For 
HBV the rate is slightly higher (around 1:200,000), 
because of the prolonged window period before 
serologic conversion and because of occult HBV 
infection (OBI), but further reduction is possible 
after the introduction of the triplex HBV/HCV/
HIV NAT test in some countries (among which 
Italy) on the basis of HBV infection prevalence. 
In the last decade, west nile virus (WNV) has 
constituted a growing challenge for the blood 
bank system, forcing national authorities in North 
America and Europe to implement plans for either 
testing or referring donations, adapted on the base 
of national and/or local epidemiology reports. 
Dynamics of migrating populations and tourism 
are also taken into account as a possible source of 
infections by epidemiology control bodies, which 
blood management national authorities refer to. 
In this respect, reports of transmission through 
transfusion of newly emerging and reemerging 
infections, due to protozoan parasites (malaria, 
babesiosis, Chagas disease, etc.), viruses (dengue, 
chikungunya, infl uence strains, coronavirus, etc.), 
and prions (vCJD), are a matter of concern. 
Implementation of specifi c tests for infrequent 
infections is not an option for unacceptable cost/
benefi t ratio, and selection of donors has to be 
guided by up-to-date protocols.  

1.2.2     Concerns About Blood 
Inventory 

 In high-income countries, ongoing demographic 
dynamics are characterized by what is described 
as the “age dependency ratio,” that is, the burden 
of the nonworking population sustained by the 
working population. Operating a translation in 
our fi eld, the “total transfusion dependency ratio” 
(TTDR;    Hofmann et al.  2009 ) has been proposed, 
that is, non-donating population (aged <17 or 
>65 years), divided by donating population, mul-
tiplied by 100. Such index is suggestive since 
aged patients account for a large part of all RBC 
transfused (45 % for patients aged >70 years). In 
the recently past years, the TTDR was well less 
than 50 %, but a rapid climb is expected in the 
next 20 years, escalating over 55 % in several 
high-income countries (Farmer et al.  2013 ). In 
this perspective, a blood supply fulfi lling even a 
steady request can no longer be taken for granted.  

1.2.3     Escalating Costs 

 According to the WHO Global Database on 
Blood Safety, in 2011, 92 million units of blood 
were donated, approximately half of which in 
high-income countries, where direct costs of 
blood components have progressively increased, 
due to ameliorated procedures of collection, test-
ing, and processing. When considering real costs 
of transfusion, a long series of activities involv-
ing material resources, technologies, and person-
nel both in transfusion service laboratories and in 
the wards (indirect costs) are to be taken into 
account. Through activity-based costing method-
ology (Shander et al.  2010 ), it has been calcu-
lated that on average, to transfuse a single RBC 
unit costs $726–1,183 in the USA and $522–
611 in Europe. 

 This initial approach, mainly aimed to reduce 
the use of ABT, has evolved toward a patient- 
centered perspective, where PBM is established 
in order to ultimately ameliorate patient’s clinical 
outcomes and experience. Still, browsing papers 
for this discussion, we can realize that PBM con-
tinues to be interpreted as the plain concept of 
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avoiding ABT. Even if reduction of ABT in the 
perioperative course rate remains one of the main 
end points and this kind of data is easily obtain-
able, clinical research should develop instru-
ments in order to derive outcomes more relevant 
for the patient’s pathway.   

1.3     Focus on PBM 

 PBM is based on three “pillars”:
    1.    Detection and treatment of perioperative 

anemia   
   2.    Reduction of surgical blood loss and periop-

erative coagulopathy   
   3.    Harnessing and optimizing physiological tol-

erance of anemia     

1.3.1     Preoperative Anemia 

 In the general population, the prevalence of ane-
mia increases with age, being reported as much 
as 11 and 10.2 % in men and women, respec-
tively, aged more than 65 years (Guralnik et al. 
 2004 ). In particular, among candidates for elec-
tive orthopedic surgery, one out of three to fi ve is 
expected to be anemic at preadmission (Bierbaum 
et al.  1999 ; Saleh et al.  2007 ; Spahn  2010 ). 
Therefore, till recently, the presence of low-grade 
anemia has been accepted as a matter of facts, 
eventually to be corrected through the liberal use 
of RBC concentrates. Blood components were 
considered safe, quickly effective, readily avail-
able, and relatively inexpensive. As a conse-
quence, preoperative anemia is a predictive factor 
for perioperative transfusion and still drives a rel-
evant consumption of blood units (Khanna et al. 
 2003 ; Shander et al.  2004 ; Myers et al.  2004 ; 
Gruson et al.  2009 ), as much as 8 % for major 
orthopedic hip and knee surgery, in a study con-
ducted in north England (Wells et al.  2002 ). 

 Preoperative anemia has been independently 
associated with an increased risk of perioperative 
adverse outcomes in noncardiac surgery (Carson 
et al.  1996 ; Gruson et al.  2002 ; Dunne et al.  2002 ; 
Beattie et al.  2009 ; Wu et al.  2007 ; Musallam 
et al.  2011 ). Moreover, low preoperative hemo-

globin concentration and high patient age are 
constantly associated with increased risk of 
transfusion; additional factors are represented by 
comorbidity, low body weight, complexity of 
surgery, and female sex (Boralessa et al.  2009 ; 
Barr et al.  2011 ).  

1.3.2     Physiological Tolerance 
of Anemia 

 Oxygen supply is essential for aerobic metabo-
lism, where it is employed in the process of 
extraction of energy from organic molecules. 
In multicellular, complex organisms, the atmo-
spheric oxygen reaches the tissues by diffus-
ing through specifi cally developed organs and 
vascular structures in a liquid system, that is, 
blood, from which it can diffuse in peripheral tis-
sues. More complex organisms rely on a high- 
effi ciency carrier for oxygen in the bloodstream, 
for at the atmospheric partial pressure of oxygen 
(21 %), the amount dissolved in the water sol-
vent would not be suffi cient for life. Therefore, 
in mammals, the presence of an adequate quota 
of oxygen in the inhaled air, anatomical and 
functional integrity of the lungs and its vascular-
ization, and adequate blood fl ow and hemoglo-
bin content are critical for the survival of cells. 
Even simple organisms have developed mecha-
nisms for sensing reduction in oxygen delivery; 
in more complex organisms, oxygen sensors are 
multiple, existing in cells (hypoxia-inducible fac-
tor, HIF), organelle (aortic and carotid chemo-
receptors), and organs (kidney). When hypoxia 
occurs, these mechanisms become activated, 
ultimately leading to the adaptive phenomena 
that we observe during blood loss and anemia. 
In acute anemia, partial pressure of oxygen in 
arterial blood (PaO 2 ) and hemoglobin-oxygen 
saturation (SaO 2 ) are maximized by means of an 
increased ventilation and a more effi cient ven-
tilation/perfusion matching, occurring through 
a NO-mediated mechanism. The cardiovascular 
system undergoes fundamental modifi cations in 
response to acute normovolemic anemia: through 
activation of the sympathetic nervous system, 
after stimulation of vascular chemoreceptors, 
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both heart rate and stroke volume are increased, 
the resulting cardiac output (CO) augmented up 
to threefold in the presence of intact adaptive 
mechanisms. Moreover, vasodilation occurs, 
determining a reduction in systemic vascular 
resistance. Importantly, regional differences 
in CO are established, through differentiated 
degrees of vasodilation; thus, vital organs are ini-
tially preserved, the heart and the brain receiving 
a higher proportion of CO. Instead, the kidney 
appears to have a lower margin for compensation 
and becomes injured earlier, insomuch as hemo-
globin concentration drops below 7 g/dl, dur-
ing cardiac surgery (Habib et al.  2003 ; Karkouti 
et al.  2005 ). Increased CO is also related to 
reduced blood viscosity and increased venous 
return, associated with vasoconstriction in the 
splanchnic district. The relevance of adrenergic 
activation as a compensative mechanism is high-
lighted by what has been considered a paradoxi-
cal effect of β-blockade during blood loss, that 
is, an increased rate of perioperative myocar-
dial infarction (van Klei et al.  2009 ) and stroke 
(Devereaux et al.  2008 ), following administration 
of adrenergic antagonists. Another compensative 
mechanism for tissue hypoxia is an increased 
peripheral oxygen extraction, consequent to low-
ered hemoglobin- oxygen affi nity (for increased 
2,3- DPG, reduced pH, and NO-mediated events) 
and overall enlarged capillary bed. On the other 
hand, some organs reduce their oxygen demand, 
in front of an increase in consumption by the 
myocardium. 

 In humans, tolerance of anemia has been 
addressed in observational studies, involving 
patients for whom transfusion is not an option, 
for unavailability or refuse; also, experimental 
investigations have been carried out in voluntar-
ies. When normovolemia is maintained, Hb con-
centrations as low as 5 g/dl can be tolerated 
without adverse systemic effects (Weiskopf et al. 
 1998 ). After noncardiac surgery, Hb levels ≤7 g/
dl are associated with some morbidity, but not 
mortality; risk of mortality increases by a factor 
of 1.5, for every 1 g/dl decrement below 7 g/dl 
(Carson et al.  2002 ). 

 In healthy subjects at steady conditions, oxy-
gen delivery (DO 2 ) meets tissue oxygen demand 

(VO 2 ), exceeding fi vefold the consumption at 
rest. However, there are relevant intraindividual 
differences in oxygen consumption depending on 
metabolic requirement. More importantly, wide 
interindividual differences in anemia tolerance 
exist, due to impairment in ill subjects of part of 
the compensatory mechanisms described above. 
In surgery settings, comorbidity, primarily car-
diovascular disease, ultimately greatly increases 
the rate of death in postoperatively anemic 
patients (Carson et al.  1996 ,  2002 ). 

 Perioperatively, an acute blood loss is antici-
pated, and medical support is aimed to maintain 
normovolemia and to optimize the oxygen deliv-
ery/oxygen demand ratio, in order to prevent 
ischemic organ injury. Possible strategies there-
fore include measures aimed to increase DO 2  and 
possibly to reduce VO 2 . Since DO 2  = CaO 2  × CO 
(where CaO 2  is the arterial oxygen content), a 
feasible approach to increase CaO 2  is hyper-
oxic ventilation, with the aim to maximize the 
amount of the gas physically dissolved in plasma 
that can become a relevant quota available for 
tissue oxygenation in the presence of low Hb 
concentrations. To support CO, inotropic drugs 
are used in acute normovolemic anemia. On the 
other hand, a reduced oxygen demand can be 
obtained with neuromuscular blockade, as well 
as induction of anesthesia. Depth of anesthesia 
also affects anemia tolerance, but handling this 
tool is not commonly practicable (see Meier and 
Gombotz  2013 ). 

 Current existing guidelines covering transfu-
sion thresholds in acutely anemic patients rely on 
these and a number of other observational stud-
ies, as well as randomized clinical trials. This 
issue will be addressed in this volume by Husted 
and Gentilini and Ringressi. Overall, compliance 
with available guidelines, compiled by scientifi c 
societies and advisory bodies (see Carson et al. 
 2012 ; Retter et al.  2013 ; Shander et al.  2013 ), is a 
main cornerstone of PBM programs and must be 
highlighted when such programs are offered. 

 It must be stated that benefi ts, effectiveness, 
and cost-effectiveness of complete PBM programs 
have been not fully proven yet. It is diffi cult to 
argue against the overall benefi cial outcomes of a 
program encompassing several measures, all 
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aimed to reduce ABT, improve clinical outcomes, 
and reduce costs. Nevertheless, although the 
effects of single measures are mostly known, we 
cannot really anticipate the effect of a complex of 
measures, possibly being addictive, synergistic, or 
even paradoxically counteracting. Studies involv-
ing a large population are needed in order to 
address this question, in the form of CRTs, target-
ing clinically relevant outcomes, or in the form of 
registries collecting safety and effectiveness data 
on patients managed in a PBM program (Gross 
et al.  2013 ). So far, initiatives involving local insti-
tutions have demonstrated the feasibility of imple-
menting PBM programs, achieving extremely 
relevant goals such as fewer transfusion adminis-
tered, reduced mortality and complications, lenght 

of stay (LOS), readmissions, and costs (Kotzé 
et al.  2012 ; Leahy et al.  2012 ). A recently pub-
lished    study (So-Osman et al.  2014a ), combining 
restrictive transfusion thresholds, erythropoietin 
administration, and/or autologous blood reinfu-
sion, reports effectiveness (but not cost- 
effectiveness) of erythropoietin administration, 
but it shows lack of benefi t for cell salvage/drain 
reinfusion in patients with Hb levels 10–13 g/dl. 

 PBM therefore is not simply a transfusion 
alternative, as PBM programs consider a com-
plex of practical measures, also including alter-
natives to transfusion. A series of tools utilizable 
in PBM programs is listed in Table  1.1 . Single 
programs do not encompass all the possible mea-
sures (indeed, some are necessarily alternative), 

   Table 1.1    Tools for PBM programs in elective orthopedic surgery   

 Preadmission  Evaluation  Detect anemia and diagnose 
 Detect hemostasis defects and diagnose 
 Anticipate intraoperative blood loss 
 Type and screen 

 Interval  Treat anemia (iron, ESAs, vitamin B12, folate) 
 Optimize hemostasis (withdrawal of interfering drugs) 
 PABD 

 Admission 
 Surgery  Preoperative normovolemic hemodilution 

 Physical tools (body position, tourniquet, etc.) 
 Blood-saving surgical techniques 
 Blood-saving anesthesiology measures, including regional anesthesia 
 Normothermia 
 Normotension (controlled hypotension) 
 Tranexamic acid 
 Pharmacological support to increase CO 
 Hyperoxic ventilation 
 Fibrin sealants and other topic treatments 
 Transfusion guidelines 
 Intraoperative cell salvage 
 Limit blood drawing for tests 

 Postoperative period  Normothermia 
 Iron ± ESA 
 No drain 
 Postoperative shed blood reinfusion 
 Transfusion guidelines 
 Pharmacological support to increase DO 2  
 Hyperoxic ventilation 
 Limit blood drawing for tests 
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but a combination of some, of which a priority 
has to be put on the treatment of preoperative ane-
mia, blood-sparing surgery technique, adequate 
hemostasis, medical support for optimization of 
anemia tolerance, and adhesion to protocols con-
cerning transfusion thresholds. The choice of the 
measures to be undertaken has to be done on the 
basis of the patient’s characteristics, expected 
blood loss, and kind of surgery, but also it has to 
be driven by organizational features that can con-
dition the patient’s pathway. Even though a whole 
process of validation of PBM programs has not 
been carried out, PBM in elective surgery is to be 
regarded as a new standard of care, and there is no 
reason to delay further its implementation in our 
institutions.

1.4         Structure of PBM Programs 

 As mentioned above, PBM is a multiprofes-
sional and multidisciplinary strategy; therefore, 
from a managerial standpoint, its implementation 
will require drawing a new pathway for patients 
candidate for elective orthopedic surgery, with 
involvement of different specialists, among which 
anesthetists are to play a major role. The draw 
should be robust, including detailed algorithms 
for the management of patients with different 
features and needs, going through the various 
steps (e.g., see Kotzé et al.  2012 ). Also, organiza-
tion of continue education and controlled com-
munication processes should be included. 

1.4.1     Preoperative Management 

1.4.1.1     Preoperative Assessment 
 In elective surgery, a preadmission assessment 
of patient’s clinical conditions is generally per-
formed some 30 days before surgery. Potential 
benefi ts include increased patient safety, reduced 
cancellation or delay of surgery, reduced LOS, 
and increased quality of patient experience. 
Pillars of preanesthesia evaluation are medical 
records, patient interview, and physical exami-
nation and tests, where indicated (NICE  2003 ; 
ASA  2012 ): major surgery schedule for adults 

includes a complete blood cell count and blood 
typing (T&S). 

 In a PBM program, such schedule is to be 
further integrated with the ultimate aim of opti-
mizing patient’s medical health prior to surgery, 
ultimately avoiding unnecessary transfusions. 
For the weight that anemia has as a prognos-
tic factor of unfavorable outcome, its diagnosis 
is central to subsequent correction. Etiology is 
heterogeneous, and unexpected diseases such as 
chronic kidney failure or occult malignancy are 
to be considered. In these cases, referral to appro-
priate specialist is necessary, before planning any 
elective surgery. Overall, iron-restricted erythro-
poiesis    as the most relevant abnormal condition 
in elderly and chronic infl ammation are common 
in candidates for lower limb arthroplasty (Spahn 
 2010 ). Consequently, the “iron status” must be 
assessed, by measuring blood ferritin and TSAT, 
together with an infl ammation index (CRP). 
These tests can be ordered contemporaneously 
to full blood cell count or later, only for ane-
mic patients, depending on organizational con-
strains (Goodnough et al.  2011 ; Royal Cornwall 
Hospitals  2013 ). 

 All the collected data will lead to discriminate 
among three possible conditions:
•    Absolute iron defi ciency, due to blood loss, 

nutritional defi ciency, or malabsorption  
•   Functional iron defi ciency, for increased ery-

thron iron requirements (treatment with ESAs, 
hemoglobinopathies, or hemolytic anemias)  

•   Iron sequestration, in the presence of infl am-
mation, through a hepcidin-dependent mecha-
nism (Weiss and Goodnough  2005 )    
 In elderly population, also vitamin B12 and 

folate defi ciency are relatively common (Bisbe 
et al. 2008; Saleh et al.  2007 ). We suggest to 
order their dosage (as a refl ex test) when defects 
are suspected, i.e., when macrocytosis is present. 

 In order to minimize blood loss during  surgery, 
the assessment of hemorrhagic risk constitutes a 
priority. Algorithms for scoring the risk are avail-
able (Tosetto et al.  2007 ; Nichols et al.  2008 ). 
Fundamental is the interview, where any personal 
and family history of bleeding disorders must be 
uncovered, as well as the use of medicaments, 
both prescribed or not. Besides anticoagulant or 
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antiplatelet drugs, agents that are able to inter-
fere with hemostasis include NSAIDs, serotonin 
reuptake inhibitor antidepressants, and herbal 
remedies such as garlic, ginkgo biloba, ginseng, 
and others (Ang-Lee et al.  2001 ). 

 Preoperative evaluation must also assess a 
transfusion strategy, beginning with the prediction 
of the need for ABT. Apposite algorithms have 
been elaborated (Mercuriali and Inghilleri  1996 ; 
Noticewala et al.  2012 ; Park et al.  2013 ), taking 
into account surgical technique, procedure dura-
tion, hemostatic measures, and patient’s features. 
On the basis of that, alternatives to transfusion 
are to be planned, including the use of autologous 
blood and/or pharmacological treatments. 

 For major surgery, a preadmission ABO/Rh 
typing should be ordered. Instead, the usefulness 
of a red cell antibody screening depends on 
patient’s history (previous transfusions) and on 
organizational peculiarities, i.e., it is advisable if 
pre-transfusion tests and cross-matched blood 
may be not available because of time constraints, 
when surgery occurs shortly after admission.  

1.4.1.2     Preoperative Measures 
 Nutritional defi ciencies should be treated by 
proper vitamin and/or mineral medicament, 
besides a correct diet. Treatment of iron-
restricted erythropoiesis is particularly important 
for the prevalence of preoperative anemia and 
for its unfavorable consequences. It is based on 
the availability of two classes of agents: iron, in 
oral and IV formulations, and erythropoiesis- 
stimulating agents (ESAs).  

1.4.1.3     Iron Therapy 
 In brief, oral iron therapy, when tolerated, will 
work appropriately in most iron-defi cient patients, 
unless an absorption defect is present. When a 
diagnosis is made of functional iron defi ciency, 
iron sequestration, or mixed anemia, IV iron ther-
apy may be necessary, particularly in the presence 
of a systemic infl ammatory response, because of 
inhibition of gastrointestinal absorption caused by 
increased hepcidin levels. At present, IV iron is 
included in guidelines as a recommended phar-
macological measure aimed to reduce transfusion 
rate (Leal-Noval et al.  2013 ). Several formula-
tions are available for IV use, currently for differ-

ent anemic conditions. High-molecular-weight 
iron dextran (HMWD) should be abandoned in 
favor of low-molecular- weight iron dextran 
(LMWD), for a lower rate of adverse reactions. 
Ferric gluconate and iron sucrose are formula-
tions widely used in chronic kidney disease, but 
adverse effects are not rare. The recently intro-
duced ferumoxytol does not require dilution for 
slow IV use, in contrast to iron sucrose and 
sodium ferric gluconate. Ferric carboxymaltose 
and iron isomaltoside, still in the course of study 
for some applications, are proposed, as well as 
ferumoxytol, for total dose infusion, that is, a 
slow infusion of 1–1.5 g. The European Medicines 
Agency’s Committee for Medicinal Products for 
Human Use (CHMP;  2013 ) has emanated new 
recommendations to manage risk of allergic reac-
tions with intravenous iron- containing medicines 
indicating that IV iron medicines are used when 
iron supplements given by mouth cannot be used 
or do not work and staff trained to evaluate and 
manage anaphylactic and anaphylactoid reactions 
must be immediately available, as well as resusci-
tation facilities. Moreover, the utility of test dose 
is underscored, and a 30-min period of observa-
tion after infusion is prescribed.  

1.4.1.4     Erythropoiesis-Stimulating 
Agents (ESAs) 

 In the late 1980s, ESAs were fi rst approved for 
use in chronic kidney disease patients, who mostly 
continue to benefi t of this therapy. Later on, ESAs 
have also been approved for oncology patients 
suffering from chemotherapy-induced anemia 
and for patients candidate for elective surgery, 
even though not universally. In particular, in many 
European countries, ESA preoperative use is not 
approved, unless preoperative autologous blood 
donation (PABD) is scheduled. More recently, 
following post-approval clinical trials, targeting 
risk of thrombotic adverse effects of ESAs, and 
overall increased rate of morbidity and mortality, 
limits for their use have been indicated, in respect 
to Hb levels and an appropriate antithrombotic 
prophylaxis, by regulatory agencies. 

 Used preoperatively, ESAs are able to increase 
Hb levels, being the equivalent of 1 RBC unit pro-
duced by day 7 of treatment. In the course of a 
PABD program, 5 units can be produced with a 
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 timing compatible with storage and use during 
surgery (Goodnough et al.  1992 ). Most effective 
dosage and timing of administration are debated, 
and diverse schedules are used. Low doses of 
erythropoietin (400 U/kg over a 2-week period) 
are suffi cient to exert a signifi cant stimulus on 
erythropoiesis (Sans et al.  1996 ). Even a single 
administration of erythropoietin plus iron, 1 day 
before surgery, has been found to be effective in 
reducing the need in ABT in cardiac surgery (Yoo 
et al.  2011 ). Aggressive schedules are employed 
in the course of a PABD program, when the RBC 
mass produced on a 3-week period, directly 
related to erythropoietin dosage, can be antici-
pated: RBC volume (ml per kg) = 6.34 + 0.0013 X , 
where  X  equals the total units of erythropoietin 
administered, per kg body weight (Goodnough 
et al.  1994 ). Throughout the course of ESA treat-
ment, iron supplementation is necessary to maxi-
mize the RBC production stimulated by ESAs.  

1.4.1.5     Withdrawal of Drugs 
 In order to prevent severe blood loss, withdrawal 
of anticoagulant or antiplatelet drugs is recom-
mended, unless critical for patient’s safety. Under 
usual circumstances, warfarin and aspirin should 
be discontinued, 5 days before surgery, but at 
least 7 days of withdrawal are necessary for clop-
idogrel. Stopping aspirin and/or clopidogrel for 
secondary prevention should be carefully 
weighted case by case, after discussion with the 
prescribing cardiologist, but maintaining low- 
dose aspirin is mostly recommended (Korte et al. 
 2011 ; Royal Cornwall Hospitals  2013 ). 
Experiences of urgent orthopedic surgery in 
patients on antiplatelet drugs should relieve gen-
eral concerns about excessive perioperative 
bleeding (Collinge et al.  2012 ; Feely et al.  2013 ). 
The BRIDGE trial, targeting bridging for antico-
agulation, is still ongoing. 

 The use of other, nonprescribed drugs and herbal 
remedies possibly interfering with the hemostatic 
process is to be discouraged. Classical NSAIDs, 
because of their short half-life, usually do not raise 
concern of intraoperative bleeding; also, there is 
no indication for withdrawal of COX-2 inhibitors, 
provided adverse cardiac effects are taken into 
account. Serotonin reuptake inhibitor antidepres-
sants have been imputed to enhance  perioperative 

bleeding, but so far a clear evidence of increased 
risk of ABT is lacking; it is advisable to avoid 
coadministration with aspirin (Movig et al.  2003 ; 
van Haelst et al.  2010 ). For recommended behavior 
regarding perioperative use of drugs, see a list in 
Royal Cornwall Hospitals ( 2013 ).  

1.4.1.6     Autologous Blood Donation 
 Preoperative autologous blood donation (PABD), 
consisting of collecting and storing the patient’s 
own blood prior to surgery, has been widely prac-
ticed in different surgical settings, offered to 
patients as a main alternative to ABT. Indeed, 
PABD programs in major orthopedic surgery have 
caused a reduction in risk of ABT (Rosencher 
et al.  2003 ; Carless et al.  2004 ). Greater effective-
ness is obtained when a PABD program is inte-
grated with treatment with an ESA. Yet, the 
overall risk of transfusion is increased, entailing 
an increased risk of clerical errors as well as some 
kind of complication also presented by PABD 
(TACO, fever and chills, infections, possibly 
immunomodulation). These and other disadvan-
tages (over-collection, outdating, wasting) are to 
be taken into account in order to evaluate PABD 
cost/benefi t ratio. The British Committee for 
Standards in Hematology ( 2007 ) emanated inter-
nationally recognized guidelines that do not rec-
ommend PABD unless specifi c conditions are 
present. In particular, patients still considerable 
candidate for PABD are children with scoliosis, 
patients who refuse transfusion but would consent 
to PABD, bearers of rare blood groups, or who are 
poly-immunized. A PABD program, in combina-
tion with blood salvage, may be benefi cial in 
bilateral TKA (Boettner et al.  2009 ).   

1.4.2     Intraoperative Management 

 Normothermia should be maintained intra- and 
postoperatively, in order to sustain physiologic 
hemostasis and reduce blood loss and need for 
transfusion (Rajagopalan et al.  2008 ). For meth-
ods of fulfi lling this requirement, refer to specifi c 
literature. 

 Acute normovolemic hemodilution, consist-
ing of the collection of 2–4 units of whole blood 
exchanged with crystalloid/colloid solutions and 
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performed in the operating theater, immediately 
preceding surgery, doesn’t seem benefi cial in the 
orthopedic setting (Carless et al.  2004 ). It is to be 
considered only in combination with other blood- 
sparing measures in selected patients undergoing 
spine surgery (Shander and Rijhwani  2004 ). 

 Intraoperative cell salvage is restricted to set-
tings concerning high risk of intraoperative 
bleeding. In arthroplasty, it may be considered 
for hip surgery in a subpopulation of patients in 
which an expected substantial blood loss cannot 
be prevented by different means. 

 The use of antifi brinolytic drugs (i.e., 
tranexamic acid) has been found to be effective 
in minimizing blood loss in lower limb arthro-
plasty, more remarkably in TKA, also proving 
cost- effectiveness (see Henry et al.  2011 ; Ker 
et al.  2013 ; Irisson et al.  2012 ). Concerns about 
its safety are not completely relieved: they would 
be not justifi ed for some authors (Henry et al. 
 2011 ; Sukeik et al.  2011 ), whereas Australian 
authors solicit a post-market surveillance pro-
gram (Bruce et al.  2013 ). Different schedules are 
used for administering tranexamic acid, taking 
into account its short half-life. In TKA, when a 
tourniquet is used, administration must precede 
its release, given the activation of fi brinolysis 
occurring thereafter. Tranexamic acid has also 
been used topically in TKA and THA, obtaining a 
signifi cant reduction of postoperative blood loss, 
without relevant complications (Wong et al.  2010 ; 
Ishida et al.  2011 ; Alshryda et al.  2013a ,  b ). 

 In TKA, topically applied blood components, 
such as fi brin sealants, have been shown to be 
safe and effective in reducing total blood loss and 
ABT rate (Liu et al.  2013 ). In addition, some 
authors (Everts et al.  2006 ), but not others 
(Diiorio et al.  2012 ), have also found platelet gel 
to be effective. As a consequence, defi nitive rec-
ommendations on topically applied blood com-
ponents cannot at present be drawn.  

1.4.3     Postoperative Management 

 In TKA, some 50 % of the total blood loss occurs 
during the postoperative period (Sehat et al.  2004 ). 
Therefore, drainage is a common practice, aimed to 

reduce the occurrence of wound hematomas and 
compression of vital structures, meanwhile permit-
ting the application of salvage/reinfusion systems. 
To date, two kinds of blood salvage systems are 
considered safe and effective, therefore widely 
used, including or not washing of blood cells. 
About the discussion on the features and safety 
profi les of the two systems, see Muñoz et al. ( 2011 ). 

 Recently, the real effi cacy of closed suction 
drainage has been questioned, emerging that it 
causes an increased need for allogeneic blood 
transfusion (Parker et al.  2007 ). Instead, the use 
of low-vacuum drains with salvage/reinfusion 
systems is associated with a reduced rate of ABT 
and LOS (Markar et al.  2012 ; Haien et al.  2013 ). 
On the other hand, the use of antifi brinolytic 
drugs appears to be as effective as reinfusion 
drains in lowering the risk of ABT (Sasanuma 
et al.  2011 ) and signifi cantly reduces the volume 
of shed blood, therefore rendering useless its col-
lection (Iwai et al.  2013 ; Oremus et al.  2014 ). 

 To date, randomized trials comparing low- 
vacuum drain/blood salvage versus no drain in 
TKA are still insuffi cient. One recent study with 
such a design shows that the “drain” group of 
patients presents a higher Hb level during a 3-day 
postoperative period, together with lower net 
blood loss (Horstmann et al.  2013 ). This study 
was not powered enough to detect signifi cant dif-
ferences in either ABT or complication rate. 

 It seems reasonable to argue that if postopera-
tive drains are to be used, especially on the basis 
of an expected high postoperative blood loss in 
diverse conditions, such as in hemophilic patients 
(Kang et al.  2014 ), application of a low-vacuum 
salvage/reinfusion system still represents the best 
option in order to prevent ABT need. Cost- 
effectiveness is debated, as Muñoz    et al. ( 2013 ) 
found that in TKA, postoperative blood salvage 
would also be cost-effective in most cases, that is, 
in patients presenting at surgery with Hb ≤15 g/
dl; instead, for patients presenting with Hb >13 g/
dl, any form of blood salvage would be useless 
and would increase costs, according to So-Osman 
et al. ( 2014b ). Indeed, it is to be considered that 
institutions in which postsurgery strategies gen-
erally do not include drainage would afford rele-
vant costs in case of sporadic use of postoperative 
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blood salvage, because of both cost of devices 
and skill maintenance. 

 The use of iron and ESAs has also been pro-
posed as immediate postoperative treatment 
aimed to accelerate early recovery from postop-
erative anemia. More trials are needed to draw 
any conclusion, but the use of one of two differ-
ent IV iron formulations on postoperative days of 
lower limb arthroplasty has been effective in 
reducing rate of transfusion, without incremental 
costs (Muñoz et al.  2014 ). 

 In conclusion, in this discussion we have 
focused on the philosophy of PBM and on the 
instruments that can be used when drawing PBM 
programs. Aware of diffi culties that may hamper 
their implementation, we solicit managers of 
public and private institutions to actively promote 
projects for implementation of benefi cial and 
cost-effective PBM pathways.       
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2.1             Introduction 

 Primary total knee arthroplasty (TKA) and even 
more revision knee arthroplasty are surgical pro-
cedures which can lead to a signifi cant amount of 
blood loss with the consequence of a high rate of 
blood transfusions if not properly addressed 
(Keating et al.  2002 ). 

 Total blood loss during arthroplasty consists 
of visible blood loss and hidden blood loss. 
Visible blood loss can be intraoperatively esti-
mated measuring the volume of blood from suc-
tion device bottles and weighting the sponges, 
while postoperatively it can be assessed quantify-
ing the drain output, although irrigation fl uids 
and exudates may infl uence the accuracy of the 
data (Kluba et al.  2012 ). Hidden blood loss repre-
sents 40 % of total blood loss and can be identi-
fi ed with Hb and HTC changes (total blood loss 
(TBL) = blood volume × [HTC pre − HTC post]) 
(Sehat et al.  2004 ). 

 Exposed bony surfaces or drill holes, surgical 
trauma to tissues and blood vessels as well 
as fi brinolysis, anticoagulant medication, and 
 coagulopathies or platelet dysfunction are all 
 factors that contribute to intraoperative bleeding 
(Moonen et al.  2006 ). The average drop in hemo-
globin (Hb) levels reported in the literature after 
TKA and total hip arthroplasty (THA) is approxi-
mately 4.0 ± 1.5 g/dL. While after revision TKA 
and THA the hemoglobin decrease is expected to 
be approximately 5–6 g/dL (Nuttall et al.  1996 ; 
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•     How should tourniquet and drains be 
managed? Is their use still justifi ed?  

•   How should surgeons stop bleeding 
from the bony surfaces?  

•   Which are the optimal dose and timing 
for tranexamic acid?  

•   Are hemostatic matrices and bipolar 
sealing devices cost-effective?  

•   What works and what does not in the 
immediate postoperative time to control 
bleeding?    
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Keating et al.  1998 ,  1999 ; Keating and Meding 
 2002 ; Keating and Ritter  2002 ). Blood loss up to 
1,500 mL and transfusion rates ranging from 7.5 
to 13 % have been observed (Pietsch et al.  2013 ; 
Sehat et al.  2000 ,  2004 ; Vundelinckx et al.  2013 ; 
Thienpont et al.  2014 ). 

 Bleeding can lead to clinical complications 
such as pain, swelling, delayed rehabilitation, 
stiffness, arthrofi brosis, oozing wounds, and 
increased infection risk as well as a greater like-
lihood for blood transfusion along with its 
related complications (Fig.  2.1 ) (Everts et al. 
 2007 ). In general, the threshold for anemia lead-
ing to a transfusion trigger is set at 8 g/dL, but of 
course clinical symptoms like cardiac symp-
toms, dyspnea, palpitations, and fatigue should 
be considered.

   Blood transfusion carries signifi cant risks of 
immunological reactions, intravascular hemoly-
sis, transmission of disease, renal failure, 
transfusion- induced coagulopathy, admission to 
intensive care, and even death (Cardone and 
Klein  2009 ; Kumar  2009 ; Lemaire  2008 ). A vari-
ety of blood-saving techniques including autolo-
gous blood transfusion, intraoperative 
blood-saving methods, hypotensive anesthesia, 
and the use of antifi brinolytic agents have been 
introduced to reduce allogenic blood transfusion 

in total knee arthroplasty (Cardone and Klein 
 2009 ; Sharrock and Salvati  1996 ; Flynn and 
Csenesitz  1979 ; Cowell  1937 ). 

 Autologous transfusion is not risk-free; autol-
ogous donors tend to be older and less healthy 
and as such have a greater likelihood to face 
 complications (Mcvay and Toy  1996 ; Yomtovian 
 1996 ). Autologous donation may also lead 
to postoperative decreased hemoglobin levels, 
resulting in transfusion in patients who might not 
have needed it had they not predonated, thus low-
ering their preoperative hemoglobin level (Cohen 
and Brecher  1995 ). 

 Preoperative risk factors for transfusion are 
advanced age, low preoperative Hb or RBC vol-
ume (anemia or small patient), female gender, 
renal insuffi ciency, preoperative administration 
of antiplatelet or antithrombotic drugs, revision 
surgery, and cardiac comorbidity. Preoperative 
anemia is frequently present in a TKA population 
(Jans et al.  2014 ) 

 By analyzing 31 independent variables in 644 
primary unilateral TKA, Noticewala et al. 
attempted to develop a predictive model (90 % 
sensitive and 52.5 % specifi c) to forecast the need 
for a postoperative allogenic blood transfusion. 
Their analysis showed especially that patient’s 
age, comorbidity leading to anemia, preoperative 

  Fig. 2.1    Example of 
diffused hematoma after 
total knee arthroplasty       
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Hb levels, and surgical time are statistically sig-
nifi cant predictors of postoperative blood trans-
fusion (Noticewala et al.  2012 ). 

 Postoperative vigor is correlated to the hema-
tocrit (HTC) level and plays an important role in 
rehabilitation and the quality of life after surgery 
(Keating  1999 ; Cleeland et al.  1999 ). Anemic 
patients who received an immediate postopera-
tive transfusion showed better outcomes, less 
complications, and a better sense of well-being 
after TKA than those who received a delayed 
transfusion (Lotke et al.  1999 ). 

 Several studies reported a greater likelihood to 
receive blood transfusion in patients undergoing 
surgery for rheumatic arthritis (RA) than in those 
for osteoarthritis; however, these fi ndings were 
supposedly related to lower preoperative hemo-
globin in patients diagnosed with RA and more-
over not statistically signifi cant (Bong et al.  2004 ; 
Prasad et al.  2007 ). 

 The aim of modern total knee surgery should 
therefore be to try to reduce postoperative trans-
fusion by a threefold strategy. Firstly, the patient 
condition should be optimized preoperatively to 
obtain the best possible Hb level before surgery; 
secondly, during the surgery, careful attention to 
potential bleeding by the surgeon should reduce 
the visible blood loss; and fi nally, an optimiza-
tion strategy of the postoperative care should 
reduce hidden blood loss to a minimum.  

2.2     Preoperative Optimization 
of Patients Undergoing Joint 
Arthroplasty 

 A baseline preoperative blood test should screen 
patients for their preoperative Hb and HTC lev-
els and their iron and vitamin levels. According 
to a recent study by Jans et al., about 13 % of 
patients undergoing fast-track joint replacement 
present preoperative anemia according to WHO 
criteria (Jans et al.  2014 ). The possible causes of 
anemia should be investigated and if possible 
treated before the surgery. Patients with an Hb 
<12 g/dL for women and Hb <13 g/dL for men 
should go through the anemia clinic for further 
checkup. 

 In the presence of anemia and low iron levels, 
gastrointestinal complaints should be screened 
and treated to eliminate potential neoplastic 
syndromes. 

 Patients who present macrocytic anemia 
should be screened for a defi ciency in vitamin B 
levels and possible comorbidity identifi ed and 
treated. 

 Patients with microcytic anemia should be 
screened for iron defi ciency. For those with mod-
erate iron defi ciency, chronic disease and infl am-
mation should be ruled out. Patients with mild 
iron depletion should have their renal function 
checked, and chronic kidney disease should be 
ruled out by consulting a nephrologist. Anemia 
by iron depletion can be treated with an erythro-
poietin (EPO) program combined with iron 
supplementation. 

 The dose of EPO should be related to the level 
of Hb and the time of potential treatment before 
the surgery. Four EPO injections should be con-
sidered for an Hb <10 g/dL and reduced by one 
injection by g/dL of Hb with only one injection 
for Hb levels of 13 g/dL. Of course iron therapy 
should be added with 300 mg/day or 500 mg/
week if IV (Rosencher et al.  2008 ).  

2.3     Perioperative Reduction 
of Blood Loss by 
the Surgeon 

2.3.1     Anesthetic Technique 

 The use of regional anesthesia in orthopedic sur-
gery has shown measurable reduction in blood 
loss compared with general anesthesia (Flordal 
and Neander  1991 ; Sculco and Ranawat  1975 ; 
Sharrock et al.  1993 ). This has been linked to the 
potential infl uences of the anesthetic drugs on the 
postoperative platelet function. The addition of a 
hypotensive regimen to the epidural anesthesia 
(HEA) has led to further decrease in blood loss, 
simultaneously improving a bloodless fi eld at the 
bony surfaces for better implant fi xation and 
leading to shorter surgical time (Sharrock et al. 
 1993 ; Davis et al.  1974 ; An et al.  1991 ; Mallory 
 1973 ; Nelson and Bowen  1986 ). Hypotensive 
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epidural anesthesia is one of the techniques used 
to reduce perioperative blood loss by achieving 
an epidural block at least as far as the T2 level 
and to establish a suffi ciently extensive and dense 
block of the cardio-acceleratory fi bers of the tho-
racic sympathetic chain (Moonen et al.  2006 ). 
Patients tolerate the use of HEA well without 
additional morbidity and with a decreased rate of 
postoperative deep venous thrombosis. An added 
benefi t has been the improved analgesia pro-
duced by using a patient-controlled system of 
postoperative pain medication through the 
indwelling epidural catheter, avoiding bleeding 
by pain-induced hypertension. 

 In a prospective, randomized clinical study, 
Eroglu et al. ( 2005 ) compared hypotensive epi-
dural anesthesia (HEA) with bupivacaine and 
hypotensive total intravenous anesthesia (HTIVA) 
with propofol and remifentanil on blood loss on 
40 patients (ASA scores I–III) undergoing pri-
mary hip arthroplasty. The study resulted in less 
intraoperative blood loss and a minor percentage 
of patients receiving blood and total packed red 
blood cells transfusions as well as a lower 
 intraoperative mean central venous pressure in 
patients receiving HEA. 

 A comparison between HEA and spinal anes-
thesia (SPA) by Niemi et al. ( 2000 ) on patients 
undergoing primary total hip arthroplasty docu-
mented a minor blood loss and a reduced num-
ber of transfused units of packed cells (UPC) in 
the HEA group, in which coagulation system 
was considered to be better preserved than in 
SPA group. 

 Sometimes it can be necessary to titrate 
 epinephrine intravenously to keep the blood 
 pressure at an acceptable level for tissue oxygen-
ation. Epinephrine-augmented hypotensive epi-
dural anesthesia is effective in avoiding the use of 
tourniquet in TKA without negative effects on 
perioperative hemoglobin values, as documented 
by Kiss et al. ( 2005 ). 

 Anesthesia and surgery itself may cause peri-
operative hypothermia. Mild perioperative hypo-
thermia increases the incidence of myocardial 
morbidity, reduces the resistance to surgical 
wound infection, causes coagulopathy resulting 

from platelet inhibition, and prolongs both 
 postanesthetic recovery and hospitalization. 
Postoperative blood loss has been shown to be 
signifi cantly greater in hypothermic patients 
(Schmied et al.  1995 ). It is therefore recom-
mended that patients be kept normothermic 
 during orthopedic surgery using warmed fl uids, 
heated blankets, and a warm airfl ow with infl at-
able devices on the body of the patient. New tech-
nologies like a double-heated blanket (HotDog ®  
Augustine Temperature Management, Eden 
Prairie, MN, USA, or EasyWarm ®  Mölnlycke 
Health Care AB, Göteborg, Sweden) can keep 
patients normothermic without needing a general 
raise of the room temperature or forced airfl ows 
in the room which may disrupt the laminar air-
fl ow (Fig.  2.2 ).

   Preoperative acute normovolemic hemodilu-
tion (ANH) can be considered appropriate for 

a

b

  Fig. 2.2    Examples of new technologies for patients’ nor-
mothermia are the double-heated blanket HotDog ®  
(Augustine Temperature Management, Eden Prairie, MN, 
USA) ( a ) or EasyWarm ®  (Mölnlycke Health Care AB, 
Göteborg, Sweden) ( b ), which can keep patients normo-
thermic without needing a general raise of the room tem-
perature or forced air fl ows in the room which may disrupt 
the laminar air fl ow       
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patients with high Hb levels undergoing poten-
tially high bleeding surgery, like complicated 
revisions. The predonation of 20 % of their total 
blood volume will make a few UPC available for 
after the procedure, and because the hemoglobin 
concentration of the blood is lower, it will lead to 
less valuable blood loss. This technique is espe-
cially indicated for patients with high-viscosity 
diseases that present increased risks of DVT after 
surgery (Juelsgaard et al.  2002 ).  

2.3.2     Pharmacologic Agents: 
Tranexamic Acid 

 To reduce tourniquet and surgery-induced fi bri-
nolysis and blood loss, drugs with antifi brinolytic 
properties such as tranexamic acid (TXA) can be 
used. TXA has been shown to inhibit fi brinolysis 

by competitively blocking the lysine-binding 
sites of plasminogen (Fig.  2.3 ). Tranexamic acid 
has been diffusely tested in orthopedic surgery 
and particularly after TKA (Dunn and Goa  1999 ; 
Engel et al.  2001 ; Eubanks  2010 ). In a review 
study, Wind et al. ( 2013 ) observed a statistically 
signifi cant decrease in blood transfusion in 
patients receiving TXA via IV infusion 
( p  = 0.001) and in topical application of TXA 
( p  = 0.019) compared to the control group. While 
both systematic and topical TXA reduced blood 
loss after TKA, the effect of either treatment is 
infl uenced by doses and timing of administration. 
Tanaka et al. ( 2001 ) compared two different 
single- dose regimens and a split-dose regimen 
(before and during surgery), fi nding the latter to 
be the more effi cacious even though the total 
amount of TXA used was the same. Maniar et al. 
( 2012 ) found a single-dose regimen to be least 

t–PA
t–PA

t–PAt–PA

Plasmin

Fibrin degradation
products

Fibrin degradation
products

Plasmin

Plasminogen Plasminogen

Fibrin

Fibrin

Fibrin

Lysin binding
site Tranexamic acid

  Fig. 2.3    Tranexamic acid (TXA) reduces surgery-induced fi brinolysis and blood loss thanks to antifi brinolytic 
 properties. TXA has been shown to inhibit fi brinolysis by competitively blocking the lysine-binding sites of 
plasminogen       
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effi cacious, while administering TXA before 
and during surgery was more effi cacious than 
during and after surgery. As for topical TXA 
administration, Wong et al. ( 2010 ) found that 
only a high concentration reduces transfusion 
rate whereas low concentration does not. After 
TKA, a second phase of fi brinolysis can be 
observed after 6 h (Fedi et al.  1999 ; Aglietti et al. 
 2000 ). It can therefore be important to use a sec-
ond dose of TXA before this new fi brinolytic epi-
sode starts (Maniar et al.  2012 ; Blanié et al. 
 2013 ). Regardless of the dose, timing, and route 
of administration, several studies reported no 
increase in the incidence of deep vein thrombosis 
(DVT) or pulmonary embolism (PE) (Wind et al. 
 2013 ; Kim et al.  2014 ).

2.3.3        Direct Hemostasis 

2.3.3.1     Mechanical Hemostasis 
 If a mechanical blockade exists that is stronger 
than the local blood pressure of the blood vessel, 
the result will be local hemostasis. Direct pres-
sure, clips, sutures, bandaging, and bone wax are 
all means of mechanical hemostasis. As for bone 
wax, hemostasis can be achieved using the classi-
cal Bone Wax ®  (Ethicon, Johnson & Johnson, 
Somerville, NJ, USA) or Ostene ®  (Baxter 
Healthcare Corporation, Fremont, CA, USA) 
which looks and feels like bone wax, is biocom-

patible, does not interfere with bone healing nor 
increases infection rates, and does not lead to 
infl ammation due to beeswax (Wellisz et al.  2008 ). 
These types of mechanical devices can be used to 
fi ll the drill holes around the femur and tibia and 
unresurfaced areas around the implants if present.  

2.3.3.2     Cauterization 
 Hemostasis can be achieved via thermal cautery 
like the classic bovey or monopolar/bipolar 
radiofrequency (RF) devices. Recently more 
advanced devices such as laser or vessel sealing 
devices have been used too. In a prospective, ran-
domized study, Plymale et al. ( 2012 ) investigated 
whether unipolar or bipolar hemostasis is more 
effective in reducing blood loss in TKA. The 
study showed no signifi cant difference in postop-
erative drain output, postoperative Hb levels, or 
hematocrit values nor transfusion requirements. 
A different result was found by Pfeiffer et al. who 
compared 20 TKAs treated with a bipolar device 
(Aquamantys, Medtronic, Minneapolis, MN, 
USA) versus 20 controls and found a signifi cant 
reduction in total blood loss from 1,130 to 
1,580 mL on average (Fig.  2.4 ) (Pfeiffer et al. 
 2005 ). Results in primary THA have been 
described by Zeh et al. ( 2010 ). In 105 cases, they 
were not able to fi nd signifi cant differences in 
total blood loss using a bipolar device. Cost- 
effectiveness has been judged by the paper of 
Falez et al. in 95 primary THAs randomly 

  Fig. 2.4    The bipolar device Aquamantys (Medtronic, 
Minneapolis, MN, USA)       
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assigned in 3 groups. A fi brin sealant outper-
formed the use of bipolar device and controls in 
term of blood loss savings (Falez et al.  2013 ). 
Authors calculated their costs of fi brin sealant 
ranging between 450 and 675 euros versus the 
bipolar device which costed 1,440 euros on aver-
age. Blood loss savings for the fi brin sealant 
group ranged from 235 to 642 mL and for the 
bipolar device group from 96 to 296 mL. Two 
studies from the same group on THA and TKA 
revisions in postinfected cases showed an effec-
tive reduction in blood loss using a bipolar device 
only for the hip cohort (Clement et al.  2012 ; 
Derman et al.  2013 ).

2.3.3.3        Chemical Hemostasis 
 Chemical hemostasis can be achieved with 
 vasoconstrictors (local infi ltration analgesia: 
 ropivacaine + adrenaline + clonidine) or with topi-
cal absorbable hemostats that can be thrombin 
based such as FloSeal (FloSeal ® , Baxter Healthcare 
Corporation, Fremont, CA, USA) (Fig.  2.5 ), (Kim 
et al.  2012 ; Heyse et al.  2014 ) or with fi brin seal-
ants such as Quixil (Omrix Biopharmaceuticals, 
Brussels, Belgium) (Levy et al.  1999 ) or fi brinogen 
sealants such as Evicel (J&J, Somerville, NJ, USA) 
(Skovgaard et al.  2013 ) (Fig.  2.6 ).

    The effect on blood loss for local infi ltration 
analgesia (LIA) using vasoconstrictors has not 
been extensively described in the literature on 
this analgesic regimen. A study from Hospital 
for Special Surgery comparing the effect on 
blood loss of LIA with adrenaline versus a fi brin 
sealant did not show a signifi cant difference on 
total blood loss between the two techniques 
thereby demonstrating a signifi cant effi cacy for 
LIA on bleeding control after TKA (Reinhardt 
et al.  2013 ). 

 Collagen-based products, such as gelatin 
sponges, gelatin matrices, and microfi brillar col-
lagen, stimulate the intrinsic pathway of the 
coagulation cascade. Plant-based compounds use 
cellulose to activate the intrinsic pathway hence 
facilitate hemostasis. 

 Thrombin converts fi brinogen into fi brin and 
is often used in combination with other topical 
agents. Platelet-rich plasma (PRP) sprays and 
fi brin sealants are topically applied hemostatic 
agents that have demonstrated benefi cial effects, 
including reducing blood loss (Thoms and 
Marwin  2009 ; Carless et al.  2003 ). 

 Diiorio et al. retrospectively reviewed 134 
patients who received an intraoperative applica-
tion of PRP during TKA and 139 patients who 

  Fig. 2.5    FloSeal ®  (Baxter 
Healthcare Corporation, 
Fremont, CA, USA), a 
topical, absorbable, 
thrombin-based hemostat       
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did not receive PRP (Diiorio et al.  2012 ). The 
blood loss up to 1,500 mL and transfusion rates 
ranging from 7.5 to 13 % have been observed. 
Differences in passive ROM (88° versus 88°), 
narcotic requirement (27 vs. 32 morphine equiva-
lent), and length of stay (2.4 vs. 2.6 days) were 
also similar. 

 Fibrin sealants achieve their local hemostatic 
effects by reproducing the last step of the coagu-
lation cascade thereby facilitating the formation 
of a stable fi brin clot and subsequent hemostasis 
(Albala and Lawson  2006 ). Everts et al. ( 2006 ) 
evaluated the effi cacy of autologous platelet gel 
and fi brin sealant in unilateral TKA. Study group 
patients presented a higher postoperative hemo-
globin level, a decreased need for allogenic blood 
transfusions, a shorter hospital stay, and a signifi -
cant less incidence in wound leakage and healing 
disturbances than control patients. 

 In a prospective, randomized study on patients 
undergoing TKA, Notarnicola et al. ( 2012 ) com-
pared two groups of patients treated with differ-
ent dosages of fi brin sealant (5 and 10 mL) and a 
control group. The two study groups achieved a 
lower decrease in the postoperative hemoglobin 
level as well as a lower need for blood transfu-
sion than the control group. Both 5 and 10 mL 
dosages led to a comparable outcome hence the 
hypothesis to reserve the higher dosage to 
patients at higher risk of bleeding in order to 
reduce costs. 

 Several studies reported a better functional 
recovery, a superior ROM, and fewer cases of 

arthrofi brosis in patients treated with fi brin seal-
ants during TKA (Everts et al.  2007 ; Notarnicola 
et al.  2012 ). 

 Kluba et al. ( 2012 ) found that the application 
of a low dose of fi brin sealant (2 mL) led to no 
statistically signifi cant difference between treated 
and control patients in the means of postoperative 
hemoglobin loss, hospital length of stay, or 
amount of blood transfusion while showing a sig-
nifi cant lower levels in postoperative fl uid loss in 
the treated group ( p  = 0.026). A recent prospec-
tive randomized study compared blood loss vol-
ume in 62 TKAs treated with Evicel ®  or not. 
They were not able to fi nd any difference between 
the two groups in terms of total blood loss and 
transfusion rate (Randelli et al.  2014 ). 

 Two recent meta-analysis concluded that the 
use of fi brin sealant in total knee arthroplasty was 
effective and safe, reduced hemoglobin decline, 
postoperative drainage volume, incidence of 
hematomas and need for blood transfusion, and 
did not increase the risk of complications. Due to 
the limited quality of the evidence currently 
available, more high-quality RCTs are required 
(Li et al.  2014 ; Liu et al.  2014 ).  

2.3.3.4     Good Surgical Practice 
 Good surgical practice is essential in order to 
reduce intraoperative bleeding. Surgical steps to 
keep in mind in order to reduce bleeding to a 
minimum in TKA are as follows: coagulate the 
medal genicular arteries during the approach, 
coagulate the femoral insertion of the PCL in 

  Fig. 2.6    Evicel (J&J, 
Somerville, NJ, USA), 
a fi brinogen sealant       
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 cruciate resection, and coagulate the lateral 
genicular artery at meniscal resection. Several 
studies showed that plugging the defect made by 
the femoral intramedullary rod in TKA with 
autologous bone or cement signifi cantly reduces 
total blood loss and transfusion rate (Ko et al. 
 2003 ; Kumar et al.  2000 ; Raut et al.  1993 ). The 
use of cement fi xation also reduces bony bleed-
ing in TKA (Christodoulou et al.  2004 ).  

2.3.3.5     Synovectomy 
 Surgical removal of the synovial layer during 
TKA inevitably exposes a multitude of vessels. 
Bleeding from the resected layer should be 
addressed by intraoperative diathermic coagula-
tion. A study by Zhaoning et al. randomized 187 
TKA patients into two groups, one of which 
underwent synovectomy. Total bleeding was 
higher in the synovectomy group compared with 
the control group. There were no signifi cant dif-
ferences in blood transfusion rate ( p  = 0.882), hos-
pital stay ( p  = 0.805), or range of movement of the 
knee ( p  = 0.413) between the two groups. These 
authors concluded that synovectomy conferred no 
clinical advantages in TKA while subjecting 
patients to higher levels of bleeding. The same 
conclusions were found by Kilicarslan et al. in a 
cohort of 50 patients undergoing bilateral simulta-
neous TKA in which one side only received the 
synovectomy. Mean blood loss in the study group 
(with synovectomy) was signifi cantly higher than 
the control, while pain relief and Knee Society 
Score did not differ between the two groups at 
follow-up (Kilicarslan et al.  2011 ).  

2.3.3.6    Avoidance of Opening 
the Femoral Canal 

 Controversial data exists about the blood preserva-
tion potential of not opening the femoral canal. 
Several studies showed that less blood loss was 
observed if navigation or patient-specifi c instru-
ments (PSI) were used (Pietsch et al.  2013 ; 
Vundelinckx et al.  2013 ; Thienpont et al.  2014 ). 
Other studies however could not confi rm those 
fi ndings (Ajwani et al.  2012 ; Mohanial et al.  2013 ; 
Baldini and Adravanti  2009 ; Thiengwittayaporn 
et al.  2009 ; Thienpont et al.  2014 ). The difference 
of these observations can probably be linked to 
differences in surgical technique. The use of a 

tourniquet and extramedullary tibial cutting guides 
or the effi cient sealing with cortical bone of the 
drill hole makes a statistical difference for the 
reduction of both visible and hidden blood losses 
(Thienpont et al.  2014 ).  

2.3.3.7     Tourniquet 
 Tourniquets are widely used in total knee arthro-
plasty in order to achieve a better visualization of 
the structures, reduced intraoperative bleeding, 
and a better cementation. However, there are 
complications associated with tourniquet use 
such as skin burns, soft tissue and muscle dam-
age, injury of calcifi ed vessels, increased swell-
ing and stiffness of the joint, nerve injury, and 
paralysis, as well as an ongoing debate concern-
ing tourniquet application and deep vein throm-
bosis (DVT) as TKA is followed by a 
hypercoagulative state (Aglietti et al.  2000 ; Irvine 
and Chan  1986 ; Abdel-Salam and Eyres  1995 ; 
Silver et al.  1986 ; Newman  1984 ; O’Leary et al. 
 1990 ; Din and Geddes  2004 ; Harvey et al.  1997 ). 

 A systematic review and meta-analysis of ran-
domized controlled trials, carried out by Alcelik 
et al. ( 2012 ), reported that the use of tourniquet 
during TKA does not signifi cantly reduce the 
duration of surgery nor reduces postoperative 
blood loss while reduces intraoperative bleeding, 
although there appears to be no correlation 
between blood loss and tourniquet time. 
Subsequentially total blood loss (intraopera-
tive + postoperative) is statistically reduced by 
the use of tourniquet ( p  < 0.001). Although it 
would appear that there is a better early fl exion in 
patients without tourniquet, no difference was 
shown in the long term. Deep vein thrombosis 
(DVT) and pulmonary embolism had not a sig-
nifi cantly different incidence in either non- 
tourniquet or tourniquet patients, although the 
latter group presented more minor complications 
(14.4 % vs. 5.6 %). 

 A recent meta-analysis evaluated the differ-
ences between tourniquet and non-tourniquet 
surgery on the following items: total measured 
blood loss, calculated blood loss, and intraopera-
tive and postoperative blood loss. The total and 
intraoperative blood loss was higher when non- 
tourniquet surgery was used maybe due to a 
 prolonged surgical time. On the other hand, 
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 calculated and postoperative blood loss data were 
in favor of non-tourniquet surgery. In conclusion 
the use of tourniquet does not seem to reduce the 
overall blood loss effectively (Tai et al.  2011 ). 
The limit of this analysis is that hidden blood loss 
was not considered. 

 The timing of tourniquet release is another 
controversial issue. According to some authors, 
the tourniquet release after the wound closure is 
associated with a lower blood loss (Ishii and 
Matsuda  2005 ). 

 A meta-analysis including 11 studies reports 
that early release of the tourniquet increased the 
total measured blood loss and blood loss as cal-
culated on the basis of the maximum decrease in 
hemoglobin concentration. On the other hand, 
the rate of reoperations due to postoperative com-
plications was higher when the tourniquet was 
released after wound closure. 

 According to the literature, it seems that there 
is no substantial advantage in using a tourniquet 
in TKA, but the common use may be justifi ed 
since it increases visualization of the surgical 
fi eld and reduces operation time (Smith and Hing 
 2010 ). 

 Christodoulou and associates (Christodoulou 
et al.  2004 ) estimated that intraoperative tourni-
quet release is related with a greater blood loss 
( p  < 0.001) and a longer operating time ( p  < 0.05) 

and demands more blood transfusions than post-
operative tourniquet release. 

 Rama et al. ( 2007 ) reported intraoperative 
tourniquet release to lead to a better hemostatic 
control of major bleeding events which may have 
closure can be associated with lower reoperation 
rate.  

2.3.3.8     Surgical Drains 
 The use of drainage and the eventual postopera-
tive blood collected reinfusion has been applied 
in TKA for the last decade (Fig.  2.7 ). Various 
methods of clamping have been reported in the 
literature, but no consensus has been achieved. It 
has been reported that drainage reduces postop-
erative hematoma formation (Martin et al.  2004 ), 
provides a better wound outcome in orthopedic 
surgery (Berman et al.  1990 ), and is associated 
with a lower postoperative pain, swelling, and 
incidence of infections (Kim et al.  1998 ). Some 
authors have estimated the volume of blood in the 
dressing by measuring the weight of the dressing, 
which was lower in the drainage group (Esler 
et al.  2003 ; Tao et al.  2006 ). It has been also 
shown that the use of drainage was associated 
with a smaller area of ecchymosis (Holt et al. 
 1997 ; Kim et al.  1998 ) and a smaller volume of 
hematoma measured through musculoskeletal 
ultrasound (Omonbude et al.  2010 ).

  Fig. 2.7    Example of a 
reinfusion drain with very 
limited blood collection 
due to the application of 
multimodal strategies for 
bleeding control after TKA       
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   Concerning infection occurrence, a recent 
meta-analysis showed a lower incidence of infec-
tion in the drainage group (0.5 % versus 1.2 % in 
the non-drainage group), but pooled data demon-
strated no signifi cant difference (Zhang et al. 
 2011 ). 

 Since drainage use reduces postoperative knee 
swelling, it has been postulated that it may reduce 
the risk of thromboembolism, but several studies 
comparing the incidence of DVT between the 
drainage and non-drainage groups found no sig-
nifi cant difference (Holt et al.  1997 ; Adalberth 
et al.  1998 ; Mengal et al.  2001 )). According to 
more recent studies (Parker et al.  2004 ; Jones 
et al.  2007 ), using a drain seems not only to have 
no benefi ts but also to increase blood loss, result-
ing in a more severe drop of hemoglobin (Tai 
et al.  2010 ), a higher need of blood transfusion 
(Cao et al.  2009 ), with a consequent longer hos-
pitalization both for a delayed rehabilitation pro-
gram (due to the longer drainage permanence in 
the knee) and the bleeding complications. No 
consensus has been achieved to date on the use of 
temporary or no clamping drainage. Some 
authors assessed that temporarily clamping the 
drainage tube can create a tamponade effect 
(Shen et al.  2005 ), but a recent meta-analysis 
showed no differences between the 2 drainage 
strategies on wound-related complications and 
the occurrence of DVT. Despite this, a trend of a 
smaller number of patients requiring transfusions 
was observed when using the temporary clamp-
ing drainage (Huang et al.  2012 ). The authors 
concluded that an ideal drainage strategy would 
maintain the balance between a tamponade effect 
and wound complications. 

 As most of the blood loss occurs during the 
fi rst postoperative hours (37 % in 2 h and 55 % in 
4 h) (Jou and Yang  1993 ), the temporary clamp-
ing strategy should provide an initial tamponade 
effect after surgery reducing the amount of blood 
loss while delayed unclamping should limit 
hematoma formation. Some studies demonstrate 
that the use of clamping for 4 h or more is associ-
ated with a smaller need of transfusion per person 
(Stucinskas et al.  2009 ; Pornrattanamaneewong 
et al.  2012 ). These data are in contrast with 
another study in which no difference in total 

blood loss and range of motion (ROM) was 
observed between intermittent clamping with 
intra-articular epinephrine through the drain tube 
and no clamping drainage; however, intermittent 
clamping was associated with a higher rate of 
oozing wounds (Jung et al.  2013 ). 

 Another issue that has been raised is the length 
of time that the drainage should be maintained 
(Table  2.1 ). In a retrospective study, three differ-
ent population of patients have been examined: 
one undergoing conventional TKA, one mini-
mally invasive technique, and another group uni-
compartmental knee arthroplasty. The persistence 
of bleeding was signifi cantly longer in the fi rst 
group where the mean was 16 h versus 14.2 h and 
14.8 h, respectively. For that reason, the authors 
suggest that the ideal timing of drain removal is 
about 17 h after surgery. Besides this they found 
that a higher number of drains, especially when 
superfi cial, were related to a higher risk of con-
tinuous bleeding.

   The blood salvage system and reinfusion does 
not prevent bleeding, but it acts when the damage 
has already been done. The blood is suctioned 
intraoperatively and can be transfused as whole 
blood or, once fi ltered, as a concentrate of red 
blood cells; only about 60 % of red blood cells 
can be collected and reinfused. 

 According to a survey analysis on 434 mem-
bers of the American Association of Hip and 
Knee Surgeons, 62 % always used a postopera-
tive drain in TKA, 24 % reported not draining the 
knee, 8 % rarely used, and 4 % occasionally used; 
about half of respondents used drains with rein-
fusion potential (Lee et al.  2005 ). 

 Data on the effi cacy have been recently 
reported on a meta-analysis including 6 RCT: the 
number of patients requiring at least one unit of 

   Table 2.1    Literature data on percentage per time of vol-
ume drained after TKA   

 Author  Volume drained  Time drain maintained 

 Leeman ( 2006 )  78 % in 6 h  24 h 
 Senthil ( 2005 )  84 % in 12 h  24 h 

 94 % in 24 h  48 h 
 Zamora-Navas 
et al. ( 1999 ) 

 87 % in 12 h  24 h 
 91 % in 12 h, 
97 % in 24 h 

 48 h 
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ABT and the overall red cell units of ABT were 
lower when blood salvage was applied. Despite 
the fact that drain reinfusion is a reparative 
method, less blood loss was detected in reinfused 
patients as if blood loss can be reduced by pre-
venting the use of banked blood. For that reason, 
the authors suggest to limit the use of ABT only 
when patients need and symptoms require it 
(Haien et al.  2013 ). 

 Although all these data encourage the use of 
drain reinfusion, the limit of this procedure in 
TKA is that it requires a signifi cant blood loss to 
obtain enough product to reinfuse.    

2.4     Optimization 
of the Reduction 
of Postoperative Blood Loss 

2.4.1     Limb Positioning 

 Hip and knee fl exion during surgery is an effi ca-
cious temporary method to reduce bleeding as it 
decreases venous bleeding due to the elevated 
limb position, and it increases the intra-articular 
pressure due to the knee fl exion (Fig.  2.8 ).

   In a study by Li et al., 110 patients undergoing 
TKA were randomized in 2 groups. Both groups 
had a 30° hip fl exion for the fi rst 72 h after 
 surgery, but patients in the experimental group 
maintained also a 30° knee fl exion and the con-
trol group maintained knee extension. The results 
showed that blood loss, swelling, and hematoma 
were signifi cantly lower in the experimental 
group. Active ROM after 3 and 7 days and the 
number of patients who managed straight leg 
raises after 1 and 3 days were signifi cantly higher 
in the experimental group. The authors concluded 
that postoperative knee fl exion was associated 
with a lower blood loss and a better functional 
recovery without the risk of residual fl exion con-
tracture (Li et al.  2012 ). 

 Ong and Taylor found that knee fl exion and 
knee elevation in extension reduced hemoglobin 
loss by 25 %. Compromise to tissue oxygenation 
has been reported with prolonged knee fl exion. 
The author recommended elevation of the leg at 
35° from the hip with the knee extended (Ong 
and Taylor  2003 ). 

 In a randomized controlled trial (RCT) of 420 
TKAs, patients were randomized to one of three 
postoperative knee positions: fl exion for 3 or 6 h 
postoperatively or knee extension. Positioning of 
the knee in fl exion for 6 h immediately after sur-
gery signifi cantly reduced blood loss ( p  = 0.002). 
These authors reported an incidence of 4.7 % of 
lower limb sensory neuropathy at their 3-month 
review when fl exion was prolonged more than 
6 h (Napier et al.  2014 ).  

2.4.2     Compression Bandaging 

 The modifi ed Robert Jones dressing (MRJD) is a 
splint bandage consisting of many layers of soft 
material wrapped around a joint or extremity 
covered by an elastic layer with more tension 
distally than proximally in an effort to promote 
venous drainage (Fig.  2.9 ). This dressing was 
proposed to limit edema of the extremity, effu-
sions, and hemarthrosis. However, a recent ran-
domized controlled trial (RCT) comparing 
MRJD and a conventional wound dressing did 
not show any differences in total mean drainage, 
hematocrit, and transfusion rates between the 
two groups (Pinsornsak and Chumchuen  2013 ). 
The limits of this study were fi rst that the hidden 
blood loss was not evaluated, the pressure 
under the bandage in each patient with the 

  Fig. 2.8    The elevated limb decreases venous bleeding 
and knee fl exion increases intra-articular pressure; for this 
reason, hip and knee fl exion during surgery is an effective 
temporary method to reduce bleeding. This particular 
limb position should be maintained for a period of time 
inferior to 4–5 h       
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MRJB  dressing was not measured, so the pres-
sures underneath might have been different with 
each application. A previous study comparing 
the advantage of the MRJD with the elastic sup-
port bandage (Hughes et al.  1995 ) found no dif-
ferences in pain (VAS), ROM, and analgesic 
need from the initial period to 3 weeks postop-
erative. However, the authors reported an elastic 
support bandage made the patients feel more 
comfortable than the MRJD during the fi rst week 
in the early post injury period.

2.4.3       Adequate Pain Control 

 When postoperative pain is not properly 
 controlled, the alert status of the patient may 
 translate to higher blood pressure peaks. 
This  cardiocirculatory postoperative status of the 
patient with a painful postoperative experience 

may elicit bleeding from vessels which are 
opened during the surgical procedure and not 
completely coagulated thereafter. 

 At this regard, Guay evaluated the effect of 
pain on perioperative blood loss in patients 
undergoing primary total knee replacement. Data 
from 60 patients undergoing TKA were prospec-
tively collected (Guay  2006 ). They found a sig-
nifi cant positive correlation between measured 
blood loss and morphine consumption from 12 to 
18 h ( p  = 0.006) and between calculated blood 
loss and preoperative mean arterial blood pres-
sure ( p  = 0.01) and preoperative hemoglobin 
value ( p  = 0.02)  

2.4.4     Cryotherapy 

 Cryotherapy has for centuries been considered 
to help in the reduction of pain, swelling, and 
blood loss after surgery, but despite some early 
gains, it yields no apparent lasting benefi ts. A 
recent systematic review and meta-analysis 
including 11 prospective RCT showed that 
cryotherapy has small benefi ts on blood loss and 
early ROM recovery; no benefi ts have been seen 
in transfusion requirements, pain, analgesia use, 
swelling, and length of stay. However, cryother-
apy seems to be benefi cial in pain control when 
regularly exchanged, and when added to a com-
pressive dressing, it had additive range of 
motion benefi ts to compression alone (Adie 
et al.  2010 ). This leads to a recent randomized 
trial where ice packs were compared with con-
tinuous controlled temperature cryotherapy 
(Waegener, Beerse, Belgium). In this study, no 
benefi ts for advanced cryotherapy could be 
noted whilst a lower range of fl exion was 
observed in the advanced cryotherapy group due 
to the many treatment hours spent lying down 
with the leg in extension during the treatment 
periods. The effect of cryotherapy is limited to 
the local anesthetic effect of the nerve endings 
in the skin which determines a subjective better 
feeling to patients, however, without any more 
important effect on the healing of postsurgical 
patients (Thienpont et al.  2014 ). 

 Cryopneumatic devices seem to offer 
additional benefi t to cryotherapy alone. In a 

  Fig. 2.9    The modifi ed Robert-Jones dressing (MRJD) is 
a splint bandage consisting of many layers of soft material 
wrapped around a joint or extremity covered by an elastic 
layer with more tension distally than proximally in an 
effort to promote venous drainage. This dressing was pro-
posed to limit edema of the extremity, effusions and 
hemarthroses       

 

2 How to Reduce Blood Transfusion to a Minimum in Total Knee Arthroplasty



32

 multicenter study, 280 patients were randomized 
for a postoperative treatment either with a cryo-
pneumatic device (Game Ready ® , CoolSystems 
Inc., Concord, CA) or classic ice packings 
(Fig.  2.10 ). Both treatments were initiated within 
3 h postoperation and used at least four times per 
day for 2 weeks. There was a signifi cant differ-
ence in the satisfaction scores of patients with 
their cooling regimen, with greater satisfaction in 
the treatment group ( p  < 0.0001). Narcotics con-
sumption in the fi rst 2 weeks was signifi cantly 
lower in the study group (Su et al.  2012 ).

2.5          Prospective Randomized 
Study Performed at IFCA 
Clinic, Florence, Italy 

2.5.1     Aim of the Study 

 This prospective randomized study was aimed to 
compare blood loss in three groups of patients. 
Ninety consecutive patients treated with TKA for 
osteoarthritis were randomized in the following 
groups:
    1.    Multimodal protocol (MM)   
   2.    Multimodal protocol + hemostatic matrix 

(MM + HM)   
   3.    Drain reinfusion only (controls)     

 The primary endpoints was the estimated 
blood loss volume. 

 Secondary endpoints were the drainage effu-
sion (mL), blood transfusion rate, intraoperative 

bleeding, the need of synovectomy, ROM, and 
VAS at day 2 and discharge. 

 The following adverse events were collected: 
hematoma, hemarthrosis, the need for a lower 
dose of LMWH, and slow functional recovery.   

2.6     Materials and Methods 

 From May 2013 to February 2014, all patients 
undergoing posterior stabilized cemented TKA 
in our institution for knee osteoarthritis were 
selected to take part in this prospective ran-
domized study. Exclusion criteria were as fol-
lows: patients previously treated with LMWH 
(low-molecular- weight heparin) or oral antico-
agulants and patients not tolerating LMWH or 
needing a different anticoagulant treatment for 
comorbidity, coagulopathies, all diagnosis other 
than primary osteoarthritis, and preoperative or 
intraoperative decision to perform the procedure 
without tourniquet. In our earlier patient treated 
with a standard protocol (drainage reinfusion 
only), the average postoperative blood loss over 
5 days was approximately 2,000 ± 600 mL. We 
considered a reduction of this loss to approxi-
mately 1,500 ± 600 mL as clinically important. 
If any of the treatment groups caused such a 
reduction, the study should have a power of 
80 % to detect it at a signifi cance level of 5 %. 
Using these inputs, the STATA 10.0 software 
(StataCorp, College Station, TX, USA) found a 
sample size of 20 per group would be needed. 
In order to add statistical power, we decided to 
enroll 30 patients per group. Ninety consecutive 
patients were randomly assigned to three groups 
with a 1:1:1 ratio using closed envelopes. 

 In all patients, epidural anesthesia was used. 
Pneumatic tourniquet was infl ated before  incision 
(at a pressure ranging from 250 to 300 mmHg) 
and released just before wound closure. A less 
invasive surgical approach was used in every case 
with limited parapatellar incision without evert-
ing the patella. 

 The drainage was applied before wound clo-
sure and maintained for about 24 h. Robert Jones 
dressing and classic ice-packing cryotherapy 
were maintained for the fi rst 24 h. 

  Fig. 2.10    A cryopneumatic device (Game Ready®, 
CoolSystems Inc., Concord, CA) provides joint compres-
sion while the cooling system is in action       
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 The two experimental groups (group MM and 
MM + HM) have been treated with the same mul-
timodal procedure including:
•    IV  tranexamic acid  ( TA : 10 mg/kg), 10 min 

before the tourniquet release and another 
identical dose 3 h after surgery.  

•    Adrenaline  ( 1 / 3 vial )  and ropivacaine  
(300 mg) intra-articular before wound closure  

•    Postoperative 70 °  hip and knee fl exion for 3 h     
 Group 2 (MM + HM) had an additional treat-

ment with a thrombin-based hemostatic matrix 
(FloSeal ® , Baxter Healthcare Corporation, 
Fremont, CA, USA). After tourniquet defl ation, 
5 mL of FloSeal was applied in the suprapatellar 
area, in the medial and lateral patellofemoral 

 gutters, and in every visible bleeding site. Group 
2 received also a collagen topical hemostatic 
matrix (GentaFleece Baxter Healthcare 
Corporation, Fremont, CA, USA), which was 
inserted in the posterior recess between the 
implant and the posterior capsule. 

 The preoperative demographic data of the 
patients in the three groups are summarized in 
Table  2.2 .

   Drainage was removed about 24 h after sur-
gery. On day 1, patients were helped by a physio-
therapist to sit on the bedside; on day 2, they 
started passive motion and walked assisted. They 
were discharged 5–7 days after surgery. The 
blood hemoglobin concentration was determined 
 preoperatively and on days 1, 2, 3, and 5 after 
surgery for all patients and on day 4 where 
indicated. 

 Blood transfusions were given to patients 
whose hemoglobin was less than 8.5 g/dL or less 
that 10 g/dL in case of symptomatic anemia. All 
patients consented to transfusion when required. 

 DVT prophylaxis protocol with LMWH was 
started the day before surgery (and maintained 
for 5 weeks after surgery); patients started ankle 
and foot movement exercises as soon as the anes-
thesia effect wore off; compressive stockings 
were prescribed to all patients from day 2 after 
surgery as soon as they were made to stand and 
started walking with crutches. 

 The total blood loss was evaluated through the 
following formula:

   Table 2.2    Preoperative characteristics of the three 
groups of patients   

 MM  MM + HM  Controls   p  value 

 Age a   69 ± 9.71  73.28 ± 7.35  69.90 ± 10.51  0.90 
 Sex 

 Males  12  13  7  0.71 
 Females  18  17  13 

 Basal Hb 
levels a  

 13.5 ± 1.73  14.01 ± 1.03  14.84 ± 1.54  0.65 

 Basal 
HCT a  

 41.6 ± 2.33  42.17 ± 2.54  42.08 ± 2.03  0.70 

   MM  multimodal protocol,  MM + HM  multimodal proto-
col + hemostatic matrix,  Controls . The three groups have 
been compared using chi-square test for sex and ANOVA 
for the others: no signifi cant differences between the three 
groups were observed 
  a Age and basal levels of Hb and hct are expressed as 
mean ± SD  

  
Estimated blood loss EBV weight kg average blood volume( ) = ( )´   

  
Allowable blood loss ABL

EBV Hi Hf

Hi
( ) =

´ -( )éë ùû
  

  Intraoperative bleeding was quantifi ed by the 
surgeon as follows:
•    Grade I (+−−): below average, controllable by 

limited cauterization  
•   Grade II (++−): average bleeding, controllable 

by careful cauterization  
•   Grade III (+++): more than average, diffi cult 

to be completely controllable by cauterization    

2.6.1     Statistical Analysis 

 Primary and secondary endpoints were analyzed 
using one-way ANOVA with STATA 10.0 soft-
ware (StataCorp, College Station, TX, USA). If a 
signifi cant difference among the groups was 
found, pairwise differences between groups were 
examined by Scheffe’s test. The signifi cance level 
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used for all tests was  p  < 0.05. Multiple regression 
was used to investigate a possible association 
between total blood loss and intraoperative data 
(synovectomy and intraoperative bleeding).   

2.7     Results 

 Total blood loss was signifi cantly lower in the 
experimental groups than in the control group. 
During the study, we found an unacceptable rate 
of bleedings in the controls (group 3) compared 
to the other groups. For this ethical reason, we 
decided to stop the control group when the num-
ber of 20 enrolled patients had been reached. The 
two experimental groups enrolled 30 patients 
each for a total of 80 patients in the entire study 
cohort. 

 Using Scheffe’s test the total blood loss was 
comparable in the two experimental groups 
(Table  2.3 ). Similar results were found for the 
drainage effusion. ROM and VAS at day 2 and 
discharge were comparable in the three groups 
(Table  2.4 ).

    Intraoperative data are reported in Table  2.5 . 
The occurrence of synovectomy was higher in the 
DR and MM + HM groups. Only two patients in the 
control group had a severe intraoperative bleeding 
requiring protocol violation: in these two patients, 
a rescue with TA was given postoperatively.

   No serious side effects were observed in the 
protocol. As previously reported, in two patients 
of the control group, TA was administered 
because of a severe intraoperative bleeding. No 
complications were observed in the follow-up of 
these two patients. LMWH dose reduction and 
compressive bandage were successfully applied 
in two patients of the control group for a mild- 
moderate hemarthrosis. 

 Transfusion rate was higher in the control 
group: four patients received ABT (20 %), one 
of them received 2 units of concentrated red 
blood cells (trigger Hb = 7.4 g/dL), and two 
patients in MM group (6.6 %) and three 
patients in the MM + HM group (10 %) received 
1 unit of red blood cells each. Using chi-square 
test, a trend toward a statistical signifi cance 
was found between the three groups ( p  = 0.075) 
but maybe because of the limited number of 
cases or because of the predominant male pop-
ulation starting with a higher Hb level, the pro-
portion of patients requiring ABT did not 
signifi cantly differ among the three groups. 
Fisher exact test was used to compare the pro-
portion of patients requiring ABT between 
control and the two experimental groups which 
was signifi cantly higher than the fi rst one 
( p  = 0.016, OR 3.22) indicating that patients 
treated only with DR are at the higher risk 
of ATB. 

   Table 2.3    Primary endpoints   

 Variable  Controls  MM  MM + HM   p  value 

  EBV day 1  ( in mL )  1,377.5 ± 388.57  1,068 ± 383.5  1,042.5 ± 234  0.0027 
 MM  0.015 
 MM + HM  0.007  0.96 
  EBV day 2  ( in mL )  1,812.5 ± 915.3  1,238 ± 739.2  1,254 ± 323.5  0.0021 
 MM  0.043 
 MM + HM  0.002  0.71 
  EBV day 3  ( in mL )  1,963.5 ± 572  1,347 ± 435.5  1,453.5 ± 431  0.0026 
 MM  0.025 
 MM + HM  0.006  0.86 
  EBV day 5  ( in mL )  1,876.5 ± 612  1,567 ± 864.3  1,441 ± 368  0.024 
 MM  0.065 
 MM + HM  0.056  0.97 

  Blood loss (mL) at days 1, 2, 3, and 5 is reported as mean ± SD;  p  value comparing the difference between the three 
groups and groups’ subanalysis is also reported  
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 Looking at the intraoperative data, a possible 
association between synovectomy, intraoperative 
bleeding, and blood loss has been investigated 
through multiple regression using a stepwise 
selection. The maximum blood loss for each 
patient was taken into consideration, indepen-
dently from which postoperative day (nadir). No 
relation was detected between synovectomy and 
total blood loss ( R  2  = 0.046,  p  = 0.24). 

 The relation between functional ability and 
total blood loss was also evaluated through lin-
ear regression, taking in consideration the maxi-
mum knee fl exion at day 2 and discharge. While 
at day 2, there is a positive, but limited, associa-
tion between the two items ( R  2  = 0.081, 
 p  = 0.023), this positive trend is lost during hos-
pitalization since at discharge no association has 
been found.  

2.8     Discussion 

 According to our data, a multimodal protocol is 
effective in bleeding control independently from 
the association of a topic HM. As a matter of fact, 
no statistically signifi cant differences have been 
detected between the two treatment groups in 
terms of total blood loss and drainage effusion. 
However, the limit of this study is still the small 
population due to the strict exclusion criteria that 
have more than halved the number of potentially 
enrollable patients. Despite the comparable 
results in the two experimental groups, a potential 
use of HM may be cost-effective in patients at 
high risk of bleeding, especially patients with 
coagulopathies or previously exposed to oral anti-
coagulants or LMWH, or in revision procedures 
in which this device may foster hemostasis locally. 

 The effect of synovectomy has been recently 
reported in an RCT on 50 patients undergoing 
bilateral TKA within the same procedure; syno-
vectomy was done in one randomly assigned 
knee and was associated with higher blood loss 
and hemarthrosis occurrence; no association with 
pain and functional rehabilitation was observed 
(Kilicarslan et al.  2011 ). These data are in con-
trast with our results in which no relation between 

   Table 2.4    Secondary endpoints   

 Variable  Controls  MM  MM + HM   p value  

  Drainage  ( in mL )  749.5 ± 221  260.5 ± 91.5  175 ± 110.5  0.0001 
 MM  0.0001 
 MM + HM  0.0001  0.173 
  VAS day 2  ( 0 – 10 )  2.5 ± 2  1.9 ± 1  1 ± 0.75  0.42 
 MM  0.81 
 MM + HM  0.43  0.81 
  VAS discharge  ( 0 – 10 )  2.5 ± 2  0.8 ± 0.6  0.7 ± 0.3  0.58 
 MM  0.96 
 MM + HM  0.61  0.75 
  ROM day 2   65 ± 14.5  77 ± 16.5  86 ± 12.2  0.61 
 MM  0.57 
 MM + HM  0.53  0.64 
  ROM discharge   67 ± 14.1  93 ± 15.4  89 ± 12.3  0.64 
 MM  0.51 
 MM + HM  0.43  0.69 

  Drainage effusion is reported in mL 
  ROM  only the maximum fl exion has been considered for statistical analysis  

   Table 2.5    Intraoperative data concerning rate of syno-
vectomy and classifi cation of visual bleeding score by 
surgical team   

 DR  MM  MM + HM 

 Synovectomy  8/20  11/30  12/30 
 Bleeding + −−/3  8/20  17/30  16/30 
 Bleeding ++−/3  10/20  13/30  14/30 
 Bleeding +++/3  2/20  0/30  0/30 
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synovectomy and EBV has been detected. 
However, our data are infl uenced by the different 
treatments as TA and HM. 

 The effect of the different regimens of treat-
ment was very limited on functional recovery 
evaluated through ROM: a mild effect during the 
follow-up at the hospital. At discharge all patients 
had a satisfactory functional recovery, and almost 
all of them reached a ROM 0–90; in only one 
patient of the control group, ROM was limited to 
0–60, and she was successfully treated with fem-
oral nerve block 1 day before discharge. 

 Looking at the safety, it is evident that patients 
treated only with reinfusion drains had a higher 
blood loss since surgery (two patients were res-
cued with TA for that reason). According to our 
analysis, the risk of requiring ATB is more than 
three times more than patients treated with multi-
modal protocol independently from the associa-
tion of HM. For that reason, it should be strongly 
recommended not to use DR alone in TKA so far. 
MM protocol is a simple, cheap, safe, and effi ca-
cious method for bleeding control in primary 
TKA. The association with HM seems not to 
infl uence blood loss; for that reason, HM should 
not be used in the routine practice of TKA; fur-
ther studies on patients at high risks of bleeding, 
both for comorbidities and concomitant 
 medications and for type of surgery, are neces-
sary to evaluate their role in bleeding control 
when more hemostasis is required. 
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3.1             Introduction 

 Percutaneous coronary intervention (PCI) in 
patients with coronary artery disease is increas-
ing worldwide. Every year more than one million 
PCIs are performed in the United States and 
Europe (Roger et al.  2011 ; Moschovitis et al. 
 2010 ). In more than 85 % of cases, a coronary 

stent is implanted (Savonitto et al.  2011 ), and 
prolonged antiplatelet therapy is mandatory after 
stent implantation. International guidelines rec-
ommend dual antiplatelet therapy (DAPT) for at 
least 4 weeks after bare metal stent (BMS) and 
6–12 weeks after drug-eluting stent (DES) 
implantation (Task Force on Myocardial 
Revascularization of the ESC  2010 ). Premature 
withdrawal of antiplatelet therapy is associated 
with a signifi cantly higher risk of cardiac isch-
emic events, due to stent thrombosis (ST). This is 
a rare but life-threatening complication, which 
occurs most of the time as acute myocardial 
infarction with a mortality of 10–40 %. Stent 
thrombosis is up to 90 times higher after prema-
ture discontinuation of DAPT (Iakovou et al. 
 2005 ). The prevalence and causes of premature 
discontinuation of DAPT after DES implantation 
have been assessed in previous studies, showing 
that premature discontinuation was not a rare 
event (more than one patient out of ten). The 
most common causes of discontinuation were 
surgery and bleeding events and were often asso-
ciated with a poor prognosis (Rossini et al.  2011 ; 
Ferreira-González et al.  2010 ). 

 Aspirin can signifi cantly reduce the risk of 
cardio-cerebrovascular events in secondary pre-
vention (Antithrombotic Trialists’ Collaboration 
 2002 ). Its abrupt discontinuation can be associ-
ated with a rebound effect (Biondi-Zoccai et al. 
 2006 ). Of note, surgical interventions increase 
per se coagulation (Priebe  2004 ). Previous  studies 
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 Open Questions 

•     When is it safe to undergo an arthro-
plasty procedure after cardiac stenting?  

•   How much is postoperative bleeding 
risk increased without discontinuation 
of antiplatelet therapy?  

•   Which is the optimal antiplatelet regi-
men in patients with stents undergoing 
an arthroplasty procedure?  

•   In case of perioperative suspension of 
antiplatelet therapy, which is the right 
“bridging” therapy to do?    
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demonstrated that perioperative discontinua-
tion of aspirin therapy is associated with a sig-
nifi cant increase of major adverse cardiac events 
(MACEs) (Biondi-Zoccai et al.  2006 ; Oscarsson 
et al.  2010 ). Also in coronary artery by-pass 
grafting (CABG), the maintenance of aspirin in 
the perioperative phase is associated with a sig-
nifi cant reduction of mortality (Mangano  2002 ; 
Topol  2002 ). 

 Data on the effect of the association of aspirin 
and clopidogrel is lacking and derives mostly 
from post hoc analyses of randomized trials and 
from registries (Yusuf et al.  2001 ; Firanescu 
et al.  2009 ). 

 The incidence of perioperative MACE is high 
especially if surgery is performed early after cor-
onary stenting (Berger et al.  2010 ). 

 The increase of MACE might be, in part, due 
to the perioperative discontinuation of antiplate-
let therapy (Albaladejo et al.  2011 ; Schouten 
et al.  2007 ; Artang and Dieter  2007 ). In Shouten’s 
series, the overall population experienced 2.6 % 
of MACE, which rose up to 13.3 % in patients 
undergoing early surgery (Artang and Dieter 
 2007 ). However, data on the protective effect of 
perioperative antiplatelet therapy are not 
 consistent in previous studies (Anwaruddin et al. 
 2009 ; van Kuijk et al.  2009 ). These (apparently) 
discordant data might be explained by a patients’ 
selection bias: antiplatelet therapy maintenance 
might identify a population at high risk for 
MACE, which seems likely the results of com-
plex unidentifi ed interactions between clinical 
and surgical risk factors. Previous studies dem-
onstrated that the risk of perioperative MACE is 
higher within the fi rst months after stent implan-
tation (Cruden et al.  2010 ), even though data are 
not consistent (Rabbitts et al.  2008 ). In a recent 
study by Wijeysundera and colleagues 
(Wijeysundera et al.  2012 ), the overall rate of 
30-day events was 2.1 %. It demonstrated that 
elective noncardiac surgery could be performed 
reasonably safely in carefully selected patients 
once at least 6 months have elapsed since DES 
implantation and from 46 to 180 days after BMS 
implantation. 

 It is well known that antiplatelet therapy con-
fers an increased risk of bleeding (Antithrombotic 

Trialists’ Collaboration  2002 ; Yusuf et al.  2001 ). 
Conversely, the association between antiplatelet 
agents and perioperative bleeding risk has not 
been adequately addressed. The vast majority of 
the available data derives from registries or 
observational studies, which do not have suffi -
cient statistical power. 

 A meta-analysis on low-dose aspirin on peri-
operative bleeding complications demonstrated 
that aspirin increased the frequency of bleeding 
complications by approximately 50 % (Burger 
et al.  2005 ). However, the defi nition used in the 
included studies was extremely heterogeneous 
and often did not use a standard defi nition. 
Moreover, when surgeons were blinded regard-
ing aspirin application, they could not differenti-
ate patients on aspirin from patients off aspirin 
just from bleeding behavior (Lindblad et al. 
 1993 ). The authors concluded that with the pos-
sible exception of intracranial neurosurgery and 
transurethral prostatectomy, where bleeding- 
related fatalities after aspirin ingestion were 
reported (Burger et al.  2005 ; Thurston and Briant 
 1993 ; Palmer et al.  1994 ), low-dose aspirin 
increases bleeding only quantitatively and does 
not move the bleeding complications toward a 
higher risk quality. Additionally, only few studies 
analyzed in the meta-analysis were randomized, 
and, therefore, low-dose aspirin might be consid-
ered just a risk indicator for increased comorbid-
ity with an increased bleeding risk per se (Hui 
et al.  2002 ). Only one double-blind randomized 
trial has investigated the perioperative bleeding 
risk in patients undergoing noncardiac surgery 
while on 75 mg aspirin therapy (Oscarsson et al. 
 2010 ). No signifi cant increase of bleeding events 
was identifi ed in those patients taking aspirin as 
compared with those who were not on antiplate-
let therapy. In Albadalejo’s series, major and 
minor hemorrhagic complications were observed 
in 9.5 % patients. Most bleedings were at the sur-
gical site (85.2 %) and were associated with 
repeat surgery in 18.5 % of patients. The death 
rate in patients with bleeding complications was 
12.0 % (95 % CI 6.6–19.7). Another study 
(Artang and Dieter  2007 ) demonstrated a very 
low rate of excessive blood loss during surgery 
(1 %), whereas blood transfusion was required in 
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24 % of patients who continued vs. 20 % of those 
who discontinued antiplatelet therapy. 

 Data on the role of clopidogrel on periopera-
tive bleeding risk are lacking. An increased hem-
orrhagic risk emerged in patients undergoing 
CABG while on clopidogrel therapy, which was 
reduced by stopping the drug at least 5 days prior 
to intervention (Firanescu et al.  2009 ; Fox et al. 
 2004 ; Berger et al.  2008 ; Kapetanakis et al. 
 2005 ; Mehta et al.  2006 ). In patients with femo-
ral fracture, perioperative clopidogrel therapy 
does not seem to be associated with a signifi cant 
increase of mortality and morbidity (Leonidou 
et al.  2011 ). 

 Prasugrel is a novel thienopyridine with a 
more rapid onset of action and a higher antiplate-
let effect, as compared to clopidogrel, but has 
been associated with an increased bleeding risk 
(Wiviott et al.  2007a ,  b ). In the TRITON-TIMI 
38 trial, in the subgroup of patients undergoing 
CABG within 7 days after thienopyridine with-
drawal, the number of CABG-related bleeding 
was fourfold higher in patients treated with pra-
sugrel as compared to those treated with clopido-
grel. Nevertheless, the risk of mortality was 
reduced (Wiviott et al.  2007b ; Prasugrel  2009 ). 
Ticagrelor is a novel non-thienopyridine 
 antiplatelet agent that inhibits the P2Y12 recep-
tor, through a reversible binding mechanism of 
action. Like prasugrel, it is characterized by a 
more rapid onset of action and higher antiplatelet 
activity and clinical effi cacy as compared to clop-
idogrel. Ticagrelor does not increase overall 
bleeding events, but is associated with a signifi -
cant increase of non-CABG-related bleeding 
(Gurbel et al.  2009 ; Wallentin et al.  2009 ). Like 
in the TRITON-TIMI 38 (Held et al.  2011 ), also 
in the PLATO trial patients undergoing CABG 
within 7 days after discontinuation of antiplatelet 
therapy showed a signifi cant decrease of overall 
and cardiovascular mortality in the ticagrelor 
group. Apparently, this protective effect was not 
due to a different hemorrhagic risk, which was 
similar in both groups (Held et al.  2011 ). 

 In patients undergoing surgery in whom dis-
continuation of antiplatelet therapy is required, 
prasugrel and ticagrelor should be stopped 7 and 
5 days before intervention, respectively.  

3.2     Clinical Implications 

 In recent years, international cardiological, anes-
thesiological, and hematological societies have 
proposed guidelines and joint position papers on 
the management of DAPT in patients undergoing 
noncardiac surgery (Task Force on Myocardial 
Revascularization of the ESC  2010 ; Chassot et al. 
 2007 ; Korte et al.  2011 ; Criteria ACCF/SCAI/
STS/AATS/AHA/ASNC 2009 Appropriateness 
 2009 ; Brilakis et al.  2007 ; Riddell et al.  2007 ; 
Eagle et al.  2004 ; Grines et al.  2007 ). However, 
these recommendations provide little support 
with regard to managing antiplatelet therapy in 
the perioperative phase in case of urgent opera-
tions and/or high hemorrhagic risk patient. In 
particular, guidelines shared with orthopedics 
and cardiologists are lacking. 

 Elective surgical procedures ought to be post-
poned until after the initial requirement for DAPT 
is completed. Unfortunately, many procedures 
require a more urgent management according to 
the severity, and often the distinction between 
“deferrable” and “undeferrable” surgery is not a 
clear issue and can be misleading both for the 
surgeon and the patient. 

 The management of the risk ratio between 
bleeding and thrombosis requires the exact 
knowledge of risk stratifi cation defi ned for each 
condition, paired with offering the minimal sur-
gical impact. In this respect, it could be recom-
mended that high-risk patients be referred to 
centers where the most minimally invasive thera-
pies are available. These, coupled with a high- 
volume cardiological team, can allow the 
reduction of blood loss in case of maintenance of 
the antiplatelet therapy and permitting a prompt 
resumption of the antiplatelet drugs, if they had 
been discontinued.  

3.3     Evidence-Based State 
of the Art 

 A consensus document on the optimal antiplatelet 
regimen in patients with coronary stents under-
going orthopedic interventions has been recently 
proposed by a multidisciplinary panel composed 
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of orthopedics and cardiologists, who equally 
contributed to its creation (Rossini et al.  2012 , 
 2014 ). The document was endorsed by the Italian 
Society of Orthopaedics and Traumatology 
(SIOT), Interventional Cardiology (GISE), and 
Cardiology (ANMCO). A stent thrombosis risk 
was graded considering procedural features, such 
as stent type, time from PCI to orthopedic sur-
gery, and clinical aspects, such as concomitant 
diabetes, renal impairment, low cardiac ejection 
fraction, and age. Most orthopedic interventions 
were classifi ed according to the bleeding risk 
(Table  3.1 ).

   The present document is the fi rst consensus to 
provide practical recommendations on the man-
agement of antiplatelet therapy in patients with 
coronary stents, undergoing diverse orthopedic 
interventions. Briefl y, stent thrombosis risk is 
stratifi ed in low, intermediate, and high 
(Table  3.2 ), and the most appropriate antiplatelet 
therapy and management is defi ned for each 
intervention, on the basis of the ischemic and 
hemorrhagic risk (Table  3.3 ).

    This stratifi cation allows to defi ne in detail 
the optimal antiplatelet regimen which should 
be maintained in the perioperative period, thus 
avoiding an arbitrary management. Of note, it is 
important to defi ne the ideal timing of the ortho-
pedic intervention as elective procedures should 
be delayed until a low cardiac ischemic risk is 
reached.  

3.4     Antiplatelet Therapy: To Stop 
or to Maintain? 

 The antiplatelet therapy (especially aspirin) has 
to be maintained whenever possible, especially 
when the ischemic risk is intermediate or high 
due to the extremely enhanced risk of ST. In case 
of withdrawal of the antiplatelet therapy in the 
perioperative phase, cardiologists recommend 
restarting the drugs as soon as possible after the 
intervention (ideally 24–48 h later), with a load-
ing dose. In selected cases, such as patients with 
high ischemic and hemorrhagic risk, in whom the 
discontinuation of the oral antiplatelet therapy is 
necessary, the “bridge therapy” is advocated 
(Rossini et al.  2012 ,  2014 ). This consists of the 
intravenous, prolonged infusion of glycoprotein 
(GP) IIb/IIIa inhibitor (tirofi ban or eptifi batide), a 

   Table 3.1    Stratifi cation of orthopedic procedures according 
to bleeding risk   

 Low bleeding risk 
  Hand surgery 
  Shoulder and knee arthroscopy 
  Minor spine surgery 
 Intermediate bleeding risk 
  Prosthetic shoulder surgery 
  Major spine surgery 
   Knee surgery (anterior cruciate ligament, osteotomies) 
  Foot surgery 
 High bleeding risk 
  Major prosthetic surgery (hip or knee) 
  Major traumatology (pelvis, long bones) 
  Fractures of the proximal femur in the elderly 

  Reproduced with permission from the Publisher,  Il Pensiero 
Scientifi co Editore      

   Table 3.2    Defi nition of thrombotic risk in patients with 
coronary stents   

 Low risk  Intermediate risk  High risk 

 >6 months 
after PCI 
with BMS 

 >1 month <6 
months after PCI 
with BMS 

 <1 month after PCI 
with BMS 

 >12 
months 
after PCI 
with DES 

 >6 months <12 
months after PCI 
with DES 

 <6 months after PCI 
with DES 

 >12 months after 
complex PCI with 
DES (long stents, 
multiple stents, 
overlapping, small 
vessels, bifurcations, 
left main, last 
remaining vessel). 

 <12 months after 
complex PCI with 
DES (long stents, 
multiple stents, 
overlapping, small 
vessels, bifurcations, 
left main, last 
remaining vessel) 

  Reproduced with permission from the Publisher,  Il 
Pensiero Scientifi co Editore  
 PCI in ACS, previous stent thrombosis, LVEF <35 %, 
chronic renal failure, and diabetes mellitus increase the 
thrombotic risk. The use of second-generation DES might 
reduce the thrombotic risk. Patients submitted to CABG 
or with ACS medically treated are considered at high risk 
in the fi rst month, at intermediate risk between the 1st and 
6th month, and at low risk after 6 months. Patients treated 
with POBA are considered at high risk within the fi rst 2 
weeks, at intermediate risk between 2 and 4 weeks, and at 
low risk after 4 weeks 
  ACS  acute coronary syndrome,  BMS  bare metal stent,  CABG  
coronary artery by-pass graft,  DES  drug-eluting stent,  LVEF  
left ventricular ejection fraction,  PCI  percutaneous coronary 
intervention,  POBA  plain old balloon angioplasty  
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   Table 3.3    Perioperative antiplatelet therapy in patients with coronary stents undergoing orthopedic surgery      

 Orthopedic surgery  Thrombotic risk 

 Low risk  Intermediate risk  High risk 

 Hemorrhagic 
risk 

  Low risk   ASA: continue   Elective surgery : 
postpone 

  Elective surgery : postpone 

 Hand surgery  P2Y 12  receptor 
inhibitors 

 Non-deferrable 
surgery 

 Non-deferrable surgery 

 Shoulder and knee 
arthroscopy 

   Discontinue 5 
days before a  

  ASA: continue   ASA: continue 

 Minor spine surgery l    Resume within 
24–72 h, with a 
loading dose 

   P2Y 12  receptor 
inhibitors 

  P2Y 12  receptor inhibitors: 

    Discontinue 5 
days before a  

   Continue 

    Resume within 
24–72 h, with a 
loading dose b  

  Intermediate risk   ASA: continue   Elective surgery : 
postpone 

 Elective surgery: postpone 

 Prosthetic shoulder 
surgery 

 P2Y 12  receptor 
inhibitors 

 Non-deferrable 
surgery 

 Non-deferrable surgery 

 Major spine surgery    Discontinue 5 
days before a  

  ASA: continue   ASA: continue 

 Knee surgery (anterior 
cruciate ligament, 
osteotomies) 

   Resume within 
24–72 h, with a 
loading dose 

   P2Y 12  receptor 
inhibitors: 

  P2Y 12  receptor inhibitors 

 Foot surgery     Discontinue 5 
days before a  

    Discontinue 5 days before a  

    Resume within 
24–72 h, with a 
loading dose b  

    Resume within 24–72 h, 
with a loading dose 

  Bridge therapy  with GPIIb/IIIa 
inhibitors b  

  High risk   ASA: continue   Elective surgery : 
postpone 

  Elective surgery : postpone 

 Major prosthetic surgery 
(hip or knee) 

 P2Y 12  receptor 
inhibitors 

 Non-deferrable 
surgery 

 Non-deferrable surgery 

 Major traumatology 
(pelvis, long bones) 

   Discontinue 5 
days before a  

  ASA: continue   ASA: continue 

 Fractures of the proximal 
femur in the elderly 

   Resume within 
24–72 h, with a 
loading dose 

   P2Y 12  receptor 
inhibitors 

  P2Y 12  receptor inhibitors 

    Discontinue 5 
days before a  

    Discontinue 5 days before a,c  

    Resume within 
24–72 h, with a 
loading dose b  

    Resume within 24–72 h, 
with a loading dose 

  Bridge therapy  with GPIIb/IIIa 
inhibitors b  

  Reproduced with permission from the Publisher,  Il Pensiero Scientifi co Editore  
  ASA  aspirin 
  a 7 days prior for prasugrel 
  b Collegial discussion of risk, even with family/patient 
  c In case of femur fracture, it may be appropriate to proceed immediately to surgery, despite dual antiplatelet therapy, 
without waiting for the 5-day suspension  
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potent antiplatelet drug which acts as the oral 
antiplatelet therapies, thus preventing ST. It is a 
short-acting drug given intravenously. Patients 
undergoing “bridge therapy” withdraw DAPT or 
only the second antiplatelet agent 5 days before 
surgery (7 days in case of therapy with prasug-
rel). The infusion of GP IIb/IIIa inhibitor starts 3 
days before the intervention and is stopped 4 h 
before surgery (8 h in the case of creatinine clear-
ance <30 ml min −1 ). Oral antiplatelet therapy 
should be resumed within 24–48 h after the inter-
vention. Of note, GP IIb/IIIa inhibitors are potent 
antiplatelet effects and are associated with an 
increased risk of bleeding during their infusion. 
Afterward, they might be contraindicated in 
patients with an active, clinically relevant bleed-
ing. This therapy should be prescribed by cardi-
ologists and administered in a cardiologic ward. 
“Bridge therapy” is currently off-label for periop-
erative period management of antiplatelet ther-
apy (Douketis et al.  2008 ).  

    Conclusions 

 The risk of ST is signifi cantly increased after 
premature discontinuation of DAPT. The man-
agement of the antiplatelet therapy in patients 
with coronary stents undergoing orthopedic 
procedures is still challenging and surely 
requires both an orthopedic and a cardiologic 
thorough assessment. It appears evident that 
the right direction is toward the application in 
clinical practice of the consensus documents 
available. The document endorsed by cardi-
ologists, orthopedics, and anesthesiologists 
recommends to perioperatively discontinue 
the antiplatelet drugs if the known or assumed 
perioperative bleeding risks and their sequels 
are expected to be similar or more severe than 
the observed cardiovascular thrombotic risks 
after antiplatelet therapy withdrawal. A pro-
spective case registry is now ongoing in Italy 
(the Surgery After Stenting (SAS) registry; 
ClinicalTrials.gov Identifi er: NCT01997242), 
and its results might be a helpful tool to 
improve the DAPT patients’ management. 
To potentially improve the quality of evi-
dence derived from the  consensus document , 
randomized studies could be considered 

merely from a methodological point of view. 
However, a comparison between surgery per-
formed with versus without DAPT is not ethi-
cal for benign disease, due to the extremely 
increased risk of ST. Probably, the only pos-
sible comparison could be between traditional 
versus minimally invasive surgery during 
DAPT in high-risk cardiovascular patients.     
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4.1             Introduction 

 The risk of venous thromboembolism following 
major orthopedic procedures, such as total hip 
and knee arthroplasty (THA, TKA) and surgical 
intervention of hip joint fractures, is well recog-
nized and represents one of the major challenges 
in orthopedic practice. Orthopedic surgery is one 
of the most commonly performed surgical proce-
dures in Western countries (United States and 
Europe) (   National Center for Health Statistics 

 2010 ; Organisation for Economic Co-operation 
and Development  2010 ; Canadian Institute for 
Health Information  2008 ; Kurtz et al.  2005 ; 
Dixon et al.  2004 ), with an increasing number of 
arthroplasties of the hip and knee done world-
wide per year with successful outcome (National 
Center for Health Statistics  2010 ). 

 The incidence of deep venous thrombosis 
when no prophylaxis is administered is 42–57 % 
with total hip arthroplasty and 41–85 % with total 
knee arthroplasty. Fatal PE (pulmonary embo-
lism) occurs in 0.1–2 % of patients after hip THA 
and in 0.1–1.7 % of the patients with TKA 
(National Institute for Health and Clinical 
Excellence: Guidance  2010 ). It is defi ned that 
symptomatic VTE, which occurs in about 4 % of 
patients, is more frequent than other complica-
tions such as dislocation and postoperative infec-
tion. These fi gures clearly underline the need for 
effective and safe thromboprophylaxis. 

 In clinical practice, different current guide-
lines recommend routine post-procedural throm-
boprophylaxis by low-molecular-weight heparin 
(LMWH), vitamin K antagonists (VKA), or syn-
thetic pentasaccharides (fondaparinux); other 
less common options include unfractionated hep-
arin (UFH), aspirin, and mechanical prophylaxis. 
Recently, new oral anticoagulants (NOAC) are 
available in clinical practice. 

 In literature, several data were reported about 
the pharmacological properties and the well- 
established effi cacy and safety of LMWH. 
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  4      LMWHs: Are Still the Gold 
Standard in Arthroplasty? 
Arguments in Favor 
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 Open Questions 

•     Why do we need pharmacologic thrombo-
prophylaxis in arthroplasty procedures?  

•   LMWH vs. old and new anticoagulants: 
which one has a better thromboprophy-
laxis effi cacy?  

•   LMWH vs. old and new anticoagulants: 
which one has an inferior bleeding rate?  

•   Which are the fi nal recommendations 
based on the actual guidelines?    
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 LMWH, derived from UFH by chemical or 
enzymatic degradation, is characterized by 
reduced anti-IIa activity in comparison to anti-Xa 
activity and by pharmacokinetic properties which 
offer more predictable antithrombotic effect than 
UFH, and due to a longer plasma half-life, 
LMWH may allow once-daily administration. 
Moreover, the reduced formation of heparin- 
induced antibodies and the reduced activation of 
osteoclasts account for lower incidence of HIT 
and lower risk of osteopenia in comparison 
to UHF. 

 Nevertheless, disadvantages include mainly 
parenteral administration, possibly implicating 
low patient compliance to therapy and, anyway, 
even if reduced in comparison to UFH, potential 
thrombocytopenia (Mismetti et al.  2004 ). 

 New oral anticoagulants, oral factor Xa inhibi-
tors, and direct thrombin inhibitors are character-
ized by more predictable anticoagulant effects 
and by not requiring monitoring, but the costs are 
higher, and in case of bleeding, antidotes are not 
available.  

4.2     Systematic Reviews 
and Meta-analysis 
of Interventional Studies 
for Preventing Venous 
Thromboembolism Post- 
total Hip Replacement 
and Post-total Knee 
Replacement 

 During the last twenty years, hundreds of inter-
ventional studies evaluated the effi cacy and 
safety of the different antithrombotic drugs in 
preventing post-orthopedic surgery venous 
thromboembolism. 

 The availability of LMWH has represented a 
key point in clinical practice; so the antithrom-
botic drugs previously available, as well as those 
appeared successively, have to be compared to 
LMWH. 

 In 2012 and 2013, after the publication of the 
results obtained with the new oral anticoagulants, 
data of the randomized clinical trials (RCT) have 
been systematically reviewed and meta-analyzed. 

 The results of RCT, pooled and meta- analyzed, 
are the source from which guidelines and clinical 
recommendations. In this frame LMWH have 
been compared with different other antithrom-
botic drugs, but the direct comparison between 
all the “old” and all “new “molecules is presently 
not, and it is likely that it will be never, 
available. 

 The principal outcomes on which the analyses 
of the fi ndings are founded commonly refer to 
any proximal DVT, symptomatic proven DVT or 
pulmonary embolism (PE), or fatal PE (as estab-
lished by the American College of Chest 
Physicians – ACCP-Consensus Conference on 
Antithrombotic Therapy); or any proximal DVT, 
symptomatic proven PE, or death from any cause 
(as established by the European Committee for 
Proprietary Medicinal Products (CPMP)). As 
safety is concerned, major bleeding, bleeding 
requiring reoperation, fatal bleeding, and minor 
bleeding have been considered; moreover, many 
clinical trials considered also as safety outcome 
clinically relevant nonmajor bleeding, which 
actually remains diffi cult to defi ne.  

4.3     What Literature Says: LMWH 
Versus “Old” and “New” 
Anticoagulants 

4.3.1     LMWH Versus UFH 

 Sobieraj et al. ( 2012 ) meta-analyzed 10 random-
ized controlled trials comparing LMWH to 
unfractionated heparin (UFH). 

 Compared with patients who received UFH, 
patients who received LMWH had fewer pulmo-
nary embolism (OR 0.48, 95 % CI 0.24–0.95), a 
signifi cantly decreased risk of total deep vein 
thrombosis (DVT) (RR 0.80, 95 % CI 0.65–
0.99), especially proximal DVT (RR 0.60, 95 % 
CI 0.38–0.93) and less major bleeding (OR 
0.57, 95 % CI 0.37–0.88), and heparin-induced 
thrombocytopenia events (OR 0.12, 95 % CI 
0.03–0.43). Differences were not signifi cant as 
regards mortality, symptomatic and asymptom-
atic DVT, distal DVT, and surgical site bleeding 
(Table  4.1 ).
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   When THR and TKR surgeries were consid-
ered separately, meta-analysis, by pooling seven 
studies, highlights the following evidences: 
patients undergoing THR and receiving LMWH 
had fewer total pulmonary embolism events ver-
sus UFH (OR 0.28, 95 % CI 0.13–0.62); both in 
THR (RR 0.75, 95 % CI 0.58–0.978 and RR 
0.75, 95 % CI 0.58–0.96, respectively) and TKR 
surgeries (RR 0.75, 95 % CI 0.58–0.96 and RR 
0.32, 95 % CI 0.13–0.82, respectively), patients 
had fewer total DVT and proximal events. As 
major bleeding concerns, patients undergoing 
THR surgery both had signifi cantly fewer events 
(OR 0.54, 95 % CI 0.34–0.85) and less heparin- 
induced thrombocytopenia than patients receiv-
ing UFH.  

4.3.2     LMWH Versus Warfarin 

 Sobieraj et al. ( 2012 ), in the meta-analysis previ-
ously mentioned, also compared vitamin K 
antagonists (VKA) to LMWH in patients under-
going orthopedic surgery by pooling seven stud-
ies. They found that patients who received 
LMWH had fewer total DVT (RR 0.66, 95 % CI 
0.55–0.79) and distal DVT events (RR 0.56, 
95 % CI 0.43–0.73) with no signifi cant difference 
in proximal DVT risk (RR 0.63, 95 % CI 0.39–
1.00) but reported increased major bleeding (OR 
1.92, 95 % CI 1.27–2.91), minor bleeding (RR 
1.23, 95 % CI 1.06–1.43), and surgical site bleed-
ing events (OR 2.63, 95 % CI 1.31–5.28). 

 Major effi cacy end points such as symptom-
atic venous thromboembolism (OR 1.00, 95 % CI 

0.69–1.46), pulmonary embolism (OR 1.11, 
95 % CI 0.57–2.19), and nonfatal pulmonary 
embolism (OR 1.00, 95 % CI 0.20–4.95) showed 
similar benefi ts of therapy with LMWH and 
VKA (Table  4.1 ). 

 In particular when THR and TKR surgery 
were considered, meta-analysis highlights the 
following evidences for patients receiving 
LMWH: (1) patients undergoing THR and TKR 
surgery had fewer total DVT events (RR 0.61, 
95 % CI 0.44–0.84 and RR 0.71, 95 % CI 0.57–
0.87, respectively) and fewer distal DVT (RR 
0.48, 95 % CI 0.30–0.78 and RR 0.60, 95 % CI 
0.44–0.81, respectively); (2) patients undergoing 
THR (OR 1.91, 95 % CI 1.11–3.29) and TKR 
surgery (OR 1.93, 95 % CI 1.01–3.67) had more 
major and minor bleeding; and (3) patients in 
THR surgery had more surgical site bleeding and 
major surgical site bleeding (OR 2.56, 95 % CI 
1.04–6.30).  

4.3.3     Enoxaparin Versus 
Fondaparinux 

 Four studies evaluating fondaparinux in compari-
son to enoxaparin were meta-analyzed by 
Yoshida et al. ( 2013 ). 

 When primary effi cacy end-points (defi ned as 
the frequency of any DVT, nonfatal pulmonary 
embolism or death from any cause) were ana-
lyzed, the results showed that fondaparinux had a 
positive and statistically signifi cant effect if com-
pared with enoxaparin (mixed doses) (RR 0.50, 
95 % CI 0.39–0.63). 

     Table 4.1    Risk ratios and 95 % CI endpoints of UFH, VKA, and fondaparinux compared with LMWH in orthopedic 
arthroplasty from two meta-analyses   

  Sobieraj et al . ( 2012 ) 
  Proximal DVT  ( RR ,  95  %  CI )   PE  ( OR ,  95  %  CI )   Major bleeding  ( OR ,  95  %  CI ) 

 LMWH vs. UFH   0.60 ª (0.38–0.93)   0.48 ª (0.24–0.95)   0.57 ª (0.37–0.88) 
 LMWH vs. VKA  0.63 (0.39–1.00)  1.11 (0.57–2.19)   1.92 ª (1.27–2.91) 

  Yoshida et al . ( 2013 ) 
  Primary effi cacy rates*  ( RR ,  95  %  CI )   PE  ( RR ,  95  %  CI )   Major bleeding  ( RR ,  95  %  CI ) 

 Fondaparinux vs. 
enoxaparin 

  0.50 ª (0.39–0.63)  1.06 (0.36–3.12)  1.53 (0.92–2.55) 

  *Primary effi cacy rate = any DVT, nonfatal PE, or all-cause mortality 
  ª Statistically signifi cant,  P  < 0.05 at least  

4 LMWHs: Are Still the Gold Standard in Arthroplasty? Arguments in Favor



54

 Nevertheless, considering the secondary effi -
cacy outcomes, fondaparinux showed no signifi -
cant difference if compared  with enoxaparin. More 
specifi cally, the incidence of proximal DVT 
resulted reduced,  but not signifi cantly (RR 0.44, 
95 % CI 0.19–1.02) and no signifi cant difference 
was  found in relation to pulmonary embolism (RR 
1.06, 95 % CI 0.36,3.12), symptomatic DVT events 
(R.R 1.59, 95 % CI 0.51–4.90). As concerns safety 
outcomes, fondaparinux exhibited a higher any 
bleeding risk compared with enoxaparin (RR 1.27, 
95 % CI 1.04–1.55). Similar results were observed 
in minor and major bleedings where fondaparinux 
proved to be associated with a higher risk (RR 
1.06, 95 % CI 0.69–1.64 and RR 1.53, 95 % CI 
0.92–2.55 respectively). Nevertheless heterogene-
ity limited the strength of these results (Table  4.1 ).  

4.3.4     LMWH Versus Factor Xa 
Inhibitors 

 Systematic reviews and meta-analyses, addressed 
to evaluate LMWH effi cacy and safety in com-
parison to oral direct factor Xa inhibitors, consid-
ered as a class of drug (Neuman et al.  2012  and 
Sobieraj et al.  2012 ), comparing the single drug 
rivaroxaban (Gómez-Outes et al.  2012 ; Hamidi 
et al.  2013 ; Yoshida et al.  2013 ) and apixaban 
(Gómez-Outes et al.  2012 ; Hamidi et al.  2013 ), 
are available. 

 Neumann et al. ( 2012 ) conducted a meta- 
analysis of 22 randomized, controlled trials per-
formed on 32,159 patients undergoing hip or 
knee replacement (female sex 44.6–72.5 %; 
mean age 57.8–67.6 years), comparing different 
doses of different factor Xa inhibitors versus 
LMWH. Factor Xa inhibitors considered by these 
authors were apixaban, rivaroxaban, and edoxa-
ban; YM150; and LY1517717, TAK442, razaxa-
ban, and betrixaban. These authors reported any 
outcomes regarding mortality at the end of pro-
phylaxis or during the follow-up period, symp-
tomatic DVT, nonfatal pulmonary embolism, 
major bleeding, intracranial bleeding, and bleed-
ing leading to reoperation. Eleven trials com-
prised patients undergoing total hip replacement, 
ten undergoing knee replacement, and only one 
undergoing either procedure. 

 In most trials, the European-approved dosage of 
enoxaparin (40 mg daily) was the comparator 
instead of the US-approved dosage (30 mg twice 
daily). Regarding doses of factor Xa inhibitors, 12 
studies evaluated several doses, including high 
doses. In eight of the ten trials evaluating a single 
dose of factor Xa inhibitors, the dose used was low. 

 Timing of prophylaxis differed from studies: 
in particular, rivaroxaban was started 6 h after 
surgery in the majority of studies; apixaban was 
started 12–24 h after surgery. 

 The duration of follow-up varied from less 
than 14 days in 9 trials, 30–70 days in 12 trials, 
and reached 90 days in one trial. 

 The pooled effect estimate did not suggest 
important differences between oral factor Xa 
inhibitors in comparison to LMWH for all-cause 
mortality in patients ( n  = 31,702) having THR or 
TKR (OR 1.27, 95 % CI 0.63–2.55); risk differ-
ence, 0 fewer deaths per 1,000 patients [95 % CI, 
1 fewer to 1 more death] or at the end of follow-
 up (OR 0.95, 95 % CI 0.55–1.63); risk difference, 
0 fewer deaths per 1,000 patients [CI, 2 fewer to 
1 more deaths]; conversely, the risk for symptom-
atic DVT is decreased by 4 events per 1,000 
patients (OR 0.46, 95 % CI 0.30–0.70). 

 Regarding nonfatal pulmonary embolism, no 
important difference between factor Xa inhibi-
tors and LMWH (OR 1.07, 95 % CI 0.65–1.73); 
risk difference, 0 fewer events [CI, 1 fewer to 2 
more events per 1,000 patients], was found. 

 Data with a moderate strength of evidence 
showed that factor Xa inhibitors could increase the 
risk of bleeding by two major events per 1,000 
patients. In a subgroup analysis, higher, but not inter-
mediate or lower, doses of factor Xa inhibitors were 
associated with increased risk for bleeding (OR 
2.50, 95 % [CI 1.38–4.53]   ;  P  = 0.02). The pooled 
effect estimate of bleeding that led to reoperation 
also increased (OR 1.62, 95 % CI 0.82–3.19). 

 In this meta-analysis, subgroup analysis 
showed an interaction between the doses used in 
the intervention group and the risk for major 
bleeding; high doses increased the risk for major 
bleeding (OR 2.50, 95 % CI 1.38–4.53); test for 
interaction across the 3 doses,  P  = 0.02 (Table  4.2 ).

   According to Sobieraj’s meta-analysis ( 2012 ) 
of ten trials, compared with patients receiving fac-
tor Xa inhibitors, patients who received LMWH 
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had more major venous thromboembolism (OR 
2.64, 95 % CI 1.82–3.84), pulmonary embolism 
(OR 2.50, 95 % CI 1.08–5.78), total DVT (RR 
2.05, 95 % CI 1.68–2.50), symptomatic DVT (RR 
1.66, 95 % CI 1.04–2.64),  proximal DVT (OR 
2.62, 95 % CI 1.95–3.51), and distal DVT events 
(RR 2.14, 95 % CI 1.84–2.50) but fewer major 
bleeding events (OR 0.65, 95 % CI 0.49–0.86). 

 In particular when THR and TKR surgeries 
were considered, meta-analysis highlights the 
following evidences: as concerns major VTE 
events, patients undergoing THR and TKR sur-
geries had fewer events than patients receiving 
LMWH (OR 3.97, 95 % CI 2.17–7.24 and OR 
2.04, 95 % CI 1.26–3.30, respectively). Patients 
receiving LMWH had more total DVT events 
than patients receiving factor Xa inhibitors in 
THR surgery (OR 2.24, 95 % CI 1.79–2.80) and 
in TKR surgery (RR 1.81, 95 % CI 1.44–2.28). 
Considering proximal and distal DVT events, 
patients undergoing to THR and TKR surgeries 
had more events (RR 2.29, 95 % CI 1.24–4.28 
and RR 1.39, 95 % CI 1.00–1.94, respectively). 

 As concerns the safety, in THR and TKR  surgery, 
patients receiving LMWH experienced fewer major 
bleeding events (OR 0.65, 95 % CI 0.45–0.93 and 
OR 0.42, 95 % CI 0.22–0.78, respectively). 

 In the meta-analysis performed by Gòmez- 
Outes et al. ( 2012 ), the authors separately 
 analyzed the prophylactic effects of apixaban 

(four trials) and rivaroxaban (eight trials) in com-
parison to LMWH. Rivaroxaban was associated 
with a signifi cant reduction in risk of symptom-
atic venous thromboembolism compared to 
enoxaparin (RR 0.48, 95 % CI 0.31–0.75; 
 P  = 0.001); apixaban reduced the risk of symp-
tomatic thromboembolism (RR 0.82, 95 % CI 
0.41–1.64), but not signifi cantly. 

 As concerns primary safety outcomes, rivar-
oxaban was associated with a signifi cant 
increased risk of clinically relevant bleeding [RR 
1.25, 95 % CI (1.05–1.49)  P  = 0.01, whereas 
apixaban was associated with a signifi cantly 
reduced risk [RR 0.82, 95 % CI (0.69–0.98) 
 P  = 0.03] (Table  4.2 ). 

 No difference in relation to surgery type (THR 
vs. TKR) for symptomatic VTE or clinically rel-
evant bleeding (major bleeding and clinically rel-
evant nonmajor bleeding) was reported. No 
statistically signifi cant differences were found 
between rivaroxaban and enoxaparin as well as 
between apixaban and enoxaparin on the net clini-
cal endpoint (symptomatic venous thromboembo-
lism, major bleeding, and death). Overall, the net 
clinical benefi t of rivaroxaban and apixaban was 
higher, albeit not signifi cantly higher in TKR sur-
gery than in total replacement surgery (Table  4.3 ).

   Yoshida et al. ( 2013 ) meta-analyzed three 
studies with rivaroxaban and three with apixaban 
compared to enoxaparin. 

       Table 4.2    Risk ratios and 95 % CI endpoints of NOAC compared with enoxaparin in orthopedic arthroplasty from two 
meta-analyses   

 Gomez et al. ( 2012 )  Yoshida et al. ( 2013 ) 

 Symptomatic 
venous 
thromboembolism 
(RR, 95 %, CI) 

 Clinically 
relevant bleeding 
(RR, 95 %, CI) 

 Net clinical 
endpoint a  
(RR, 95 %, CI) 

 Symptomatic 
DVT (RR, 
95 %, CI) 

 PE (RR, 
95 %, CI) 

 Major 
bleeding 
(RR, 95 %, 
CI) 

 Dabigatran 
150 mg vs. 
enoxaparin 

 0.86 (0.31–2.35)  1.12 (0.89–1.40)  0.93 
(0.63–1.37) 

 1.64 
(0.07–40.29) 

 0.33 
(0.07–1.46) 

 0.75 
(0.46–1.21) 

 Dabigatran 
220 mg vs. 
enoxaparin 

 0.70 (0.18–2.76)  1.12 (0.94–1.35)  0.71 
(0.12–4.01) 

 1.14 
(0.50–2.61) 

 1.08 
(0.67–1.75) 

 Rivaroxaban 
vs. enoxaparin 

  0.48  b  (0.31–0.75)   1.25  b  (1.05–1.49)  0.88 
(0.70–1.12) 

  0.45  b  
(0.27–0.77) 

 0.75 
(0.15–3.67) 

 1.88 
(0.92–3.82) 

 Apixaban vs. 
enoxaparin 

 0.82, (0.41–1.64)   0.82  b  (0.69–0.98)  0.92 
(0.68–1.23) 

  0.38  b  
(0.16–0.90) 

 1.50 
(0.20–11.40) 

 0.76 
(0.43–1.33) 

   a Net clinical endpoint = symptomatic venous thromboembolism, major bleeding, death 
  b Statistically signifi cant,  P  < 0.05 at least  
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 The primary effi cacy rates, any DVT, nonfatal 
PE, or all-cause mortality, were signifi cantly 
reduced by rivaroxaban (RR 0.50, 95 % CI 0.34–
0.73) and not signifi cantly by apixaban (RR 0.63, 
95 % CI 0.39–0.31). 

 The incidence of proximal DVT was reduced 
not signifi cantly by rivaroxaban (RR 0.34, 95 % 
CI 0.11, 1.07) and signifi cantly by apixaban (RR 
0.45, 95 % CI 0.27–0.75); rivaroxaban (RR 0.45, 
95 % CI 0.27–0.77) and apixaban (RR, 0.38, 
95 % CI 0.16–0.90) produced signifi cantly lower 
frequencies of symptomatic DVT. 

 Bleeding risk was reduced in apixaban 
patients; in particular when risk of clinically rel-
evant nonmajor bleeding and risk of any bleeding 
were considered, the difference was statistically 
signifi cant (RR 0.88, 95 % CI 0.79, 0.99) 
(Table  4.2 ). 

 Hamidi et al. ( 2013 ) analyzed eight RCT com-
paring rivaroxaban to enoxaparin, fi ve in THR 
and three in TKR patients : a signifi cant decrease 
in DVT, both in THR (RR 0.21, 95 % CI 0.4–
0.32) and TKR (RR 0.62, 95 % CI 0.51–0.75), 
was observed, with no signifi cant difference in 
mortality and PE. A signifi cant increase in major 
bleeding in THR patients (RR 2.23, 95 % CI 
1.06–4.67), but not for TKR, was observed 
(Table  4.3 ).  

4.3.5     LMWH Versus Dabigatran 

 Four systematic reviews (Gòmez-Outes et al.  2012 ; 
Sobieraj et al.  2012 ; Hamidi et al.  2013 ; Yoshida 
Rde et al.  2013 ) evaluated effects of dabigatran in 
comparison to LMWH in thromboprophylaxis. 

 In the meta-analysis by Gòmez-Outes et al. 
( 2012 ), including four trials and comparing dabi-
gatran, at the doses of 150 and 220 mg, with 
enoxaparin for thromboprophylaxis of THR or 
TKR, the difference of risk for symptomatic VTE 
(RR 0.70, 95 % CI 0.18–2.76 and RR 0.86, 95 % 
CI 0.31–2.35 for dabigatran 220 and 150 mg, 
respectively) and major bleeding events (RR 
1.12, 95 % CI 0.92–1.38 and RR 1.12, 95 % CI 
0.89–1.40 for dabigatran 220 and 150 mg, respec-
tively) was not statistically different between 
dabigatran and enoxaparin. The risk of total VTE 

or all-cause death was similar to enoxaparin for 
dabigatran 220 mg dose, but it was higher (RR 
1.21, 95 % CI 1.05–1.39) for dabigatran 150 mg 
dose. No statistically signifi cant differences were 
found between dabigatran and enoxaparin on the 
net clinical endpoint (symptomatic venous 
thromboembolism, major bleeding, and death). 
The type of surgery did not infl uence the net clin-
ical effect (Tables  4.2  and  4.3 ). 

 Sobieraj et al. ( 2012 ) analyzed fi ve RCT, but 
did not separate different doses (150 and 220 mg) 
of dabigatran. Compared with patients receiving 
direct thrombin inhibitors patients who received 
LMWH had more major venous thromboembo-
lism (RR 1.35, 95 % CI 1.07–1.69), total DVT 
(RR 1.31, 95 % CI 1.09–1.57), and proximal 
DVT events (RR 1.39, 95 % CI 1.03–1.87) with-
out signifi cantly negatively affecting bleeding 
(major bleeding RR 1.04, 95 % CI 0.76–1.42 and 
minor bleeding RR 1.03, 95 % CI 0.88–1.21). 

 Hamidi et al. ( 2013 ) pooled fi ve RCT, analyz-
ing separately THR and TKR, but not different 
doses. No difference between dabigatran and 
enoxaparin in mortality, PE, DVT, and major 
bleeding was found in THR and TKR patients. 

 In 2013 Yoshida et al. ( 2013 ) by meta- 
analyzing four trials found no statically signifi -
cant differences between dabigatran (150 and 
220 mg) and enoxaparin in primary effi cacy rates 
(RR 1.2, 95 % CI 1.03–1.41 and RR 1.02, 95 % 
CI 0.86–1.2), proximal DVT (RR 1.17, 95 % CI 
0.76–1.81 and RR 0.73 M 95 % CI 0.48–1.11), 
symptomatic DVT (RR 1.64, 95 % CI 0.07–40.49 
and RR 0.71, 95 % CI 0.12–4.01), major pulmo-
nary embolism rates (RR 0.33, 95 % CI 0.07–
1.46 and RR 1.14, 95 % CI 0.50–2.61), or major 
bleeding (RR 0.75, 95 % CI 0.46–1.21 and RR 
1.08, 95 % CI 0.67–1.75) (Table  4.2 ). 

 Major bleeding did not differ among drug 
classes when analyzed by surgery type.   

4.4     Comments and New 
Perspectives 

 The results of the RCT and meta-analysis are the 
source of data for developing evidence-based 
guidelines and recommendations of professional 
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colleges, as the  American College of Chest 
Physicians  ( ACCP ); (Garcia et al.  2012 ) 
 academies, as the  American Academy of 
Orthopedic Surgeons  ( AAOS ); and national 
health institutions, as  NICE  ( National Institute 
for Health and Clinical Excellence ). 

 Different clinical experiences and professional 
involvement induce to focus prevailingly on the 
prevention of symptomatic pulmonary embolism 
and deep vein thrombosis or on the negative 
impact that bleeding could have on patients after 
total joint arthroplasty, i.e., focusing more on the 
effi cacy or, alternatively, on safety. 

 Actually, LMWH resulted superior to UFH 
for effi cacy and safety and to antivitamin K for 
effi cacy, not defi nitely lower for effi cacy when 
compared to fondaparinux. 

 As concerns NOAC, an overall evaluation of 
the net clinical endpoint (symptomatic venous 
thromboembolism, major bleeding, and death) 
shows that no clear-cut differences stand out 
between LMWH and dabigatran, rivaroxaban, 
and apixaban. Nevertheless, different analyses of 
data available indicate inferior effi cacy of LMWH 
in comparison to rivaroxaban and lower safety in 
comparison to apixaban. 

 How do the authors of guidelines and recom-
mendations interpret and transfer for our clinical 
practice these bulk of data and evidences? 

  NICE guidelines , delivered in  2010 , did 
not recommend any specifi c prophylactic regi-
men after total joint arthroplasty and indicate 
LMWH, fondaparinux, and UFH as well as dabi-
gatran and rivaroxaban, but not antivitamin K or 
ASA. Neither apixaban was recommended as 
ADVANCE studies were published in 2010, too. 

 Different are the recommendations proposed 
by the  AAOS in 2011 . In the AAOS Clinical 
Practice Guidelines (Mont and Jacobs  2011 ), as a 
direct result of the network meta-analyses per-
formed on 112 high- or medium-quality random-
ized controlled trial, the panel declared that 
thromboprophylaxis has to be applied, but no 
specifi c antithrombotic drug can be indicated. 

 As concerns the  ACCP guidelines  (Falck- 
Ytter et al.  2012 ), 9th edition Guidelines on 
“Antithrombotic Therapy and Prevention of 
Thrombosis” in patients undergoing THR 

or TKR, the use of one of the following was 
 recommended: low-molecular-weight heparin; 
fondaparinux; dabigatran, apixaban, and rivarox-
aban; low-dose unfractionated heparin; adjusted- 
dose vitamin K antagonist; aspirin (all grade 1B); 
or an intermittent pneumatic compression device 
(IPCD) (grade 1C) for a minimum of 10–14 days. 
They suggest the use of low-molecular-weight 
heparin rather than the other agents and recom-
mend as alternatives fondaparinux, apixaban, 
dabigatran, rivaroxaban, UFH (low dose) (all 
grade 2B), and adjusted-dose antivitamin K, or 
ASA (all grade 2C). 

 Another issue that has to be considered is the 
cost-effectiveness, which Hamidi et al. ( 2013 ) 
analyzed in a systematic review of the studies 
comparing subcutaneous enoxaparin to rivaroxa-
ban and dabigatran for thromboprophylaxis after 
THR and TKR. For the cost-effectiveness evalu-
ation of the three interventions, a decision tree 
was set up for the short-term prophylaxis (90-day 
postsurgery) including DVT, PE, and major 
bleedings. For the chronic phase, a Markov 
model was used, containing three health states: 
“symptoms-free patient, “post-thrombotic syn-
drome (PTS),” and “dead” and separately consid-
ering the two surgery types of patients,” THR 
and TKR. 

 The results of economic evaluations, which 
calculated quality-adjusted life-years (QALYs) 
and lifetime costs were expressed as incremental 
cost-effectiveness ratios (ICERs) and net health 
benefi t (NHB) and took into account also the 
disutility and costs related to injection of enoxa-
parin and to the patients requiring nurse assis-
tance for injections during the period after 
hospital discharge. 

 The costs were calculated for diagnosing DVT 
or PE, for treating bleeding, DVT, or PE events or 
post-thrombotic syndrome. 

 Dabigatran and rivaroxaban decreased life-
time costs and effectiveness in terms of fewer 
QALYs gained relative to enoxaparin in both 
THR and TKR. Thus the ICER = incremental 
costs/incremental QALYs failed to provide strong 
indications on the most valuable prophylactic 
approach. Therefore no clear statement could be 
made for the choice of the most appropriate 
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agent, in the light of the uncertainty of the most 
effective strategy. 

 In the overall evaluation of the drug to be 
administered for the prophylaxis of thromboem-
bolism after surgery, in particular for prolonged 
prophylaxis, possibly determined by the presence 
of comorbidities in elderly patients, the adher-
ence to therapy has to be considered. 
Nonadherence in outpatient thromboprophylaxis 
after major orthopedic surgery with LMWH or 
fondaparinux was investigated in a systematic 
review (Wilke and Müller  2010 ) which showed a 
nonadherence rate of 13–37 %. The disutility 
related to self-injection, or to injection by family 
members, or visiting nurses may be responsible, 
at least in part, of noncompliance. However, this 
may happen to some extent also in patients on 
OAC who may be unwilling to adhere to periodi-
cal INR checks. NOACS, which do not deserve 
INR monitoring and can be taken orally, could be 
associated with better adherence, especially if 
patients will be appropriately informed and moti-
vated by clinicians. 

 Considering the present attention to personal-
ize our clinical practice, the values and the pref-
erences of patients cannot be neglected; patients 
undergoing symptomatic VTE after THR or TKR 
or bleedings related to thromboprophylaxis expe-
rience very often unforeseen and/or unpredicted 
unpleasant conditions. The perception by the 
patients of the relative disutility of thrombosis 
and hemorrhagic complications of thrombopro-
phylaxis is poorly known and still a matter of 
debate. However, it is commonly considered that 
the disutility related to a VTE episode roughly 
equals that related to a clinically relevant bleed-
ing (Guyatt et al.  2012 ).  

    Conclusions 

 In conclusion, although the strength of evi-
dence in favor of LMWH for the effi cacy and 
safety in comparison to “old” anticoagulants 
is moderate, in today’s real world practice the 
indication for UFH or antivitamin K remains 
limited to patients with renal failure. 

 With regard to NOAC, in spite of no defi -
nite differences in terms of net clinical benefi t, 
in the present trend toward a personalized 

medicine, those patients at high thrombotic 
and vascular risk might be better protected 
against thromboembolic events by rivaroxa-
ban and apixaban. This evaluation can be par-
ticularly relevant when the clinical conditions 
of the patient suggest a prolonged prophy-
laxis. For the majority of patients, LMWH 
represents the gold standard therapy. 
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5.1     Historical Perspective 
on Venous 
Thromboembolism 

 In the 1970s, during the “early years” of mod-
ern total joint replacement (TJR), several inves-
tigators highlighted the dangers of postoperative 

pulmonary embolism (PE) and the importance 
of postoperative anticoagulation for prophylaxis 
(Coventry et al.  1973 ; Johnson and Charnley 
 1977 ; Johnson et al.  1977 ). Death associated 
with venous thromboembolism (VTE) occurred 
in 2.3–3.4 % of patients (Coventry et al.  1973 ; 
Johnson et al.  1977 ). 

 In 1977, Sir John Charnley reported the rate of 
symptomatic PE and mortality in his own series 
of 7959 total hip replacement (THR) patients 
operated on between 1962 and 1973. The rate of 
PE and fatal PE in patients who did not receive 
chemoprophylaxis was 15.2 and 2.3 %, respec-
tively. The rates of these complications were 
drastically reduced to 7.9 and 1 %, respectively, 
in patients who received postoperative anticoagu-
lation (Johnson et al.  1977 ). Likewise, Coventry 
et al. reported a signifi cant reduction in the rate 
of fatal PE from 3.4 % in 58 THR patients who 
received no postoperative anticoagulation to 
0.05 % in 1950 patients who received postopera-
tive warfarin. The authors also highlighted that 
potent anticoagulants can produce serious bleed-
ing complications (Coventry et al.  1973 ). 

 The majority of postoperative deaths were 
related to PE. In the previously mentioned study 
by Johnson and Charnley, 88 % of deaths attrib-
utable to PE were confi rmed by autopsy (Johnson 
et al.  1977 ). Freidin et al. studied 1,324 patients 
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who underwent THR surgery between 1969 and 
1978 and received chemoprophylaxis with dex-
tran. Nine out of the 16 patients (0.7 % of all 
patients and 56 % of all deaths) who died within 
the fi rst 90 days of surgery were due to a PE 
(Fredin and Nillius  1982 ).  

5.2     Thromboembolic Disease 
Following Elective Surgery 
in the Twenty-First Century 

 Despite the high rates of PE and fatal PE observed 
during the 1970s, there is abundant evidence sug-
gesting that the rates of postoperative VTE and 
mortality have substantially diminished in the 
1990s and in the twenty-fi rst century, even when 
no routine anticoagulation is used. We recently 
reviewed nine studies reporting on all-cause mor-
tality and fatal PE rates following an aggregate of 
17,700 TJRs. The surgeries were performed in the 
1990s and 2000s. Anticoagulants were not used 
or given only to high-risk patients. The all- cause 
mortality and fatal PE rates were extremely low 

(range 0.2–1.3 % and 0–0.35 %, respectively) 
(Fig.  5.1 ) (Khaw et al.  1993 ; Warwick et al.  1995 ; 
Ansari et al.  1997 ; Warwick and Whitehouse  1997 ; 
Shepherd and Mills  2006 ; Khan et al.  2002 ,  2007 ; 
Clayton et al.  2009 ; Cusick and Beverland  2009 ).

   The low rates of postoperative mortality and 
fatal PE even when no routine anticoagulation is 
used are the result of substantial improvements 
in the understanting of VTE, anesthesia, surgery 
and perioperative care: In the 1960s and 1970s, 
surgical time averaged 3 hours, average bleeding 
was 1 liter, and surgeries were performed under 
general anesthesia; patients were mobilized after 
the fi rst week and remained hospitalized for 2–3 
weeks. At the present time, TJR has been per-
fected. In the hands of a specialized team, the 
surgical time does not exceed 60–75 min. When 
performed under hypotensive epidural anesthesia, 
there is minimal intraoperative bleeding. Patients 
are mobilized promptly after surgery and often 
remain hospitalized for 2–3 days (González Della 
Valle et al.  2006 ). 

 Our own institutional experience indicates that 
mortality and the proportion of deaths  attributable 
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to PE diminished systematically since the 1980s: 
The 30-day mortality rate following 5,874 TJRs 
performed in Hospital for Special Surgery 
between 1981 and 1985 using a general anes-
thetic was 0.4 % (23 of 5,874). Seven of 23 deaths 
(30 %) were attributed to a PE. With the introduc-
tion of regional anesthesia and no major changes 
in postoperative chemoprophylaxis, the 30-day 
mortality of 9,685 TJR patients operated between 
1987 and 1991 was only 0.1 % (10 of 9,685). 
Moreover, only 2 of the 10 fatalities (20 %) were 
attributed to a PE (Sharrock et al.  1995a ), though 
autopsies were not performed. Our most recent 
90-day mortality rates following elective TJR 
surgery using “multimodal prophylaxis” are even 
lower and will be discussed below. 

 With the low rates of PE, fatal PE, and mor-
tality observed by us and other investigators 
(Yassin et al.  2014 ), even when no routine anti-
coagulation is prescribed, the routine use of anti-
coagulants for prophylaxis must be questioned 
particularly in view of the risk of bleeding com-
plications. This chapter will focus the historical 
development of our multimodal VTE prophylaxis 
protocol that minimizes the use of postoperative 
anticoagulants, the clinical results observed by 
us and other investigators, and on the historical 
aspects of traditional methods of VTE prophy-
laxis that we believe to be outdated.  

5.3     Myths and Challenges 
Associated 
with Chemoprophylaxis 

 Based on the historically high rates of fatal PE, 
orthopedic surgeons specializing in TJR have 
always feared postoperative PE. Moreover, as PE 
is a thrombotic phenomenon, there has been a 
general belief that potent anticoagulation should 
be used routinely for prophylaxis. This practice 
is deeply rooted in the orthopaedic community. 
In the United States, warfarin has been the pre-
ferred form of chemoprophylaxis until the intro-
duction of low-molecular- weight heparins in the 
1990s and modern factor Xa inhibitors in the last 
decade. The routine use of potent anticoagula-
tion for prophylaxis has been reinforced since 
the 1990s by guidelines conceived by a panel of 

experts and endorsed by the American College of 
Chest Physicians (Geerts et al.  2008 ). Guidelines 
were subsequently adopted and enforced by 
regulatory bodies like Centers for Medicare and 
Medicaid Services in the United States and the 
National Institute for Health and Care Excellence 
in the United Kingdom. 

 In addition, as PE has historically been regarded 
as a “preventable” complication, orthopedic sur-
geons have been compelled to routinely prescribe 
anticoagulants following surgery due to the need to 
comply with the previously mentioned guidelines, 
fear of litigation, and decreased reimbursement. 

 With the increased use of potent anticoagu-
lation, the orthopedic community witnessed a 
raise in the number of postoperative bleeding 
complications. Local bleeding has resulted in 
excessive wound drainage, hematoma formation 
and infection leading to reoperation, and neu-
rologic complications, among others. Systemic 
complications have resulted in substantial mor-
bidity and rarely in fatal bleeding and heparin-
induced thrombocytopenia (HIT). Leaders in the 
fi eld of joint replacement surgery voiced their 
concern about the increase in bleeding complica-
tions associated with the routine use of antico-
agulation for prophylaxis (Callaghan et al.  2005 ). 
The concerns of the orthopedic community and 
awareness of the commercial bias of the major-
ity of authors of guidelines (Johanson  2011 ) have 
resulted in the recent reformulation of the ACCP 
guidelines (Falck-Ytter et al.  2012 ) and the devel-
opment of guidelines for thromboprophylaxis by 
the American Academy of Orthopedic Surgeons 
(Jacobs et al.  2012 ) that advocate preoperative 
risk stratifi cation of the thromboembolic risk 
(Beksaç et al.  2006 ) and the use of effective anti-
coagulation in patients with a higher VTE risk.  

5.4     The Framework 
and Scientifi c Basis 
for Multimodal 
Thromboprophylaxis 

 In the last four decades, efforts have been made 
to understand the pathogenesis of thromboem-
bolic disease and perfect its prophylaxis. In our 
institution, a large body or clinical and applied 
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research has been built since the 1970s (Salvati 
et al.  2007 ). The basic and applied investiga-
tions hereby discussed provided the basis for our 
“multimodal approach for thromboprophylaxis.” 
The multimodal approach emphasizes nonphar-
macological gestures to address the pillars of the 
Virchow’s triad (Virchow  1856 ) and favors the 
use of safe, inexpensive aspirin for postopera-
tive chemoprophylaxis in the majority of patients 
(approximately 80 %). 

 In the early 1970s, we observed that patients 
undergoing a THR had a more pronounced drop 
in the blood levels of antithrombin III than in 
patients undergoing general surgery. This study 
suggested that an intense activation of the clot-
ting cascade occurred during THR. However, at 
that time, we were unable to determine the exact 
time of maximal thrombogenic activity (Gitel 
et al.  1979 ). 

 In the early 1990s, and with the advent 
of faster markers of thrombosis (Dahl  1997 ; 
Sharrock et al.  1995b ), we demonstrated that 
thrombosis is strongly activated when the 
femoral canal is invaded and progressively 
increased with rasping and cementation, 
peaking at the time of femoral stem insertion 
(Sharrock et al.  1995b ). The activation of the 
clotting cascade is triggered by intramedullary 
procoagulants that are forced from the femo-
ral canal into the venous circulation during the 
femoral work. The effect is more pronounced 
with cemented fi xation than with cementless 
fi xation as a result of greater extravasation of 
intramedullary contents to the venous circula-
tion caused by cement pressurization (Sharrock 
et al.  1995b ). 

 The thrombogenic stimulus at the time of 
the femoral work is further compounded by 
venous stasis: The fl ow in the femoral vein is 
obstructed at the same time when the extreme 
limb position needed for these steps (fl exion, 
abduction, and internal rotation in the postero-
lateral approach) (Binns and Pho  1990 ; Plánes 
et al.  1990 ; Stamatakis et al.  1977 ) kinks the 
femoral vein. 

 In order to obliterate thrombogenesis during 
the femoral work, we studied and implemented 

the administration of a bolus of intravenous 
unfractionated heparin (10–15 U/kg) immedi-
ately before femoral canal preparation. Our own 
investigations in the 1990s demonstrated that 
heparin effectively suppresses intraoperative 
fi brin formation (Sharrock et al.  1995b ,  1999 ).  

5.5     Multimodal Prophylaxis 

 Based on the results of the investigations per-
formed in our and other institutions, the senior 
authors conceived a series of measures that are 
implemented by internists, anesthesiologists, sur-
geons, nurses, and physical therapists. Such mea-
sures are implemented  before ,  during ,  and after 
surgery  and are independent of the type for post-
operative chemoprophylaxis. The measures aim 
at combating the pillars of Virchow’s triad and 
when implemented together are known as “mul-
timodal thromboprophylaxis.” The measures 
include preoperative VTE risk stratifi cation and 
discontinuation of procoagulant medications, the 
use of regional anesthesia (a bolus of intraopera-
tive heparin is used before the femoral work in 
THR patients), expeditious surgery, postopera-
tive use of pneumatic compression devices and 
rapid mobilization. When all these mentioned 
measures are observed, the use of aggressive 
postoperative anticoagulation becomes unneces-
sary. In fact, aspirin is our preferred form of che-
moprophylaxis in the majority of patients with a 
low risk of VTE.  

5.6     Preoperative Risk 
Stratifi cation 
and Discontinuation 
of Procoagulant Medication 

 The most recognized clinical risk factors for 
VTE after TJA, in order of importance, include 
the diagnosis of hip fracture, malignancy, par-
ticularly if associated with chemotherapy, 
antiphospholipid syndrome, immobility or 
reduced mobility, history of VTE, tamoxi-
fen and raloxifene therapy, American Society 
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of Anesthesiologists (ASA) Physical Status 
Classifi cation greater than 3, oral contraceptives, 
estrogen replacement therapy, stroke, atheroscle-
rosis, advanced age, and obesity. The following 
risk factors are controversial: diabetes mellitus, 
certain cardiovascular conditions (congestive 
heart disease and atrial fi brillation), varicose 
veins, and smoking (Beksaç et al.  2006 ). 

 However, we observed that 50 % of patients 
who develop VTE after THR have no clinical 
predisposing factors. In a matched, controlled 
study, we defi ned that such patients with a low 
clinical risk of VTE may carry genetic predispo-
sitions that increase the risk of VTE. We identi-
fi ed the defi ciency of antithrombin III (<75 %) 
and protein C (<70 %) and prothrombin gene 
(G20210A) mutation to be strong predispos-
ing factors for postoperative VTE (Salvati et al. 
 2005 ). Preoperative genetic screening in con-
junction with the identifi cation of the recognized 
clinical risk factors can help determine the indi-
vidual risk of postoperative VTE, and postopera-
tive anticoagulation can be selected accordingly 
(Salvati et al.  2007 ).  

5.7     Discontinuation 
of Procoagulant Medications 

 One of the most important gestures that can be 
done prior to surgery is the discontinuation of 
procoagulant drugs according to their known ½ 
life. In an effort to reduce postoperative bleed-
ing complications, antiplatelet medication 
(clopidogrel, rivaroxaban, warfarin, etc.) should 
be stopped unless otherwise indicated by the 
patient’s primary care physician or cardiologist.  

5.8     Regional Anesthesia 

 Spinal anesthesia reduces blood loss and the prev-
alence of VTE by 40–50 % in comparison to gen-
eral anesthesia (Salvati et al.  2007 ; Davis et al. 
 1989 ; Modig  1989 ; Modig et al.  1983 ; Prins and 
Hirsh  1990 ; Sculco and Ranawat  1975 ; Sharrock 
et al.  1993a ,  1997 ; Sharrock and Salvati  1996 ; 

Wille-Jorgensen et al.  1989 ). Epidural anesthesia 
increases lower extremity blood fl ow, minimiz-
ing both venous stasis and thrombosis especially 
if low-dose epinephrine is used (Sharrock et al. 
 1993c ; Sharrock and Salvati  1996 ; Sharrock et al. 
 1997 ; Bading et al.  1994 ; Mineo and Sharrock 
 1993 ). We have previously shown that a differ-
ence of 10 mmHg (50 versus 60 mmHg) in the 
mean arterial pressure, achieved through a high 
lumbar blockade (L1–2 or higher), has a measur-
able effect on intraoperative blood loss (Sharrock 
et al.  1993b ). In addition, hypotensive anesthesia 
has been shown in prospective studies to be safe 
in the elderly patient population with comorbidi-
ties (Williams-Russo et al.  1999 ). 

 Our current protocol includes an epidural 
injection in the L1–L2 disk space of 2 % lido-
caine with epinephrine (or 0.75 % bupivacaine) 
to ensure blockade to approximately L4. This 
is followed by intravenous infusion of epi-
nephrine adjusted to maintain a mean arterial 
pressure between 50 and 60 mmHg to ensure 
hemodynamic stability. This approach allows 
the surgical team to proceed expeditiously on a 
bloodless fi eld with excellent observation of the 
anatomic structures and without the delay pro-
duced by persistent bleeding. In a previously 
discussed retrospective study performed at our 
hospital, we observed that the 30-day mortality 
from a suspected PE after 15,559 TJRs declined 
from 0.12 % with the use of general anesthesia 
to 0.02 % with epidural anesthesia (Sharrock 
et al.  1995a ).  

5.9     Intraoperative Heparin 
During THR Surgery 

 During the early 1970s, we noticed patients 
undergoing THR were more susceptible to VTE 
than those who had other surgical procedures. 
Therefore, we began administering intraopera-
tive unfractionated heparin intravenously and 
conducted three clinical trials. The heparin was 
administered at different times and in differ-
ent doses. Venographic postoperative deep vein 
thrombosis (DVT) was reduced in all three studies 
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in the heparin group in comparison to the control 
group (Sharrock et al.  1990 ; Huo et al.  1992a ,  b ). 

 In the early 1990s, and with the advent of 
faster markers of thrombosis, we demonstrated 
that thrombogenesis is strongly activated as 
soon as the femoral canal is invaded, increas-
ing progressively with rasping, cementation, 
and insertion of the femoral stem. Accordingly, 
we tested the effi cacy of a low dose (1,000 U) 
of unfractionated heparin administered intra-
venously a few minutes before femoral prepa-
ration and found it suppressed fi brin formation 
during femoral preparation and insertion of the 
femoral component (Sharrock et al.  1995b ). In 
a subsequent dose-response study, 10 U/kg of 
unfractionated heparin inhibited fi brin formation, 
whereas 20 U/kg completely suppressed fi brin 
formation (Sharrock et al.  1999 ). 

 The virtue of this single, small intravenous 
dose of unfractionated heparin, given a few min-
utes before femoral work when the thrombogen-
esis is maximally activated, is its short half-life 
(±30 min) so the risk of bleeding is minimal. 
With epidural hypotensive anesthesia, no addi-
tional intraoperative or postoperative bleeding is 
evident (Salvati et al.  2007 ).  

5.10     Early Mobilization 
and Intermittent Pneumatic 
Compression 

 Patients with regional anesthesia do not recover 
active motion of the lower extremities for a few 
hours after surgery, which increases venous stasis. 
Thus, we apply intermittent pneumatic compres-
sion (IPC) early in the recovery room. We have 
shown that the application of IPC immediately 
after the operation increases the velocity and vol-
ume of venous fl ow, preventing or minimizing the 
formation and propagation of clots (Westrich et al. 
 2000 ). We evaluated the hemodynamic effects of 
several commercially available IPC devices in a 
crossover study involving ten patients who under-
went TKR (Westrich et al.  1998 ). Newer pulsatile 
calf and pulsatile calf-foot IPC with a rapid infl a-
tion time produced the greatest increase in peak 
venous velocity, whereas sequential compression 

of the calf and thigh showed the greatest increase 
in venous volume. In a randomized, prospective 
study, we compared the rate of asymptomatic 
DVT in patients who were treated with or without 
IPC after joint replacement surgery. The rate of 
occlusive thrombi detected using MRV was 2 % 
(1 of 50) in the IPC group and 10 % (5 of 50) in the 
control group ( p  = 0.04) (Ryan et al.  2002 ). 

 Active ankle dorsi-plantar fl exion increases 
femoral venous fl ow by 50 % compared with 
baseline resting values (Markel et al.  1997 ). 
Thus, we strongly encourage such exercise 
throughout the entire recovery period. The 
postoperative pain relief provided by the 
patient- controlled analgesia facilitates early 
mobilization, which starts with the physical 
therapist on the day of surgery or in the morning 
of the fi rst postoperative day.  

5.11     Chemoprophylaxis 

 Aspirin is administered (325 mg twice daily) to 
patients with no predisposing factors for VTE 
and who mobilize promptly to provide mild sup-
pression of thrombogenesis in the postoperative 
period. Aspirin also reduces the risk of hetero-
topic ossifi cation (Bek et al.  2009 ). 

 Patients who are intolerant to aspirin or have a 
predisposition for VTE are given warfarin, which 
is initiated on the night of the surgical day aiming 
at obtaining an INR of 2 for 4–6 weeks. 

 Patients with an unusually high risk of VTE 
can be treated with low-molecular-weight heparin 
(LMWH) or an oral factor Xa inhibitor (Brown and 
Huo  2013 ). When the risk of VTE is high, we start 
both coumadin and  LMWH postoperatively. If the 
epidural catheter is maintained for pain control, 
we delay the LMWH for 6 hours after its removal. 
The LMWH is discontinued after 3–4 days, once 
the patient’s INR is >1.8. If the administration of 
LMWH is prolonged for 5 days or more, a platelet 
count is indicated in view of the risk of heparin-
induced thrombocytopenia (HIT) (Warkentin and 
Greinacher  2004 ). The 2012 ACCP Guidelines 
recommend against the use of vena cava fi lters in 
patients who are not candidates for pharmacologic 
or mechanical prophylaxis (Falck-Ytter et al.  2012 ).  
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5.12     Clinical Results 
of Multimodal 
Thromboprophylaxis 

 In order to determine safety and effi cacy of mul-
timodal prophylaxis, we have published three 
studies evaluating a combined aggregate of 
4,616 patients undergoing primary, elective THR 
or knee arthroplasty. All patients received mul-
timodal thromboprophylaxis (González Della 
Valle et al.  2006 ; Gesell et al.  2013 ; Vulcano 
et al.  2012 ). All patients were followed for 90 
days and none was lost. A total of 31 patients 
(0.6 %) were diagnosed with a symptomatic 
PE. None of these 31 patients died as a conse-
quence of the PE during the follow-up period. 
Five patients (0.1 %) died during the initial 
90 days. Three of the fi ve patients received 
an autopsy which revealed arrhythmia in one 
patient, congestive heart failure in the second 
patient, and a myocardial infarction in the third 
patient. Consequently, the fatal PE rate ranged 
between 0 % (best-case scenario: assumes that 
none of the remaining two patients died of a PE) 
and 0.043 % (worse-case scenario: assumes that 
the remaining two patients without an autopsy 
died from a PE). 

 In addition, we addressed if multimodal 
prophylaxis with aspirin can be safely used 
in patients undergoing bilateral THR surgery, 
which carry a greater thrombogenic stimulus 
than unilateral surgery. We reviewed 644 con-
secutive patients who underwent one-stage 
bilateral THR, to determine the prevalence of 
VTE with two types of chemoprophylaxis. All 
patients received a similar multimodal pro-
phylaxis protocol, which differed only in the 
postoperative chemoprophylaxis: 292 patients 
received Coumadin and 352 received aspirin. 
All patients were followed for a minimum of 3 
months. There was no difference in the preva-
lence of VTE between the groups: 18 patients 
(6.16 %) in group 1 and 20 (5.68 %) in group 
2. Four patients in each group developed a non-
fatal PE (1.36 and 1.13 %, respectively). There 
were two deaths in each group, neither related 
to VTE. None of these differences were statisti-
cally signifi cant (Beksaç et al.  2007 ).  

5.13     How Does Multimodal 
Thromboprophylaxis 
Compare to Other 
Thromboprophylaxis 
Protocols? 

 In order to determine if multimodal thrombo-
prophylaxis is as effi cacious as other regimes 
that rely only on the routine administration 
of an anticoagulant, we performed a system-
atic review of peer-reviewed studies published 
between 1998 and 2007 that included a 6-week 
or 3-month incidence of all- cause mortality and 
symptomatic PE. In an aggregate of over 25,000 
patients, we compared 3 different thrombopro-
phylaxis protocols (Sharrock et al.  2008 ): Group 
A (15,839 patients) received potent, fast-acting 
anticoagulants such as LMWH, ximelagatran, 
fondaparinux, and rivaroxaban; group B (7,193 
patients) received multimodal thromboprophy-
laxis (as outlined above); and group C (5,006 
patients) received a slow-acting anticoagulant 
(warfarin). All-cause mortality was signifi -
cantly lower in the multimodal group (0.19 %) 
when compared to the potent anticoagulation 
group (0.41 %) and the warfarin group (0.40 %). 
Similarly, the symptomatic PE rate was lower in 
the multimodal group (0.35 %) when compared 
to the potent anticoagulation group (0.59 %) 
and the warfarin group (0.52 %) (Fig.  5.2 ). We 
concluded that multimodal thromboprophylaxis 
is associated with the lowest all-cause mortality 
and PE rates after joint replacement in the lower 
extremity and that PE occurs despite the use of 
potent anticoagulation.

5.14        Pulmonary Embolism: No 
Longer the Leading Cause 
of Postoperative Mortality 

 In order to determine if PE continues to be the 
leading cause of death after TJR and if the pro-
portion of deaths attributable to PE is lower when 
potent anticoagulants are used for prophylaxis, 
we conducted a second, larger systematic review. 

 The study consisted on a meta-analysis of 
99,441 patients who underwent TJR. Among 373 
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(0.38 %) deaths reported, the majority occurred 
due to cardiopulmonary complications unrelated 
to PE. PE was suspected to be responsible for 
only 25 % of the reported deaths (Poultsides et al. 
 2012 ). Moreover, the proportion of deaths due to 
PE was not affected by the type of postopera-
tive chemoprophylaxis. In a large observational 
cohort study involving 93,840 patients from 307 
hospitals, Bozic et al. showed that the overall 
30-day mortality rate in patients undergoing TKR  
was 0.12 %. Patients received aspirin (5 %), war-
farin (55.3 %), or injectable agents (39.6 %). 
No difference in mortality was seen between 
the three VTE prophylaxis groups (Bozic et al. 
 2010 ). Furthermore, the use of aspirin as chemo-
prophylaxis was associated with a lower adjusted 
risk for all VTE events compared to warfarin and 
a similar adjusted VTE risk compared to inject-
able agents. This study further highlights the fact 
that death after joint replacement is exceedingly 

rare and the multimodal approach is simple and 
effi cacious in preventing VTE events.  

5.15     Concerns with the Routine 
Use of Anticoagulants 
for Prophylaxis 

 A large number of patients undergoing TJR in 
the United States receive warfarin for postopera-
tive thromboprophylaxis despite delayed effect, 
variable patient response, its narrow range of 
therapeutic effi cacy, and a perplexing tendency 
to oscillate in and out of therapeutic target range. 
Effective prophylactic anticoagulation occurs 
only after a few days of administration, and there 
is no protection during the immediate postopera-
tive period, when thrombogenesis is maximally 
activated. Warfarin has a number of drug interac-
tions and with the current short hospital stay, it is 
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  Fig. 5.2    Rates (events/100 patients) of PE and all-cause 
mortality stratifi ed by prophylaxis modality. Group 
A = potent anticoagulation; group B = multimodal pro-

phylaxis; group C = warfarin.  Error bars  demonstrate 
reported ranges from the literature (Adapted from 
Sharrock et al. ( 2008 ))       
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diffi cult to achieve an adequate prophylactic level 
prior to discharge (Salvati and Lachiewicz  1976 ). 
In addition, the response to warfarin is affected by 
genetic mutations: Patients who are genetically 
predisposed to hyporespond to warfarin may be 
at an increased risk of VTE, whereas those who 
hyperrespond may be at an increased risk of bleed-
ing (González Della Valle et al.  2009 ). 

 With regard to injectable agents, HIT can affect 
between 0.1 and 5 % of postoperative patients 
(Linkins et al.  2012 ). HIT is a prothrombotic disorder 
mediated by IgG antibodies that bind to conforma-
tional epitopes complexed with heparin. Typically, 
the platelet counts are only moderately reduced. 
Occasionally, patients do not have thrombocytope-
nia, but their platelet counts decrease by 50 % from 
pretreatment levels (Warkentin et al.  2003 ). There 
are two types of HIT: Type I is relatively common 
(10–20 %), nonimmune, and benign, with no ensu-
ing bleeding or thrombotic complications. Platelet 
count drops but reverts to normal gradually with-
out treatment. Type II is relatively rare (2–3 %) 
and is immune mediated. The platelet count falls to 
about 50,000/ul after 5–10 days of heparin therapy. 
Life-threatening conditions occur due to associated 
bleeding and/or thrombosis. The mortality rate may 
be as high as 40 %. Though routine monitoring of 
platelet count is controversial, we strongly recom-
mend doing so in patients receiving heparin as the 
consequences of HIT can be devastating. Several 
case reports exist in the arthroplasty literature high-
lighting the dangers of HIT (Lilikakis et al.  2006 ; 
Chow et al.  2012 ; Craik and Cobb  2013 ; Ketha 
et al.  2013 ; Patterson et al.  1989 ).  

5.16     Summary 

 Whereas the traditional strategy of routinely 
administering potent anticoagulation for pro-
phylaxis is deeply rooted in the medical com-
munity, our experience supports a multimodal 
approach and aspirin which is both cost- effi cient 
and safe in patients with no predisposing factors. 
Our opinion stems from four decades of clinical 
experience, the fi ndings in our own patients, and 
evidence from other institutions.      
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6.1     Introduction 

 Total hip arthroplasty (THA) and total knee 
arthroplasty (TKA) results in a substantial peri-
operative blood loss. A total blood loss of 1–2 L – 
comprised of both visible and hidden blood 
losses – are commonly reported, and in a recent 
study, a blood loss of 1,729 ± 552 mL following 
primary THA and 1,397 ± 473 mL following pri-
mary TKA was reported (Konig et al.  2013 ). 
These blood losses may be even bigger in bilat-
eral simultaneous surgery and in revision cases. 
Blood losses of these magnitudes may lead to 
anemia and necessitate blood transfusion. 
However, various precautions (preoperative 

 optimization, use of spinal analgesia, use of 
tranexamic acid, bipolar sealers, bone plugs, cell 
savers, no drains, and postoperative cooling, etc.) 
may reduce the blood loss and the resulting drop 
in hemoglobin and hence the need for 
transfusion. 

 Hemoglobin values triggering transfusion 
may vary between countries, hospitals, and sur-
geons which have lead to the development of 
patient blood management systems. Patient blood 
management is an evidence-based, multidisci-
plinary approach to optimize the care of patients 
who may need a transfusion including the appli-
cation of correct indications and aiming at mini-
mizing both blood loss, the need for transfusions, 
and reducing health-care costs.  

6.2     Defi nition of the Problem 

 Anemia is defi ned by the World Health 
Organization (WHO) as a level of hemoglobin of 
less than 12 g/dL (7.4 mmol/L) for women and 
less than 13 g/dL (8.1 mmol/L) for men, but cut-
off values may differ between countries and in 
the literature making comparisons diffi cult. 
There seems to be little controversy that periop-
erative anemia and low hemoglobin may lead to 
increased transfusion rates, morbidity, and mor-
tality. In a systematic review on the prevalence of 
anemia in patients operated with THA and TKA, 
preoperative anemia was found in 24 ± 9 % and 
postoperative anemia in 51 ± 10 % of patients 
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(Spahn  2010 ). Perioperative anemia was associated 
with a blood transfusion rate of 45 ± 25 %, post-
operative infections, poorer physical functioning 
and recovery, and increased length of hospital 
stay (LOS) and mortality (Spahn  2010 ). Also, in 
a recent multicenter study on fast track with a 
median LOS of 2 days, it was found that 12.8 % 
of patients had preoperative anemia which was 
associated with a 4.7-fold increased risk of 
receiving blood transfusion, a 1.4 times increased 
risk of readmission within 90 days, and a 2.5-fold 
increased risk of LOS >5 days (Jans et al.  2014 ). 
Earlier fast-track studies also found blood trans-
fusion to be associated with longer LOS (Husted 
et al.  2008 ). However, a nationwide study on 
blood transfusion following THA found varia-
tions between departments from 7 to 71 % fol-
lowing this standard procedure illuminating the 
need for guidelines based on research and identi-
fi cation of an evidence-based transfusion trigger 
(Jans et al.  2011 ). Also, this study confi rmed 
transfused patients to stay longer and to have a 
5.5-fold higher mortality within 90 days follow-
ing index operation (Jans et al.  2011 ). But even 
though major bleeding or severe postoperative 
anemia is strongly associated with blood transfu-
sion, direct causality between transfusion and 
adverse outcomes remains unclear. Breaking 
down the data in the nationwide Danish study 
(Jans et al.  2011 ) showed the transfusion-related 
mortality to include cases of major perioperative 
bleeding or severe postoperative anemia with 
delayed blood transfusion in addition to possible 
complications to blood transfusion per se (Jans 
et al.  2012 ). The risks of blood transfusion are 
well established and include the risk of transmit-
ted disease, however rare, and the associated 
costs of blood transfusion (Carless et al.  2012b ). 
Also, studies have found an increased risk of pro-
longed wound healing and infection associated 
with blood transfusion (Innerhofer et al.  1999 ; 
Weber et al.  2005 ). 

 Historically, a hemoglobin cutoff of 10.0 g/dL 
has been used as an indication for transfusion or 
a drop in hematocrit of 30 %, the combination 
often referred to as the 10/30 rule. Nowadays, a 
more individualized approach is often used with-
out a single threshold for red cell transfusion, but 

instead recommending a range of hemoglobin 
values between 6.0 and 10.0 g/dL combined with 
the presence of comorbidities (especially isch-
emic heart disease) and symptoms of anemia. To 
give an example, the Danish National Health 
Board states in its guidelines that hemoglobin 
values of less than 7.4 g/dL in all patients and of 
less than 9.9 g/dL in patients with ischemic heart 
disease should lead to considerations on giving 
blood transfusion (Sundhedsstyrelsen  2007 ). 

 Although the best transfusion trigger in elec-
tive patients remains unknown, restrictive trans-
fusion protocols are recommended – and put 
forward as guidelines – with cutoffs for most 
patients of 7.0–8.0 g/dL (Carson et al.  2012a ; 
Spahn and Vamvakas  2013 ; Carson and Hebert 
 2014 ). In accordance with this, the hemoglobin 
values used as transfusion triggers in most stud-
ies varies between 7.0 and 9.0 g/dL (Carson et al. 
 2012b ).  

6.3     A Low Hemoglobin 
Transfusion Trigger 
and Outcome 

 Trying to reduce the transfusion trigger to reduce 
blood transfusion and the associated risks and 
costs is not new. It was tried successfully in coro-
nary bypass surgery in 1999: The transfusion 
trigger was reduced from 9 to 8 g/dL without 
negative effect on fatigue, morbidity, and mortal-
ity (Bracey et al.  1999 ). Generally, older studies 
on outcome after THA and TKA have used more 
liberal transfusion protocols – if any – as opposed 
to some newer studies where more restrictive 
transfusion protocols have been applied with the 
increasing awareness also of the deleterious 
effects of blood transfusion. Thus, several studies 
have examined the outcome of a more restrictive 
transfusion protocol on various aspects. 

 A study investigating the potential associa-
tion between postoperative anemia and quality 
of life (QoL) and fatigue at 4 and 14 days post-
operatively found no association between 
postoperative hgb values (10.5 ± 1.1 and 
11.4 ± 1.2 g/dL, respectively) and QoL or 
fatigue (So-Osman et al.  2011 ). 
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 Another study in three hospitals compared a 
liberal and a more restrictive transfusion proto-
col in elective orthopedic surgery, the latter 
based on age and medical comorbidity. Results 
were, as expected, signifi cantly less transfu-
sions in the restrictive group but also included 
fewer infections and less respiratory complica-
tions without affecting LOS, cardiovascular 
complications, mortality rate, or QoL scores 
(So-Osman et al.  2013 ). The hgb trigger result-
ing in transfusion was set at 6.4, 8.1, and 9.7 g/
dL for age less than 50 years, 50–70 years, and 
more than 70 years, respectively. 

 So, it seems that moderate postoperative ane-
mia is well tolerated causing no impact on 
fatigue, QoL, cardiovascular complications, 
LOS, mortality, and with a potential for less 
infections. The question is, of course, how low 
postoperative hemoglobin values are tolerated 
without affecting early functional recovery? A 
study differentiated between patients and hemo-
globin values (≤8.0, 8.1–9.0, 9.1–10.0, and 
>10.0 g/dL) fi nding no difference between groups 
in the decrease of the distance walked preopera-
tively versus postoperatively or in the outcome of 
a 6MWT (6 min walk test). Also, no differences 
were found with perception of effort, maximal 
dominant hand strength, and SF-36 QoL scores 
(Vuille-Lessard et al.  2012 ). 

 Another way to reduce blood transfusions is to 
combine a restrictive transfusion trigger with 
single-unit transfusion if needed – as opposed to 
the common practice where multiplums of two 
transfusions are given and two being the lowest 
prescription. Not much evidence is published but 
a study explored the use of single-unit transfu-
sion in a restrictive protocol with a cutoff of 7.5–
9.0 g/dL in low-risk symptomatic patients 
(Naylor et al.  2010 ). The main fi nding was a sig-
nifi cant reduction in the transfusion rate and an 
increase in single-unit only transfusions without 
impairing secondary outcomes as LOS remained 
unchanged as did a 6-week control hemoglobin 
and complications (Naylor et al.  2010 ). 

 One debated study – although not in arthro-
plasty surgery but in hip fracture surgery, an even 
more fragile group of elderly patients – is the 
study by Carson et al. ( 2011 ). The study random-

ized patients to a hemoglobin transfusion trigger 
of 10 g/dL versus 8 g/dL and found the liberal 
transfusion strategy  not  to reduce mortality, in- 
hospital mortality, or the inability to walk inde-
pendently on 60-day follow-up – thus favoring 
the more restrictive transfusion protocol. Also, in 
hip fractures, a study comparing the potential 
impact of a restrictive protocol (cutoff 8.0 g/dL) 
versus a liberal (cutoff 10.0 g/dL) on the rate or 
severity of delirium found no difference (Gruber- 
Baldini et al.  2013 ). 

 Will all patients tolerate a hemoglobin trigger 
threshold for transfusion of 8.0 g/dL? No defi ni-
tive answer can be found in the literature at the 
time of search (January 2014), but a pilot study in 
patients with symptomatic acute coronary artery 
disease found a higher mortality rate at 30 days in 
the restrictive group (8.0 g/dL) as opposed to the 
liberal group (10.0 g/dL) (Carson et al.  2013 ). So, 
it seems that caution can be advised for that spe-
cifi c group of patients meaning that a patient oper-
ated with THA/TKA and developing symptoms of 
ischemic heart disease in the postoperative phase 
could benefi t from a liberal transfusion protocol. 

 Finally, a Cochrane review (19 RCT) from 
2012 summing up found restrictive transfusion 
strategies to reduce the risk of receiving blood 
transfusion by 39 %, the volume of red blood 
cells (RBCs) transfused was reduced on average 
by 1.19 units and did not impact the rate of 
adverse events compared to liberal transfusion 
strategies (i.e., mortality, cardiac events, myo-
cardial infarction, stroke, pneumonia, and 
thromboembolism) (Carson et al.  2012b ). 
Furthermore, restrictive transfusion strategies 
were associated with a statistically signifi cant 
reduction in hospital mortality (RR 0.77, 95 % 
CI 0.62–0.95) but not 30-day mortality (RR 
0.85, 95 % CI 0.70–1.03). The use of restrictive 
transfusion strategies did not reduce functional 
recovery, hospital, or intensive care length of 
stay. It is concluded that the existing evidence 
supports the use of restrictive transfusion trig-
gers in most patients including those with pre-
existing cardiovascular disease and that in 
countries with inadequate screening of donor 
blood, the data may constitute a stronger basis 
for avoiding transfusion (Carson et al.  2012b ). 
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 The question arises: how restrictive should the 
transfusion protocol be (excluding the patients 
with ischemic heart disease)? A meta-analysis 
and review evaluating a restrictive hemoglobin 
transfusion trigger of <7 g/dL compared with a 
more liberal trigger found reduced in-hospital 
mortality (RR 0.74), total mortality (RR 0.80), 
rebleeding (RR 0.64), acute coronary syndrome 
(RR 0.44), pulmonary edema (RR 0.48), and bac-
terial infections (RR 0.86) all in favor of the 
restrictive protocol (Salpeter et al.  2014 ). Also, 
the number needed to treat with a restrictive strat-
egy to prevent 1 death was 33. Pooled data from 
randomized trials with less restrictive transfusion 
strategies showed no signifi cant effect on out-
comes indicating that a trigger of 7 g/dL is not 
only safe but safer than a more liberal trigger 
(Salpeter et al.  2014 ).  

    Conclusion 

 A low hemoglobin transfusion trigger is not 
dangerous for patients without ischemic heart 
disease – on the contrary, it is safer producing 
better outcomes. Studies comparing a restric-
tive transfusion protocol with cutoff hemoglo-
bin values of 8 g/dL compared to a more liberal 
transfusion protocol with traditional hemoglo-
bin values of 10 g/dL consistently fi nd equal 
outcomes regarding QoL, fatigue, LOS, mor-
bidity, and functional outcome judged by 
6MWT and superior outcomes regarding less 
transfusions, less infections, and cost savings. 
A restrictive protocol with 7 g/dL has been 
found to produce reduced in-hospital mortal-
ity, total mortality, rebleeding, acute coronary 
syndrome, pulmonary edema, and bacterial 
infections. Patients with symptomatic isch-
emic heart disease may benefi t from a more 
liberal transfusion protocol.     
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7.1             Introduction 

 It is common for clinicians to observe how 
concentrations of hemoglobin (Hb) as low as 4 
or even 3 g/dl may be compatible with life and 
to see patients affected by chronic anemia who 
may afford some physical practice, with Hb 
levels just above 5 or 6 g/dl. On the other hand, 
we observe that not severely anemic patients 
can undergo serious ischemic complications. 
These experiences suggest that, depending on 
interpersonal variability in anemia tolerance, 
the range of Hb in which appropriateness of 
transfusion is uncertain is wide and that other 

indicators are needed to guide clinical deci-
sions about blood transfusion. 

 This chapter makes a critical review of the 
available literature in order to provide a useful 
interpretation of the conclusions of different 
studies and metanalysis.  

7.2     Discussion About 
Methodology Used 
in Clinical Studies 

 Most of our knowledge about blood transfusion 
outcomes and adverse effects is based on observa-
tional, often retrospective, studies. Indeed, studies 
addressing etiologies as well as monitoring of 
adverse effects correctly relies on such a method-
ology, provided an adequate analysis is conducted 
for establishing causative relationship, such as 
application of Bradford Hill criteria (Isbister et al. 
 2011 ). On the other hand, in order to address the 
question: “What is a safe transfusion trigger (in a 
determined cohort of patients)?” RCTs are needed 
and many have actually been carried out in the last 
decades. Most RCTs, applying maximal statisti-
cal rigor, are based on an intention-to-treat analy-
sis, where randomized patients remain in 
respective arms, regardless of the actual treatment 
in the course of the study. The other possible 
methodological approach is the on-treatment 
analysis. Both methods are limited, being the lat-
ter susceptible to different kinds of bias, and the 
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fi rst potentially burdened by a certain rate of pro-
tocol violation or deviation. Because of these 
limitations, some authors suggest that both analy-
sis should usually be performed and reported, 
ultimately stating that “clinical research results 
remain an imperfect approximation of what will 
happen when a treatment is implemented in prac-
tice” (Blumberg et al.  2007 ). 

 In order to draw conclusion from RCTs about 
transfusion thresholds, a valuable meta-analysis 
is available, from the Cochrane Collaborative 
Group (Carson et al.  2012a ). Some notations are 
to be brought, in order to place this issue in the 
correct framework. Risk of bias exists in most 
studies, also considering that blinding is practi-
cally impossible. Also, RCTs show a consider-
able heterogeneity with regard to the threshold 
used in the two arms, being in the “restrictive” 
arm 7–9 g/dl and extremely variable in the “lib-
eral” one. 

 For ethical reasons, since blood transfusion is 
considered a life-sparing therapy, deviations 
from protocol in transfusion medicine trials have 
always been high, even though over the last few 
decades increased education to adhere to 
evidence- based programs and growing confi -
dence of medical and surgery staffs with lower 
transfusion thresholds have permitted to improve 
the compliance with protocols within clinical tri-
als in transfusion medicine. The rate of protocol 
deviation in some studies is so high that the pri-
mary outcome (rate of patients transfused and/or 
number of units infused) does not achieve a sta-
tistically signifi cant difference between the two 
arms (see Carson et al.  2012a ). 

 The rationale for blood transfusion is to 
restore oxygen delivery, in a symptomatic patient 
or in an asymptomatic one, assuming that the 
benefi ts will overweight the risks. In routine clin-
ical practice, reliable indicators of tissue hypoxia 
are not available. Therefore, often blood units are 
delivered and administered  before , and  in the fear 
of , signs of hypoxia are developed, as well as 
with the aim to provide a reserve when further 
bleeding is anticipated. This behavior relies on 
known risks of perioperative course, given that 
myocardial infarction (MI) and overall cardio-
vascular deaths are the main causes of deaths 
after non-cardiac surgery (Lie et al.  2002 ; 

Mantilla et al.  2002 ). MI is present in 5 % of 
patients by 30 days of surgery, with some 2/3 of 
these not experiencing symptoms of ischemic 
injury (Devereaux et al.  2011 ). Besides renal fail-
ure, postoperative independent risk factor for MI 
is ongoing blood loss (idem), suggesting that for 
bleeding patients the time lag between checking 
Hb concentration and eventual transfusion, in 
everyday ward practice, may be unacceptably 
long. Translation of the best literature in every-
day routine must take in account a number of fac-
tors also including organization, ultimately 
concerning patient’s safety. Rosencher et al. 
( 2012 ) have suggested that “we must now move 
on towards tailoring allogeneic blood transfusion 
administration to suit individual needs by adapt-
ing to ward routines, to logistical problems of 
obtaining blood in a timely fashion ad to the 
kinetics of bleeding for each procedure” and that 
“according to the kinetics of bleeding, the trans-
fusion trigger should be different in the recovery 
room and the ward.” 

 In most RCTs addressing safety of a low 
transfusion threshold, patients presenting CVD 
or bleeding at enrollment are excluded. Usually 
and correctly from an ethical standpoint, transfu-
sion of symptomatic patients assigned to the 
restricted arm is permitted  within  the protocol, 
and in some studies the opinion of clinician 
about a not better defi ned benefi t for the patients 
is not considered a deviation from protocol. 
Therefore, even when the average Hb concentra-
tion detected in the two arms diverge appropri-
ately, a doubt arises that in the restrictive arm 
those patients who would potentially get harm 
from not transfusing have actually been trans-
fused, ultimately determining a lower rate of 
adverse outcomes related to tissue hypoxia. 
Therefore, results may potentially imply mis-
leading conclusions. In other cases, misunder-
standing originates in the title: for example, Foss 
et al. ( 2009 ) studied ambulation after hip fracture 
surgery. These authors did not fi nd signifi cant 
difference between liberal and restrictive arms, 
and they observed, in the restrictive arm, a strik-
ing higher rate of cardiovascular complications 
and death. 

 Another issue that we have not engaged yet is 
related to the quality of blood products used in the 
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RCTs, in terms of leukoreduction and storage 
consequences. We will not examine this issue in 
detail, referring to proper studies and reviews. We 
only underline that some of the studies that have a 
relative weight in analysis leading to conclude 
that not transfusing over a certain threshold is 
 better than doing have been performed with 
 not-leukoreduced blood components. It is clearly 
established that leukoreduction modifi es proin-
fl ammatory properties of RBC units, and their 
reduction can be associated with short-term 
 mortality in some settings (Vamvakas  2003 ). 
Therefore, it appears reasonable to state that some 
studies, reproduced with different products, 
would carry different results. The infl uence of 
“age” of blood components on clinical outcomes 
after transfusion is still debated (Lelubre and 
Vincent  2013 ), but arguing against any unfavor-
able consequence appears not reasonable. When 
new media for conservation of RBC units, able to 
reduce or delay the comparison of storage lesions, 
will be licensed (at present, some are under inves-
tigation), risk/benefi t ratio for blood transfusion 
shall be revisited. 

 Indeed, taking into account the evidence so 
far accessible, currently available guidelines are 
very cautious in their indications. Carson et al. 
( 2012b ) for the AABB state that “Practice 
guidelines are not intended as standards or 
absolute requirements and do not apply to all 
individual transfusion decision. Clinical deci-
sion is critical in the decision to transfuse.” 
After indicating a Hb threshold of 8 g/dl or 
symptoms in postoperative surgical patients, 
these authors explain: “The panel believed that 
these  recommendations would probably apply 
to most postsurgical and medical patients ,  with 
the exception of those with the acute coronary 
syndrome. ”  

7.3     Physiological Trigger Points 

 It has been clearly established that morbidity and 
mortality risks for young, healthy subjects are 
extremely low, in acute normovolemic anemia with 
Hb levels as low as 5 g/dl (see the other chapters 
from Gentilini and Ringressi and from Husted), for 
activation of adaptive phenomena. What ability of 
compensation exists in elderly and/or ill popula-
tions, which indexes can effectively guide the deci-
sion to transfuse, and what measures can be taken to 
reduce transfusion dependency in specifi c settings 
are still a matter of debate. In mixed surgery patients 
refusing transfusion, Carson et al. ( 2002 ) found that 
the odds of death in patients with a postoperative Hb 
≤8 g/dl increased 2.5 times for each gram decrease 
in Hb level, after adjusting main  confounding fac-
tors. A restrictive strategy in critical care, with a 
transfusion threshold as low as 7 g/l Hb, was associ-
ated with a favourable outcome in the benchmark 
paper by Hébert et al. ( 1999 ). Even if every medical 
staff must credit this, as well as several other papers 
bringing analogous conclusions for their ground-
breaking indications, conclusive statements on 
transfusion appropriateness in every patient cannot 
be drawn on the basis of Hb level alone. 

 From a theoretical point of view, since blood 
transfusion therapy is administered as a funda-
mental support to oxygenation of tissues, a step 
forward in the direction of tailoring transfusion for 
specifi c patient’s need has to take into account the 
physiology of oxygen supply to the cells (Fig.  7.1 ).

   The index of availability of oxygen for the tis-
sues/organs is DO 2  (oxygen delivery), that is, the 
product of cardiac output (CO) by the content of 
oxygen in arterial blood (CaO 2 ). This value can 
be obtained knowing the arterial hemoglobin 
saturation (SaO 2 ), since CaO 2  = SaO 2  × Hb × 1.34 
(i.e., the oxygen-carrying capacity of Hb in 

  Fig. 7.1    Representation of the oxygen pathway, from air to tissues, in mammals       
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mlO 2 /g Hb) + O 2  dissolved in plasma. The amount 
of dissolved gas is negligible when Hb concen-
tration is not very low and air is inhaled. 

 In a healthy resting adult, DO 2  ranges from 800 
to 1,200 ml/min, while global oxygen consumption 
(VO 2 ) is 200–300 ml/min. The oxygen extraction 
ratio (O 2 ER), representing the ratio VO 2 /DO 2 , is 
thus 20–30 % and a large reserve exists for meta-
bolic demand. When DO 2  is reduced for any reason 
affecting the oxygen pathway, enclosed acute nor-
movolemic anemia, VO 2  remains mostly stable 
(unless fever, anxiety, or other causes of increased 
oxygen consumption are present), resulting an 
increased O 2 ER. Lowering further the DO 2 , a cer-
tain point is reached (DO 2 CRIT ), where VO 2  begins 
to decrease being O 2 ER not increasable (value at 
peak 60–70 %). Then, oxygen is not suffi cient any-
more for the cell aerobic metabolism, hypoxia 
develops, and an anaerobic metabolism takes over, 
with a low production of ATP, unable to meet the 
tissue demand and lactate is released. Theoretically, 
DO 2 CRIT  is one of the real, physiological trigger 
points. Therefore, we should be able to point at this 
key index, to guide any goal- directed therapy, 
including blood transfusion. 

 Nevertheless, it is to be considered that diverse 
DO 2 CRIT  can coexist in an organism, because of 
reduced DO 2  and/or O 2 ER at regional level, 
where an ischemic injury can develop in some 
organs, in the absence of global markers of 
hypoxia. 

 On the basis of what is described above, opti-
mization of transfusion therapy would require 
reliable markers of hypoxia in tissues. Currently, 
because of the lack of validated, practicable 
markers of tissue hypoxia, we refer to surrogate 
ones. So, traveling back on the O 2  pathway 
(Fig.  7.1 ), the fi rst element easy to derive (in 
quantitative terms) is hemoglobin concentration 
in blood. Therefore, it is obvious that, over last 
decades, a great effort has been put in research in 
the attempt to validate such an inexpensive and 
quickly obtainable indicator as a transfusion trig-
ger. Nevertheless, the predictive value of deter-
minate Hb levels as transfusion thresholds is high 
in patients who are young and without known 
comorbidities and become lower when other fac-
tors are present that can affect the oxygen path-
way at any level. 

 A feasible index that can be integrated with 
Hb concentration is quantifi cation of arterial 
hemoglobin saturation, (SaO 2 ), investigating the 
fi rst part of the O 2  pathway, from inhaled air to 
diffusion toward pulmonary capillaries. SaO 2  
measurement is effected by means of a pulse 
oximetry that gives a reliable esteem and is prac-
ticable in any ward. 

 Doing so, we still miss any information about 
the real amount of oxygen transferred to the tis-
sues. As already mentioned, more refi ned indica-
tors of tissue hypoxia, defi ned “physiological 
trigger points,” have been developed to address 
more closely questions related with the oxygen 
utilization by the tissues, in order to guide a goal- 
directed therapy. On the basis of what is described 
above, ideal investigation on the critical part of O 2  
pathway would require measurement of the key 
factor O 2 ER. This is indirectly obtainable through 
measurement of mixed venous O 2  saturation 
(SvO 2 ), being O 2 ER = (SaO 2  − SvO 2 )/SaO 2 . 
Targeting O 2 ER for goal-directed therapy has 
shown, when integrated in an algorithm of treat-
ment, its capability to guide clinical decision and 
to increase the rate of favorable outcomes (Donati 
et al.  2007 ). SvO 2  measurement requires pulmo-
nary artery catheterization (PAC), by means of a 
Swan-Ganz catheter, but because of low feasibil-
ity and risks associated with this maneuver, it has 
been almost abandoned. Through a more practical 
central venous catheter, it is possible to measure 
the ScvO 2  (central venous O 2  saturation). ScvO 2  
has been advocated to be close to SvO 2 , only 
slightly overestimating, according to some authors 
(Reinhart et al.  2004 ), but presenting a more vari-
able relationship (Dueck et al.  2005 ) and not fully 
substitutable to SvO 2,  according to other authors 
(Chawla et al.  2004 ). Therefore, extending its use 
has required an entirely new step of validation as 
a marker of global tissue hypoxia and tool for 
goal-directed therapy. Most, but not all, studies 
pointing at ScvO 2  as fundamental indicator for 
monitoring clinical conditions and therapy have 
shown its effectiveness in diverse critical illness 
(see van Beest et al.  2011 ). Moreover, its periop-
erative use for goal-directed therapy in high-risk 
surgery has been found to be effective in predict-
ing complications (Pearse et al.  2005a ; Boyle 
et al.  2014 ) and in improving clinical outcomes 
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(Pearse et al.  2005b ; recently reviewed by 
Arulkumaran et al.  2014 ). Therefore, ScvO 2  
appears to be one of the best candidates to guide 
the goal-directed therapy in ICUs. Still, its intrin-
sic main limit is related to the requirement in inva-
sive procedures, and currently it is not usable in 
most settings, such as in uncomplicated surgery. 

 Nevertheless, the value of ScvO 2  in monitor-
ing goal-directed therapy in ICUs cannot over-
shadow other more “traditional” measures, such 
as blood pressure and heart rate monitoring, 
diuresis control, pulse oximetry, ECG, EEG, cen-
tral venous pressure, serum lactate concentration, 
and other index obtained by hemo-gas analysis. 
However, it has to be considered that the rise in 
lactate is delayed in comparison to increased 
O 2 ER (Donati et al.  2007 ). CO, assessed by ther-
modilution or by a less invasive ultrasound tech-
nique, is a central factor in evaluation of 
hemodynamics and therapy, since measures to 
support cardiac inotropy are critical for a favor-
able outcome. 

 In several studies performed in critical care 
settings such as fl uid resuscitation and sepsis, 
focusing on the safety and effectiveness of goal-
directed therapy, blood transfusion were adminis-
tered according to an established protocol, usually 
Hb-based. It has been observed that monitoring 
and therapies based on global oxygenation 
indexes determine an improvement in clinical 
outcomes; we underline that this approach appears 
to entail an increase in blood transfusion rates 
(Rivers et al.  2001 ; Trzeciak et al.  2006 ). Thus, 
when transfusion therapy is guided by reliable 
indicators of tissue hypoxia, its benefi cial effects 
appear to be maximized. On the other hand, in 
septic patients (Mazza et al.  2005 ; Fuller et al. 
 2012 ) as well as in unselected ICU population 
(Saugel et al.  2013 ), blood transfusion appears 
not to affect ScvO 2 . What seems to emerge from 
these studies is that blood transfusion affects 
global indexes of hypoxia only in cases of severe 
dysfunction, while when RBC are administered 
on the base of Hb only, they may not exert any 
improvement and might be not benefi cial at all. 

 Surprisingly enough, global oxygenation 
indexes have not been widely investigated as 
drivers for transfusion therapy; only a few pub-
lished studies focus on transfusion “oxygenation” 

triggers. Targeting the potential utility of oxygen 
extraction ratio (O 2 ER) as an adjunct to the 
hemoglobin (Hb) concentration for guiding RBC 
transfusion, it has been observed that, ultimately, 
ABT rate can be impressively affected, determin-
ing either a relevant reduction (by 40–43 %, 
according to Sehgal et al.  2001 ; Orlov et al.  2009 ) 
or an increase (de Oliveira et al.  2008 ) or no dif-
ference (Donati et al.  2007 ). An overlook at all 
the investigational work so far conducted on 
global oxygenation indexes as drivers for clinical 
decision about blood transfusion seems to sug-
gest that the direction is correct, but the tools are 
limited, especially in the perspective of a wide 
clinical use. Limited results from controlled trials 
also suggest that application of more complex 
algorithms including multiple parameters, in the 
framework of specifi c clinical situations, may be 
more informative and useful for monitoring the 
balance between oxygen supply and tissue 
demand (Futier et al.  2010 ).  

7.4     New Perspectives 

 More indicative and practical tools appear to be 
required to better address questions concerning 
tissue oxygenation and transfusion need. In this 
respect, we look with interest at the development 
of new, or renewed, technologies. Microdialysis, 
whose application has been widely studied in 
neurointensive care (Tisdall and Smith  2006 ), 
can produce information about multiple indica-
tors, among which particularly valuable is the 
lactate/pyruvate ratio (L/P) as index of anaerobic 
metabolism (Waelgaard et al.  2012 ). It has been 
found related to the severity of illness in hemor-
rhagic shock (Ohashi et al.  2009 ) and sepsis 
(Dimopoulou et al.  2011 ) and as predictor of 
poor outcome (idem; Nikitas et al.  2013 ). 
Interestingly, L/P has been found to be signifi -
cantly affected by blood transfusion (Kopterides 
et al.  2012 ) in critically ill patients. 

 Another interesting noninvasive technique is 
near-infrared spectroscopy (NIRS) that gives 
information about the saturation of Hb within the 
tissues (StO 2 ). Notwithstanding intrinsic limits, it 
has been suggested as a valuable mean for moni-
toring the situation of the microcirculation and 
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the effects of therapies in some clinical settings, 
including non-cardiac surgery (Abdelmalak et al. 
 2013 ). In particular, NIRS utilization may result 
very informative for the evaluation of effects of 
RBC administration (Creteur et al.  2009 ; Dani 
et al.  2010 ; Yuruk et al.  2012 ). 

 Also, orthogonal polarization spectral (OPS) 
imaging is a noninvasive technique developed to 
investigate tissue microcirculation and is applied 
to sublingual district obtaining information about 
capillary density and blood fl ow. It has been 
shown that RBC transfusion has a variable effect 
in septic patients (Sakr et al.  2007 ), but in surgi-
cal patients, transfusion with fresh RBC causes 
an increase in the amount of perfused microves-
sels (Ayhan et al.  2013 ). 

 As a practical marker of anemia-induced tis-
sue hypoxia, Hare et al. ( 2013 ) propose methe-
moglobin blood concentration, which may refl ect 
activation of adaptive mechanisms which stimu-
late NO signaling. Nevertheless, at present, this 
hypothesis remains to be defi nitively proven. 

 In conclusion, in acute normovolemic anemic 
patients, currently available guidelines indicate 
RBC transfusion when Hb concentration drops 
under a determined threshold  or  in the presence 
of symptoms that refl ect activation of compensa-
tory mechanisms. This strong recommendation is 
consequent to analysis of results of RCTs that 
show inferiority, or not superiority, of a liberal 
transfusion strategy. In particular, in the postop-
erative management after hip surgery of high-risk 
patients (actually defi ned as having any of com-
mon cardiovascular risks factors in history), 
applying a protocol comparing restrictive versus 
liberal transfusion strategy has not modifi ed the 
relevant rate of severe outcomes (an overall rate 
of 7.1 % of death was observed; Carson et al. 
 2011 ). Therefore, it appears that other strategies 
are to be explored in order to improve clinical 
outcomes in patients belonging to elderly and 
high-risk populations (i.e., most patients under-
going lower limb arthroplasty). Implementation 
of monitoring global indexes of tissue hypoxia, 
possibly by means of noninvasive techniques, 
should be considered as a future standard of care, 
even if cost-effectiveness evaluations are still 
lacking. Doing so, we will be able to restore 

oxygen delivery to hypoxic tissues, withiin a 
framework in which the management of every 
surgery patient, considering his/her centrality, is 
based on integration of knowledge, communica-
tion and formation skiils, also evaluations of 
organizational constrains. We defi ne this process 
“Patient Tissue O 2  Supply Management.”      
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8.1    Arguments in Favor 
of Pre- and Postoperative US 
Screening for All TJA Patients 

    Massimiliano     Marcucci,       Pier     Francesco     Indelli, 
       Angelo     Graceffa, and       Xuan-Phien     Pham         

8.1.1    Introduction 

 Deep venous thrombosis (DVT) represents the 
fi nal step of a complex interaction of events 
including the activation of the clotting cascade in 
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 Open Questions 

•     Is it worth carrying out preoperative 
lower limb Doppler ultrasound screen-
ing for venous thrombosis in all patients 
undergoing hip and knee arthroplasty?  

•   How many patients undergoing hip or 
knee arthroplasty have a silent thrombus?  

•   Which patients are to be considered at 
high risk for postoperative thrombo-
embolic complications?    
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conjunction with platelet aggregation. Patients 
undergoing total joint arthroplasty (TJA) are at 
high risk of developing a postoperative DVT or a 
subsequent pulmonary embolus (PE). The 
reported prevalence of DVT after TJA has ranged 
from 32 to 88 % in Western populations where no 
prophylaxis has been used (Clarke et al.  1997 ; 
McKenna et al.  1976 ; National Institutes of 
Health Consensus Development Conference 
statement  1986 ; Stulberg et al.  1984 ). 

 Fortunately, the use of pharmacological and/
or mechanical prophylaxis has reduced the com-
plication rate to 15–30 % (Clagett et al.  1995 ; 
Francis et al.  1997 ; Lotke et al.  1994 ; Planes 
et al.  1999 ). 

 As a result, the use of venous thromboembolic 
(DVT and PE) prophylaxis, most commonly 
pharmacologic prophylaxis, has become the stan-
dard of care for patients undergoing elective 
TJA. However, the controversy between the effi -
cacy of DVT prophylaxis and the increased risk of 
bleeding in the postoperative period continues to 
exist. Parvizi et al. ( 2007 ) have shown that patients 
with a wound hematoma or persistent wound 
drainage are at higher risk of a postoperative deep 
joint infection. As a direct consequence of the 
concerns for postoperative bleeding risk and 
potential for infection, orthopedic surgeons may 
prefer a more risk-averse method by which to pre-
vent thromboembolic phenomena following TJA, 
especially because the rate of symptomatic PE is 
similar, regardless of the chemoprophylaxis agent 
used (Westrich et al.  2000 ). 

 In our experience, duplex ultrasonography has 
been shown to be useful in the preoperative and 
postoperative detection of DVT as routine screen-
ing may detect a signifi cant percentage of asymp-
tomatic DVT, which is not a completely benign 
fi nding (Lohr et al.  1995 ). We also believe that 
surveillance with duplex scanning is also funda-
mental in determining effi cacy and duration of 
DVT therapy. 

 We performed a prospective serial duplex 
ultrasonography study to determine the incidence 
of preoperative DVT, along with the detection 
and clinical course evaluation of postoperative 
isolated distal DVT in a consecutive group of 

patients undergoing primary TJA. Our goal was 
to demonstrate the need to perform a preopera-
tive and postoperative ultrasound evaluation in 
all patients undergoing TJA to decrease the inci-
dence of DVT and pulmonary embolisms. 

8.1.1.1    Materials and Methods 
 A prospective study including 2,138 hip and 540 
knee operations in 2,678 patients undergoing 
TJA was conducted at our institute between 
September 2009 and December 2013. The study 
group included 1,697 females (63.3 %) and 981 
males (36.7 %). The THA study group included 
153 revisions (7 %), while the TKA group 
included 17 (3 %). All patients gave informed 
consent. 

 Patients with a previous history of DVT, chronic 
venous insuffi ciency, varicose veins, renal insuffi -
ciency, heart failure, or who were taking oral ste-
roidal/hormonal/anticoagulant drugs for any 
medical condition, were excluded from the study. 

 Preoperative assessment for DVT was done 
in all patients on both lower limbs by color 
Doppler ultrasonography using an ATL 5000 
HDI machine. Assessment included examina-
tion of bilateral common femoral, superfi cial 
femoral, popliteal, anterior tibial, and posterior 
tibial veins. Veins were assessed for fl ow, visu-
alized thrombus, compressibility, and augmen-
tation. A diagnosis of DVT was made in cases 
of visualization of thrombosis, absence of fl ow, 
lack of compressibility, or lack of augmenta-
tion. The venous segments examined were the 
same as for venography. Iliac veins were not 
visualized, and the deep femoral vein was visu-
alized only at the junction site. Thigh veins were 
examined with the patient in a supine position, 
whereas popliteal and calf veins were examined 
with the patient in a seated position. Pulsed-
wave Doppler and color Doppler modalities 
have been used for anatomic orientation and 
venous examination, but not for documentation 
of the venous fi ndings. Documentation con-
sisted of fi ve video/digital sequences of each 
leg (thigh veins, popliteal veins, peroneal veins, 
posterior tibial veins, and anterior tibial veins) 
for approximately 60 s. 
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 The postero-lateral approach was used on all 
patients undergoing THA. All patients undergo-
ing TKA received a standard paramedical 
approach: a tourniquet was routinely used. 
Patients were assessed daily for any signs of 
DVT. All patients were given prophylaxis for 
DVT for 35 days postoperatively: a daily single 
dose of LMWH medication (Nadroparin, 0.4 mL) 
was given to 32 % of the patients, while a daily 
single dose of Fondaparinux was given to 78 % 
of the patients. Two hundred and thirty-four 
patients (9 %) were preoperatively taking warfa-
rin because of a collateral pathology, so warfarin 
was suspended for 5 days preoperatively and 
replaced by a personalized dose of LMWH 
(“bridging anticoagulation”) (Lohr et al.  1995 ). 
Warfarin was resumed in the early postoperative 
period (48–72 h). 

 Nadroparin is a porcine-derived LMWH 
which accelerates the inactivation of factor II and 
factor Xa when bound to antithrombin III (ATIII). 
Nadroparin halts the coagulation pathway by 
inhibiting the activation of thrombin (factor IIa) 
by factor Xa. The amplifi cation of the fi brin clot-
ting cascade is stopped once factors Xa and IIa 
are inactivated. 

 Fondaparinux (Arixtra) is a synthetic penta-
saccharide anticoagulant. Apart from the 
O-methyl group at the reducing end of the mole-
cule, the identity and sequence of the fi ve mono-
meric sugar units contained in Fondaparinux are 
identical to a sequence of fi ve monomeric sugar 
units which can be isolated after either chemical 
or enzymatic cleavage of the polymeric glycos-
aminoglycan heparin and heparan sulfate (HS). 
This monomeric sequence in heparin and HS is 
thought to form the high-affi nity binding site for 
the natural anticoagulant factor, antithrombin III 
(ATIII). Binding of heparin/HS to ATIII has been 
shown to increase the anticoagulant activity of 

antithrombin III 1,000-fold. Fondaparinux 
 potentiates the neutralizing action of ATIII on 
activated Factor ×300-fold. 

 All patients used an intermittent pneumatic 
boot compression device in the fi rst 24 h postop-
eratively, while being monitored in a sub-inten-
sive care unit and then during the hospital stay in 
all non-deambulatory situations. As in the preop-
erative period, assessment for postoperative DVT 
was carried out by color Doppler ultrasonography 
on postoperative day 4. The same angiologist, 
experienced in color Doppler ultrasonography, 
repeated the study in all cases. All patients wore 
below-the-knee elastic compression stockings for 
35 days postoperatively. Statistical analysis was 
performed using Student’s  t -test.  

8.1.1.2    Results 
   Preoperative Period 
 The preoperative ultrasound screening high-
lighted the presence of DVTs in 120 patients 
(4.5 %). Those patients were withdrawn from the 
operative schedule and began DVT treatment 
with personalized doses of LMWH. They then 
underwent TJA once the preoperative color 
Doppler ultrasonography revealed the absence of 
DVT (between 3 and 6 months).  

   Postoperative Period 
 The incidence (Table  8.1 ) of proximal or distal 
DVT in patients following TKA was found to 
be 4.8 % (26 patients). The incidence of proxi-
mal or distal DVT in patients following THA 
was found to be 3.2 % (69 patients). THA pro-
cedures showed more distal DVT (62 patients, 
2.9 %) than proximal DVT (7 patients, 0.3 %). 
TKA procedures showed more distal DVT (21 
patients, 3.9 %) than proximal DVT (5 patients, 
0.9 %). No patients developed DVT in the con-
tralateral limb. 

 Arthroplasty type  No. patients  Proximal DVT  Distal DVT  Total DVT 

 TKA  540  5 (0.9 %)  21 (3.9 %)  26 (4.8 %) 
 THA  2,138  7 (0.3 %)  62 (2.9 %)  69 (3.2 %) 
 Total  2,678 

   TKA  total knee arthroplasty,  THA  total hip arthroplasty  

  Table 8.1    Incidence 
and location of ultrasono-
graphically confi rmed 
postoperative deep vein 
thrombosis (DVT)  
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  The difference of overall DVT between the 
groups was not statistically signifi cant ( p  = 0.35). 
The difference of isolated distal DVT between the 
groups also was not statistically signifi cant 
( p  = 0.71). All DVTs were asymptomatic clinically. 

 All patients began DVT treatment with per-
sonalized doses of LMWH or Fondaparinux, 
according to the American College of Chest 
Physicians (ACCP) Evidence-Based Clinical 
Practice Guidelines (Gordon et al.  2012 ). None 
of the patients had a PE in the postoperative 
period. Patients with acute DVT did not receive 
a period of bed rest but walked as soon as pos-
sible to reduce the risk of post-thrombotic syn-
drome. All DVT patients wore below-the-knee 
elastic compression stockings until DVT reso-
lution, as shown by fi nal color Doppler ultra-
sound. All DVT patients had color Doppler 
ultrasonography for DVT evolution assessment 
on postoperative days 30, 60, 90, and 120 if 
needed.   

8.1.1.3    Discussion 
 The presence of DVT in the lower extremities fol-
lowing TJA is considered a potentially life-threat-
ening situation (Lotke et al.  1994 ). Prevention of 
DVT using duplex ultrasonography to avoid the 
complication of pulmonary embolism has shown 
its effi cacy (Grady-Benson et al.  1994 ). The fun-
damental aid from preoperative color Doppler 
evaluation is to identify the location of a silent 
DVT. In fact, proximal DVTs are well known to 
be closely associated with increased risk of pul-
monary embolism and are conventionally treated 
more aggressively with closer monitoring. 

 On the other hand, the role of distal DVT is 
less obvious. It was once thought to be quite 
benign (Doouss  1976 ), but it has also been 
reported to be associated with pulmonary embo-
lism, especially when there is propagation of a 
distal DVT to a more proximal location (Masuda 
et al.  1998 ). Recently, Grady-Benson et al. 
( 1994 ) used serial venous Doppler fl ow mea-
surements to document a propagation rate of 
24 % in the calf. DVT formation during TJA 

could be related to the fl exion position of the 
lower limb during the procedure, or to the use of 
a tourniquet on the thigh causing stasis or surgi-
cal trauma to the surrounding vasculature dur-
ing the release. 

 Unfortunately, Duplex ultrasonography as a 
non-invasive screening tool has not yet received 
universal acceptance (Davidson et al.  1992 ), 
despite promising reports (Ko et al.  2003 ). 
This study shows that preoperative Doppler 
ultrasonography prevents any false positive 
cases and forewarns the surgeon of an increased 
risk of DVT and need for prophylaxis. The pre-
operative ultrasound screening demonstrated a 
DVT in 4.5 % of our patients: without screen-
ing they were at risk of developing a periopera-
tive pulmonary embolism. Therefore, in our 
hands, it is benefi cial to carry out preoperative 
Doppler ultrasonography to detect any pre-
existing DVT, especially in patients who are 
considered at high risk as shown in Table  8.2 . 
In fact, preoperative and postoperative clinical 
fi ndings alone are generally considered poor 
predictors of the presence of DVT (Lieberman 
and Pellegrini  1999 ). Once a DVT episode has 
been detected, surveillance with duplex scan-
ning is also mandatory in determining effi cacy 
and duration of therapeutic anticoagulation for 
DVT (Grady-Benson et al.  1994 ). 

   Table 8.2    High risks factors for deep vein thrombosis 
(DVT)         

 Old age 
 BMI >30 
 History of venous thromboembolism 
 Revision joint surgery 
 Congestive heart failure 
 Chronic rheumatic heart disease 
 Steroid/hormonal therapy 
 Anticoagulant therapy 
 Varicose veins 
 Prolonged immobilization 
 Malignancy 
 Factor V Leiden 
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  Our study intentionally does not address the 
issues of the indication and timing of initiating 
anticoagulation therapy for patients undergo-
ing TJA. Although the value of routine pharma-
cologic thromboprophylaxis in TJA has been 
questioned by a metanalysis (Murray et al. 
 1996 ), the majority of surgeons would still 
recommend some form of prophylaxis against 
DVT (Brookenthal et al.  2001 ) in consideration 
of the morbidity and mortality associated with 
postoperative DVT in THA and TKA. The 
authors of the current study recognize that 
venous thromboembolic events following pri-
mary hip and knee arthroplasty have decreased 
signifi cantly over the past two decades, mainly 
because of new multidisciplinary approaches. 
Rapid postoperative mobilization, optimization 
of surgical techniques, and improved perioper-
ative pain management (which includes the use 
of regional anesthesia) have all contributed to 
decreasing the DVT risk. At the author’s insti-
tution we use pharmacologic and mechanical 
approaches for thromboprophylaxis after TJA 
as suggested by the 2012 American College 
of Chest Physicians (ACCP) Evidence-Based 
Clinical Practice Guidelines (Gordon et al. 
 2012 ) and the 2009 Tuscany Region Protocol 
for Thromboprophylaxis in Orthopaedic 
Surgery (  www.regione.toscana.it    ). All patients 
undergoing a TJA procedure receive a form of 
pharmacologic thromboprophylaxis (LMWH 
or Fondaparinux) for 35 days postoperatively, 
use an intermittent pneumatic compression 
device during the hospital stay, and wear 
below-the-knee elastic compression stockings 
for 35 days postoperatively. The main differ-
ence from 2012 ACCP guidelines is that all our 
patients underwent Doppler ultrasonography 
screening preoperatively and postoperatively 
before hospital discharge. Doppler ultraso-
nography is historically a non-invasive proce-
dure and provides good sensitivity (89 %) and 
specifi city (100 %) for detecting DVT (Cronan 
et al.  1987 ). There is a lack of published data 
on the appropriateness of preoperative Doppler 

ultrasonography in patients undergoing TJA: 
Sisodia et al. ( 2013 ) recently reported 22.4 % 
preoperative asymptomatic DVTs in a group of 
patients awaiting TJA. 

 The current study supports the benefi t of 
Doppler ultrasonography as a preoperative and 
postoperative investigation method in patients 
undergoing TJA.    

8.2    Arguments Against 
Pre- and Postoperative US 
Screening for All TJA Patients 

    Marco     Scardino,          Federica     Martorelli, 
and       Antonino     Gurgone       

8.2.1    Introduction 

 Deep venous thrombosis (DVT), with thrombo-
embolic complications which may lead to pulmo-
nary embolism, is a serious disease and potentially 
fatal. This often complicates the clinical course 
of patients suffering with another disease, already 
hospitalized or no, but it also affects individuals 
in apparently good health. 

 The most important clinical objectives of an 
early and correct diagnosis and treatment are:
    1.    Reduce the morbidity and mortality associ-

ated with its acute manifestations   
   2.    Reduce the incidence of recurrence of further 

acute events   
   3.    Counteract the incidence of long term sequelae 

represented by the post-thrombotic (or post-
phlebitic) syndrome     
 Venous thrombosis in the majority of cases 

involves the veins of the legs and, depending on 
the locations, is deep venous thrombosis if it 
involve the venous system subfascial and a super-
fi cial venous thrombosis if it involves overfascial 
veins (Fig.  8.1 ).  

 The incidence of pulmonary thromboembo-
lism increases with age, aggressiveness of surgi-
cal procedures, and the length of hospital stay, 
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and is highest in patients treated in intensive care 
because of the overlap of these risk factors and 
prolonged immobility. 

 It is estimated that only in approximately 
30 % of ambulatory patients in whom a clinical 
suspicion of DVT has been made is actually con-
fi rmed by objective investigations. 

 In the absence of prophylaxis, the incidence of 
DVT in the hospital population varies between 
10 % in medical patients and 40–60 % in patients 
undergoing orthopedic major surgery (Turpie 
et al.  2002 ; Geerts et al.  2008 ; Cohen et al.  2007 ; 
Heit et al.  2005 ; Blann and Lip  2006 ).  

8.2.2    Diagnosis 

 The clinical manifestations of DVT of the lower 
limbs are multiple (spontaneous pain, fl ushing, 
cyanosis, increased skin temperature, cramps, 
increase in the size of the limb, edema, 

 development of collateral circulation, phlegmasia 
alba dolens, etc.). However, the clinical diagnosis 
of DVT is not accurate because it is based on 
symptoms and signs that, taken separately or 
together, are neither sensitive nor specifi c. Lack 
of a pathognomonic element requires that the 
diagnosis should be defi nitively confi rmed by 
instrumental examination. 

 There are many factors associated with DVT, 
predisposing or precipitating, which infl uence 
the onset, evolution, and response to treatment. 
The main factors are history of previous episodes 
of DVT or pulmonary embolism, recent surgery, 
immobilization, age, concomitant neoplastic dis-
ease, heart failure, trauma with tissue disruption 
and/or fractures, estrogen hormone therapy, preg-
nancy, obesity, or thrombophilia genetically 
determined acquired. They form the basis for the 
distinction between idiopathic (absence of fac-
tors) and secondary (presence of one or more fac-
tors) DVT, which has implications as regards the 
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  Fig. 8.1    Arterial and venous 
circulation of the legs 
(Courtesy of Bayer 
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choice of duration of treatment. The existence of 
predisposing conditions or triggers should be 
considered in each individual patient, because 
they contribute in varying degrees to defi ne the 
risk profi le. It is important to evaluate preopera-
tively whether the subject belongs to a category 
of high or low risk because this affects the predic-
tive value of the assessment instrument which has 
been used to make the fi nal diagnosis. 

 Determining the risk level is critical to the 
decision-making process regarding the diagnos-
tic process to be reserved for an individual 
patient. 

 Different systems have been proposed in 
order to quantify the clinical probability of DVT 
in individual patients (Wells et al.  1997 ). Wells 
et al. developed a scoring system, which identi-
fi es three categories of clinical risk for DVT: 
high, medium, and low. This system combines 
medical records (neoplastic disease, limb immo-
bilization, lower limb entrapment) and physical 
examination of the patient (pain, swelling, 
venous varicosities). This score has been vali-
dated in a cross-sectional study based on sys-
tematic comparison with venography as the 
standard diagnostic reference, and in a longitu-
dinal study based on the occurrence of clinical 
events. In this way it has been demonstrated that 
it can minimize the use of invasive techniques 
(venography) or non-invasive (ultrasonography) 
without increasing the risk associated with 
false-negative diagnosis. 

 Risk stratifi cation is an effective way to ensure 
a universally applied prophylactic. 

 The risk is generally based on a specifi c group 
of patients:
•    Low risk: mobilized in minor surgery, medical 

patients who are totally mobilized, <10 % risk 
of developing DVT without prophylaxis  

•   Moderate risk: general surgery increased, uro-
logical and gynecological patients, medical 
patients who are not fully mobilized; 10–40 % 
risk of developing DVT without prophylaxis  

•   High risk: hip and knee arthroplasty, major 
trauma, 40–80 % risk of developing DVT 
without prophylaxis (Table  8.3 ). 

     Ultrasonography (ultrasound B-mod, duplex 
scanning, and Doppler ultrasound) is a non-inva-
sive method of choice for the diagnosis of proxi-
mal DVT of the lower limbs (by defi nition, 
thrombosis extended from the popliteal vein to 
the iliac- femoral segments). It has high diagnos-
tic accuracy, convenience and ease of use, afford-
ability, safety, and can be repeated without 
restrictions. 

 Allows the visualization of the venous system 
(venous wall and valvular) and the representation 
of the real-time fl ow in various ways (track spec-
tral analysis, color Doppler, power Doppler) in 
static conditions or during dynamic maneuvers. 
The detailed US examination is performed with 
the patient in the supine position for the inves-
tigation of the proximal segment, in the prone 
position for the stretched hamstrings, and fi nally 
standing or sitting on the edge of the bed for the 
examination of distal deep veins (the distention 
of the veins promotes the display of anatomical 
details). You can browse directly and comprehen-
sively the common femoral vein, deep femoral 
artery to the confl uence with the municipality, the 
superfi cial femoral artery, the popliteal artery, the 

   Table 8.3    Wells score for prediction of DVT   

 Parameter  Score 

 Active cancer (treatment ongoing or within 
previous 6 months or palliative) 

 1 

 Paralysis, paresis, or recent plaster 
immobilization of lower extremities 

 1 

 Recently bedridden for more than 3 days or 
major surgery within 4 weeks 

 1 

 Localized tenderness along distribution of the 
deep vein system 

 1 

 Entire leg swollen  1 
 Calf swelling by more than 3 cm when 
compared with asymptomatic leg 

 1 

 Pitting edema  1 
 Collateral superfi cial veins  1 
 Alternative diagnosis as likely or greater than 
that of DVT 

 2 

 DVT, deep vein thrombosis. 

  Reproduced with permission from Wells et al. ( 1997 ) 
 A high score is 3 or more, a moderate score 1–2 and a low 
score 0  
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underpopliteal, the confl uence with the popliteal, 
and fi nally those in the calf. The exploration of 
the veins sottopoplitee calf is wasteful in terms 
of time, requiring a special skill of the exam-
iner and the use of suitable up-to-date equip-
ment. The Doppler component is essential for the 
study of valvular function and refl ux syndrome 
(post-thrombotic). 

 The main diagnostic criterion for the presence 
or absence of DVT is the test of compression 
(compression ultrasonography = CUS), executed 
by applying light pressure with the probe on the 
venous tract examined, allowing you to deter-
mine whether the walls of the vein are collapsible: 

a completely compressible vein certainly does 
not contain thrombi (Fig.  8.2a–c ).  

 It should be noted, however, and taking into 
account that for various reasons some sections 
are diffi cult compressible venous (superfi cial 
femoral artery in Hunter's canal, deep femoral, 
iliac vein, inferior vena cava), which may occur 
because of their anatomical location, their depth, 
sovrapposizione of structures osteotendinee, or 
fi nally to the presence of sclerotico tissue sur-
rounding. The compression test is evaluated bet-
ter in transverse scans and reaches high values of 
sensitivity and specifi city with regard to the diag-
nosis of thrombosis in the proximal level. The 

a

b

c

  Fig. 8.2    Venous thrombosis as detected by ultrasound ( a ), CT-scan ( b ), and venogram ( c )       
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diagnostic reliability is reduced distally, where it 
has a sensitivity of 33 %, a specifi city of 91 %, 
and a positive predictive value of 58 %. The 
introduction of the color Doppler has undoubt-
edly increased the possibility of recognizing and 
properly reviewing the venous structures at the 
distal end. It should be stressed that, especially 
for the examination of the distal veins, the train-
ing and skills of the operator, as well as the use of 
suitable and latest equipment are key determi-
nants of the quality of the survey results. 
US. Criteri additional diagnostic are the ‘absence 
of the Doppler signal spontaneous and/ or 
induced and direct visualization of the thrombus. 
Complementary reliefs are obtained by evaluat-
ing the degree of echogenicity of the thrombus, 
its adhesion to the vessel wall (particularly the 
presence of a proximal end fl oat), and its organi-
zation. The usefulness of ultrasonics in asymp-
tomatic patients is good but in high risk patients 
(i.e., orthopedic patients in the postoperative 
phase) its use is very limited for a number of rea-
sons. In these patients distal thrombosis predomi-
nates, and the method showed low sensitivity 
(47–59 %). The possibility that thrombi initially 
confi ned in the veins sottopoplitee may extend to 
the popliteal vein and thigh (in other words, a dis-
tal thrombosis becomes proximal) occurs in 
13.3 % of cases. This makes it extremely impor-
tant to repeat the US examination. 

 The D-dimers are fi brin degradation products; 
in normal subjects the half-life is approximately 
48 h. Elevated plasma levels of D-dimers, in addi-
tion to the presence of thrombi (both venous and 
arterial) can frequently be caused by many other 
conditions in which there is formation of fi brin in 
the vascular spaces or resorption of degradation 
products from the extravascular spaces (subcutane-
ous haematomas, surgical wounds, skin necrosis, 
extensive burns, ascites, pleural effusions). An 
increase in the D-dimer is found frequently in a 
wide variety of clinical situations (CID, neoplasms, 
unstable angina, myocardial infarction, eclampsia, 
infections, liver and kidney diseases, surgery). The 
dosage of D-dimers therefore proved extremely 
sensitive (i.e., positive in many circumstances), but 
poorly specifi c for the presence of thrombi, and is 
used for the high negative predictive value. 

 The dosage of D-dimers in the diagnosis of 
DVT showed the highest diagnostic yield when 
facing symptomatic subjects (with high probabil-
ity of DVT), but with negative CUS investigation. 
In these cases, a normal dosage of D-dimers may 
allow you to exclude the presence of DVT. 

 A high level allows a selection of the cases to 
be followed over time with sequential instrumen-
tal examinations, hoping to promptly the possible 
proximal extension of the disease recognize. 

 The fi nding of normal levels of D-dimers, 
even in the presence of a thrombotic process, is a 
phenomenon which, as already mentioned, can 
occur in a limited number of cases. This may be 
for several reasons: (1) ipofi brinolisis, (2) clinical 
symptoms appeared for more than 7–10 days, (3) 
use of insensitive methods, and (4) incorrect defi -
nition of the cut-off level (limit of abnormality). 
It is currently not recommended to use this test in 
asymptomatic patients at high risk, or in symp-
tomatic patients hospitalized, since no validated 
cut-off values exist for these specifi c situations. 

 In a study of 59 patients undergoing knee replace-
ment surgery, it is seen that the preoperative dosage 
of D-dimer is of no use in predicting the develop-
ment of a DVT in those undergoing this surgery. In 
fact, at a cut-off of 500 ng/mL sensitivity, specifi city 
and positive predictive value and negative concen-
tration of preoperative D-dimer for the development 
of a subsequent DVT were, respectively, 58, 46, 55, 
and 50 %. There remains a high risk index as con-
fi rmed by a recent study of Shiojama et al. where a 
cut-off at 0.85 μg/mL preoperatively led to 42 % of 
patients diagnosed with a DVT. 

 Phlebography has, for many years, been the 
only reliable method for the identifi cation of a 
venous thrombosis, and is still considered the ref-
erence standard (gold standard) for the diagnosis 
of DVT. However, given the different aspects of 
the method, such as invasiveness, possible 
unwanted side effects, lack of repeatability, and 
advances in US treatment, today venography is 
the second choice for examining symptomatic 
patients, while remaining fi rst choice in the post-
operative screening in asymptomatic patients. 

 The CT scan is widely used in the diagnosis of 
proximal DVT (pelvic, iliac) and in producing 
pictures of pulmonary embolism, with MRI indi-
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cations superimposed on a CT scan giving spe-
cifi c sensitivity to the pelvic region (Andrews and 
Fleischer  2005 ; Zhu et al.  2010 ; Giannini et al. 
 2008 ; Patel et al.  2013 ; Dermody et al.  2011 ; 
Wells et al.  1997 ; Shimoyama et al.  2012 ; 
Chotanaphuthi et al.  2009 ; Stern et al.  2002 ; Saad 
and Saad  2007 ).  

8.2.3    Discussion 

 The diagnosis of DVT is not always easy to make 
and can be complex and expensive. As we have 
seen, several authors have tried to create an algo-
rithm for the diagnoses of DVT to try to prevent 
the complications that can be fatal, as in the case 
of massive pulmonary embolism. 

 However, some of our patients have under-
gone examination by Doppler ecocolor, which, 
although expensive, is non-invasive, although 
sometimes generating false negatives. We 
believe, according to the literature, that pre and 
postoperative ultrasound DVT screening should 
only be performed in patients classifi ed at high 
risk for DVT. In the paper by Goodacre et al. 
( 2006a ), the authors not only estimate the diag-
nostic accuracy, clinical effectiveness and cost-
effectiveness of each method, but also identify 
practical diagnostic algorithms for DVT. 

 Here is the conclusion of this work which took 
4 years of data analysis in British hospitals. 

 “Diagnostic algorithms based on a combina-
tion of Wells score, D-dimer and ultrasound (with 
repeat if negative) are feasible at most UK hospi-
tals and are among the most cost-effective. Use of 
repeat scanning depends on the level of willing-
ness to pay for health improvement. Further diag-
nostic testing for patients with a low Wells score 
and negative D-dimer is unlikely to represent a 
cost-effective use of resources. Recommendations 
for research include the evaluation of the costs 
and outcomes of using the optimal diagnostic 
algorithms in routine practice, the development 
and evaluation of algorithms appropriate for spe-
cifi c groups of patients with suspected DVT, such 
as intravenous drug abusers, pregnant patients 
and those with previous DVT, the evaluation of 

the role of plethysmography, interaction with 
other diagnostic tests, outcome of low-risk 
patients with negative plethysmography and 
measurement of the costs of providing plethys-
mography, and methodological research into the 
incorporation of meta-analytic data into decision-
analytic modelling.” 

 Confi rmation of the utility and rationalization 
of expenses using ultrasound in “How should we 
diagnose suspected deep-vein thrombosis?” 
(Goodacre et al.  2006b ) identifi es the most cost-
effective strategy for the UK National Health 
Service with a systematic review, meta-analysis 
and cost-effectiveness analysis   . 

 “At the thresholds for willingness to pay rec-
ommended by the National Institute for Clinical 
Excellence (£20,000–£ 30,000 per QALY), the 
optimal strategy was to discharge patients with a 
low or intermediate Wells score and negative 
D-dimer, limiting ultrasound to those with a 
high score or positive D-dimer. Strategies using 
radiological testing for all patients were only 
cost-effective at £40,000 per QALY or more.” I 
think it useful to indicate, in consideration of 
the collected cases, our experience with the 
analysis of historical data. Our register is held 
for all of the work done by the team of Prof. 
Guido Grappiolo from 2008 to October 2013. 
The data collected refer a total of 5,430 pcs 
operated for replacement of hip and knee, but 
for only 4,120 pcs do we have a full record 
(Table  8.4 ). All these patients were operated on 
for elective orthopedic surgery with prosthetic 
ASA between one and three. 

   Table 8.4    Data collected from the author’s own register 
and referring to patients operated for hip and knee 
replacements   

 Total  5,430 

 Male  2,520 
 Female  2,910 
 Primary cementless THA  2,515 
  Primary cemented THA    80  
 Revision THA  462 
 Revision THA- only the cup  378 
 Primary cemented TKA  700 
 Revision TKA  65 

  Age: 59 ± 15, BMI: 22 ± 3  
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  The venous Doppler tests were performed on 
the basis of clinical risk stratifi cation according 
to the method of Wells and based on the preop-
erative clinical data. During this time the 
Doppler tests performed preoperatively were 
229; of these, 42 patients underwent preopera-
tive safenectomy. 

 Six patients underwent Doppler saphenec-
tomy performed as post-operative control. 
Another eight Doppler examinations were per-
formed post-operatively where preoperative 
screening had not been done. For a total of 14 
Doppler tests performed post operatively there 
was a diagnosis of SDVT in 2 cases and a single 
TAC examination was performed to rule out pul-
monary embolism, with negative results. 

 None of the patients operated in our institution 
has developed a TVP post-thrombotic syndrome 
complicated by thrombosis or pulmonary 
problems. 

 All patients were subjected to early mobili-
zation and pharmacological prophylaxis for 
prevention of TVP. The choice of drugs used 
were: Arixtra 5 g until January 2011, in 
February 2011 as drugs for the prophylaxis 
NAO, specifi cally Xarelto 10 mg in 1980 and 
pradaxa 110 mg pcs 790 pcs. One hundred and 
twenty patients have used  nardroprarine 6000 
UI, 200 Clexane 4000 U.I. 

 Analysis of the data shows that the choice of 
reserving the echo Doppler examination only for 
patients at high risk means we can limit the use of 
this type of screening without compromising 
patient safety when they undergo orthopedic 
prosthetic surgery. Our experience, which is con-
fi rmed by the literature, has been shown that 
ultrasound DVT screening for patients undergo-
ing hip and knee arthroplasty procedure is a use-
ful and cost/effective procedure only if combined 
with a clinical suspicion   . 

 A separate chapter deals with the case of 
patients who have already developed a DVT in 
the past. 

 In addition to the high risk of PE and long-
term complications, DVT is associated with an 
 estimated risk of VTE (venous thromboembo-
lism) recurrence of approximately 21 % within 

5 years of the initial event. The risk of VTE 
recurrence appears greater if the initial event was 
unprovoked, or associated with persistent risk 
factors such as cancer rather than a transient risk 
factor like surgery (Hansson et al.  2000 ; Prandoni 
et al.  2007 ; Eichinger et al.  2010 ; Zhu et al. 
 2009 ). 

 Three important risk factors were identifi ed 
and quantifi ed in the Vienna Prediction Model 
(Prandoni et al.  2007 ):
•    Initial proximal (rather than distal) DVT  
•   Male gender  
•   Elevated D-dimer concentration    

 Short-term (rather than long-term) duration of 
anticoagulation therapy is also associated with 
recurrence (Eichinger et al.  2010 ). 

 Patients with a previous history of VTE, 
malignancy or hematological abnormality which 
predisposes them to thrombus formation are also 
at high risk of recurrent VTE. Homozygous 
Factor V Leiden or heterozygous Factor V Leiden 
and the prothrombin G20210A mutation are 
examples of the types of hematological abnor-
malities which confer a heightened risk of VTE 
recurrence (Zhu et al.  2009 ). 

 Measurement of specifi c proteins involved in 
coagulation can help guide clinical decision-
making, although this type of laboratory assess-
ment is rarely done in clinical practice. For 
example, a high level of coagulation Factors VIII, 
IX, and XI signals an increased risk of VTE 
recurrence (Kyrle and Eichinger  2005 ). 

 In addition, a D-dimer concentration above 
250 ng/mL measured 3 weeks after discontinua-
tion of anticoagulation is associated with a 3.1-
fold increased risk of VTE recurrence at 2 years 
(Eichinger et al.  2003 ). 

 Elevated P-selectin levels are also associated 
with VTE recurrence within the fi rst year after an 
initial event (Vormittag et al.  2007 ). A high 
plasma level of soluble P-selectin (sP-selectin) is 
modulated by variations of the P-selectin gene 
and is a predictive biomarker for VTE recurrence 
in patients with a fi rst episode of unprovoked 
VTE. However, the clinical applicability of 
P-selectin needs further investigation (Pabinger 
and Ay  2009 ). 
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 In these patients, is highly recommended to 
run a pre-operative screening with repeated dos-
ing of D-dimer and repeated ultrasound (Fig.  8.3 ).       
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9.1     Background 

 Proper management of postoperative pain is fun-
damental in delivering quality care to orthopedic 
surgery patients. The outcome of a satisfactory 
pain management affects hospital stay and time 
to patient remobilization. Lower limb surgeries, 
such as total hip arthroplasty (THA) and total 
knee arthroplasty (TKA), are common surgical 

procedures and both generate a substantial 
amount of postoperative pain and impact a large 
part of the elderly population. Up to 50 % of 
patients who undergo arthroplasty grade their 
pain as severe immediately after surgery and 
report that pain becomes signifi cantly worse dur-
ing rehabilitation (Hogan et al.  2009 ). Pain man-
agement contributes signifi cantly to overall 
patient satisfaction after such procedures and an 
optimal pain control is associated with a better 
outcome and an early rehabilitation and mobili-
zation. A multimodal analgesia is one of the 
mainstays of any fast-track protocol for arthro-
plasty surgery, and other key points, such as deep 
venous thrombosis prophylaxis and early mobili-
zations, are strongly related to pain control. The 
impact of the feasibility of a fast-track program 
on total joint replacement surgery has been stud-
ied and showed impressive advantages in terms 
of patient safety, satisfaction, rehabilitation, 
length of hospital stay, and cost (Ilfi eld et al. 
 2010 ). Continuous peripheral nerve block shows 
an early mobilization with fewer side effects in 
respect to epidural and opioid analgesia when 
maintained at least for the fi rst 48 h after surgery 
(Capdevila et al.  1999 ,   2008 ). 

 Among regional anesthesia technique contin-
uous femoral nerve block has a level I recom-
mendation; however, in attempt of maintaining 
the muscular strength of quadriceps, recent stud-
ies suggest the use of the adductor nerve block 
that involve block of saphenous nerve, which has 
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 Open Questions 

•     Which are the drawbacks of local wound 
infi ltration analgesia?  

•   Is patient-controlled analgesia still feasible?  
•   Which is the level of evidence of each com-

ponent of a multimodal analgesia protocol?  
•   Regional anesthesia: single shots or 

continuous blocks?    
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a lower analgesic effi cacy but is not related with 
motor block (Kim et al.  2014 ). When the use of 
continuous nerve block is not feasible, local 
articular infi ltration with local anesthetic may be 
a good option, although this technique showed a 
lesser analgesic effi cacy and some concerns 
about infection risk (Chelly  2013 ). 

 When is not possible to use regional anesthe-
sia techniques emerging evidences suggest the 
role of NMDA antagonist drugs: last evidences 
show the role of ketamine when used periopera-
tively in the prevention of chronic pain after total 
knee and hip replacement (Perrin  2009 ).  

9.2     Systemic Analgesia 

 First of all, it is mandatory to pay attention with 
hemostasis during surgery before skin closure for 
reduction of postoperative hematoma, and it is 
necessary to underline the preoperative pain as an 
independent risk of acute postoperative pain. 

 Large doses of parenteral opioids, a main-
stay in many pain management strategies, can 
be associated with signifi cant adverse effects 
including constipation, nausea, vomiting, dizzi-
ness, urinary retention, and respiratory depres-
sion. In addition, opioid-induced respiratory 
depression and hypoxia are associated with 
myocardial ischemia, tachycardia, delirium, 
and delayed wound healing. Opioid effects and 
side effects are potentiated in the elderly due to 
modifi ed volumes of distribution and reduced 
drug clearance and total joint arthroplasties. 
Traditionally, postoperative protocols for total 
joint arthroplasty were based on general anes-
thesia and parenteral patient- controlled analge-
sia (PCA). In recent years, efforts have centered 
on regional anesthesia along with multimodal 
analgesic protocols to improve early postopera-
tive pain control, while decreasing the associated 
adverse effects. In 2004, the American Society 
of Anesthesiologists task force published the 
fi rst set of guidelines dealing with perioperative 
pain management and from then strongly recom-
mended the adoption of multimodal analgesia 
protocols for all surgical patients, including those 
undergoing orthopedic procedures (American 

Society of Anesthesiologists, 2004–2012). 
Multimodal analgesia involves using different 
classes of medications or analgesics with differ-
ent receptors and other techniques, such as local 
injections, nerve blocks, and epidural infusions, 
in order to decrease the amount of opioid medi-
cation required postoperatively. Unless contra-
indicated, they recommended the routine use of 
perioperative non-opioid medications in addition 
to regional anesthetic techniques (Lachiewicz 
 2013 ) (Tables.  9.1  and  9.2 ).

9.3         Regional Anesthetic 
Techniques 

 Regional anesthesia has always been a stalemate 
in hip and knee joint replacement management. 
Its benefi ts include, other than lessening or avoid-
ance of opioid drugs in the postoperative, better 
pain control, reduction in chronic pain occur-
rence, faster recovery and discharge rates, and 
thus reduction of immobilization-related severe 
adverse effects, such as thromboembolic events. 

 Lumbar epidural analgesia has been popular 
over the last decades as there is evidence for lower 
postoperative thromboembolic complications and 
other protective effects. Nevertheless, there is today 
little evidence for a decrease in perioperative mor-
tality and morbidity in a low- to medium-risk popu-
lation in relation to the use of perioperative epidural 
analgesia. Moreover, the widespread implementa-
tion of anticoagulant regimens may not only over-
come the benefi ts of epidural analgesia on 
thromboembolic complications but also make 
around 30 % of the patients ineligible for the tech-
nique (Rawal  2012 ). The failure rate of the tech-
nique may reach 28 % (Hermanides et al.  2012 ). 
A previous systematic review in TKA comparing 
lumbar epidural blockade with systemic opioid 
analgesia reported better dynamic pain scores 
(Fowler et al.  2008 ). As the magnitude of pain 
relief must be weighed against the frequency of 
adverse events, patients who received epidural 
analgesia had more hypotension, urinary retention, 
and pruritus whereas systemic opioids caused more 
sedation, but no difference was found for the post-
operative respiratory depression and nausea or 
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   Table. 9.1    Systemic analgesics for total hip replacement   

 Drugs  Recommended?  Evidence 
level 

 Exceptions  Dosing and notes 

 Corticosteroids  No, lack of effi cacy  Grade D 
 NSAIDs  Yes, with 

acetaminophen and 
opioids in an opioid-
sparing multimodal 
protocol 

 Grade A  Not suitable in patients 
with aspirin-sensitive 
asthma, increased 
bleeding risk, increased 
gastrointestinal morbidity 
(grade B) 

 Ketorolac 10 mg po or 30 mg ev 
 Ketoprofen 100 mg po 
    The ev administration should 
last max 48 h, then it is 
mandatory to switch to oral 
administration 

 COX2 selective 
inhibitors 

 Yes, with 
acetaminophen and 
opioids in an opioid-
sparing multimodal 
protocol 

 Grade A  Careful use in patients 
with cardiovascular risk 
(grade B) 

 Parecoxib 40 mg ev 
 Valdecoxib 20 mg or 40 mg po 

 Ketamine  Not yet, but it is being 
studied for suitable 
application in patients 
not eligible for 
locoregional anesthesia 

 Grade D  A morphine equianalgesic 
protocol would be 0.5 mg/kg ev 
followed by a 24 h infusion 
2 mcg/kg/min (racemic 
formula) 

 Strong opioids  Yes, in a multimodal 
therapy and whenever 
applicable with a PCA 
protocol 

 Grade A  Intramuscular 
administration and 
transdermal administration 
are not recommended 
(grade A) 

 Morphine initial dose should be 
titrated in the recovery room 
and then given with PCA 
protocol (e.g., 1 mg with 8’ 
lockout) for the following 48 h 

 Paracetamol  Yes, in a multimodal 
protocol as an 
opioid-sparing drug 

 Grade A  Dose reduction according 
to hepatic and renal level 
of impairment 

 Paracetamol 1 g po or ev every 
6–8 h immediately following 
surgery 

vomiting. Development and implementation of 
peripheral nerve blocks (PNBs) for THA and TKA 
anesthesia and analgesia evolved from an under-
standing of the sensory innervations to the hip and 
knee and progressively received greater attention 
along the development of nerve stimulation and 
ultrasound technique and technology. A working 
knowledge of the sensory distribution of the lower 
limb helps one understand how PNBs can be useful 
in managing pain after lower extremity procedures. 
Unfortunately, these blocks traditionally have been 
overlooked as anesthetic choices, as many anesthe-
siologists had no experience in using these 
techniques, and orthopedic surgeons lacked an 
understanding of the patient benefi ts they offered. 
However, a clear understanding of the anatomy of 
the pertinent nerve innervation of the lower limb, 
the technical and procedural aspects of block deliv-
ery, and the advantages and disadvantages of both 
PNBs and traditional methods of postoperative 
analgesia (e.g., spinal or epidural blocks) is of great 
importance. In recent years, however, single-injec-

tion and continuous PNBs have become part of the 
orthopedic postoperative analgesic approach, as 
they have been shown to optimize patient out-
comes, satisfaction, and rehabilitation while mini-
mizing complications and reducing costs and 
length of hospital stay (Hogan et al.  2009 ). 

 The lumbar plexus may be blocked with three 
distinct approaches. Block of the full lumbar 
plexus (femoral, lateral femoral cutaneous, and 
obturator) is accomplished with the psoas block. 
In comparison, the fascia iliaca and femoral 
approaches will reliably block the femoral but 
not the lateral femoral, cutaneous, and obturator 
nerves. 

 Selection of regional analgesic technique is 
dependent on the surgical site. For example, the 
psoas compartment approach to the lumbar 
plexus is preferable for surgery to the hip because 
it is the most proximal lumbar plexus technique 
and provides complete block of the lumbar plexus 
and the needle or catheter insertion site is distant 
from the surgical incision (allowing preoperative 
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   Table 9.2    Systemic analgesics for total knee replacement   

 Drugs  Recommended?  Evidence 
level 

 Exceptions  Dosing and notes 

 Alpha-2 receptor 
ligands 
(clonidine) 

 No, lack of specifi c evidence  Grade D 

 Gabapentinoids  No, lack of specifi c evidence  Grade D 
 NSAIDs  Yes, with acetaminophen and 

opioids in an opioid-sparing 
multimodal protocol. More data 
should be provided for use in 
conjunction with locoregional 
techniques 

 Grade A  Not suitable in patients 
with aspirin-sensitive 
asthma, increased 
bleeding risk, increased 
gastrointestinal 
morbidity (grade B) 

 Ketorolac 10 mg po or 
30 mg ev 
 Ketoprofen 100 mg po 
 The ev administration 
should last max 48 h, 
then it is mandatory to 
switch to oral 
administration 

 COX2 selective 
inhibitors 

 Yes, with acetaminophen and 
opioids in an opioid-sparing 
multimodal protocol. More data 
should be provided for use in 
conjunction with locoregional 
techniques 

 Grade A  Careful use in patients 
with cardiovascular risk 
(grade B) 

 Parecoxib 40 mg ev 
 Valdecoxib 20 mg or 
40 mg po 

 Corticosteroids  No, although a recent meta-
analysis showed a pain reduction 
in patients treated with high doses 
preoperatively 

 Caution should be 
undertaken if high 
doses of corticosteroids 
are planned to be given 

 Preoperative use of low 
doses (<10 mg 
dexamethasone) are 
encouraged for PONV 
prevention but showed 
no effect on pain 
reduction 

 Ketamine  Not yet, but procedural-specifi c 
data are being collected for 
stronger recommendation 

 Grade D  A 48 h infusion at 
2 mcg/kg/min (racemic 
formula) starting 
intraoperatively 
showed increased knee 
fl exion during early 
rehabilitation vs. 
placebo and reduced 
chronic pain incidence 
after surgery 

 Strong opioids  Yes, in a multimodal therapy and 
whenever applicable with a PCA 
protocol 

 Grade A  Intramuscular and 
transdermal 
administrations are 
not recommended 
(grade A) 

 Morphine initial dose 
should be titrated in 
the PACU and then 
given with PCA 
protocol (e.g., 1 mg 
with 8’ lockout) for the 
following 48 h. 
Extended release oral 
opioids are also 
encouraged since they 
show faster discharge 
rates when compared 
to intravenous 
administered opioids 

 Paracetamol  Yes, in a multimodal protocol as 
an opioid-sparing drug 

 Grade B  Dose reduction 
according to hepatic 
and renal level of 
impairment 

 Paracetamol 1 g po or 
ev every 6–8 h 
immediately following 
surgery 
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placement). However, for patients undergoing 
total knee replacement or for patients in whom a 
psoas approach may be contraindicated due to 
infection or existing coagulopathy, a more distal 
approach to the lumbar plexus (femoral or fascia 
iliaca blockade) is warranted (Horlocker  2011 ). 

 In total hip replacement surgery, continuous 
lumbar plexus block and continuous femoral 
nerve block with PCNB or continuous infusion 
protocols showed a higher extend of block and 
more successful analgesia in opposition to single 
shot techniques. Posterior lumbar plexus blocks 
(psoas sheath blocks) have a greater effi cacy than 
distal lumbar plexus blocks (femoral nerve 
blocks) in total hip replacement and are 
 recommended. However, they have a potential 
for more serious complications than the femoral 
block (plus supplementary obturator and lateral 
cutaneous nerve of thigh blocks). This recom-
mendation must be balanced against risks of 
motor blockade and falls and the effi cacy of sys-
temic multimodal analgesia (Aguirre et al.  2012 ). 

 Each of the aforementioned nerve block tech-
niques has complications. LPBs carry a risk for 
epidural or subarachnoid injection when the nee-
dle is introduced improperly. There is also the 
risk that the aorta and/or inferior vena cava will 
be pierced. Both occurrences can be prevented by 
performing frequent aspirations to ensure that no 
cerebrospinal fl uid or blood is drawn during 
block administration. Each FNB and SNB 
 combination has minimal complications. SNBs 
uncommonly cause self-limiting dysesthesias, 
and FNBs carry a very low risk of intravascular 
injection or hematoma formation. Adverse effects 
are shown to be minimized by ultrasound-guided 
technique when performing such blocks. 

 The true benefi ts of PNB emerge when these 
procedures are compared with traditional spinal 
or epidural anesthesia and PCA methods. PNB 
techniques reduce postoperative nausea and vom-
iting and are not associated with the urinary 
retention problems that often plague patients who 
receive neuraxial blocks and other standard anal-
gesic techniques. Moreover, PNBs are associated 

with faster rehabilitation times and faster dis-
charge rates. Although neuraxial anesthesia does 
decrease blood loss and transfusion needs in 
THA patients, it carries the well-known risk for 
life-threatening spinal hematoma formation and 
severe neurologic dysfunction. Lower extremity 
blocks can be safely used in patients who receive 
anticoagulation therapy, which is known to 
increase the risk for hematoma formation in 
patients undergoing spinal anesthesia. Unlike 
spinal, epidural, and patient-controlled analgesia, 
PNBs have not been reported to cause severe 
hypotension or respiratory depression. 

 Finally, the concept of multimodal pain con-
trol including local periarticular injection (LIA) 
has received increasing interest in the recent lit-
erature, and published results are promising in 
terms of improved perioperative pain control, 
reduced need for narcotic medications, and 
reduced associated side effects. Recent reports 
have used periarticular injections as a supplement 
to conventional pain control modalities including 
patient-controlled anesthesia (PCA) pumps and 
peripheral nerve blocks. In addition, most of the 
data reported have been on predischarge pain 
control and functional recovery. LIA technique is 
a promising, easy, and safe technique, which has 
proven its effi cacy after TKA. The joint and sur-
rounding tissues are infi ltrated by the surgeon 
with a high volume of a local anesthetic solution 
mainly including ropivacaine, epinephrine, and 
some adjuvants like NSAIDs, clonidine, cortico-
steroid, or opioids. The placement of the injec-
tions is important, and the total volume should be 
divided into quarters, with one-quarter injected 
into the posterior capsule, one-quarter into the 
medial periosteum and medial capsule, one- 
quarter into the lateral periosteum and lateral 
capsule, and one-quarter into the soft tissues 
around the skin incision (Dalury et al.  2011 ). The 
results of several randomized clinical trials dem-
onstrate excellent pain relief and functional 
recovery after THA and TKA in a multimodal 
protocol in conjunction with a minimally inva-
sive approach (Figs.  9.3  and  9.4 ).        
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   Table 9.3    Regional anesthesia techniques for total hip replacement   

 Technique  Recommended?  Evidence 
level 

 Exceptions  Dosing and notes 

 Epidural 
analgesia 

 Yes, with opioids 
(non-extended release 
formulations) especially 
in patients with increased 
cardiovascular risk 

 Grade B  Evaluation on 
preexistent bladder or 
neurological 
impairment; evaluation 
of independent and 
iatrogenic bleeding risk 

  Bupivacaine, levobupivacaine , 
 and ropivacaine  have a similar 
analgesic profi le when started 
intraoperatively allowing peak 
concentration in the 
postoperative time 
  Sufentanyl  should be the opioid 
of choice for epidural 
administration, due to its 
pharmacokinetic properties. A 
dose of 0.5 mcg/ml in a 
ropivacaine 0.1 % solution has 
the same level of analgesia 
compared with increased doses 
(0.75 and 1 mcg/ml) 

 Posterior 
lumbar plexus 
block (psoas 
sheath block) 

 Yes, better effi cacy than 
distal blocks 

 Grade A  Assessment of risk of 
prolonged motor 
blockade and risk of 
postoperative falls 

  Catheter  techniques should be 
preferred over single shot 
techniques, and  PCA plus basal 
infusion  protocol showed better 
effi cacy than continuous 
infusion alone.  Timing  of the 
infusion start should allow peak 
effect at the end of the surgery 

 Femoral nerve 
block 

 Yes, better safety profi le 
than proximal block but 
lesser effi cacy 

 Grade B  Assessment of risk of 
prolonged motor 
blockade and risk of 
postoperative falls 

  Catheter  techniques should be 
preferred over single shot 
techniques, and  PCA plus basal 
infusion  protocol showed better 
effi cacy than continuous 
infusion alone.  Timing  of the 
infusion start should allow peak 
effect at the end of the surgery 

 Spinal 
analgesia 

 Yes, as part of spinal 
anesthesia but only as 
morphine single injection 

 Grade B  A prior risk assessment 
of respiratory failure and 
depression is mandatory 

 Single bolus of  Morphine  
0.1–0.2 mg is recommended. 
Clonidine and short-acting 
opioids are not recommended 

 Wound 
infi ltration 

 Yes, but only single shot, 
low concentration, and 
high volume solutions; 
more data are needed 

 Grade A  Since drains are not 
recommended, drain 
injections are not too 

 Solution should contain local 
anesthetic (e.g., ropivacaine 
2 mg/ml), NSAID (e.g., 
ketorolac 30 mg), and 
vasoconstrictor (e.g., 
epinephrine 0.5 mg/ml) 
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 Key Points 

•     Quality orthopedic care standards 
include a proper management of postop-
erative pain.  

•   Satisfactory postoperative pain control 
translates into better rehabilitation out-
comes, lesser complications, and faster 
discharge rates.  

•   Systemic analgesia should always be mod-
eled in a multimodal pathway, personaliz-
ing therapy on patient’s clinical aspects.  

•   Locoregional analgesic techniques are 
mandatory when not contraindicated, 
providing good to excellent pain control 
and faster mobilization times especially 
when performed with a continuous 
technique.  

•   The site of blockade may range from 
epidural to intra-articular, and choice 
should be made weighing benefi ts and 
particular risks both independent and 
patient related.    

   Table 9.4    Regional anesthesia techniques for total knee replacement   

 Technique  Recommended?  Evidence 
level 

 Exceptions  Dosing and notes 

 Epidural 
analgesia 

 No, similar 
effi cacy compared 
to femoral nerve 
block and worse 
safety profi le 

 Grade B  Evaluation on 
preexistent bladder or 
neurological 
impairment; evaluation 
of independent and 
iatrogenic bleeding risk 

 If epidural analgesia is chosen, 
ketamine, clonidine, or tramadol are 
not recommended for epidural 
injection in TKA. It should be used a 
 PCEA  with short-acting opioid and 
local anesthetic 

 Femoral nerve 
block 

 Yes, actually the 
evidence is 
supporting this 
block not in 
conjunction with 
sciatic or obturator 
nerve block 
although data are 
being collected 

 Grade A  Training of both 
anesthesiologist and 
nursing personnel is 
necessary for the correct 
placement and follow up 
of the catheter. If this 
condition is not met, a 
single shot injection 
should be performed 

  Catheter  techniques should be 
preferred over single shot 
techniques, and  PCA plus basal 
infusion  protocol showed better 
effi cacy than continuous infusion 
alone.  Timing  of the infusion start 
should allow peak effect at the end 
of the surgery. Clonidine is not 
recommended for infusion 

 Adductor canal 
nerves block 

 Although more 
data should be 
collected, it proved 
be an effective 
alternative to 
femoral nerve 
block 

 Need 
more data 

 Since it is a single shot 
technique, an epidural 
or systemic analgesia 
should be provided for 
the block wearing off 
time 

 A  mid-thigh level  should be targeted 
for ultrasound-guided adductor canal 
block allowing coverage of medial, 
lateral, and anterior aspects of the 
knee. A  low-dose anesthetic  
injection (e.g., bupivacaine 75 mg) 
showed suffi cient analgesia while 
allowing good quadriceps motor 
strength 

 Intra-articular 
infi ltration (LIA) 

 More data are 
needed to 
demonstrate 
effi cacy in TKA 

 Grade D  High volume of the solution should 
be used. The solution should contain 
local anaesthetics (bupivacaine 
200–400 mg or ropivacaine 
200–300 mg), morphine (4–10 mg), 
corticosteroids (methyl-prednisolone 
40 mg) or NSAIDs (ketorolac 
30 mg), epinephrine (300 mg) 
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10.1             Introduction 

 Pain is a physical sensation, like touch or cold. 
But it is particular in that it has an unpleasant 
quality and generates powerful emotional reac-
tions in the family of fear. Such fear reactions are 
normal and have evident evolutionary value. 
Clinically such fear can be referred as anxiety. In 
our culture, much attention is placed upon the 
physical component of pain and less on the emo-
tional aspect. But when patients talk about pain, 

they are usually referring to the level of “emo-
tional unpleasantness” derived from that physical 
sensation, as that is what is most relevant to them. 
While it is obvious that pain has many physical 
causes, mechanical, biochemical and physiologi-
cal as in osteoarthritis, or in the wake of surgery, 
it is also clear that emotional interpretation of the 
physical sensation of pain plays a crucial role in 
the “experience” of pain. 

 The classical approach to pain reduction is to 
reduce its physical causes via optimal surgical 
technique, anaesthesiological procedures and 
pharmacological management. This is, should be 
and will remain the high road to achieving the 
best results in orthopaedic surgery. However, it 
may also be interesting to approach the pain 
“experience” from the emotional side. This is 
useful for the average patient and even more so 
for emotionally fragile patients. 

 Anxiety and pain are thus in very close rela-
tionship and modulate each other in both direc-
tions. We suggest confronting the pain issue by 
confronting anxiety. A patient with little pain but 
a lot of anxiety might have a bad “pain experi-
ence” and not be satisfi ed with the treatment 
received. 

 The modulation of anxiety has relevance on 
pain reduction especially in the perioperative 
phase, but it may well have lasting effects months 
or years after the surgery. The risk of pain sensi-
tisation suggests the importance of controlling 
pain at every level in early stages. 

        J.     L.   Chiti     
  Orthopaedic Unit ,  IFCA Clinic ,   Florence ,  Italy   
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 Open Questions 

•  Is patient satisfaction after TKA surgery 
somehow related to their psychological 
profi le?

• Is there anything other than optimal sur-
gical technique that can be done to opti-
mize patient satisfaction?

• Are all depressed patients alike?
• How do patient’s expectancies affect 

outcomes?
• Can the stress of surgery be confronted 

with other means than medication? 
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 There are three main topics regarding anxiety 
modulation for pain control that we will describe: 
preoperative information, preoperative screening 
of mentally fragile patients and use of relaxation 
techniques.  

10.2     Preoperative Information 

 It has long been recognised (Hayward     1975 ) that 
preoperative information enhances perceived 
control in patients, facilitates patients’ active 
involvement in their care and therefore reduces 
anxiety and improves outcomes and satisfaction 
(Pellino  1997 ,  1998 ; Johansson et al.  2005 ; 
Walker  2007 ; Livbjerg et al.  2013 ). Inadequate 
information is likely to compromise patient satis-
faction (Keulers et al.  2008 ). Adequate informa-
tion provided to patients also aligns patients’ 
expectations with their surgeons’ (Ghomrawi 
et al.  2012 ), and appropriate expectations are key 
for patient satisfaction (Noble et al.  2006 ) 
although there is some controversy on this topic 
due to the different defi nitions of “expectations” 
(   Haanstra  2012 ). The effect of preoperative edu-
cation has been evaluated in many domains: pain, 
knowledge, anxiety, length of stay, self-effi cacy 
and empowerment. It is hard to quantify the 
effect in each of these domains. Anxiety seems to 
be the element that gains the most improvement, 
and pain itself to a minor extent (McDonald et al. 
 2004 ; Johansson et al.  2005 ). Probably there are 
some subgroups in the patient population that 
will benefi t the most from preoperative informa-
tion, for example, those who mostly use denial as 
a coping strategy and those with the highest anxi-
ety (Daltroy et al.  1998 ). There are many ways to 
convey information: via printed material, video, 
direct oral explanation, conference and web-
based material (Gautschi et al.  2010 ; Jlala et al. 
 2010 ; Ihedioha et al.  2013 ); it is not clear which 
is the best manner or timing (Jlala et al.  2010 ). 
Some authors recommend that there be a moment 
of verbal transmission with a question-and-
answer session at the end. Preoperative informa-
tion should be offered prior to admission for at 
that stage patients are already anxious and do not 
retain as much information (Hughes  2002 ).  

10.3     Preoperative Psychological 
Screening 

 In an effort to interpret the reasons that compro-
mise outcomes in the percentage of unsatisfi ed 
TKA patients, the importance of the psycholog-
ical profi le has been long advocated. Depression, 
pain and disability are clearly statistically 
linked. Depressed patients preoperatively have 
worse results after TKA surgery in terms of 
pain, functionality and satisfaction (Hirschmann 
et al.  2013 ; Duivenvoorden et al.  2013 ; Singh 
et al.  2013 ,  2014 ). Among depression and pain/
dysfunction, it is not obvious though which is 
the cause and which is the effect. Some authors 
argue that depression is likely to be the effect 
rather than the cause of knee pathology at least 
to some extent (Blackburn et al.  2012 ). Pérez-
Prieto et al. recently showed that although it is 
true that depressed patients have worse out-
comes after TKA surgery, as a group they also 
start from worse pain and function levels preop-
eratively and the degree of improvement is the 
same as for non-depressed patients. They con-
clude that it is equally worthwhile for the 
depressed to undergo TKA surgery as for the 
non-depressed. To some extent the surgery will 
also cure the depression (Pérez-Prieto et al. 
 2014 ). Actually “depression” is too broad a con-
cept, for it has often been used as a synonym of 
“poor mental health”. The SF 36 mental health 
subscales have been used extensively for the 
purpose of evaluating the psychological condi-
tion of surgical patients, but this tool seems not 
to be sensitive enough. Many authors recom-
mend additional use of other scoring scales like 
the HAD (Hospital Anxiety and Depression 
scale) or other specifi c scales (Fosså et al.  2002 ; 
Ulvik et al.  2008 ). 

 We are interested in identifying those patients 
that have modifi able psychological conditions pre-
operatively that, if treated, might avoid the com-
promising of outcomes or at least might modulate 
correct expectations. Postoperative anxiety is a 
recognized risk factor for persistent post-surgical 
pain (Pinto    et al.    2013b ). Pain catastrophizing, an 
aspect of anxiety, seems to be a more specifi c trait 
element that can be recognized in patients. Pain 
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catastrophising can be described as a tendency to 
magnify or exaggerate the threat value or serious-
ness of the pain sensations (Sullivan  1995 ). It has 
been proven to  predict post-surgical pain severity 
at 6 weeks (Sullivan et al.  2009 ) to 6 months 
(Riddle et al.  2010 ) and has been linked to residual 
long-term pain after TKA (Bonnin et al.  2011 ; 
Vissers et al.  2012 ). Preoperative optimism is an 
indicator that has been evaluated and in a sense is 
the opposite of the pain catastrophising tendency. 
The optimistic patient believes that they and/or the 
surgery will change their condition and control 
their pain. Optimism as measured with the IPQ-R 
(Revised Illness Perception Questionnaire) and 
with the LOT-R (Life Orientation Test - Revised) is 
associated with augmented pain tolerance for 
diminished pain sensitivity. It has been shown to 
modulate acute pain (Pinto et al.  2013a ). Sullivan 
et al. analysed “Behavioral Outcome Expectancies” 
as an indicator of the motivation to heal and found 
they where a predictor of pain and function 1 year 
after TKA surgery (Sullivan et al.  2011 ). 
Behavioural outcome expectancies express the 
confi dence the patient has in returning to proper 
function (i.e. “How likely is it that 1 month follow-
ing surgery you will have resumed your household 
responsibilities?”), they are likely more mediated 
by motivational factors. They differ from 
“Response” expectancies (i.e. “How likely is it that 
1 month following surgery your pain will be 
reduced?”), which don’t imply a direct role of the 
patient and therefore essentially automatic or pas-
sive. Such observations seem confi rmed by experi-
ences in other settings where Anticipated Pain 
predicted postoperative pain scores, as suggesting 
a self- fulfi lling prophecy (Logan et al.  2005 ). It 
seems that if patients have a positive outlook on the 
 experience of surgery and its results, it is more 
likely that they will actually obtain good results. 
This might be because an optimistic mind creates 
the conditions for the best recovery or because 
patients have a good perception of their health after 
all and can to some extent predict what will happen 
to them. In both cases it is a good idea to investi-
gate the patient’s point of view because it is likely 
to be quite accurate. To date probably the most 
effective tool for the psychological screening of 
TKA patients is the Pain Catastrophizing Scale.  

10.4     Relaxation Techniques 

 If the problem is anxiety, it is plausible to imag-
ine relaxation as a solution. There have been sev-
eral attempts to produce relaxation in the 
perioperative setting. It is an  interesting fi eld 
though still relatively  unexplored and can poten-
tially offer complementary tools for the optimal 
management of the surgical patient. Such tools 
might be especially valuable in patients that can-
not metabolically tolerate heavy pain medication. 
There are obvious advantages like non-invasive-
ness and non-toxicity. The costs can span from 
inexpensive to very expensive depending on the 
method and on the time spent by health-care pro-
fessionals devoted to it. To date there are very 
few certainties in this fi eld, and the results are 
promising but modest. The diffi culties of apply-
ing such methods, aside from the cost issue, are 
that in confronting the psychological side of 
patients, it is diffi cult to standardize treatment, 
since varying individual tastes, culture and belief 
systems are involved. 

 Generally speaking, in the realm of relaxation 
techniques, there are two main objectives that are 
sought. One is distraction from the “drama” of 
surgery and the connected fears: “diversion ther-
apy”. The other is to modify the physical symp-
toms of anxiety by directly controlling some of 
them (i.e. breathing exercises) or by triggering a 
pleasant mind state (i.e. imagining a peaceful 
scene). Methods often combine both objectives. 
Many relaxation techniques have been proposed: 
progressive muscle relaxation, music, guided 
imagery, awareness, attention control, hypnosis, 
humour and others. 

 The moment of surgery and the days after are 
inherently stressful. Some patients might not be 
able to cope with the intensity of these experience. 
Such intensity demands attention but because of 
the fear and aversion to the situation the patients’ 
mind might seek distraction in other thoughts. 
The mind goes back and forth from the intensity 
of fear to shallow distraction and back to fear 
again, thus potentiating such fear in the intimate 
knowledge of not being able to meet it fully. Such 
situations are very frustrating and energy consum-
ing. Any effective way of aiding these patient 
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should either help in meeting fully with the inten-
sity of the moment or provide solid distraction so 
to avoid the back and forth of the mind above 
described. Better to rest the attention on some-
thing else than one’s emotion with some continu-
ity than spiralling in fear and fear-avoidance 
mechanism. The goal of helping the patient to 
meet fully with their fear experience is very noble 
but quite ambitious and broad. It is likely that the 
TKA perioperative phase is not the appropriate 
setting either. A much better choice is the second 
option of providing occasions of solid distraction. 
This is the logic of distraction as a relaxation tech-
nique objective. 

 Anxiety creates a set of physical modifi cations 
such as increased muscle tension, heart rate, blood 
pressure, respiratory rate and others. Saying that 
anxiety “creates” reveals a belief that the mind 
governs the body, but actually the two sets of phe-
nomena simply happen together like a two-sided 
coin with the psychological side and the physical 
side. It is possible to modify the psychological 
side by operating on the physical. Some physical 
symptoms are partially voluntarily modifi able and 
have been the terrain of relaxation techniques. 
Muscle tension and breathing rate are examples 
(Seers et al.  2008 ). In both these techniques, the 
attention is focused on the body (and thus diverted 
from one’s anxiety). Through alternated contrac-
tion and relaxation of muscle groups with applied 
awareness to the muscle activity, a lowering of 
muscle tension of the body at rest is achieved. 
Similarly, with breathing exercises, the patient 
actively controls the breath, depth and rhythm of 
breathing. At the end of the exercise, changes in 
breathing rhythm are noted and persist. 

 Some techniques approach the coin directly on 
the psychological side. In guided imagery, 
patients are invited to imagine scenes and objects 
that are supposed to trigger positive mind states. 
Music, that brings a certain emotional atmosphere 
with it is used for such properties. Hypnosis is a 
procedure by which the patient is invited to imag-
ine an altered subjective experience and feel it as 
real (Tefi kow et al. 2013). Some advocate the use 
of humour as a complementary therapy; humour 
has been proven to increase pain tolerance 
(Weisenberg et al.  1995 ; Walker  2002 ). 

 Music for relaxation has been extensively 
used in many different settings. Two different 
subtypes of music application have been 
described: “music medicine”, which is the use of 
pre-recorded standardized music delivered via an 
audio device, and “music therapy”, which refers 
to a tailored music experience prepared by a 
trained music therapist (Bradt  2009 ). The fi rst is 
cheaper and more practical has been applied 
more often and  represents an interesting option 
for its easy applicability. Music combines the 
capacity of diverting attention and that of induc-
ing emotional states of well-being. It has been 
shown to have effects on anxiety, satisfaction, 
pain, mood and vital signs (Bradt  2009 ; Evans 
 2002 ; Nilsson  2008 ) in many different settings 
and patient populations (Binns-Turner et al. 
 2011 ; Bradt et al.  2013a ,  b ; Kleiber  2012 ; Lin 
et al.  2011 ). Research though is not yet conclu-
sive on the topic (Nilsson  2008 ). 

 The use of “relaxation tapes”, with a combi-
nation of instructions for breath awareness and 
control and suggestion of peaceful images, 
share with music the same easy application and 
have been used with some success in several set-
tings including total joint replacement (Collins 
et al.  1997 ; Topcu et al.  2012 ; Thomas et al. 
 2010 ; Ko et al.  2011 ; Lin et al  2011 , Lin  2012 ; 
Rejeh et al.  2013 ). Regarding “relaxation tapes” 
it must be said that there is no consensus on how 
long it should last, how many times a day it 
should be played and, most of all, what type of 
instructions it should contain. 

 The results of the above-mentioned studies are 
quite modest. In our opinion they all share the 
limitation of no preoperative training in relax-
ation. The expectation of having patients relax 
almost on command with no preparation is very 
optimistic. The ability to relax is teachable and 
learnable, but it is likely that patients undergoing 
surgery are unskilled in this capacity unless they 
are trained in advance. Recent culture has not 
assigned much value to the ability to relax, and 
many people have forgotten how to do so. It is 
unreasonable to expect people, elderly more 
often than not, to learn to relax instantly with a 
20 min tape, on the very day of their operation. In 
an analogy with childbearing, it would be more 
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reasonable to teach relaxation to patients in 
advance the same way women are prepared to give 
birth in a series of lessons well before delivery. 

 It is likely that in the near future, a variety of 
complementary relaxation programs will develop. 
Some programs will be cost-effective with stan-
dardized interventions based on music or relax-
ation tapes, while others will be individually 
tailored, time consuming and more expensive. 
Likely this type of intervention will be appreci-
ated by patients for its “human” and non- invasive 
quality and will higher global satisfaction.      
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11.1             Introduction 

 Total joint arthroplasty (TJA) is an extremely 
successful procedure for substantially eliminat-
ing the pain of osteoarthritis (OA) or rheumatoid 
arthritis (RA) and improving function for patients 
suffering from these diseases. However, control-
ling surgical pain early after TJA is one of the 
patients’ most important concerns and is often 
completely unrelated to how the surgeon per-
ceived the technical success of the operation. In 
recent years, rapid recovery has become a key 

focus in this fi eld, and early patient performance 
after surgery is closely tied to how well postop-
erative pain is managed. Collaboration between 
the patient, surgeon, anesthesiologist, nurse, ther-
apist, medical team, and pain management team 
is critical for controlling postoperative pain and 
maximizing early function. Early postoperative 
results have become a measure of the success of 
the operation, and patients going through the pro-
cedure can become frustrated when early and 
obvious gains are not made quickly. Total hip 
arthroplasties    tend to be less painful than total 
knee arthroplasties, so special attention needs to 
be given to TKA patients. Failure to adequately 
manage patient pain after TJA can lead to longer 
hospital stays, more medical complications, 
unproductive returns to the emergency room, 
poor performance in physical therapy, and lower 
patient satisfaction (Bono et al.  2012 ). 

 Regardless of volumes, any joint replacement 
center should have a standard postoperative 
recovery protocol, with customization as required 
for each patient. It is helpful to establish an opti-
mized schedule. Setting a target discharge day 
preoperatively helps patients manage expecta-
tions. A schedule will also help hospital staff 
members balance the need for early pain control 
(with hospital-based modalities such as blocks 
and patient-controlled anesthesia) and the transi-
tion to oral pain medications for discharge. 

 Most centers utilize a multimodal approach to 
pain control including narcotic and nonnarcotic 
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 Open Questions 

•     How is the daily routine (drugs, physio-
therapy, logistics) of the arthroplasty 
patient in a fast-track protocol?  

•   Is preoperative physical therapy important?  
•   How important is assisted physiother-

apy after a fast-track THA?  
•   Is same-day surgery possible and safe 

for hip and knee arthroplasty?    
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pain medicines, local blocks, anti- infl ammatories, 
neuropathic pain modulators, and antiemetics, so 
caregivers need to know how to use each of these 
tools. A multimodal approach should maximize the 
benefi ts of each medication while decreasing the 
side effects of each medication and also decreasing 
opioid use (Horlocker  2010 ). Many joint replace-
ment patients are elderly, so careful attention needs 
to be paid to appropriately dosing medications and 
avoiding oversedation and respiratory depression 
as well as drug-drug interactions. 

 Surgeons should remember that much of what 
happens during the postoperative recovery period 
has to do with choosing the right patients for 
these procedures. Patients that have failed an 
honest attempt at conservative management with 
eburnated joint surfaces and severe preoperative 
pain tend to perform better in the short and long 
term. 

 This topic will be divided into the three phases 
of any joint replacement: preoperative prepara-
tion, intraoperative surgical and anesthesia tech-
niques, and postoperative care. Although TJA is 
the focus of this chapter, these techniques also 
apply to partial knee replacements and hip resur-
facing procedures.  

11.2     Preoperative Preparation 

 Before surgery, patients come to the surgeon with 
high hopes and stories of friends and neighbors 
who had great outcomes. They seldom hear about 
the fi rst 2–4 weeks of recovery which can be 
challenging. 

11.2.1     Educating the Patient on Your 
Center’s Recovery Protocol 

 Postoperative pain control and recovery should 
start during the fi rst offi ce visit when the patient 
chooses to proceed with surgery. They are intro-
duced to your center’s schedule and protocol, 
regardless of the expected length of stay. 
Mentally, the patient begins preparing for the 
timeline, and physically, they begin preoperative 
physical therapy. At this point the surgeon should 

be realistic about pain management expectations 
with the patient. A preoperative class on the joint 
unit with the head nurse can be valuable to pre-
pare patients and ease anxiety.  

11.2.2     Preoperative Physical Therapy 

 All patients should go to therapy to begin muscle 
strengthening and to become familiar with their 
therapist. A preoperative therapy program is 
important to early recovery, especially in patients 
who are deconditioned from years of hip and 
knee pain. The biggest single variable in predict-
ing range of motion after TKA is the preoperative 
motion, so patients should work on fl exion and 
extension before surgery. Hip precautions can be 
discussed if necessary. During these sessions the 
therapist will also be able to assess the preopera-
tive function and pain level and begin to set 
expectations.  

11.2.3     Identify Special Needs 

 In regard to pain, each patient has individual 
needs. For patients taking narcotic pain medi-
cines preoperatively, it is important to know why 
they are taking these medicines. If the opioids are 
being taken for low back pain, then an MRI and 
low back workup may be necessary, and a preop-
erative epidural, nerve root block, or facet block 
may be done to ease the back pain before joint 
replacement. Ordinarily, if a patient is suffering 
with spinal stenosis and hip arthritis, the THA 
should be done fi rst, but with severe low back 
symptoms, the laminectomy may be more benefi -
cial. For patients under the care of a pain man-
agement specialist, their expertise should be 
brought in preoperatively, and if the patient can 
wean off the narcotics before TJA, then this can 
help postoperatively. Patients on chronic narcot-
ics need to be advised that their recovery may be 
more challenging because of opiate tolerance and 
there should be a medical doctor designated to 
handle the dosing of these medicines postopera-
tively. Patients on preoperative narcotics may 
benefi t even more from local or regional blocks. 
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Reported predictors for increased postoperative 
pain include female gender, younger age, 
increased BMI, TKA (vs. THA), increased sever-
ity of preoperative pain at the surgical site, preop-
erative use of opioids, general anesthesia, 
preoperative use of anticonvulsants, and preop-
erative use of antidepressants (Liu et al.  2012 ). 

 Patients with fi bromyalgia represent a special 
group and will usually feel more pain postopera-
tively and may consume more narcotics. These 
patients do respond well to counseling, and they 
will appreciate the time that a surgeon spends 
acknowledging this diagnosis. They need to be 
realistic about postoperative results, especially in 
TKA where fi bromyalgia patients have been 
shown to be less satisfi ed with their surgery than 
controls and had lower pre- and postoperative 
SF-36 scores (Bican et al.  2011 ). 

 Patients with chronic or acute depression and 
especially patients who are grieving the loss of a 
spouse need to be advised that depression and the 
perception of somatic pain are linked (Booth 
 2005 ). If the surgeon takes a few minutes to dis-
cuss this with their patients, this will lead to a 
better fi nal outcome. Postponing the operation 
may be considered but is not always necessary. 
TJA remains a benefi cial treatment for patients 
with chronic pain due to the joint involved, or 
low back pain, or fi bromyalgia, but these patients 
are at higher risk of dissatisfaction with the fi nal 
result of their operations (Del Gaizo  2013 ).  

11.2.4     Preoperative Medications 
in the Holding Area 

 Most centers will begin a multimodal approach to 
pain management preemptively in the holding 
area before the incision. Preemptive medications 
limit sensitization of the central nervous system 
and blunt the pain cascade by decreasing the level 
of prostaglandin E2, which increases the pain 
threshold and improves performance in physical 
therapy (Bono et al.  2012 ; Dalury et al.  2011 ). 
Medications to consider here include pregabalin, 
COX-2 inhibitors, acetaminophen, tramadol, and 
long- or short-acting narcotics. Scopolamine 
patches could be considered for nausea. 

 COX-2 inhibitors do not affect platelet 
 function, and these medications have allowed for 
NSAID use during TJA. Preoperative administra-
tion of etoricoxib has been shown to reach effec-
tive concentrations in plasma, CSF, and wound 
fl uid after surgery, and this COX-2 inhibition 
leads to lower PGE2 levels, higher patient satis-
faction, and reduced need for postoperative nar-
cotic and nonnarcotic anesthetics (Renner    et al. 
 2012 ).   

11.3     Intraoperative Surgical 
and Anesthesia Techniques 

 Over the years   , surgeons have been enthused 
about surgical approaches to TJA including mini- 
incision knee and hip, two-incision hip, sub- 
vastus knee, and direct anterior hip arthroplasties. 
These soft tissue considerations are outside the 
scope of this chapter, but regardless of approach, 
each surgery needs to be respected as an invasive 
procedure with the potential for considerable 
pain. Surgeons need to assume that these patients 
will hurt and handle the soft tissues carefully 
with attention to unnecessary soft tissue strip-
ping, hemostasis, and tight closures. Tourniquet 
times and pressures should be kept as low as pos-
sible to minimize thigh pain in TKA. 

11.3.1     Anesthesia: General vs. 
Regional 

 TJA can be performed safely with general or 
regional anesthesia. Regional (neuraxial) anes-
thesia may be preferred in patients with signifi -
cant comorbidities and may also be associated 
with lower postoperative nausea and venous 
thrombosis (Bono et al.  2012 ). Types of regional 
anesthesia include a single-dose spinal, a single- 
dose epidural, or a spinal with an epidural cathe-
ter for a continuous infusion in longer cases or 
for postoperative pain control. Either opioids or 
local anesthetics or a combination can be used in 
either type of regional block. If an opioid is being 
used centrally, side effects such as pruritus, nau-
sea, and vomiting are more common and last 

11 Pain Control Protocols for Hip and Knee Arthroplasty



124

 longer than when given systemically (Horlocker 
 2010 ). Spinals have a faster onset but can lead to 
more neuromuscular blockade than epidurals. 

 General anesthesia is readily available and 
straightforward for anesthesiologists to perform, 
and this can be an advantage for higher volume 
centers. General anesthesia is the most common 
option for TJA, and modern agents have an 
improved safety profi le. General anesthesia can 
be combined with peripheral blocks and/or intra- 
articular injections to provide longer-term pain 
control. 

 A recent systematic literature review inquired 
into whether regional anesthesia was superior to 
general for THA. No conclusion could be made 
in regard to mortality, cardiac morbidity, or DVT/
PE. Hospital length of stay was equivalent. 
However, regional anesthesia did reduce postop-
erative pain, narcotic use, and nausea and vomit-
ing (Macfarlane et al.  2009 ).  

11.3.2     Peripheral Blocks 

 The most common peripheral block is the femo-
ral nerve block (FNB) for TKA. This procedure 
requires a trained anesthesiologist to place a local 
agent, with or without epinephrine, around the 
femoral nerve. Postoperative pain control for the 
anterior aspect of the knee during the evening of 
surgery is predictable but will be accompanied by 
quadricep weakness which can last into the fi rst 
postoperative day. This can slow recovery as the 
patient will require a knee immobilizer to prevent 
knee buckling and falls while weight bearing. 
Patients need to be told that they should begin 
oral pain medications when, or before, the block 
begins to wear off. Consider an intra-articular 
injection to address pain in the posterior knee, 
which will not be covered by the FNB. One 
recent report shows that patients receiving an 
FNB with a catheter had similar pain control than 
a group with patient-controlled anesthesia (PCA) 
with IV morphine, but the PCA group had more 
nausea, vomiting, dizziness, and pruritus (Ng 
et al.  2012 ). Another study compared single- 
injection FNB or continuous FNB through a 

catheter with IV opioid PCA and found that the 
analgesic effect of the FNB groups was superior 
than the PCA, with the continuous FNB  providing 
better pain control than the single-shot FNB 
(Chan et al.  2013 ). 

 The adductor canal block presents an attrac-
tive alternative to femoral nerve blockade as it 
does not affect quadriceps power. Combining an 
adductor block with an intra-articular cocktail 
provided improved analgesia and ambulation as 
compared to FNB (Perlas et al.  2013 ). Other 
blocks such as lumbar plexus blocks or sciatic 
nerve blocks may provide more complete cover-
age of the entire lower extremity.  

11.3.3     Intra-articular Injections 

 Intra-articular “cocktails” have become extremely 
popular, and many different recipes have been 
developed. Dalury et al. studied multiple combi-
nations and recommend the following for TKA, 
with careful attention to injecting all soft tissue 
areas around the joint including posterior capsule, 
medial and lateral gutters, and periosteum of the 
femur. Avoid the posterolateral corner of the knee.  

 Ropivacaine  5 mg/ml (49.25 ml) 
 Epinephrine  1 mg/ml (0.5 ml) 
 Ketorolac  30 mg/ml (1 ml) 
 Clonidine  0.1 mg/ml (0.8 ml) 
 Saline  48.45 ml 

   Another popular injection combination 
includes a deep and superfi cial mixture in TKA. In 
their study, this intra-articular injection provided 
the same pain relief as patient-controlled epidural 
anesthesia with FNB (Meftah et al.  2012 ): 

 Deep intraoperative injection  

    Agent  Dosage 

 Marcaine 0.5 % (5 mg/cc)  200–400 mg 
 Morphine sulfate (8 mg)  0.8 cc 
 Adrenaline 1/1,000 (300 ug)  0.3 cc 
 Antibiotic  750 mg 
 Corticosteroids  40 mg 
 Saline  22 cc 

J.H. MacDonald



125

   Superfi cial intraoperative injection  

 Marcaine 0.5 % (5 mg/cc)  200–400 mg 
 Saline  22 cc 

   In a recent prospective, multicenter study, 
pain and satisfaction were investigated in 424 
patients undergoing TKA by 15 surgeons in 14 
hospitals. Combining intra-articular injections 
with nerve blocks provided the best pain relief 
for the fi rst 48 h, and these modalities with epi-
dural anesthesia yielded higher patient satisfac-
tion at 2 weeks after surgery (Chang and Cho 
 2012 ). Interestingly, one recent investigation of 
posterior approach THA with regional anesthe-
sia found no improvement for patients receiv-
ing periarticular local anesthetic in regard to 
postoperative pain, length of hospital stay, or 
mobility (Dobie et al.  2012 ). An injection of a 
new drug with liposome- encapsulated bupiva-
caine may deliver local anesthesia to the tissues 
for 96 h (Exparel  2014 ). This is a drug with 
theoretical benefi ts but no published studies yet 
for TJA. 

 The patient’s own centrifuged blood to 
create platelet-rich plasma (PRP) has been 
used on and in joint replacement incisions 
to potentially improve healing. However, 
one recent study shows no difference in total 
knee arthroplasties treated with PRP in regard 
to blood loss, passive range of motion, nar-
cotic requirement, or length of hospital stay 
(DiIorio et al.  2012 ).   

11.4     Postoperative Care 

 Scheduled postoperative pain medications and 
anti-infl ammatories are the hallmark of any post-
operative pathway. These medications work bet-
ter than having only “as-needed” or “rescue” 
dosing, and these doses should be given before 
therapy sessions to help the patients mobilize. 
Recovery protocols differ, depending on the 
patient demands and the priorities of the joint 
replacement center. 

11.4.1     Standard Protocol 

 The following schedule would be considered a 
standard protocol and could be customized for a 
1- or 2-day length of stay.  

  Day of surgery  
 2 h preop  Patient arrives 
 1 h preop  Preemptive pain/nausea medications 

(celecoxib, pregabalin, oxycodone 
continuous release, acetaminophen, 
possible scopolamine patch) 

 Surgery  General or spinal anesthesia including 
intra-articular injection 

 2 h post-op  Transfer out of recovery room to joint 
replacement fl oor 

 On fl oor  Attempt out of bed for a walk with 
therapist 

 19:00  Pregabalin, oxycodone CR, acetaminophen, 
prn Ambien or Benadryl 

 Overnight  Short-acting narcotics as needed 
  Postoperative day #1  
 06:00  Out of bed to recliner with towel roll under 

ankle, ice on surgery site 
 07:00  Celecoxib, pregabalin, oxycodone CR, 

acetaminophen 
 08:00  Individual therapy 
 12:00  Group lunch 
 12:30  Short-acting narcotic 
 13:30  Group therapy 
 17:00  Dinner in room 
 19:00  Pregabalin, oxycodone CR, acetaminophen, 

prn Ambien or Benadryl 
 Overnight  Short-acting narcotics as needed 

  Postoperative day #2  
 Similar to post-op day #1 with therapy focus on stairs/
car/curb (Figs.  11.1 – 11.6 ) and discharge home at 15:00. 
Postoperative outpatient therapy starts on postoperative 
day #3 for gait training, range of motion, and 
strengthening       

11.4.2        Total Hip Replacement Protocol 
with No Postoperative Physical 
Therapy 

 A Danish study recently looked at “fast-track” 
THA with a preoperative “optimization time” of 
8 weeks or less and hospital time of 4 days or less 
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with no formal postoperative physical therapy. 
This THA group achieved health-related quality-
of- life scores (HRQOL) equal to that of an age- 
and sex-matched section of the general population 
at 3 months postoperatively. This could call into 
question the need for any postoperative therapy at 
all for THA (Larsen et al.  2010 ).  

11.4.3     Surgery Center Total Joint 
Replacement: Same-Day 
Protocol 

 A new trend is for same-day discharge from sur-
gery centers which requires yet another level of 
forethought and care coordination with motivated 

  Fig. 11.1    Going up a curb       

  Fig. 11.2    Going down a curb       

  Fig. 11.3    Flexion exercises       
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  Fig. 11.4    Group therapy       

  Fig. 11.5    Working on stairs       

  Fig. 11.6    Getting out of the practice car       
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and healthy patients. One surgeon has described 
a protocol involving careful patient selection and 
education with short-acting spinals for hips and 
adductor canal blocks for knees with general 
anesthesia, tranexamic acid, liposome bupiva-
caine, IV acetaminophen, IV steroids, and cele-
coxib. Unicondylar knee replacement may be an 
appropriate starting point when considering these 
protocols (Berend  2013 ).  

11.4.4     Other Medications 
and Options 

 PCA is a method that can take pressure off of the 
fl oor nurses and can be popular with patients. 
However, many major centers are attempting to 
decrease narcotic use in postoperative patients to 
decrease side effects, and PCA use among these 
centers is less popular than in the past. Ketorolac 
is a very effective anti-infl ammatory but only two 
doses should be used given the risks of gastroin-
testinal bleeding and nephrotoxicity.   

    Conclusion 

 Pain control is the reason patients come to see 
an orthopedic surgeon, and we are experts at 
correcting the bony anatomy and recreating 
functional joint surfaces. However, to provide 
more complete care to our surgical patients, 
we need to surround ourselves with the right 
protocols and specialists to manage the pain 
that accompanies these procedures. The best 
joint replacement centers will use a team 
approach to accomplish this task, but it is the 
surgeons who dictate the expectations and 
need to take control of the process. Patients 
will comply when told in advance what the 
expectations are, so each joint replacement 
center can decide upon their unique metrics 
and goals. These goals determine preferred 
anesthesia methods, lengths of stay, and 
 discharge dispositions. This chapter provides 
a snapshot of where we are in the rapidly 
advancing fi eld of total joint arthroplasty pro-
tocols in 2014, and new ideas on the horizon 
will make for better TJA recoveries in the 
future.      
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12.1     Introduction 

    Over the past 10 years, the number of patients 
receiving a primary arthroplasty surgery or arthro-
plasty recovery has increased by almost 150 % 
(Cram et al.  2012 ). A reduction of hospital length 
of stay has been observed following the develop-
ment of the so-called minimally invasive surgery. 
Unfortunately, several authors using these tech-
niques reported a signifi cantly increased number 
of readmissions (Barrack et al.  2009 ). 

 In July 2000, the Joint Commission on 
Accreditation of Healthcare Organizations 
(JCAHO) introduced a new standard for pain 
management, declaring the pain level to be the 
“fi fth vital sign” (Reuben and Buvanendran 
 2007 ). The commission stated that acute and 
chronic pain are major causes of patient displea-
sure in the United States health-care system, lead-
ing to slower recovery times, creating a burden for 
patients and their families, and increasing costs 
(Reuben and Buvanendran  2007 ). This statement 
is particularly true after total joint arthroplasty 
(Mahomed et al.  2002 ). Patients have high expec-
tations regarding the outcomes of total hip arthro-
plasty (THA): over 75 % expect to be completely 
pain-free when only 40 % expect to be unlimited 
in their usual activities (Mahomed et al.  2002 ). 
Furthermore the postoperative pain and the length 
of recovery are two of the most important patient’s 
concerns after total hip arthroplasty (Trousdale 
et al.  1999 ). Previous studies have shown that 
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postoperative pain is correlated with the quality of 
patient’s long-term recovery (Liu and Wu  2007 ). 
To limit the surgical trauma and improve patient’s 
recovery after arthroplasty, minimally invasive 
approaches have been introduced during the last 
decade to become a standard of care in THA 
(Malik and Dorr  2007 ). The most important factor 
related to the development of MIS is the develop-
ment of improved perioperative pain management 
protocols (Nuelle and Mann  2007 ). Reduction in 
postoperative pain and hospital length of stay, ear-
lier hospital discharge directly to home and 
improved patient’s satisfaction have been 
observed (Liu and Wu  2007 ; Malik and Dorr 
 2007 ; Nuelle and Mann  2007 ; Pagnano et al. 
 2006 ). Following this trend, multimodal analgesic 
protocols including initially peripheral nerve 
blocks and more recently intra- articular anaes-
thetic injections have been more widely used (Liu 
and Wu  2007 ; Malik and Dorr  2007 ; Nuelle and 
Mann  2007 ; Pagnano et al.  2006 ). The goal of this 
paper is to evaluate the cost related to the different 
anaesthetic protocols.  

12.2     Principles of Analgesia 

 In a recent study evaluating pain during the post-
operative days after different surgical techniques, 
prosthetic replacement surgery appears to be one 
of the most painful surgeries. Visual analogue 
(pain) scale (VAS) greater than 5–6 during the 
fi rst postoperative day (Gerbershagen et al.  2013 ) 
has been reported. The authors concluded that 
there is the need for an adequate perioperative 
support concerning analgesia. 

 In France, three protocols published by 
the French Society of Anaesthesiology and 
Intensive Care Medicine (SFAR) (Comité 
douleur- anesthésie locorégionale et le comité 
des référentiels de la Sfar  2008a ; Fuzier et al. 
 2008 ) and two about regional anaesthesia (Fuzier 
et al.  2007 ) serve as guidelines for the manage-
ment of  perioperative pain in orthopaedic sur-
gery. This analgesia is based on the concept of 
multimodal analgesia described by Kehlet in 
1993 (Kehlet and Dahl  1993 ). The principle is 
to use combine agents or analgesic to optimize 

the balance between effi ciency and side effects. 
In  postoperative pain management, sensitization 
plays also an important role. This central hyper-
algesic component contributes to increase pain 
intensity, especially under dynamic conditions. It 
maintains and sustains independently of periph-
eral nociceptive stimuli and generates postsurgi-
cal chronic pain. This central component can be 
treated or prevented with anti-hyperalgesic drugs 
without anti- nociceptive effects. These drugs are 
synergistic with conventional analgesics. 

 Each of these techniques has a specifi c cost, 
and it’s important to analyse the cost-effi ciency 
of the different analgesic techniques.  

12.3     Cost of Multimodal 
Analgesia 

12.3.1     Systemic Analgesia 

12.3.1.1     Non-opioid Analgesia 
 The combination of several non-opioid drugs 
allows additive or synergistic analgesia and 
therefore reduced the need for opioids and con-
secutively their secondary and side effects 
(Marret et al.  2009 ). 

 Thus, it’s recommended to use acetaminophen 
and nonsteroidal anti-infl ammatory drugs, in the 
absence of contraindication and nefopam in combi-
nation with opioids (Marret et al.  2009 ). But a 
recent study reports that nefopam provides no addi-
tional analgesic effect in a multimodal analgesia 
(Remérand et al.  2013 ). Rebound effects of nefo-
pam and ketamine could be the cause. Otherwise, 
the eviction of nefopam could reduce some postop-
erative side effects like acute retention of urine. 

 The costs of these different treatments are 
summarized in Table  12.1 .

     Ketamine 
 At low doses, ketamine, a non-competitive antag-
onist (on non-methyl-D-aspartate, NMDA), is 
able to limit the awareness of the central nervous 
system in painful animals, in healthy volunteers 
exposed to various models of pain and in postop-
erative patients. In fact, a study reported a signifi -
cant decrease of the postoperative pain level and 
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better functional recovery in patients undergoing 
TKA after low dose of ketamine intravenously 
(Adam et al.  2005 ). It also allows a reduction in 
morphine consumption after THA (Remérand 
et al.  2009 ). Ketamine is more effective with a 
preoperative bolus (0.1–0.5 mg/kg) followed by a 
continuous infusion during 48 h (2 μg/kg/min or 
above 5–12 mg/h). Ketamine decreases the post-
operative pain in limiting both postoperative 
hyperalgesia after the surgical trauma and intra-
operative use of high doses of opioids. This limits 
the use of analgesics, reduces morphine tolerance 
and improves the overall quality of analgesia in 
postoperative period (Bell et al.  2005 ). The cost 
of 50 mg of ketamine is above 1.5 dollars.  

   Gabapentin 
 Before surgery, gabapentin not only reduces 
morphine consumption but also the postopera-
tive pain at rest and in dynamic conditions 
(Clarke    et al.  2009b ; Dahl et al.  2004 ; Hurley 
et al.  2006 ). It also improves functional recov-
ery after orthopaedic surgery (Ménigaux et al. 
 2005 ) and prevents pruritus induced by intrathe-
cal morphine in patients undergoing lower 
extremity surgery under spinal anaesthesia 
(Sheen et al.  2008 ). It’s mainly due to a presyn-
aptic blockage of calcium channel voltages 
dependent resulting in an anti-hyperalgesic 
effect. However, recent studies have shown that 
the effectiveness of gabapentin given preopera-
tively in THA (Clarke et al.  2009a ) or in TKA 
(Paul et al.  2013 ) may not be as high as initially 
described. Currently French recommendations 
concerning postoperative analgesia propose to 
use gabapentin premedication without exceed-
ing one daily dose of 800 mg to avoid side 
effects like sedation or dizziness. The cost of 
300 mg gabapentin per os is $0.13.  

   Intravenous Lidocaine 
 It has been shown that the use of low doses of 
intravenous lidocaine before and after THA did 
not improve postoperative analgesia (Martin 
et al.  2008 ). Lidocaine is probably recommended 
for analgesia in abdominal surgery, but not in 
orthopaedic surgery.   

12.3.1.2     Opioid Analgesia 
 Prosthetic joint replacement surgery is consid-
ered like a moderate to severe painful surgery, 
and the use of opioids called « strong » (level III 
of WHO) is recommended, including the use of 
controlled analgesia with an opioid pump device. 
The cost of this system is about $4,917 (amor-
tized over 5 years with $1,530 per year and used 
about 260 days per year with fi nally an approxi-
mate daily cost of $5.9). Annual maintenance is 
approximately $546 and disposables such as 
injectable morphine are $0.9 (100 mg/10 ml), a 
charging pump ($18) and an adapter ($4). All dis-
posables bring the daily cost of these morphine 
pumps at $29. It must be added to the nurse work-
ing time which is estimated around $16 for the 
installation. In conclusion the total cost for a 
morphine pump is about $45. The oral treatment 
can be provided by morphine sulphate with a 
total cost of $0.14 daily for 10 mg.   

12.3.2     Intrathecal and Epidural 
Analgesia 

 According to the French recommendations in 
2007 (Fuzier et al.  2007 ), epidural analgesia pro-
vides the same analgesia than peripheral nerve 
blocks but a better analgesia at rest and especially 
during mobilization than analgesia with drugs 
alone. However, epidural analgesia is not without 

 Drugs  Cost IV  Cost per os  Cost/day IV  Cost/day per os 

 Paracetamol (1 g)  $1.12  $0.03  $4.47  $0.11 
 Ketoprofen (100 mg)  $0.98  $0.21  $2.94  $0.41 
 Nefopam  $0.62  $0.62  $3.73  $3.73 
 Ketamine 50 mg (8 mg/h)  $1.55  ($5.94) 
 Gabapentin (300 mg)  $0.12  $0.37 

   Table 12.1    Cost of 
multimodal systemic 
analgesia: intravenous (IV) 
and per os (dollars)   
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risks or side effects, and the risk to benefi t ratio is 
clearly in favour of peripheral blocks for the 
management of post-arthroplasty analgesia. The 
central blocks can induce arterial hypotension, 
acute retention of urine, infectious complications 
and headaches. They have a small benefi t in 
terms of morbidity and mortality and a low prof-
itability on convalescence: therefore, epidural 
analgesia is not indicated after lower limb arthro-
plasty (Fletcher and Jayr  2009 ). However, indica-
tions should be discussed in each case. 

 The cost of epidural analgesia over a period of 
72 h is as follows: aseptic surgical equipment 
(sterile gloves, coat, operative fi eld and com-
presses) ($5.1), analgesia catheter Perifi x® 
($11.3), tools for fi xing the catheter to the skin 
($2.6), syringe of 20 ml ($0.13), a vial of 20 ml of 
ropivacaine 0.2 % ($1.8) and a vial of 400 mg in 
200 ml of ropivacaine ($9.8/ 24 h, $29.5/ 72 h): 
the cost of epidural analgesia for 72 h is esti-
mated at $50, plus the cost of nursing time. That 
brings the fi nal cost at a total of $16.8 per day. 

 Spinal anaesthesia may be used for arthro-
plasty surgery of the lower limb as well as to start 
postoperative analgesia. Indeed the use of adju-
vants, such as clonidine, or liposoluble opioids 
can potentiate the action of local anaesthetics. 
The postoperative analgesic effect does not 
exceed 12–14 h, and the use of high doses quickly 
exposes to many side effects (sedation, pruritus, 
nausea and vomiting, acute urinary retention, 
hypotension). Despite a low cost, estimated at 
$10.5, the profi tability of spinal anaesthesia in 
terms of postoperative analgesia seems minimal 
because of many side effects and a short 
analgesia.  

12.3.3     Peripheral Analgesia 

12.3.3.1     Blocks and Perineural 
Catheters Devices 

   Indications, Feasibility and Cost 
 According to French expert recommendations 
(Fuzier et al.  2007 ), it is recommended to use 
peripheral blocks for postoperative analgesia of 
arthroplasty surgery compared with epidural 
analgesia. The benefi t of analgesia with  peripheral 

blocks is also true with intravenous patient- 
controlled analgesia with morphine pump. Indeed 
perineural blocks minimize the sympathetic 
response to surgery, reduced postoperative pain 
especially during mobilization, improve analge-
sia during the postoperative period and increase 
patient’s satisfaction. 

 The cost of a single ultrasound-guided periph-
eral nerve block injection is estimated at $20.85 
including the needle, aseptic equipment, injection 
equipment, local anaesthetic and a set of protection 
of the ultrasound probe. The cost of this technique 
of analgesia with continuous injection of ropiva-
caine for 72 h is estimated at $77 (Table  12.2 ).

   Today, it’s not mandatory to use ultrasound 
for a peripheral nerve block (single injection 
or catheterization). Indeed, the evaluation of 
the cost- effectiveness of locoregional analgesia 
ultrasound guided versus neurostimulation has 
not yet been evaluated. The cost of an ultrasound 
is around $54 630 plus the prices of disposables 
(ultrasound gel, sterile protection of ultrasound 
probes, plus the cost of maintenance), while a 
neurostimulator costs about $1,161. Up to now, 
the superiority of ultrasound compared with 
neurostimulation on the success of locoregional 
anaesthesia has not been demonstrated. There 
is however several advantages for ultrasound: a 
direct visualization of the needle and of the sur-
rounding tissue and the dissemination of local 
anaesthetic. Ultrasound helps to decrease time 
required to perform the nerve blocks, the number 
of needle’s redirection and the number of vascular 
punctures and decrease the setting time of nerve 
blocks (Casati et al.  2007 ; Domingo-Triadó et al. 
 2007 ; Marhofer et al.  1998 ; Soeding et al.  2005 ). 
Ultrasound also allows a better understanding 
of the anatomical variations. There is also a 
decrease of complications due to systemic toxic-
ity of local anaesthetic (Barrington and Kluger 
 2013 ). It also improves patient’s satisfaction by 

   Table 12.2    Cost of peripheral analgesia (dollars)   

 Ultrasound-guided 
nerve block 

 Cost of 
treatment 

 Cost of treatment 
per day 

 Single-shot injection  $20.85  $20.85 
 Perineural catheter 
(72 h) 

 $77.72  $25.91 

S. Wiramus et al.



135

reducing the discomfort of the nerve research 
by neurostimulation (Koscielniak- Nielsen et al. 
 2002 ) and by decreasing pain in trauma patient 
(Casati et al.  2007 ; Soeding et al.  2005 ). The 
impact on the risk of postoperative neuropathy 
is less clear, but a trend in favour of ultrasono-
graphic techniques has been outlined (Orebaugh 
et al.  2012 ). Thus, the cost of an ultrasound 
remains the main limitation compared to stan-
dard neurostimulation techniques. However, a 
study published in 2004 reported the same cost 
for an infraclavicular block under ultrasound and 
neurostimulation (the introduction of a catheter 
costs only 13.90 dollars more with ultrasound) 
(Sandhu et al.  2004 ). Another study published 
in 2012 compared the cost- effectiveness of the 
analgesia produced by an ultrasound-guided 
popliteal sciatic catheter inserted with the same 
block by neurostimulation approach. The use 
of ultrasound is associated with a higher prob-
ability of success and reduced the costs about 
84.7 % (Ehlers et al.  2012 ).  

   Hip Arthroplasty 
 For postoperative analgesia, a femoral nerve 
block with a single injection is recommended 
(Comité douleur-anesthésie locorégionale et le 
comité des référentiels de la Sfar  2008b ).  

   Knee Arthroplasty 
 The debate is over: the French guidelines 
recommend the use of a femoral perineural 
catheter, probably associated with a single-
injection sciatic nerve block (Comité douleur-
anesthésie locorégionale et le comité des 
référentiels de la Sfar  2008b ; Eledjam and viel 
 2013 ), while an European working group 
(PROSPECT Group) recommend neither a sin-
gle injection nor a continuous infusion femoral 
nerve block because of too much heterogeneity 
among studies (Fischer et al.  2008 ). 

 If the implementation of a femoral nerve 
block, at least as a single injection, seems obvi-
ous to improve the management of acute and 
chronic pain after TKA, the effect of a sciatic 
block has to be demonstrated. Indeed, Wegener 
et al. ( 2013 ) did not fi nd any signifi cant differ-
ence in terms of functional recovery, and acute 

and chronic pain in patients who underwent TKA 
with a continuous femoral block alone or com-
bined with a single or continuous injection sciatic 
nerve block. Sinha et al. ( 2012 ) found an improve-
ment of postoperative acute pain in patients with 
a femoral catheter associated with a sciatic block 
or elective tibial block. 

 Thus, peripheral nerve blocks after arthroplasty 
surgery improve management of acute and chronic 
pain (Liu et al.  2012 ), reduce postoperative mor-
phine consumption and improve patient’s satisfac-
tion (Fischer et al.  2008 ). However, the locoregional 
anaesthesia leads to postoperative quadriceps 
paresis whatever the concentration and volume of 
the local anaesthetic (Bauer et al.  2012 ). It may 
alter the initial functional recovery and increase 
the number of falls (Johnson et al.  2013 ).   

12.3.3.2    Infi ltration of Local 
Anaesthetic 

 In 2011, Kehlet performed a review of literature 
about analgesic infi ltration after hip and knee 
arthroplasty (Kehlet and Andersen  2011 ). 

 This approach was fi rst described by Bianconi 
et al. in 2003 (Bianconi et al.  2003 ): patients 
undergoing THA or TKA with continuous infi l-
tration of ropivacaine in scar had better pain con-
trol than those receiving only systemic analgesia. 
Kerr and Kohan, in a case study of 325 patients, 
reported an excellent pain control after system-
atic periarticular infi ltration with a mixture of 
ropivacaine associated with ketorolac and adren-
aline (Kerr and Kohan  2008 ). Rostlund and 
Kehlet also described an excellent analgesia after 
infi ltration of high doses of long-acting local 
anaesthetic: there was no motor block, a low 
morbidity and a length of hospital stay reduced 
(Röstlund and Kehlet  2007 ). 

 Despite positive results in many studies, the 
apparent simplicity and safety of the technique, 
Kehlet points to several methodological errors 
and a lack of comparison with other analgesic 
techniques such as peripheral nerve blocks 
(Kehlet and Andersen  2011 ). In conclusion, there 
is little evidence to support the use of analgesic 
infi ltration after THA. On the contrary after TKA, 
the scientifi c data support the use of intraoperative 
infi ltration of long-acting local anaesthetic, but 

12 Cost-Effectiveness of the Various Modalities for Pain Control



136

not the use of a catheter for continuous infi ltration 
of the scar. Few current data support the use of 
NSAIDs or adrenaline in mixtures of analgesic 
infi ltration, although a recent study advocates the 
use of ketorolac (Andersen et al.  2013b ). 

 A recent meta-analysis of Keijsers et al. 
( 2013 ) concludes that infi ltration of local anaes-
thetic improves postoperative analgesia and 
reduces morphine consumption on the fi rst post-
operative day after a TKA when compared to pla-
cebo. However, in a review of Fowler and 
Christellis ( 2013 ), the authors report that the 
equivalence in terms of analgesia and functional 
outcome is not clear between infi ltration and 
peripheral nerve blocks. This is confi rmed by the 
study of Carli et al. ( 2010 ): a better management 
of pain and improved functional recovery ini-
tially and at 6 weeks with continuous perineural 
femoral techniques. Otherwise many studies 
describe earlier and more effective ambulation 
when infi ltration is performed as compared to a 
continuous femoral block (Chaumeron et al. 
 2013 ; Perlas et al.  2013 ; Rivière et al.  2012 ). A 
local analgesic infi ltration reduces pain after TKA 
in the same manner as peripheral nerve block, but 
without motor block. However, volumes and 
therefore doses of local anaesthetic are more 
important than with locoregional anaesthesia 
exposing them to a potential systemic toxicity. 

 In addition, the duration and effectiveness of 
analgesia by infi ltration remain insuffi cient com-
pared with a continuous femoral nerve block. The 
latest studies report states that the combination of 
a catheter on the adductor feeder (continuous 
block of the saphenous nerve) and a local periar-
ticular infi ltration provides equivalent analgesia 
to a continuous femoral nerve block (Andersen 
et al.  2013a ). It’s associated with earlier ambula-
tion and a less functional impairment of quadri-
ceps (Jæger et al.  2013b ; Jaeger et al.  2013a ; 
Kwofi e et al.  2013 ). However, other studies are 
needed before recommending this technique. 

 Moreover, it has also been proposed to use a 
liposomal bupivacaine to extend the analgesic 
effect of local anaesthetic. An animal study 
 published in 2012 (Ohri et al.  2012 ) reported a 
 duration of sensory block of about 40 h and a 

motor block about 36 h after sciatic nerve block. 
Thus, the use of the liposomal bupivacaine would 
improve analgesia by extending the duration of 
sensory block. If the duration of motor block is 
increased as well, it would compromise the initial 
functional recovery. It would be interesting to use 
this liposomal bupivacaine by infi ltration as it has 
been recently described. However, the cost of 
around $283 per vial is a main limitation.    

    Conclusion 

 The control of postoperative pain after arthro-
plasty surgery is closely linked to the concept 
of multimodal analgesia. It combines fi rst sys-
temic drugs analgesia represented by 
paracetamol, NSAIDs, gabapentin and ket-
amine, associated or not with opioid analge-
sia. This approach is cost- effective too. In 
addition, locoregional analgesia may play a 
role. The recommendations on which type of 
locoregional analgesia are still not completely 
clear, especially those regarding knee arthro-
plasty procedures. However, the cost- 
effectiveness study of these techniques has 
shown that the use of ultrasonographic techniques 
for perineural analgesia may be valuable. The 
most signifi cant point is that the cost of the 
multimodal analgesia is minimal and largely 
compensated by the savings obtained through 
a shorter hospital stay.      

 Key Points 

•     Postoperative pain control is overall a 
cost- effective practice to be imple-
mented in every arthroplasty service.  

•   Systemic drug analgesia and locore-
gional anaesthesia are the pillar of a 
multimodal pain control regimen.  

•   Cost-effectiveness of different locore-
gional anaesthesia techniques is still 
under scrutiny.  

•   Peripheral nerve block has a clear role 
in multimodal analgesia. The effi cacy 
and safety of continuous perineural 
infusion of anaesthetics remain to be 
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13.1             Introduction 

 Pain, either acute or chronic, is the most frequent 
reason for patients to look for medical help and is 
probably one of the most common clinical prob-
lems faced by orthopaedic surgeons, especially 
those performing (knee) arthroplasty (Cross 

et al.  2006 ). A recent prospective cohort study 
compared 179 surgical procedures in 50,523 
patients. The 40 procedures with the highest pain 
scores included 22 orthopaedic procedures on 
the extremities (Gerbershagen et al.  2013 ). Total 
knee arthroplasty (TKA) carries a high risk of 
severe acute postoperative pain with immediate 
implications on the patients’ recovery and their 
ability to participate in fast-track rehabilitation 
programmes (Carli et al.  2010a ). The persistence 
of pain after surgical procedures or trauma has 
become a major focus of interest and its preven-
tion now represents a challenge for caregivers 
as an index for health cares’ quality (Apfelbaum 
et al.  2003 ; Grosu and de Kock  2011 ). Although 
many studies have demonstrated improved pain, 
function and quality of life after TKA, up to 20% 
of the patients are actually not satisfi ed, chronic 
postsurgical pain (CPSP), present at 6 months and 
later, being the principal cause of dissatisfaction 
(Carli et al.  2010a ). Therefore, real efforts should 
be made to improve perioperative pain manage-
ment for TKA (Carli et al.  2010a ). However, pain 
is a multifactorial and complex process that is 
defi ned as “an unpleasant sensory and emotional 
experience associated with actual or potential tis-
sue damage” (Merskey  1994 ). The only way to 
develop effective strategies aiming to improve 
acute postoperative pain and to prevent the devel-
opment of persistent pain is to better understand 
the mechanisms involved in pain after TKA and 
its risk factors (Grosu et al.  2014 ).  
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 Open Questions 

•     How signifi cant is the incidence of 
moderate-to- severe postoperative pain 
in TKA?  

•   Who is at risk for postoperative persis-
tent pain after TKA?  

•   How do we identify patients who will 
catastrophise postoperative pain?  

•   Which is the role of non-opioids adju-
vants for pain control?  

•   What does prehabilitation means?    
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13.2     Pain Mechanisms in TKA 

13.2.1     Incisional Pain 

 Incisional pain is a common form of acute pain 
resulting from nociceptive, ischaemic and infl am-
matory mechanisms as well as nerve damage. 
Different tissues, i.e. bone, viscera and muscle, 
display unique responses to incision (Brennan 
 2011 ). Tissue injury and local infl ammation 
induce an enhanced response to subsequent nox-
ious stimuli ( hyperalgesia ) and innocuous stimuli 
( allodynia ). This exaggerated response is caused 
partly by sensitisation of the peripheral nocicep-
tors ( peripheral sensitisation ) and partly by initia-
tion of a facilitated state of pain processing into 
the spinal cord and higher in the central nervous 
system ( central sensitisation ) (Woolf  2011 ). 
Hyperalgesia participates to postoperative pain as 
enhanced pain is perceived not only at the wound 
site ( primary hyperalgesia ) but also at a distance 
of the operation site ( secondary hyperalgesia ). 

 The development of experimental models of 
incisional pain, both in animal (Brennan  2011 ) 
and in humans (Andersen et al.  2009 ), has 
strongly improved our understanding of postop-
erative pain. Firstly, these models have shown 
the major contribution of the peripheral sensiti-
sation process in acute postoperative pain in 
contrast with chronic infl ammatory or neuro-
pathic models where central sensitisation pre-
dominates. Deep tissue lesions particularly 
account for the increased spontaneous activity 
of nociceptors and hence spinal sensitisation 
process. Therefore, reducing the amount of deep 
tissue injury rather than the length of the skin 
incision allows to decrease postoperative pain 
and opioid use as demonstrated after hip surgery 
(Ogonda et al.  2005 ). Furthermore, the use of 
adapted minimally invasive surgical approaches 
has shown faster recovery in TKA (Thienpont 
 2013a ,  b ). Secondly, there is a prominent role of 
peripheral nociceptive afferents not only in ini-
tiating but also in maintaining central nervous 
system sensitisation across the perioperative 
period. This explains the deceiving short-lived 
benefi ts of “pre-emptive analgesia” observed in 
clinical practice. 

 Thirdly, the peripheral nociceptive inputs 
 trigger a prolonged increase in the excitability 
and synaptic effi cacy of neurons in central noci-
ceptive pathways. In other words, nociceptive 
inputs from the wound are amplifi ed by central 
 mechanisms, a phenomenon called  central sensi-
tisation or pain memory  (Woolf  2011 ). Although 
central sensitisation participates to the postopera-
tive pain experience, it seems to play an even 
more striking role in the persistence of pain after 
surgery. As demonstrated in animal models and 
also in human volunteers, when it has fully devel-
oped, central sensitisation may even become 
independent of peripheral inputs (Kawamata 
et al.  2002 ). The aforementioned fi ndings argue 
for the use of perioperative preventive-protective 
strategies to prevent the development of central 
sensitisation, hence the risk to develop chronic 
postsurgical pain.  

13.2.2     Peripheral Sensitisation 
After TKA 

 Tissue trauma induces both local and systemic 
infl ammatory responses that are proportional to 
the severity of the injury. These infl ammatory 
processes are considered essential for the recov-
ery from the injury although some aspects might 
be potentially detrimental because released 
infl ammatory mediators may also act on distant 
organs (kidneys, heart and brain) (Nicholson and 
Hall  2011 ). As incisional pain relies on periph-
eral sensitisation processes, local infl ammation 
drives postoperative pain. Besides the infl amma-
tory mediators released from damaged cells (his-
tamine, bradykinin, etc.), immune cells attracted 
to the site of injury (polymorphonuclear cells 
(PMNs), macrophages, etc.) release proinfl am-
matory cytokines (TNF-α, IL-1β, IL-6) which in 
turn increase from 10- to 80-fold the intracellu-
lar expression of inducible cyclooxygenase 
(COX)-2 in monocytes, macrophages, fi bro-
blasts, chondrocytes and endothelial cells. It is 
now admitted that constitutive COX-1 is respon-
sible for the initial production of prostaglandins 
(PGs) and inducible COX-2 is activated with the 
progression of infl ammatory reaction (Khan 
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et al.  2007 ). After 6 h, it seems that the role of 
COX-2 is ended, and the subsequent release of 
local PGs is related to COX-1 (Muscara et al. 
 2000 ). Among the prostaglandins released, pros-
taglandin E2 (PGE2) plays a key role by acting 
as a pro-nociceptive and hyperalgesic mediator 
to sensitise both the central and the peripheral 
nervous systems. Indeed, PGE2 modulates noci-
ceptive signals at multiple sites in the pain path-
way. High levels of PGE2 in the wound are 
correlated not only with postoperative pain but 
also with poor recovery after major orthopaedic 
surgery (Buvanendran et al.  2006 ). These high 
levels of PGE2 may already be present in patients 
who will undergo major joint surgery as demon-
strated for other infl ammatory mediators (IL 1, 
TNF alpha, IL 6) found routinely in synovial fl u-
ids of patients suffering from infl ammatory joint 
diseases (Omoigui  2007a ,  b ). 

 Furthermore, recent advances highlighted a 
less known component of the local infl ammatory 
reaction, which is the resolution of infl ammation, 
a both pro-resolving and anti-infl ammatory pro-
cess that occurs spontaneously and results in the 
recovery of acute infl ammation. Resolution of 
acute infl ammation is an active process, which 
involves pro-resolving lipid mediators, like 
lipoxins, protectins, maresins and resolvins 
(Serhan et al.  2008 ). Resolvin D1, aspirin- 
triggered resolvin D1 and resolvin E1 are a new 
family of pro-resolution mediators, biosynthe-
sised from the omega-3 fatty acids by the action 
of several enzymes, COX-2 being one of them. 
Interestingly and with possible implications on 
the postoperative management, it has been shown 
in a rat model of infl ammation that the COX-2 
inhibitor NS-398 reduced infl ammation at 2 h but 
enhanced it at 48 h (Gilroy et al.  1999 ; Xu et al. 
 2010 ). Resolvins exert their anti-infl ammatory 
actions by promoting the phagocytic activity of 
macrophages and via peripheral and central 
actions (Xu et al.  2010 ). 

 Besides infl ammatory mediators, incision in 
animal models also induced an increase in local 
lactate concentration to which the nociceptors 
exhibit greater sensitivity. This suggests that an 
ischaemic-like signal might contribute to inci-
sional pain (Xu and Brennan  2011 ). 

 In the perioperative period, local  infl ammation 
is accompanied by a marked systemic response, 
i.e. the stress response to surgery, involving 
neuroendocrine and infl ammatory components. 
Cortisol level is augmented, and C-reactive pro-
tein (CRP) concentration increases 24 h after 
surgery and peaks around 48 and 72 h (Bagry 
et al.  2008 ). Interleukin-6 (IL-6) is the most reli-
able marker of the stress response to surgery as 
IL-6 concentrations correlate with the degree of 
tissue injury. In patients undergoing unilateral or 
bilateral TKA, signifi cantly higher IL-6 levels 
were found after bilateral TKA (Kugisaki et al. 
 2009 ).  

13.2.3     Central Sensitisation 
After TKA 

 Within 3–6 h after tissue injury, peripheral noci-
ceptive inputs from the surgical area will drive the 
spinal expression of COX-1 (in microglial cells) 
as well as that of COX-2 (in neurons). The spinal 
infl ammatory reaction enhances the production of 
excitatory neurotransmitters (NTM) like gluta-
mate and substance P in the spinal cord and 
reduces the effectiveness of inhibitory NTM like 
glycine (Buvanendran et al.  2012 ). Activation of 
N-methyl-D-aspartate (NMDA) receptors by glu-
tamate, an excitatory neurotransmitter, plays an 
important role in the induction and maintenance 
of central sensitisation and the development of 
chronic pain. Besides the production of excitatory 
transmitters by spinal neurons, recent fi ndings 
also point to the role of glial cells, i.e. microglia 
(central “immune cells”) and astrocytes (“sup-
portive cells” of neurons) present in the spinal 
cord and the brain in the genesis of central sensi-
tisation in a context of infl ammatory pain. Glial 
production of proinfl ammatory cytokines like 
TNF-α and IL-1β drives central sensitisation by 
increasing excitatory processes and by decreasing 
inhibitory ones in dorsal horn neurons (Kawasaki 
et al.  2008 ). After TKA, central infl ammatory 
reaction in the central nervous system goes along 
with peripheral infl ammation at the wound site. 
Their additive effects account for the severity of 
postoperative pain. It is worth noting also that 
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numerous patients undergoing major orthopaedic 
procedures experience moderate-to- severe 
 preoperative pain for months and sometimes years 
before surgery. Hyperalgesia and the presence of 
both peripheral and central states of sensitisation 
have been demonstrated in patients suffering from 
painful knee osteoarthritis (Arendt-Nielsen et al. 
 2010 ; Suokas et al.  2012 ). Interestingly, these 
pathological processes of somatosensory percep-
tion may normalise following successful surgical 
treatment as found in pain-free patients after TKA 
(Kosek and Ordeberg  2000b ; Skou et al.  2013 ).   

13.3     Postoperative Pain After TKA 

13.3.1     Incidence and Characteristics 
of Acute Pain After TKA 

 Besides suffering and discomfort, severe unre-
lieved postoperative pain delays rehabilitation, 
increases the length of hospital stay and is cur-
rently considered as the most striking risk factor 
for the development of persistent postsurgical 
pain. Despite the variety of analgesic protocols 
and techniques developed in order to improve 
postoperative pain control, the prevalence of 
moderate-to-severe postoperative pain has 
remained unchanged for more than 10 years 
(Breivik and Stubhaug  2008 ). During the fi rst 
24 h after surgery, around 30 % of the patients, 
both hospitalised and ambulatory patients, report 
severe pain (visual analogue scale (VAS) score of 
6 or higher on a scale from 0 (no pain) to 10 (the 
worst pain possible)), particularly during mobili-
sation (Fletcher et al.  2008 ). Almost 15 % of the 
patients still present with moderate or severe pain 
on days 3 and 4, emphasising the need for more 

effi cacious  analgesia protocols (Table  13.1 ) 
(Sommer et al.  2008 ). As a matter of fact, the per-
centage of patients with severe pain after TKA is 
even greater than reported for all surgical patients 
together or for patients who have undergone hip 
arthroplasty (Thomas et al.  1998 ; Wylde et al. 
 2011c ). More importantly, the severity of pain 
seems to remain very constant after TKA by 
 contrast with the rapid decrease observed in post-
operative pain severity after hip arthroplasty.

   As the goal of TKA is usually to improve 
patient’s mobility, it is important to assess post-
operative pain associated with rehabilitation and 
therefore to make a distinction between pain at 
rest (PAR or stimulus-independent pain) and 
movement-evoked pain (MEP or stimulus- 
dependent pain). Although MEP is only reported 
in less than 40 % of published clinical trials, 
these articles suggest that MEP is 95–226 % 
more intense than PAR in the fi rst 3 postoperative 
days. In a recent systematic review, MEP after 
TKA was found to be 95, 150 and 156 % more 
intense than PAR in the fi rst, second and third 
postoperative day, respectively (Srikandarajah 
and Gilron  2011 ). Such fi ndings raise important 
concerns. First, distinct mechanisms underlie 
MEP and PAR, which will respond differently to 
analgesic treatment. By example, although opi-
oids are relatively ineffective to alleviate MEP in 
the early postsurgical period, they still remain the 
standard rescue drug for moderate-to-severe 
postoperative pain. Second, besides deleterious 
effects upon the patient’s functional recovery, 
especially in fast-track rehabilitation protocols 
with early mobilisation, MEP as poorly relieved 
pain might enhance central sensitisation process 
and thereby might increase the risk for persistent 
postsurgical pain. 

      Table 13.1    Incidence of moderate-to-severe pain a  after TKA by comparison with all surgeries in a general 
population   

 Day 1  Day 3  Day 30  3 months and over  Neuropathic features 

 All surgeries  30 %  12 %  8–10 %  18.3 %  24 % 
 (7–51 %) 

 TKA  58 %  45 %  52 % 
 16 % severe pain 

 20 % 
 (10–34 %) 

 6 % 

   a Moderate-to-severe pain: defi ned as a pain score >4 on a scale from 0 to 10 (0, no pain; 10, worst pain). Acute postop-
erative pain (day 1 and day 3), subacute pain (day 30) and chronic postsurgical pain (3 months and later)  
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 As many as 44–57 % of the patients are woken 
by pain during the fi rst 3 days after TKA (Wylde 
et al.  2011c ). In turn, sleep deprivation reduces 
pain thresholds yielding to a vicious circle. Sleep 
disturbance and postoperative pain are indepen-
dent predictors of persistent functional limitations 
at 1 and 3 months after TKA (Cremeans-Smith 
et al.  2006 ).  

13.3.2     Predictive Factors for Severe 
Postoperative Pain 

 Several studies have been dedicated to fi nd pre-
dictive risk factors for severe acute postoperative 
pain after various surgical procedures. Targeting 
patients at risk for severe acute pain should allow 
adopting specifi c measures directed to provide 
more appropriate perioperative analgesic proto-
cols for these selected patients. 

 Kalkman et al. were among the fi rst authors to 
stress the preoperative factors accounting for 
severe postoperative pain immediately after 
recovery from anaesthesia: younger age, female 
gender, level of preoperative pain, incision size 
and type of surgery (Kalkman et al.  2003 ). A 
recent systematic review highlights preoperative 
pain, anxiety, age and type of surgery as signifi -
cant predictors of severe postoperative pain dur-
ing hospital stay after heterogeneous surgical 
procedures (Ip et al.  2009 ). More focused on 
TKA, Thomas et al. had already demonstrated 
that female gender, younger age and high preop-
erative pain severity were strongly involved not 
only in acute postoperative pain severity but also 
in satisfaction after major orthopaedic proce-
dures (Thomas et al.  1998 ). 

  Preoperative pain at the surgical site  concerns 
a large number of the patients referred for surgery 
(63 % of patients, duration more than 1 year for 
36 % of them) (Fletcher et al.  2008 ) and is docu-
mented as an important predictor in several large 
studies (Kalkman et al.  2003 ; Sommer et al. 
 2010 ). Patients addressed for TKA are particu-
larly concerned because 40 % of patients justify 
their decision by the desire to reduce pain and 
95 % of patients undergoing TKA suffer from 
osteoarthritis, a painful, degenerative condition 

(Singh et al.  2008 ). Preoperative arthritic pain 
may act as an “algesic priming” for patients 
going through surgery with both physiological 
and psychological implications. Preoperative 
pain related to continuous and intense nocicep-
tive inputs from damaged joints may have sensi-
tised the central nervous system, a status that will 
be further enhanced or at least maintained by the 
peripheral sensitisation process from the surgical 
wound (Woolf  2012 ). Severe and long-lasting 
preoperative pain, e.g. osteoarthritis, causes 
abnormalities of somatosensory perception and 
modifi es the balance between endogenous excit-
atory and inhibitory processing of pain modula-
tion (Arendt-Nielsen et al.  2010 ; Kosek and 
Ordeberg  2000a ). Moreover, the presence of 
chronic pain before surgery is often associated 
with a chronic intake of analgesics including opi-
oids and antidepressant and anxiolytic drugs that 
may infl uence the central sensitisation process 
(Aubrun et al.  2008 ). Exposure to  opioids  induces 
a state of central sensitisation called “opioid- 
induced hyperalgesia” which is responsible for 
the expression of augmented responses to both 
noxious and innocuous stimuli (Simonnet and 
Rivat  2003 ). Hyperalgesia related to opioid use 
has an additive effect on incisional hyperalgesia 
caused by the surgical trauma. Intraoperative 
administration of high doses of opioids worsen 
postoperative pain as shown in experimental 
models and in patients (Simonnet and Rivat 
 2003 ), and chronic preoperative consumption of 
opioids is associated with a modifi ed pain per-
ception (decreased nociceptive thresholds) and 
modifi ed endogenous pain modulation (Chen 
et al.  2009 ). The perioperative analgesic manage-
ment of these patients is usually diffi cult. 

 Pain is not only limited to nociceptive inputs 
reaching the central nervous system but also 
includes a  complex psychological experience . 
Psychological states can either exacerbate or 
inhibit the nociceptive perception. Emotional and 
attentional mechanisms of pain processing 
already known to play a role in chronic pain con-
ditions have recently attracted interest in trauma 
and perioperative conditions (Chen et al.  2009 ). 
Obviously, there is a vulnerable population who 
presents with reduced ability to cope with pain, 
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to anticipate pain and to control pain when 
 confronted with (Chen et al.  2009 ). Pain  hyper-
vigilance , a strong attentional bias towards pain 
defi ned as an automatic prioritisation of pain, 
conscious or not, aimed to avoid physical threat, 
is a powerful predictor of acute postoperative 
pain (Lautenbacher et al.  2009 ). Presurgical  anxi-
ety  and psychological distress are often reported 
as predictive factors of postoperative pain inten-
sity (Ip et al.  2009 ; Pinto et al.  2012 ).  Pain 
castastrophisation  is an important cognitive and 
emotional factor in the experience of pain. 
Catastrophisation of pain is defi ned as a negative 
orientation to aversive stimuli involving rumina-
tion about painful sensations, magnifi cation of 
the threat value of pain and perceived inability to 
control pain. High catastrophisation is predictive 
of greater postoperative pain specifi cally pain at 
day 2 and later after TKA (Roth et al.  2007 ). 
Pinto et al. have recently suggested that pain cat-
astrophising may act as a mediator in the rela-
tionship between presurgical anxiety and acute 
postsurgical pain (Pinto et al.  2012 ). 

 The current data regarding the  infl uence of 
gender  on immediate and persistent pain after 
TKA are contradictory (Roth et al.  2007 ). Women 
report higher pain severity at lower thresholds and 
have less tolerance to noxious stimulation than 
males, the greatest sex differences being noted in 
mechanical pain tests that could be of importance 
for patients undergoing TKA (Hurley and Adams 
 2008 ). However, the difference in pain perception 
between males and females decreases with 
advancing age, to become nonsignifi cant in vol-
unteers older than 40 years old. Women display 
higher catastrophisation personalities than men, 
what might account for the gender difference 
observed in the postoperative pain experience 
(Edwards et al.  2006 ; Keefe et al.  2000 ). 

  Genetic background  certainly has an infl uence 
on pain perception as well as on the metabolism 
of analgesic drugs and the effi cacy of their post-
operative analgesic effect (Allegri et al.  2012 ). 
Interindividual differences in the modulation of 
endogenous pain perception and modulation 
place patients at more or less risk to present with 
severe pain. Preoperative  assessment of pain  sen-
sitivity by application of quantitative sensory 

testing may predict to some extent the degree of 
postoperative pain and the probability to develop 
persistent pain (Edwards  2005 ). Patients who 
preoperatively display enhanced activity of their 
endogenous excitatory processes of pain modula-
tion (i.e. who have a positive temporal summa-
tion of nociceptive stimuli and clinical correlate 
to a spinal windup phenomenon which relies on 
NMDA receptor activation) will have higher 
postoperative pain (Weissman-Fogel et al.  2009 ). 
Patients who suffer from a preoperative chronic 
pain condition like fi bromyalgia, irritable bowel 
syndrome and osteoarthritis show hyperactivity 
of endogenous pain processing, i.e. signifi cant 
facilitation of temporal summation (Arendt- 
Nielsen et al.  2010 ).   

13.4     Persistent Postsurgical Pain 
After TKA 

13.4.1     Incidence, Characteristics 
and Evolution 

 A large European survey mentions a 19 % inci-
dence of chronic pain in the population, 3 % of 
the individuals reporting surgery as the initial 
cause of their chronic pain (Breivik et al.  2006 ). 
For 22 % of the patients who consult in pain clin-
ics, surgery is the origin of their chronic pain 
(Crombie et al.  1998 ). Joint arthroplasties are 
highly successful when judged by prosthesis- 
related outcomes (clinical evaluation and radio-
graphic appearance), and several outcome studies 
have reported improved function and health- 
related quality of life. However, one in fi ve 
patients (i.e. 19 %) undergoing primary TKA is 
not satisfi ed with the outcome (Bourne et al. 
 2010 ), and chronic postsurgical pain appears to 
be the primary predictor of dissatisfaction (Scott 
et al.  2010 ). 

  Chronic postsurgical pain  ( CPSP ) has been 
defi ned by the International Association for the 
Study of Pain (IASP) as pain that develops after a 
surgical intervention and that lasts at least 2 
months, with other causes for the pain having 
been excluded (e.g. infection, recurrence of 
malignancy) as well as pain from a condition 
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 preceding the surgery (Merskey  1994 ). The time 
frame of 2 months has been strongly debated 
because the exact duration of postoperative 
infl ammatory processes still remains undeter-
mined. Actually, one may consider CPSP as pain 
lasting more than 3–6 months (often beyond 6 
months) after surgery. CPSP is a prevalent prob-
lem involving all types of surgical procedures 
including minor ones. The incidence varies 
between 10 and 50 % according to the type of 
procedure, but more worrisome is the fact that 
2–10 % of these patients present with moderate-
to- severe pain, which strongly affects their daily 
quality of life (Kehlet et al.  2006 ). Johansen et al. 
reported a prevalence between 6.2 and 18.3 % of 
moderate-to-severe pain in the area of surgery 
3–36 months after the procedure (Johansen et al. 
 2012 ). While most patients usually recover and 
experience pain relief within 3 months after TKA 
(Vilardo and Shah  2011 ), about 20 % (10–34 %) 
of the patients are left with an unfavourable long- 
term pain outcome according to a recent system-
atic review (Table  13.1 ) (Beswick et al.  2012 ). 

 The large variability in reported incidences of 
persistent pain after TKA can be explained by the 
various defi nitions used for CPSP. Pain is often 
reported as an element of functional knee scores 
(i.e. WOMAC, KOOS) instead of using specifi c 
chronic pain questionnaires (i.e. McGill Pain 
Questionnaire, Brief Pain Inventory). It is also 
important to consider that pain identifi ed by 
functional scores, reported during specifi c activi-
ties, may not totally refl ect CPSP. Intermittent 
and intense pain at rest or during the night may 
also exist and usually has a major negative impact 
on the daily quality of life (Beswick et al.  2012 ). 

 The nature of CPSP remains unclear because 
infl ammatory mechanisms play an important role 
even in the development of neuropathic pain. 
Iatrogenic neuropathic pain caused by incision 
and nerve injury is thought to be the most com-
mon cause of CPSP (Kehlet et al.  2006 ). The 
average prevalence of neuropathic pain after sur-
gery is around 24 % with a large range from 6 % 
to more than 50 % in thoracic procedures (e.g. 
breast surgery and thoracotomy) (Table  13.1 ). 
Chronic pain of neuropathic origin is usually 
associated with higher pain intensity (average 

visual analogue scale (VAS) score around 7–8/10) 
than non-neuropathic chronic pain (Torrance 
et al.  2006 ). Johansen et al. observed at 4 months 
to 3 years after knee surgery that 66 % of patients 
self-reported knee pain was associated with sen-
sory disturbances, 22 % with hypoesthesia and 
12 % with hyperesthesia in an area at or close to 
the incision. The presence of hyperalgesia close 
to the scar is associated with an increased risk of 
severe CPSP (odds ratio 6.3). Due to the lack of 
use of adequate questionnaires, the nature of 
CPSP after TKA has been rarely questioned. It 
seems that the incidence of CPSP of a neuro-
pathic origin is rare after TKA, 6 % at 1 year and 
later (Haroutiunian et al.  2013 ; Liu et al.  2012 ; 
Wylde et al.  2011b ). The causes of nerve injury 
after TKA do not only involve direct surgical 
trauma of the infrapatellar branch of the saphe-
nous nerve (84 %) or more exceptional the pero-
neal nerve (Henningsen et al.  2013 ) but may also 
be caused by the tourniquet during the procedure 
or peripheral nerve blocks used for perioperative 
analgesia (Kinghorn et al.  2012 ). Not all nerve 
lesions will cause pain, and CPSP associated 
with nerve injury will only develop in predis-
posed individuals (Lavand’homme  2011 ). Refl ex 
sympathetic dystrophy (RSD), also called com-
plex regional pain syndrome type 1 (CRPS-1), is 
a pain disorder associated with autonomic dys-
function and characterised by a disproportionate 
level of pain. CRPS-1 seems to occur more fre-
quently after trauma or surgery of the lower limb. 
Harden et al. highlighted that “CRPS-like” phe-
nomena, which diagnostic criteria include abnor-
mal sensory modalities like hyperalgesia and 
allodynia, may affect up to 13–20 % of the 
patients during the fi rst year after TKA. CRPS-
like phenomena, in the early postoperative period, 
might also be the result of delayed postsurgical 
healing and persistent infl ammatory reaction that 
would not normally merit the diagnosis of CRPS 
(Harden et al.  2003 ). Experimental studies sup-
port that hypothesis as focal nerve infl ammation 
induces neuronal signs consistent with symptoms 
of early CRPS (Bove  2009 ). Burns et al. reviewed 
the medical records of 1,280 patients who under-
went TKA for osteoarthritis and found a very low 
 incidence of CRPS, as low as 0.7 %. More 
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 importantly, when managed early, patients 
 complicated with CRPS after TKA have a similar 
prognosis to patients with uncomplicated TKA 
(Burns et al.  2006 ). 

 Today, it is still unclear whether a distinct 
transition period exists between acute and chronic 
pain after surgery or trauma. Subacute pain, 
which can last for several weeks after the surgery, 
is now recognised as a neglected area of clinical 
investigation. Poorly relieved subacute pain after 
surgery not only has a negative psychological 
impact but also might contribute to maintain a 
state of central sensitisation, which in turn might 
facilitate the persistence of pain (Lavand’homme 
 2011 ). According to Andersen et al., 52 % of 
patients report moderate pain, and 16 % report 
severe pain at rest 30 days after TKA, while pain 
when moving affects as much as 78 % of the 
patients (Table  13.1 ). Using the recent concept of 
pain trajectories (Chapman et al.  2011 ), Morze 
et al. have examined the weekly resolution of 
knee pain during the fi rst 3 months after TKA 
(Morze et al.  2013 ). Clearly, all patients are not 
equal in facing pain and recovery, and 25 % of 
the patients still have worst average pain score of 
4.9/10 by week 12 after surgery. The overall time 
taken to reduce worst pain was 6 weeks in 52 % 
of the patients but could be as long as 12 weeks 
for 32 % of the patients. 

 The unexplained painful TKA with no obvi-
ous cause remains a challenge for the surgeon 
(Hofmann et al.  2011 ). Surgical exploration is 
rarely advised, and only 45 % of the patients have 
problems related to their implant (Mont et al. 
 1996 ). Revision TKA for unexplained knee pain 
might harm even more. Between 4 and 22 months 
after surgery, 38 % of patients suffer from daily 
life disturbing pain after revision arthroplasty, 
and 40 % of these patients use analgesics 
(Puolakka et al.  2010 ). At 2 and 5 years after a 
TKA revision, pain is still reported three times 
more frequently than after a primary arthroplasty 
(Singh et al.  2008 ). 

 However, it is encouraging to see that the inci-
dence of CPSP after TKA seems to be falling 
down since the 1990s, when 22 % of patients 
experienced pain at 7 years (Murray and Frost 
 1998 ) and as much as 51 % at 1 year (Dickstein 

et al.  1998 ). Such evolution underlines the pro-
gresses that have been realised in perioperative 
care, both in surgical and anaesthetic manage-
ment, of these patients. Further improvements are 
still needed, mainly based on individualised and 
tailored management thanks to targeting patients 
at risk and promoting effective perioperative 
treatments.  

13.4.2     Predictive Factors 
of Persistent Pain and Poor 
Recovery 

 Predisposition to chronic pain is multifactorial 
and includes the severity of postoperative pain, 
which is the most striking risk factor, pre-existing 
pain and psychological factors such as catastro-
phising and hypervigilance to pain (Kehlet et al. 
 2006 ). Predictive factors of CPSP do not really 
differ from those involved in the risk of severe 
acute postoperative pain. 

  Early severe postoperative pain  is an impor-
tant predictor for CPSP after TKA (Puolakka 
et al.  2010 ). If the degree of pain during the fi rst 
postoperative week ranges from moderate to 
severe, the risk to develop persistent pain is 3–10 
times higher compared with patients complaining 
of mild pain during the same period (Puolakka 
et al.  2010 ). Not only poorly relieved postopera-
tive pain contributes to central nervous system 
sensitisation, but it also has a negative impact on 
the psychological aspects of recovery in predis-
posed individuals. 

  Preoperative pain , either at the operative site 
or elsewhere, is a known risk factor (Liu et al. 
 2012 ; Puolakka et al.  2010 ; Wylde et al.  2011b ) 
for both severe postoperative pain and 
CPSP. Current research is ongoing to assess and 
to target by tailored treatments the endogenous 
pain modulatory processes. 

  Negative psychosocial conditions  like preop-
erative anxiety and catastrophisation are regu-
larly found in the history of patients suffering 
from CPSP (Kehlet et al.  2006 ). The impact of 
preoperative psychological factors on the persis-
tence of pain after surgery or trauma has received 
a growing attention (Lautenbacher et al.  2010 ). 

I. Grosu et al.



149

A recent systematic review has demonstrated 
that, effectively, low preoperative mental health 
and pain catastrophising infl uence the outcome 
after TKA in terms of function and pain scores 
(Vissers et al.  2012 ). Surprisingly, those factors 
have shown only limited impact on the outcome 
after total hip arthroplasty. Recent results support 
the fact that high, if not unrealistic, expectations 
of TKA are common and should be moderated to 
maintain patient satisfaction (Hepinstall et al. 
 2011 ). From a clinical point of view, patients 
with a low preoperative pain score (assessed by 
WOMAC score) are 2.4 times more likely to be 
dissatisfi ed with their operation (Bourne et al. 
 2010 ). Morze et al. found that the rate of decline 
of worst postsurgical pain was slower in patients 
who reported lower preoperative pain scores 
(6 % per week versus 13 %) (Morze et al.  2013 ). 

 Other common risk factors to develop CPSP 
are younger age and female gender (Kehlet et al. 
 2006 ). Those factors have been incriminated in 
several large retrospective studies from 1 to 5 
years after TKA (Liu et al.  2012 ; Singh et al. 
 2008 ). Female sex as predictive factor for CPSP 
after TKA might be supported by the fact that 
women usually wait much longer than men 
before having surgery, despite greater reported 
disability (Petterson et al.  2007 ). Waiting longer 
before having surgery signifi es living longer with 
the aggravating preoperative pain, which is 
another known predictive factor of CPSP after 
TKA (Puolakka et al.  2010 ; Singh et al.  2008 ). 

 Finally, the genetic background of the patient 
also affects the sensitivity to pain as well as the 
metabolism of analgesic drugs. Some protective 
phenotypes have been described (France et al. 
 2009 ) but at the present, no genotype screening to 
identify populations at risk is available.  

13.4.3     Risks Associated with 
the Treatment of CPSP 

 Whereas numerous studies have assessed the 
incidence and the risk factors for persistent pain 
after TKA, very few reports have investigated the 
real consequences of chronic postsurgical pain in 
these patients, particularly the impact of 

 long- term analgesic use (Steyaert and 
Lavand’homme  2013 ). According to published 
clinical reports, 56 % of patients were still under 
analgesics at 30 days after TKA (Andersen et al. 
 2009 ), 40 % of patients after 4 months (Puolakka 
et al.  2010 ) and around 25 % of patients about 2 
years later (Carroll et al.  2012 ). 

 Nonsteroidal anti-infl ammatory drugs 
(NSAIDs) are very effective in alleviating pain 
after orthopaedic procedures. Alam et al. ( 2012 ) 
found that elderly patients who started taking 
NSAIDs within 7 days of surgery were almost 
four times more likely to become long-term 
NSAIDs users. Aside from the risks of gastroin-
testinal ulcers and bleeding or renal insuffi ciency, 
chronic use of NSAIDs carries a non-negligible 
cardiovascular risk for stroke and myocardial 
infarction. Recently, the American Geriatric 
Society has recommended the use of opioid anal-
gesics for elderly patients (Kuehn  2009 ) instead 
of NSAIDs. Opioids are not innocent either and 
there have been some alarming reports in the last 
years. In a propensity-matched cohort study, 
Solomon et al. ( 2010 ) compared the safety of 
opioids and NSAIDs in more than 12,000 elderly 
patients with arthritis where patients on opioids 
had an increased relative risk for many safety 
events (fractures, cardiovascular events, hospi-
talisations) compared with NSAIDs. It is manda-
tory to keep in mind that the initiation of a 
short-term opioid therapy may lead to longer- 
term use after discharge in some patients. Elderly 
patients receiving an opioid prescription after 
surgery seem to be 44 % more likely to become 
long-term opioid users compared to patients who 
did not receive opioids (Alam et al.  2012 ). 
Andersen et al. highlighted the fact that 56 % of 
patients are still on opioids, including 36 % tak-
ing strong opioids, 30 days after TKA (Andersen 
et al.  2009 ). Carroll et al. found that 6 % of the 
patients started taking new opioids more than 150 
days after surgery and about a quarter of patients, 
having undergone total hip or knee arthroplasty, 
were still taking opioids at the end of the follow-
 up period 2 years later (Carroll et al.  2012 ). 
Interestingly, postoperative pain duration and 
severity only account for 48 % variance in that 
long-lasting opioid intake, while preoperative 
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factors like legitimate prescribed opioid use, 
 self- perceived risk of addiction and depressive 
symptoms are better predictors of prolonged opi-
oid use (Carroll et al.  2012 ). It is mandatory that 
caregivers involved in the management of patients 
undergoing TKA take their responsibilities for 
the prescription of analgesics in these patients: 
better identifi cation of the patients who are at risk 
of needing prolonged postoperative opioids, 
adaptation of perioperative treatments to reduce 
the need for opioids to a minimum (preventive 
analgesia, i.e. multimodal analgesia with regional 
analgesia and anti-hyperalgesics) and closer fol-
low- up of patients after their discharge (Steyaert 
and Lavand’homme  2013 ).   

13.5     Perioperative Management 
of Patients Undergoing TKA 

 The combination of modern surgical techniques 
and perioperative anaesthetic/analgesic manage-
ment is aiming to produce a “reasonably pain- free 
postoperative patient” to facilitate early rehabilita-
tion and to prevent the development of persistent 
pain. However, facing the clinical reality, it turns 
out that the task remains complicated despite the 
use of  multimodal balanced analgesia . Recent 
developments in our understanding of incisional 
pain have prompted to change the old concept of 
pre-emptive analgesia forwards to the more accu-
rate concepts of  preventive and protective analge-
sia  (Bromley  2006 ). Experimental models of 
incisional pain as well as clinical studies have 
shown deceiving results with only short-term ben-
efi ts of pre-emptive treatments (Pogatzki-Zahn 
and Zahn  2006 ). First, the wound itself is able to 
maintain and to reinitiate the sensitisation pro-
cesses when the effects of treatment abate what 
implicates a prominent role of postoperative noci-
ceptive stimuli from the wound and the need for a 
long- lasting postoperative pain control. Second, 
the existence of preoperative pain may have 
already triggered central sensitisation in some 
patients, thereby blunting the benefi ts of pre-emp-
tive treatments (Aida et al.  2000 ). That later point 
argues for an optimal control of preoperative pain 
in patients who will undergo a knee arthroplasty. 

 Thereby, pre-emptive analgesia has evolved to 
the concept of  preventive analgesia , a broader 
defi nition, which involves any perioperative anal-
gesic and anti-hyperalgesic treatments aimed to 
control central nervous system sensitisation and 
to reduce the development of persistent postsur-
gical pain. In preventive analgesia, both the dura-
tion and the effi cacy of the treatment are more 
important than the timing of administration of the 
drugs. Recent clinical studies have highlighted 
the fact that an optimal control of preoperative, 
perioperative and postoperative pain is manda-
tory to ensure the success of preventive analge-
sia. In the future, progresses made in the 
assessment of endogenous mechanisms of pain 
processing should allow to improve even more 
the preventive-protective analgesia by an indi-
vidualisation of analgesic and anti-hyperalgesic 
perioperative treatments (Lavand’homme  2011 ; 
Yarnitsky  2010 ). 

13.5.1     Less Invasive Surgery 
and Rapid Recovery Protocols 
for TKA 

 Minimally invasive (MI) techniques gained 
popularity in the last decade. Minimally inva-
sive TKA is a technique that focuses on using a 
smaller skin incision, avoiding patella eversion 
and quadriceps-sparing approaches (Arnout et al. 
 2009 ; Khanna et al.  2009 ; Thienpont  2013a ,  b ). 
Less tissue damage should reduce the release 
of infl ammatory mediators and its cascade. The 
length of the skin incision in TKA is proportional 
with the surface area of sensory change in the 
front of the knee, which is related to the inabil-
ity to kneel following surgery (Hassaballa et al. 
 2012 ). MI-TKA leads to reduced length of stay 
(LOS), reduced pain and more rapid rehabilitation 
(Niki et al.  2009 ). Although the learning curve 
of such new techniques seems to be substantial, 
the benefi ts in terms of need for opioids and need 
for rehabilitation and LOS are signifi cant (King 
et al.  2007 ). The reduction of tissue damage, the 
decrease in tourniquet time as well as the reduc-
tion of the duration of the surgical procedure 
may also play a role in postoperative recovery 
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(Niki et al.  2009 ). Despite that  tourniquet use 
does not have a direct impact on knee pain and 
analgesics use, tourniquet however induces thigh 
pain (Wakankar et al.  1999 ). Quadriceps mus-
cle strength is the parameter, which correlates 
the best with postoperative functional perfor-
mance (Khanna et al.  2009 ). MI-TKA drastically 
reduces the direct quadriceps damage. In oppo-
site, tourniquet-induced ischaemia represents a 
substantial contributor to intraoperative muscle 
damage (Appell et al.  1993 ). A recent system-
atic review of the literature showed that as a 
group, patients undergoing MI-TKA tend to have 
decreased postoperative pain, rapid recovery of 
quadriceps function, improved range of motion 
and shorter LOS (Khanna et al.  2009 ). 

 In order to facilitate early discharge from the 
hospital and more rapid return to the normal daily 
activities, the concept of fast-track surgery has 
been developed. Fast-track surgery integrates 
new modalities in surgery, anaesthesia and nutri-
tion, enforcing early mobilisation and rehabilita-
tion. Along with the use of minimally invasive 
techniques, the choice of anaesthesia and analge-
sia techniques has to be adapted, a choice which 
relies on multimodal balanced techniques allow-
ing a subsequent opioid-sparing effect (White 
et al.  2007 ).  

13.5.2     Multimodal Analgesia 
in Modern Perioperative Pain 
Management 

 The aim of multimodal analgesia is to minimise 
the need for opioid analgesics (Kehlet and Dahl 
 1993 ). Although opioids remain very effective 
analgesics, their well-known side effects like 
sedation, nausea and vomiting and respiratory 
depression may prevent rapid rehabilitation. 
Furthermore, opioids may also induce hyper-
algesia (also called “opioid-induced hyper-
algesia”) and acute tolerance that enhances 
postoperative pain. 

 Nonsteroidal anti-infl ammatory drugs 
(NSAIDs) and acetaminophen (paracetamol) are 
commonly associated drug combinations used 
for multimodal analgesia. Recent meta-analyses 

have shown that the signifi cant 30–50 % opioid 
dose-sparing effect of non-selective NSAIDs is 
associated with a 30 % reduction in opioid- 
related side effects like postoperative nausea and 
vomiting and sedation (Elia et al.  2005 ; Marret 
et al.  2005 ). Selective inhibitors of cyclooxygen-
ase 2 (COX-2) also display a 35 % opioid-sparing 
effect (Straube et al.  2005 ). However, non- 
selective and selective NSAIDs are contraindi-
cated in one patient out of fi ve because of the 
risks of gastrointestinal bleeding or renal insuffi -
ciency. For those patients, paracetamol then rep-
resents an alternative. Paracetamol has complex 
analgesic effects, which rely on central endocan-
nabinoid and serotoninergic mechanisms and 
perhaps on a COX-3 inhibition (Mallet et al. 
 2008 ). By itself it demonstrates only a weak 
opioid- sparing effect of around 20 % not associ-
ated with a reduction of opioids’ side effects 
(Remy et al.  2005 ). 

 Corticosteroids represent the “ultimate anti- 
infl ammatory drugs” (Turan and Sessler  2011 ) 
and are used in rheumatic disease for their local 
anti-infl ammatory properties. In the periopera-
tive setting, they are often administered for their 
anti-emetic effect as a preventive strategy for 
postoperative nausea and vomiting. A recent 
meta-analysis has demonstrated that a small dose 
of perioperative dexamethasone (0.1–0.2 mg/kg) 
reduced postoperative pain at rest and during 
mobilisation up to 24 h postoperatively, as well 
as opioid consumption (Waldron et al.  2013 ). 
Corticosteroids have previously proven their effi -
ciency in reducing postoperative pain after spine 
surgery, hip replacement and TKA. A high dose 
of 40 mg dexamethasone before anaesthesia sig-
nifi cantly prevented dynamic pain until 24 h after 
elective hip replacement (Kardash et al.  2008 ). In 
patients undergoing elective TKA, preoperative 
high dose of methylprednisolone 125 mg signifi -
cantly reduced pain during walking up to 32 h 
after surgery (Lunn et al.  2011 ). The postopera-
tive opioid requirements were also reduced as 
well as nausea and vomiting. Postoperatively, 
infl ammatory parameters like CRP concentra-
tions were lower. These patients reported less 
postoperative fatigue although the sleep quality 
was worse on the fi rst night. Other authors have 

13 Pain After Knee Arthroplasty: An Ongoing Battle



152

assessed the modulatory effect of a low dose of 
hydrocortisone (two doses of 100 mg given at 8 h 
apart) in patients undergoing bilateral TKA 
(Jules-Elysee et al.  2012 ,  2011 ). The decreased 
infl ammatory response as measured by 40 % 
reduction in IL-6 production was associated with 
higher postoperative haemodynamic stability, 
lowered pain scores and improved knee motion. 
It is interesting to note that administration of cor-
ticosteroids 1 day after surgery may help to con-
trol pain even better than regular NSAIDs. 
Romundstad et al. have assessed the time course 
and magnitude of the analgesic effect of 125 mg 
methylprednisolone in patients with moderate-
to- severe pain 1 day after orthopaedic surgery 
(Romundstad et al.  2004 ). Methylprednisolone 
analgesic effect was as effective as the effect of 
30 mg ketorolac but lasted longer and provided 
higher opioid-sparing effect up to 72 h after 
administration. Very few studies have evaluated 
the benefi t of combining NSAIDs with cortico-
steroids to improve postoperative pain. It seems 
that such combination may demonstrate superior 
analgesic effect as reported after knee arthroscopic 
surgery in patients receiving a low dose of 8 mg 
dexamethasone and a COX-2 selective inhibitor 
(Dahl et al.  2012 ). Finally, experimental data 
found a preventive effect of intraoperative sys-
temic corticosteroids on the development of per-
sistent neuropathic pain (Liu et al.  2012 ). Further 
studies are needed in order to defi ne the optimal 
doses of corticosteroids to improve postoperative 
pain as well as the potential long-term benefi ts. 
Moreover, although no serious adverse effects 
have been reported, the safety aspects and impli-
cations on the glycaemic profi le, risk of infec-
tions and wound healing remain largely unknown.  

13.5.3     Non-opioid Adjuvants 

 Systemic administration of alpha-2 adrenergic 
agonists clonidine and dexmedetomidine 
decreases postoperative opioid consumption, 
pain intensity and nausea (Blaudszun et al.  2012 ). 
The major site of action of α2-adrenergic ago-
nists is the spinal cord, and both their analgesic 
and anti-hyperalgesic effects result from spinal 

administration either epidurally or intrathecally. 
Alpha-2 adrenergic agonists also act locally on 
peripheral nerve endings and potentiate local 
anaesthetics effect in peripheral nerve blocks 
(Marhofer et al.  2013 ). Intra-articular injection of 
clonidine demonstrated local anti-infl ammatory 
effect during knee arthroscopic surgery (Gentili 
et al.  2001 ). Alpha-2 adrenergic agonists also 
possess interesting anxiolytic and sedative effects 
(Crassous et al.  2007 ). Although they do not 
induce respiratory depression, they cause hypo-
tension, which may interfere with rehabilitation 
process (Blaudszun et al.  2012 ). 

 Ketamine is an old anaesthetic drug used in 
clinical practice since the 1960s. The main work-
ing mechanism of action of ketamine is not clear 
but relies on a noncompetitive antagonism of 
excitatory neurotransmission (NMDA receptors) 
and potentially on an interaction with opioid, 
monoaminergic, cholinergic, purinergic and ade-
nosine receptor systems. These multiple interac-
tions account for the various clinical effects 
observed such as anaesthesia, analgesia, anti- 
hyperalgesia, induction of psychiatric symptoms 
(schizophrenia-like) or positive effects on depres-
sive moods. Ketamine also has anti-infl ammatory 
properties as it avoids an exacerbated proinfl am-
matory reaction (De Kock et al.  2013 ). It infl u-
ences the immune system and is able to regulate 
very early local infl ammatory processes as it 
reduces the release of proinfl ammatory cytokines 
without affecting the production of anti- 
infl ammatory ones. These anti-infl ammatory 
properties of the drug may be involved in its anti- 
hyperalgesic effect. Several meta-analyses have 
highlighted the benefi ts of intraoperative use of 
low doses of ketamine (median dose 0.4 mg/kg; 
range 0.1–1.6 mg/kg). At that dose, a reduction 
of postoperative pain scores, both at rest and dur-
ing mobilisation, as well as a 30–55 % reduction 
in postoperative opioid requirements has been 
demonstrated. The greatest effi cacy of periopera-
tive ketamine administration is observed in pain-
ful procedures including thoracic, upper abdomen 
and major orthopaedic surgeries (Laskowski 
et al.  2011 ). After TKA performed under general 
anaesthesia combined with a femoral nerve 
block, a single bolus dose of ketamine 0.5 mg/kg 
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signifi cantly reduced opioid use and facilitated 
rehabilitation (Adam et al.  2005 ). In TKA under 
general anaesthesia but without femoral nerve 
block, ketamine (bolus dose of 0.2 mg/kg fol-
lowed by an infusion of 60–120 μg/kg/h) admin-
istered over 48 h had a signifi cant opioid-sparing 
effect and decreased pain intensity at both rest 
and mobilisation (Aveline et al.  2009 ). Patients 
receiving ketamine infusion achieved earlier 
rehabilitation progresses and hospital discharge 
(Aveline et al.  2009 ). 

  Gabapentinoids  ( gabapentin and pregabalin ) 
are primarily used in the treatment of epilepsia 
and chronic neuropathic pain syndromes. 
Gabapentin and its analogue pregabalin have 
been designed as analogues of γ-aminobutyric 
acid, but their mechanism of action mostly relies 
on binding to α2-δ subunit of voltage-gated 
calcium channels in the central nervous system, 
preventing the release of several excitatory neu-
rotransmitters like glutamate. Pregabalin, the 
second generation of calcium channel α2-δ 
ligands, offers the advantages linked to a more 
reliable pharmacokinetic profi le with a rapid 
dose-independent absorption. Thereby, pregaba-
lin will be more suitable for a short-term use like 
the perioperative period, a single preoperative 
dose of 300 mg oral pregabalin displaying a suf-
fi cient central nervous system bioavailability to 
reach anti-hyperalgesic therapeutic levels within 
6 h post-administration (Buvanendran et al. 
 2003 ). For a few years, both drugs have been 
used as part of multimodal analgesia in the peri-
operative setting where they help to reduce post-
operative pain and opioid consumption (around 
30 %) as well as opioid-related side effects like 
nausea and vomiting. More recently, they have 
also demonstrated promising anti-hyperalgesic 
effects, which might reduce the risk of persistent 
pain after surgery (Zhang et al.  2011 ). As a mat-
ter of fact, a preoperative dose of 300 mg prega-
balin followed by a twice-daily dose of 150 mg 
during 14 days reduced the incidence of chronic 
neuropathic pain after TKA (0 % at 3 and 6 
months versus 8.7 and 5.2 %, respectively) 
(Buvanendran et al.  2010 ). Patients who received 
pregabalin treatment required less oral opioids 
when hospitalised and had greater active fl exion 

on the fi rst 30 days (Buvanendran et al.  2010 ). 
Side effects of perioperative gabapentinoids 
involve greater sedation, dizziness and blurred 
vision (diplopia). The promising results obtained 
so far with pregabalin reinforce the need for fur-
ther studies aimed to determine optimal doses 
and duration of administration.  

13.5.4     Locoregional Anaesthesia 

 The supposed superiority of locoregional anaes-
thesia and analgesia over general anaesthesia and 
systemic analgesia for the perioperative manage-
ment of various surgical procedures including 
orthopaedic surgery is currently debated, espe-
cially in the context of fast-track or enhanced 
recovery protocols (Carli et al.  2011 ; Harsten 
et al.  2013 ). For TKA, some authors strongly 
believe that spinal anaesthesia, continuous periph-
eral nerve blocks and/or wound infi ltration repre-
sents the recommended standard to achieve the 
goals of fast- track surgery (Carli et al.  2010a ; 
Memtsoudis et al.  2013 ). That might not be true 
anymore for two reasons. First, the drugs and 
techniques used for general anaesthesia and sys-
temic analgesia have changed these last years, 
along with the use of less invasive surgical tech-
niques. Modern general anaesthesia seems to 
favour a more comfortable recovery in terms of 
nausea, vomiting and dizziness, to reduce pain 
and morphine consumption pain and to result in 
shorter LOS (Harsten et al.  2013 ). Second, 
regional analgesic techniques provide statistically 
superior analgesia compared with systemic opi-
oids. However, the benefi ts of locoregional tech-
niques have been previously, almost exclusively, 
examined in terms of postoperative analgesia, 
while other signifi cant clinical outcomes, e.g. 
performance-based outcomes, should be assessed 
besides pain intensity in order to determine the 
success of a chosen technique (Bernucci and Carli 
 2012 ). The benefi ts of locoregional techniques 
may not be so relevant when considering the later 
outcomes, which are now considered of major 
interest in the patient’s rehabilitation process. 

 Besides an analgesic effect related to nerve 
conduction block preventing the noxious stimuli 
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from the wound to reach and to further sensitise 
the central nervous system, locoregional analge-
sia also modulates the infl ammatory response 
caused by tissue destruction. This benefi cial anti- 
infl ammatory effect partly relies on the use of 
local anaesthetics, which, in addition to blocking 
nerve conduction, are known to have a variety of 
anti-infl ammatory actions. Inhibition of phago-
cytosis in macrophages or leucocytes, decrease in 
adhesion of polymorphonuclear granulocytes and 
reduction in platelet aggregation are well-known 
effects of local anaesthetics (Cullen and Haschke 
 1974 ; Hu and Muscoplat  1980 ). A newly discov-
ered anti-infl ammatory mechanism is the inhibi-
tion of the proton channels of microglia, which 
are known to play a crucial role in regulating 
infl ammatory responses in the central nervous 
system (Matsuura et al.  2012 ). 

  Lumbar epidural analgesia  has been popular 
over the last decades as there is evidence for 
lower postoperative thromboembolic complica-
tions and other protective effects (Rawal  2012 ). 
Nevertheless, there is today little evidence for a 
decrease in perioperative mortality and morbidity 
in a low- to medium-risk population in relation to 
the use of perioperative epidural analgesia. 
Moreover, the widespread implementation of 
anticoagulant regimens may not only overcome 
the benefi ts of epidural analgesia on thromboem-
bolic complications but also make around 30 % 
of the patients ineligible for the technique. The 
failure rate of the technique may reach 28 %. 
Systemic review of the literature has shown that 
epidural analgesia provides superior analgesia to 
systemic opioids at rest and with activities what-
ever the type of surgery (Liu and Wu  2007 ). This 
clinical superiority of epidural analgesia may 
occur only with mobilisation through the fi rst 
postoperative day. A previous systematic review 
in TKA comparing lumbar epidural blockade 
with systemic opioid analgesia reported better 
dynamic pain scores in the epidural group 
although limited to the fi rst 6 h (Choi et al.  2003 ). 
As the magnitude of pain relief must be weighed 
against the frequency of adverse events, patients 
who received epidural analgesia had more hypo-
tension, urinary retention and pruritus, whereas 
systemic opioids caused more sedation, but no 

difference was found for the postoperative 
 respiratory depression or nausea and vomiting 
(Choi et al.  2003 ). 

  Peripheral nerve blocks  ( PNB ) of the major 
nerves supplying the lower limb represent an 
attractive alternative to epidural analgesia. With 
the development of ultrasounds (US), peripheral 
nerve blocks have regained interest among the 
anaesthesiologists. Although nerve injuries last-
ing longer than 1 year are rare, their frequency 
with both US guidance techniques and nerve 
stimulator (NS) guidance techniques seems to be 
similar (Orebaugh et al.  2012 ). However, 
US-guided peripheral blocks are associated with 
a signifi cant increase in the success rate when 
compared with NS techniques only or other 
methods (Gelfand et al.  2011 ) as is the US-guided 
peripheral nerve catheter placement which proves 
also a lower risk for accidental vascular puncture 
when compared with NS-alone guidance 
(Schnabel et al.  2013 ). The development of 
enhanced echogenic needles in the last years has 
contributed to the improvement of peripheral 
nerve blocks’ safety and effi cacy (Hebard and 
Hocking  2011 ). 

 The most popular analgesic technique after 
TKA remains the femoral nerve block (FNB) 
(also referred to as “3-in-1 block”), either single- 
shot or continuous infusion (United Kingdom, 
France). For major knee surgery, a femoral nerve 
block provides postoperative analgesia which is 
comparable with that obtained with an epidural 
technique but with an improved side effect pro-
fi le, i.e. less hypotension, pruritus and urinary 
retention (Fowler et al.  2008 ). A preoperative 
single-shot FNB reduces postoperative opioid 
use and signifi cantly decreases pain scores with 
activity, but not at rest, up to 48 h after surgery by 
comparison with systemic opioids (Paul et al. 
 2010 ). The addition of a continuous perineural 
infusion of local anaesthetic in the postoperative 
period does not seem to enhance the analgesic 
benefi ts observed after a single-shot injection 
(Paul et al.  2010 ). 

 The sensory innervation of the knee is complex 
and involves the femoral nerve along with contri-
butions from the sciatic and obturator nerves at the 
posterior and medial aspects. Consequently, a 
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peripheral block of the sciatic nerve may be added 
to the classical FNB in the aim to improve postop-
erative analgesia, such combination remaining 
less invasive and associated with fewer serious 
complications than the use of a lumbar plexus 
block. The addition of sciatic nerve block could 
improve the quality of analgesia during the fi rst 
24 h by reducing posterior knee and calf pain 
(Cappelleri et al.  2011 ; Cook et al.  2003 ; Wegener 
et al.  2011 ). However, the addition of a sciatic 
block does not result in better pain scores or lesser 
opioid consumption than the use of a single-shot 
FNB alone (Abdallah and Brull  2011 ; Fowler 
 2009 ; Fowler et al.  2008 ; Paul et al.  2010 ). The 
FNB is not always complete, as it does not con-
stantly produce analgesia of the obturator nerve. 
Nevertheless, although the obturator nerve is far 
more consistently involved with a lumbar plexus 
block technique than with an inguinal FNB tech-
nique, the obturator block, like the sciatic one, 
does not seem to translate into improved patient 
recovery or pain reduction (Bergeron et al.  2009 ; 
Macalou et al.  2004 ). Compared with systemic 
analgesics, the use of FNB allows faster rehabili-
tation and reduces time to discharge (Macfarlane 
et al.  2009 ). Despite the reduction of local knee 
infl ammation (Martin et al.  2008 ) and in some 
extent of the systemic infl ammatory reaction 
(Bagry et al.  2008 ) associated with the use of 
locoregional anaesthesia, the impact on patient’s 
outcomes is disappointing. Better postoperative 
analgesia does not lead to better knee function as 
observed by an improved knee range of motion 
that usually does not extend long after the block’s 
completion. Better postoperative analgesia does 
not translate into improved long-term pain reduc-
tion after TKA neither. Patients receiving a 48 h 
continuous FNB achieved better knee fl exion in 
the fi rst 6 days after TKA but not further on (no 
signifi cant functional difference observed at 3 
months) (Kadic et al.  2009 ). Within the concept of 
preventive analgesia, some authors have extended 
the duration of analgesia to 4 days by discharging 
patients at home with femoral catheter and infu-
sion pumps. The results of the study did not show 
that extending an overnight  continuous FNB to 4 
days improves or worsens subsequent health qual-
ity of life, assessed by WOMAC scores, between 

7 days and 12 months after TKA (Ilfeld et al. 
 2008 ; Ilfeld et al.  2011 ). Other authors have exam-
ined the impact of a more complete knee block by 
adding a 48 h sciatic block to the continuous 
FNB. They did not fi nd improved postoperative 
outcomes in terms of long-term pain or functional 
disability (Wegener et al.  2011 ). 

 It is important to keep in mind that these 
blocks bear some complications which may 
interfere with the rehabilitation process (Richman 
et al.  2006 ). A large retrospective analysis includ-
ing 1,190 patients found an overall complication 
rate of 1.5 % when using femoral nerve catheters 
to provide analgesia after TKA, and a rate of 
0.7 % falls (Feibel et al.  2009 ). The FNB reduces 
the maximum voluntary isometric contraction 
(MVIC) of the quadriceps femoris muscle at hour 
6 by 84 % (Charous et al.  2011 ) and strength of 
the quadriceps muscle by almost 50 % (Jaeger 
et al.  2013 ); hence, quadriceps weakness is pres-
ent during continuous FNB and sometimes may 
persist after single-shot injection. A causality 
relationship between continuous FNB and the 
risk of falling has been highlighted (Ilfeld et al. 
 2010 ; Sharma et al.  2010 ). Although neurologi-
cal complications are usually less disastrous after 
PNB than after neuraxial block, they should not 
be ignored. The rate of neuropathy attributable to 
PNB is between 0.1 % (Schug  2007 ) and 1.94 % 
(Widmer et al.  2013 ), and large series report a 
rate of 0.2 % permanent nerve injury associated 
with the use of femoral nerve catheters in TKA 
(Feibel et al.  2009 ). Surprisingly, in a large series 
of screened patients, the incidence was signifi -
cantly higher in females (females = 2.5 %, 
males = 0.83 %) and in patients receiving a sin-
gle-shot block (single shot = 2.66 %, femoral 
catheter = 0.93 %) (Widmer et al.  2013 ). 

 To overcome the undesirable quadriceps weak-
ness, which results from the FNB, some authors 
have proposed the administration of local anaes-
thetics into the adductor canal (i.e. Hunter’s canal) 
as it should produce an almost pure sensory block. 
Adductor canal blockade (ACB) not only seemed 
to reduce morphine consumption and pain but 
also signifi cantly enhanced early ambulation abil-
ity after TKA (Jenstrup et al.  2012 ; Perlas et al. 
 2013 ). However, in a recent study performed on 
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young healthy volunteers, the authors showed that 
quadriceps strength was reduced by 8 % in 
patients with ACB when compared with placebo 
(Jaeger et al.  2013 ). Further clinical trials are 
needed in order to determine the place of the 
adductor canal block in the panel of analgesic 
techniques after TKA (Jaeger et al.  2013 ). 

 Because of the prominent role of the wound in 
the initiation and maintenance of sensitisation 
processes after a surgical incision, going back to 
the periphery is logical, and intra-wound analge-
sic techniques have received recently increased 
attention. Posterior capsular infi ltration added to 
FNB reduces pain scores and leads to better 
active extension of the knee in the fi rst postopera-
tive 12 h (Krenzel et al.  2009 ). However, intra- 
articular analgesic injection alone does not 
improve patient’s pain, satisfaction or range of 
motion (Joo et al.  2011 ). In contrast,  local infi l-
tration analgesia  ( LIA ) technique is a promising, 
easy and safe technique, which has proven its 
effi cacy after TKA (Carli et al.  2010b ; Kehlet 
and Andersen  2011 ; Kerr and Kohan  2008 ; 
McCartney and McLeod  2011 ). The joint and 
surrounding tissues are infi ltrated by the surgeon 
with a high volume of a local anaesthetic solution 
mainly including ropivacaine (low-toxicity local 
anaesthetic), epinephrine and some adjuvants 
like NSAIDs, clonidine, corticosteroid or opioids 
(Kerr and Kohan  2008 ; Maheshwari et al.  2009 ). 
In LIA technique, intracapsular and intra- 
articular infi ltrations seem to have the same 
effect, and the subcutaneous infi ltration of the tis-
sues also plays an important role (Andersen et al. 
 2010b ). Although the duration of effect of LIA 
technique concerns the fi rst 6–12 h (Andersen 
et al.  2008 ) compared to intrathecal morphine, 
LIA demonstrates better analgesic effect, allow-
ing earlier mobilisation and resulting in shorter 
hospital stay (Essving et al.  2011 ). Trials com-
paring LIA with epidural analgesia (Andersen 
et al.  2010a ; Spreng et al.  2010 ) are also in favour 
of the local technique. A recent study suggests 
that LIA should be considered as an alternative to 
a femoral nerve block as it provides equivalent 
pain control without a negative impact on quadri-
ceps function (Chaumeron et al.  2013 ). A con-
tinuous saphenous nerve block in addition to 

single-dose LIA may offer even better pain relief, 
but the possible quadriceps weakness induced by 
this peripheral block needs to be further investi-
gated (Andersen et al.  2013 ). The available data 
support intraoperative use of the local infi ltration 
technique but not postoperative use of wound 
catheter in orthopaedic procedures (Kehlet and 
Andersen  2011 ), one of the concerns with an 
indwelling catheter being the risk of infections. 
Future pharmacological developments regarding 
extended-release local anaesthetics will certainly 
bring promising results in the context of LIA 
technique (Bramlett et al.  2012 ). 

 There is currently a lack of studies regarding 
the impact of LIA on long-term outcomes after 
TKA. A large trial is ongoing to evaluate whether 
the use of LIA might reduce the severity of pain at 
12 months after TKA (Wylde et al.  2011a ). Despite 
its proven effi cacy, more studies are necessary in 
order to determine the volume and concentration 
of the local anaesthetic solution as well as the 
adjuvants to be added to improve both the quality 
and the duration of action. A single study includ-
ing 100 patients who underwent unilateral TKA 
has previously examined the effect of adding a 
corticosteroid, 40 mg triamcinolone, to the LIA 
mixture (Sean et al.  2011 ). Patients who received 
periarticular triamcinolone displayed lower pain 
scores and better range of motion, an effect which 
was signifi cant from postoperative day 2 until 6 
months after TKA but not later (follow-up at 2 
years). Finally, as aforementioned, all the analge-
sic techniques have to be part of a multimodal 
analgesic regimen in order to achieve maximal 
analgesic benefi ts with minimal side effects.  

13.5.5     Innovative Other Techniques 

 Cryotherapy gained in popularity these last 
years, and it was believed to be an interesting 
method of diminishing pain and maybe local 
infl ammation after knee replacement. Lowering 
the temperature around the knee couyld also 
prolonge the effect of the local anaesthetic if 
LIA was performed during the surgery, but these 
beliefs were not confi rmed by studies. Most 
studies noted no difference in range of motion 
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of the operative knee, a small decrease in swell-
ing and blood loss with cold compression (Adie 
et al.  2012 ; Markert  2011 ). 

 Capsaicin, a product derived from chilli pep-
per, causes local nervous desensitisation when 
applied topically by its binding with transient 
receptor potential vanilloide 1 (TRPV 1) recep-
tors only present on nociceptive afferent fi bres, 
hence inducing a pure sensory block without 
motor block. So far, clinical studies with highly 
purifi ed forms of capsaicin instilled in the surgi-
cal wound reported only a modest positive effect 
on early postoperative pain. Wound infi ltration 
with capsaicin after TKA showed promising 
results in terms of pain scores and opioid use, but 
this new technique needs more investigation prior 
to a clinical use (Hartrick et al.  2011 ).  

13.5.6     The Concept of Prehabilitation 

 A new developing concept is prehabilitation. 
Prehabilitation is an intervention to enhance 
functional capacity in anticipation of a forth-
coming physiological stressor (Carli et al. 
 2010a ). Optimising functional exercise resulted 
in positive results in terms of fewer postopera-
tive complications, shorter LOS and better qual-
ity of life for patients following prehabilitation 
programmes before cardiac or abdominal sur-
gery (Carli and Zavorsky  2005 ). Light physical 
exercise may induce an anti-infl ammatory pre-
conditioning that protects against exacerbated 
infl ammatory stress consecutive to surgery 

 Preoperative increase in quadriceps strength 
was thought to result in less postoperative pain 
and better, faster functional recovery after 
TKA. The published results so far are poor and 
discordant, and more trials should be done in 
order to determine the effi cient prehabilitation 
programme. Increasing quadriceps strength pre-
operatively is achievable with short-term preha-
bilitation programmes (Swank et al.  2011 ), but 
the results seem to have small or no infl uence on 
the postoperative pain and function (McKay et al. 
 2012 ; Topp et al.  2009 ). 

 One of the problems of prehabilitation is the 
weak adherence to the programme (Carli et al. 

 2010a ), but this could be solved with techniques 
like preoperative neuromuscular electrical stimu-
lation at home, a technique that seems to have a 
good result in increasing preoperative quadriceps 
strength and also in producing a less functional 
degradation at 6 and 12 weeks after TKA (Walls 
et al.  2010 ).   

    Conclusion 

 The origin of pain after TKA is nociceptive, 
infl ammatory, ischaemic and neuropathic. 
Once the infl ammatory cascade is launched, 
peripheral and central sensitisations occur, 
which are processes that can contribute to the 
severity of acute postoperative pain or to its 
possible persistence (CPSP). 

 Despite the progress made in the under-
standing of pain mechanisms and the improve-
ment of anaesthesia and analgesia techniques, 
severe acute postoperative pain and severe per-
sistent pain after TKA touch a big percentage 
of patients. Recognising the risk factors for 
severe acute pain and for persistent pain after 
TKA could allow specifi c, more aggressive 
perioperative management for patients at risk. 

 General and spinal anaesthesias are both 
suitable when performing TKA. Modern gen-
eral anaesthesia techniques allow a rapid, 
comfortable recovery, although spinal anaes-
thesia remains the gold standard for many 
centres across the world. 

 Epidural analgesia, although an effective 
technique, presents many side effects that 
limit early rehabilitation, especially in the set-
ting of fast- track protocols. Peripheral nerve 
blocks, in single- shot or continuous infusion, 
are a tempting alternative, but quadriceps 
weakness and neurologic complications have 
to be taken into account when performing 
these techniques. Sciatic and obturator nerve 
blocks do not seem to bring a consistent and 
signifi cant benefi t when added to femoral 
nerve block, which remains a good postopera-
tive analgesia strategy. With less quadriceps 
weakness, Hunter’s canal block is a promising 
technique, but more studies are needed in 
order to defi ne its place among the others. LIA 
is the easiest to perform and the safest 
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 analgesia technique that provides good quality 
analgesia after TKA. 

 The chosen postoperative analgesia proto-
col must be part of a multimodal regimen. 
NSAIDs and acetaminophen reduce signifi -
cantly the opioid need and side effects and are 
the corner stone of every multimodal analge-
sia regimen. Alpha-2 agonists, adrenaline, 
corticosteroids and other drugs can be added 
to the local anaesthetic solution in order to 
increase its effi cacy and duration. 

 A multimodal analgesia protocol should 
also include, whenever possible, perioperative 
corticosteroids and gabapentinoids, for their 
preventive analgesia effect along with dimin-
ishing the risk of developing persistent pain. 

 Although pain after TKA still remains an 
unresolved issue, recent progresses in under-
standing the mechanisms of pain and in devel-
oping new techniques allow better preventive 
and treatment strategies which translate in bet-
ter pain control and rehabilitation.      
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14.1             Introduction 

 Outcome after knee replacement is signifi cantly 
infl uenced by the choice of analgesic therapy to 
control pain and bleeding, both of which can 
interfere with the recovery of knee joint function. 
Pain needs to be effectively controlled in the days 
immediately after the procedure and over the fol-
lowing months. Effective pain control reduces 
complications and permits early rehabilitation, 

increasing patient satisfaction and diminishing 
the risk of chronic joint pain. 

 In order to achieve these goals, the multimodal 
approach to pain management requires three 
stages which should be guided by the coopera-
tion between the orthopedic surgical team and the 
anesthesiologist:
    1.    Preoperative stage: placement of a peripheral 

nerve block or an epidural catheter   
   2.    Intraoperative stage: intra-articular injection 

of local anesthetics for pain control and reduc-
tion of bleeding   

   3.    Postoperative stage: continuous infusion of 
analgesics      

14.2     Patient Characteristics 

 Various patient-related characteristics must be 
considered when selecting the analgesic protocol 
for the pre-, intra-, and postoperative stages: 

14.2.1     Psychological Aspects 

•     Depression and anxiety can increase pain per-
ception (Ayers et al.  2013 )  

•   Being adequately informed about the inter-
vention and the rehabilitation pathway helps 
the patient to contextualize the situation and 
reduce pain perception, as well as the develop-
ment of arthrofi brosis (Livbjerg et al.  2013 )     
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 Open Questions 

•     How anesthesiologists and orthopedics 
surgeon should interact in pain 
management?  

•   Which patients need more attention to 
achieve a satisfactory pain control?  

•   Which components of the multimodal 
therapy are utilized in the daily practice?  

•   How should we manage pain after 
discharge?    
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14.2.2     Sex, Age, and Ethnic Origin 

•     Female sex is associated with better response 
to narcotic drugs.  

•   Patients aged over 65 years had a better 
response to pain therapy than younger patients 
(Trousdale et al.  1999 ).  

•   Differences in pain perception in relation to 
ethnicity have been documented (Carragee 
et al.  1999 ; Davidhizar and Giger  2004 ). Pain 
perception and response to analgesics are 
associated with individual differences in enzy-
matic degradation of drugs (Anderson et al. 
 2009 ). For example, response to codeine is 
5 % lower in blacks as compared to whites.     

14.2.3     Pain Intensity and Joint 
Deformity 

•     Patients presenting with severe preoperative 
pain will experience greater postoperative pain 
unless they are adequately prepared with 
home-based analgesic therapy before the oper-
ation (Katz et al.  1992 ; Bridenbaugh  1994 ).  

•   Severe joint deformities, ankylosis, or other 
conditions, including reduced preoperative 
ROM or previous revision surgeries, require 
more aggressive surgical treatment that can 
cause greater postoperative pain (Noiseux 
et al.  2014 ).      

14.3     Preoperative Anesthesiologist 
Assessment and Pain Therapy 

 Given the myriad factors that concur in good 
pain management, the anesthesiologist plays a 
key role in selecting the protocol to be applied 
in the situations described above. Unfortunately, 
time and attention to preoperative assessment 
shortly before the operation are frequently 
insuffi cient, often precluding administration of 
therapy that could provide long-lasting cover-
age. Establishing a tailored pain management 
protocol is of paramount importance. Pain ser-
vice protocols after arthroplasty should then be 

adjusted on the basis of the patient’s type, needs, 
and comorbidities.  

14.4     Multimodal Anesthesia 

14.4.1     Preoperative Therapy 

 There is solid documentation supporting a better 
response to intra- and postoperative pain after the 
administration of analgesics in the immediate 
preoperative period (Mullaji et al.  2010 ; Lin et al. 
 2013 ; Weng and Wijeysundera  2007 ). The func-
tional recovery is also affected in a statistically 
signifi cant way. The most commonly used drugs 
are celecoxib, meloxicam, oxycodone, acetamin-
ophen, pregabalin, and gabapentin.  

14.4.2     Perioperative Therapy: 
Peripheral Nerve Blocks 
and Epidural Catheter 

 The complication rate of epidural catheter place-
ment following spinal anesthesia is 0.3 % 
(Swenson et al.  2006 ) (Table  14.1 ). However, 
pain control is strongly infl uenced by accurate 
catheter positioning (Salinas et al.  2006 ) and 
requires close monitoring during hospitalization 
(Horlocker et al.  1994 ; Jeng et al.  2010 ). The use 
of a femoral nerve block and sciatic nerve block, 
alone or combined (Cook et al.  2003 ; Weber et al. 
 2002 ), as compared with the risk of common 
complications such as loss of quadriceps strength 
(Widmer et al.  2012 ) and nerve damage 
(Horlocker et al.  1994 ; Jeng et al.  2010 ), has been 
reported to accelerate rehabilitation and reduce 
postoperative opiate consumption. However, the 
incidence of postoperative falls is around 3 % 
(Pelt et al.  2014 ). The complications are higher in 
obese patients if the duration of infusion lasts 
longer than 48 h (Wasserstein et al.  2013 ).

   In contrast, recent systematic reviews and 
meta-analyses of the literature (Fowler et al. 
 2008 ; Fischer et al.  2008 ; Paul et al.  2010 ) found 
little difference in pain reduction in patients who 
received good postoperative continuous infusion 
therapy. 

P. Adravanti et al.



169

 Unlike peripheral nerve or sciatic nerve block-
age, saphenous nerve block is not associated with 
complications such as loss of quadriceps strength 
since it acts only on sensory and not on motor 
nerves (Kim et al.  2014 ). In general, the use of 
saphenous nerve block has been shown to be 
equally effective in postoperative pain control, 
with fewer complications. And though a more 
complex procedure, there is a growing body of 
evidence for its greater effi cacy and reliability in 
joint prosthesis surgery.  

14.4.3     Perioperative Therapy: Intra-
articular Injection 

 Intra-articular injection of drugs to reduce 
bleeding and manage postoperative pain is an 
established procedure for which a variety of 
protocols and drugs are available (Ranawat and 
Ranawat  2007 ; Kelley et al.  2013 ; Mullaji et al. 
 2010 ) (Table  14.2 ). Numerous studies have 
shown that local anesthetic infi ltration can 
reduce pain and bleeding for about 4 h during 
the postoperative period and the need for anal-
gesic drugs for 4 weeks postoperatively. Its 

effectiveness is directly related to the injection 
technique, which should be performed before 
and then again after prosthesis positioning 
(Ranawat and Ranawat  2007 ) in the intra- and 
extra-articular regions. The right execution 
allows a signifi cant improvement of postopera-
tive pain and a better functional recovery 
(Ranawat and Ranawat  2007 ).

14.4.4        Postoperative Therapy: 
Multimodal Analgesia 

 Maintenance of postoperative infusion therapy is 
essential for good pain management during the 
postoperative period. The use of morphine alone 
has been generally abandoned because of the 
numerous complications associated with the 
administration of high doses. Under one of the 
commonly used protocols, combination therapy 
involves continuous infusion of several different 
drugs at different times to create a synergistic 
effect between them, with optimal pain control 
and fewer side effects (Dalury et al.  2011 ). 

 The recent literature shows that multimodal 
analgesia allows a better pain control than PCA 
(Lamplot et al.  2014 ).   

14.5     Pain Management 
at Discharge 

 Analgesic therapy prescribed at discharge should 
be selected by the anesthesiologist and should 
consider the following aspects:
•    Side effects noted during hospitalization  
•   Pharmacologic response to the drugs 

administered  
•   Complications noted during hospitalization  
•   Subjective pain perception    

 Aggressive analgesic therapy is essential for 
ensuring patient satisfaction and accelerating 
rehabilitation and joint function recovery. 
Patients who have received aggressive continu-
ous analgesic therapy have reported signifi -
cantly better postoperative improvement than 
those who used analgesics only as needed (Pati 
et al.  1994 ).  

   Table 14.1    Multiple potential problems   

 Motor block 
 Contralateral leg numbness 
 Ileus pressure phenomenon 
 Pruritus 
 Epidural hematoma 
 Nausea and vomiting 
 Technical issues 

   Table 14.2    Common drugs used for intraoperative 
injections   

 Bupivacaine 
 Ropivacaine 
 Morphine sulfate 
 Epinephrine 
 Methylprednisolone acetate 
 Cefuroxime 
 Ketorolac 
 Fentanyl 
 Pregabalin 
 Ibuprofen 
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    Conclusions 

 Close cooperation between anesthesiologists 
and surgeons is essential for the application of 
effective analgesic protocols. 

 A multimodal approach for pain control 
serves to modulate the nociceptive response 
on different pain pathways, peripheral and 
central, reducing the consumption of opiate 
which is one of the main responsible for post-
operative side effects. 

 The literature shows that the protocols 
should be standardized and should take into 
account the different subjective and objective 
patient’s characteristics. Preoperative pain 
therapy, perioperative intra-articular injec-
tions, epidural catheter, and postoperative 
infusion therapy have been shown to improve 
the clinical outcome, as well as the patient’s 
satisfaction. 

 The use of peripheral nerve block is still 
debated. Basing on benefi ts and complications 
of these procedures, there is a growing body 
of evidence for a greater effi cacy in joint pros-
thesis surgery of the saphenous nerve block, 
although it is a more complex procedure 
preoperative      
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15.1     Introduction 

 Fast-track total hip and knee arthroplasty (THA 
and TKA) is a dynamic ongoing optimization of 
both clinical and organizational enhancement in 
order to optimize patient outcome. The entity is 
leading to faster postoperative recovery, earlier 
achievement of functional milestones, a reduction 
of perioperative morbidity and mortality, shorter 

length of stay (LOS) in hospital, and secondarily 
improved economy (Husted  2012 ; Kehlet and 
Wilmore  2008 ). The ultimate goal is to achieve 
the risk- and pain-free operation. Focus should be 
on improving patient outcome: fi rst, we make it 
better, and then we make it faster. The concept 
combines optimized patient outcome and eco-
nomic savings, thus making it the “right track.” 
Patients can have an optimized stay, a shorter 
recovery, and be more satisfi ed and from an eco-
nomic point of view, patients can have a shorter 
more streamlined stay allowing more patients to 
be operated on using the same number of beds. 
So, in an increasingly competitive and economic 
stressful environment with increasing numbers of 
procedures and reduced fi nancial support and 
reimbursement, fast track allows for better patient 
treatment while being more cost-effective. 

 Effi cient pain treatment is one of the fi ve corner-
stones of fast track – along with early mobilization, 
organizational optimization, a revision of traditions, 
and using updated care principles. Effi cient pain 
treatment is essential and a prerequisite for early 
mobilization (hence, reducing complications asso-
ciated with non-mobilization) again allowing for 
earlier fulfi llment of functional discharge criteria 
and short LOS. Effective pain treatment includes 
preoperative evaluation of the patient (including 
information and verbal modulation of pain percep-
tion), choice of anesthesia, choice of intraoperative 
analgesia (local infi ltration analgesia, LIA), and 
choice of postoperative pain treatment.  
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 Open Questions 

•     Which factor is more infl uential on pain 
reduction after THA and TKA: preop-
erative optimization of comorbidities, 
patient information, or prehabilitation?  

•   Which type of anesthesia is optimal for 
a fast- track protocol?  

•   Should LIA become a standard of care 
for a fast-track protocol?  

•   Is it possible to manage postoperative 
pain without opioids?  

•   Which is the role of the nurse staff in a 
fast- track protocol?    
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15.2     Preoperative Evaluation 
of the Patient 

 A prerequisite for enhanced recovery after hip 
and knee arthroplasty is optimization of the 
patient with comorbidities, and several factors 
have to be considered. The patient has to be pre-
pared properly for the forthcoming anesthesia and 
surgery. Preoperative optimization of comorbidi-
ties may reduce pain from other locations than the 
operated joint and hence improve overall function 
(Ayers et al.  2013 ). A number of medical and psy-
chological comorbidities have been identifi ed to 
be associated with increased postoperative pain in 
TKA; among these are low back pain, pain in the 
contralateral joint, heart disease, depression, and 
anxiety (Singh and Lewallen  2013 ). 

 Also, patients with comorbidities have been 
shown to stay longer in hospital (to take longer to 
fulfi ll functional discharge criteria) and to be less 
satisfi ed with pain treatment – indicating a need 
for special attention (Husted et al.  2008 ; Williams 
et al.  2007 ). However, patients with comorbidi-
ties should not be excluded from fast-track sur-
gery as these patients cannot only follow a fast 
track, but this large subgroup of patients has been 
shown to benefi t the most from optimized treat-
ment (Dowsey et al.  1999 ; Jørgensen et al.  2013 ). 

 Preoperative information should cover spe-
cifi c topics, i.e., pain, to ensure that the patients 
know what to expect and what is expected of 
them. Provision of preoperative information can 
alleviate anxiety regarding the upcoming anes-
thesia (Jlala et al.  2010 ) and surgical procedure 
but not regarding postoperative pain in general 
(McDonald et al.  2004 ). Also, in support of this, 
a recent review found no consistency in the asso-
ciation between patients’ preoperative expecta-
tions and treatment outcomes for TKA and THA 
including pain, function, and satisfaction 
(Haanstra et al.  2012 ). However, another review 
concluded that pain catastrophizing and low 
preoperative mental health have an infl uence on 
outcome after TKA: in follow-ups shorter than 
1 year, patients with pain catastrophizing reported 
more pain postoperatively, and in long-term fol-
low- up, lower preoperative mental health was 
associated with lower scores on function and pain 

(SF 12 and SF 36). For THA, only limited, 
confl icting, or no evidence was found (Vissers 
et al.  2012 ). As also the most recent review on the 
potential infl uence of preoperative education on 
postoperative pain found only 1 of 13 studies 
with a reduction in postoperative pain following 
preoperative education compared to the nonedu-
cation group, it seems that preoperative educa-
tion is of little if any value to reduce postoperative 
pain    (Louw et al.  2013 ). Preoperative identifi ca-
tion of pain catastrophizers/high-pain responders 
could allow for a more aggressive pain treatment 
protocol in these specifi c cases, but efforts so far 
have failed to identify these patients by simple 
means (Lunn et al.  2013a ). 

 The effect of physical prehabilitation on pain 
has been studied in a few studies. For patients 
waiting to have a TKA, there was no effect on 
pain, function, walking speed, or muscle strength, 
whereas patients waiting for a THA had less pain 
and better function following an exercise pro-
gram for 3–8 weeks (Gill and McBurney  2013 ). 
The effect of prehabilitation on postoperative 
pain following TKA was not signifi cant (and nei-
ther was there any effect on stiffness, ROM, 
strength, or function) (Silkman Baker and 
McKeon  2012 ). There are no studies specifi cally 
addressing prehabilitation in THA and postoper-
ative pain, but although a study found hip exten-
sor and fl exor muscle strength and endurance to 
be associated with postoperative limping, there 
was no association between the severity of limp-
ing and pain – indicating little chance of a pain- 
reducing effect of prehabilitation in THA 
(Horstmann et al.  2013 ).  

15.3     Choice of Anesthesia 

 Fast-track anesthesia should be safe, minimize 
the impact of the surgical stress response, and 
facilitate the transition from surgical anesthesia 
to fast postoperative ambulation (within 1–2 h). 
However, all safety studies so far are performed 
with a conventional setup. Studies comparing 
neuraxial block (spinal, epidural) versus general 
anesthesia (GA) have found regional analgesia to 
result in lower 30-day mortality, less in-hospital 
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complications, less bleeding, and less deep 
venous thromboembolism (DVT) and may also 
give a reduction in operating room (OR) time 
(Mauermann et al.  2006 ; Memtsoudis et al. 
 2013 ). Only GA and spinal analgesia are recom-
mended for TKA, whereas both spinal and epi-
dural are recommended for THA by the 
PROSPECT group (  www.postoppain.org    ) and is 
found to be safe in a large consecutive series 
(Pumberger et al.  2013 ). 

 There is only one published study in fast-track 
TKA comparing GA and spinal anesthesia focus-
ing on early functional recovery. GA resulted in 
shorter LOS, less nausea and vomiting and dizzi-
ness, less pain after 6 h, and less use of opioids, 
and patients were able to walk earlier and were 
also more preferred by patients (Harsten et al. 
 2013 ). The best choice of anesthesia for fast- 
track THA and TKA is thus debatable: GA may 
facilitate improved early functional recovery 
including less pain and opioid use, whereas spi-
nal analgesia may have a better safety profi le – 
studies on safety in fast-track THA and TKA 
using GA are lacking.  

15.4     Choice of Intraoperative 
Analgesia 

 Surgical pain originates from the surgical wound 
and a rational approach to perioperative pain treat-
ment has been directed toward the use of local 
infi ltration analgesia (LIA) at the site of surgery. 
LIA has gained popularity due to the simplicity, 
low price, effectiveness of the technique, and the 
fact that the quadriceps strength remains unaf-
fected thus facilitating early ambulation. Most of 
the more than 25 published randomized studies, of 
which only few are placebo controlled, have insuf-
fi cient design hindering interpretation and do not 
allow comparison with other analgesic techniques. 
There is little evidence to support the use of LIA in 
THA either intraoperatively (Lunn et al.  2011a ) or 
with a continuous postoperative wound infusion 
(Andersen et al.  2011 ; Solovyova et al.  2013 ) – 
 when  used in conjunction with multimodal opioid-
sparing analgesia. In TKA, the data support the 
intraoperative use of the LIA technique (Andersen 

et al.  2008a ), but there are limited data supporting 
the use of wound catheter administration. The 
analgesic effect is prolonged by using a compres-
sion bandage (Andersen et al.  2008b ). LIA is 
effective in providing immediate pain relief – 
without motor blocking – allowing immediate 
mobilization postoperatively. This could result in 
less thromboembolic episodes and allow for early 
functional recovery (Husted et al.  2010 ). Various 
drugs are used for LIA, mostly bupivacaine and 
ropivacaine providing low pain scores for 6–8 h, 
but a new liposomal form of bupivacaine may pro-
vide this effect for up to 72 h which could further 
facilitate early postoperative recovery. 

 Peripheral nerve blocks may also like LIA 
reduce postoperative pain effectively but with 
accompanying motor problems making early 
mobilization diffi cult and risky (7 % falls) (Ilfeld 
et al.  2010 ). Also, pain and function is not 
improved beyond 24 h by a femoral block (Ilfeld 
et al.  2011 ) and hence will not ease early func-
tional recovery beyond the fi rst postoperative day. 
A new modality in the form of an adductor canal 
block may be promising in preserving quad con-
trol better than a femoral nerve block with equiva-
lent pain control – but also technically demanding 
and time consuming (Jæger et al.  2013 ). 

 Steroids in the form of methylprednisolone 
(125 mg) have been found to be extremely potent 
in reducing postoperative pain in both THA and 
especially in TKA for 24–32 h following a single 
shot given during the operation (Lunn et al. 
 2011b ,  2013b ). Early functional recovery is also 
facilitated by less opioid use, less nausea, and 
less fatigue.  

15.5     Choice of Postoperative Pain 
Treatment 

 Postoperative pain following fast-track THA 
(LOS <3 days) with a standardized multimodal 
opioid-sparing regime is at acceptable levels with 
concomitant low use of opioids in >95 % of 
patients before day 10 (Andersen et al.  2009 ). 
Pain following TKA is more pronounced: 52 % 
of patients reported moderate pain, and 16 % 
severe pain when walking 1 month after surgery 
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with a concomitant increase in the use of strong 
opioids (56 % used weak or strong opioids on 
day 30) (Andersen et al.  2009 ). In a fast-track set-
ting, it has been shown that 90 % of the TKA 
patients are able to walk independently on the 
fi rst postoperative day and all managed to walk 
on postoperative day 2 with a maximum of mod-
erate pain intensity (Holm et al.  2010 ). Still, pain 
is a challenge also in the early postoperative 
phase as a study found pain to be one of the three 
main clinical reasons (the others being dizziness 
and muscle weakness) for patients to be hospital-
ized following fast-track THA and TKA after 24 
and 48 h (Husted et al.  2011 ). 

 The key to successful pain treatment in fast- 
track THA and TKA is multimodal opioid- 
sparing analgesia, where different drugs are 
combined to produce a synergistic pain-reducing 
effect with few side effects and with a low need 
for opioids (and as rescue medication) only. This 
has lead to the avoidance of delirium (Krenk 
et al.  2012 ) and a reduction of postoperative cog-
nitive dysfunction with a reduction of postopera-
tive pain to preoperative levels by day 5–9 (Krenk 
et al.  2013 ). No or only reduced use of opioids 
are the goal as opioids may slow recovery by its 
side effects (dizziness, sedation, nausea). A num-
ber of different drugs can be used to reduce both 
pain and the need for opioids, spanning from 
paracetamol and NSAIDs/COX-2 inhibitors over 
ketamine, alpha-2 agonists, serotonin-specifi c 
reuptake inhibitors (SSRI), to gabapentinoids, 
and more will come. Paracetamol and a COX-2 
inhibitor have been shown to reduce pain and the 
need for opioids (Maund et al.  2011 ) and COX-2 
inhibitors also in addition to reduce infl ammation 
and increase range of motion (ROM) (   Schroer 
et al.  2011 ) without compromising prosthetic 
fi xation (Meunier et al.  2009 ). Gabapentinoids 
have been shown effi cient in reducing postopera-
tive pain across specialties (Tiippana et al.  2007 ) 
but in a recent study in TKA failed to reduce pain 
or opioid use (Paul et al.  2013 ). Procedure- 
specifi c dose-response studies are warranted. 

 Specifi c combinations of the abovementioned 
drugs could facilitate early functional recovery as 
a combination of paracetamol, a COX-2 inhibi-
tor, and gabapentin allowed for the initiation of 

progressive strength training the day after 
surgery with resisted leg presses and knee exten-
sions and reduced pain during two weeks of 
training (Jakobsen et al.  2012 ).  

15.6     Other Considerations 
Regarding Pain Reduction 

 Fast track also includes a revision of traditions – 
as some may not be evidence based and cause 
more harm than good, i.e., result in more pain. An 
example of this is the use of a tourniquet in TKA, 
which may result in more postoperative pain and 
impaired ROM (without compromising fi xation) 
compared to not using a tourniquet (Ledin et al. 
 2012 ). Cooling is also often used to reduce pain or 
opioid use – but has not been shown to do this 
clinically relevant (Adie et al.  2012 ). 

 An organizational example to reduce pain is 
seen when care is delivered by specialized staff 
members in relational coordination: postopera-
tive pain was reduced and functioning improved 
resulting in shorter LOS (Gittell et al.  2000 ).  

    Conclusion 

 Optimized pain treatment in fast track is the 
key to early mobilization, less mortality and 
morbidity, shorter convalescence, earlier 
achievement of functional milestones, and 
shorter LOS. Patients should be informed pre-
operatively on pain and comorbidities opti-
mized. The best choice of anesthesia is not yet 
determined as studies on safety with GA in 
fast track are lacking which results in still rec-
ommending spinal analgesia as the safer 
modality. Other modalities to reduce pain and 
opioid consumption include LIA, peripheral 
nerve blocks, and the use of steroids. 
Postoperative pain treatment should be multi-
modal and opioid sparing, and a variety of 
drugs can be combined. Staff should work in 
relational coordination. Finally, potentially 
harmful non-evidence- based traditions should 
be critically revised. Applying these enhance-
ments should result in a less painful and safer 
perioperative outcome with LOS of 1–2 days 
for the majority of unselected patients.      
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16.1             Introduction 

 Total joint arthroplasty (TJA) is one of the most 
common and successful operations in orthopedics. 
By 2030 the demand for both total knee arthro-
plasty (TKA) and total hip arthroplasty (THA) is 
estimated to increase by 673 and 174 %, respec-
tively, in the United States (Kurtz et al.  2007 ). 

The increasing number of patients undergoing 
TJA procedures places pressure on the orthopedic 
community to continue searching for ways to both 
improve perioperative pain management and 
obtain better postoperative results. Although these 
procedures are performed to reduce pain and 
improve function (Singh  2011 ), patients may be 
reluctant to undergo surgery due to the fear of 
uncontrolled postoperative pain. 

 Literature has shown that approximately 80 % 
of patients experience acute postoperative pain 
and, further, that pain management after joint 
replacement has commonly been suboptimal 
(Apfelbaum et al.  2003 ). Inadequately treated 
postoperative pain can signifi cantly impact early 
and late orthopedic surgical outcomes by affect-
ing patient satisfaction, ambulation, and physical 
therapy compliance (Brokelman et al.  2003 ). 
Further, inadequate management of postoperative 
pain has shown to delay ambulation, slow patient 
rehabilitation, and prolong hospital stay and cost 
of care and has been associated with long-term 
functional impairment (Morrison et al.  2003 ). 

 The use of opioids via intravenous patient- 
controlled analgesia (PCA) has long been the 
mainstay of pain management after joint recon-
struction (Horlocker  2010 ). Unfortunately, opi-
oids can be associated with signifi cant 
dose-dependent systemic side effects that include 
nausea, vomiting, respiratory depression, urinary 
retention, confusion, sedation, and delirium 
(Horlocker  2010 ; Wheeler et al.  2002 ). As a 
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result, orthopedic practitioners may use less than 
optimal doses of opioids in an effort to decrease 
the risk of serious adverse effects and enhance 
rehabilitation. 

 Inadequate pain management after TJA has 
led the orthopedic community on a search for 
more effective strategies. In 1988, Wall ( 1988 ) 
introduced a multimodal approach to pain man-
agement that was later refi ned and popularized by 
Kehlet and Dahl ( 1993 ). Multimodal pain man-
agement aims to achieve more effective and safe 
pain control without heavily relying on opioids. 

 This chapter reviews multimodal pain man-
agement for joint arthroplasty by providing an 
overview of the approach, discussing its different 
components, and describing how the approach is 
implemented at our institution. Components dis-
cussed are neuraxial analgesia, nerve blockade, 
cryotherapy, acetaminophen, nonsteroidal anti- 
infl ammatory drugs (NSAIDS), selective cyclo-
oxygenase (COX)-2 inhibitors, gabapentinoids, 
tramadol, N-methyl-D-aspartate (NMDA) non-
competitive antagonists, and local analgesics.  

16.2     Pain Perception 

 A fundamental understanding of the process of 
pain generation is necessary to understand the 
multimodal approach to pain management. 
Tissue damage triggers the release of infl amma-
tory mediators that include histamine, prosta-
glandins, bradykinin, substance P, and potassium 
ions (DeLeo  2006 ). Pain and temperature stimuli 
are detected by receptors, which subsequently 
initiate afferent signals in the peripheral nervous 
system via myelinated A delta and unmyelinated 
C fi bers (DeLeo  2006 ). Sensory information 
reaches the dorsal root ganglion through these 
fi bers and synapse in the dorsal horn of the spinal 
cord (DeLeo  2006 ). The dorsal horn is the fi rst 
integration site of pain pathways where spinal 
modulation of afferent input can occur through 
opioids, N-methyl-D-aspartate (NMDA) receptor 
antagonists, and α2 agonists (Parvizi et al.  2011 ). 
These ascending signals are carried by the spino-
thalamic tracts that carry the information to 
higher central modulatory areas (DeLeo  2006 ). 
The aim of a multimodal pain management 

 regimen is to take advantage of these different 
steps involved in the common pain pathway, 
using various analgesics that vary in both their 
site of action and mechanism of action.  

16.3     Multimodal Pain 
Management 

 Multimodal pain management refers to a multi-
disciplinary approach to postoperative pain con-
trol. The approach combines different analgesic 
modalities that act at different steps in the pain 
pathway, resulting in synergistic analgesia, which 
can then reduce the overall dose and adverse 
effects of any individual drug (Kehlet and Dahl 
 1993 ). Therefore, multimodal pain management 
has the potential to provide appropriate postop-
erative pain relief with less reliance on opioids. 
The decreased use of perioperative opioids in 
pain control is a signifi cant component of this 
approach, as many of the serious adverse effects 
associated with pain control are opioid related 
(Horlocker  2010 ). Decreased opioid consump-
tion and superior pain control have been shown 
when peripheral or neuraxial regional anesthesia, 
along with a combination of nonopioid and opi-
oid analgesics, was used after surgery (Hanna 
et al.  2009 ; Capdevila et al.  1999 ; Singelyn et al. 
 1998 ; Murphy et al.  2012 ). 

 Preemptive analgesia is another aspect of mul-
timodal pain management which refers to the 
administration of anti-infl ammatory agents and 
analgesics prior to surgery (Wall  1988 ; Parvizi 
et al.  2011 ). The use of preemptive analgesia com-
bined with multimodal pain management after 
orthopedic surgery reduces postoperative pain and 
opioid use compared with patients who do not 
receive this combination (Kang et al.  2013 ).  

16.4     Components of Multimodal 
Pain Management 

16.4.1     Neuraxial Analgesia 

 Neuraxial analgesia/anesthesia encompasses spi-
nally and epidurally administered anesthetic agents 
that provide pain relief after joint reconstruction 
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through single-dose or continuous infusion tech-
niques. Intraoperatively, neuraxial anesthesia has 
been associated with a lower incidence of postop-
erative venous thromboembolism and reduction in 
intraoperative blood loss, operative time, and need 
for transfusion (Hu et al.  2009 ; Macfarlane et al. 
 2009 ). Lower rates of respiratory complications 
and inpatient mortality after hip fracture surgery 
have been associated with the use of neuraxial 
anesthesia compared with general anesthesia 
(Neuman et al.  2012 ). Additionally, neuraxial anes-
thesia has been shown to decrease nausea, vomit-
ing, postoperative pain, risk of postoperative 
systemic infection, and narcotic consumption fol-
lowing THA (Macfarlane et al.  2009 ; Liu et al. 
 2013 ). Neuraxial analgesia has been widely used 
following TJA, often yielding both satisfactory 
postoperative pain control and a reduction of over-
all narcotic use (Rathmell et al.  2003 ). 

16.4.1.1     Spinal Analgesia 
 Spinal analgesia refers to the administration of 
anesthetic agents into the intrathecal space. The 
addition of intrathecal lipophilic opioids has 
enhanced the quality of pain relief, the effect last-
ing longer than local anesthetics alone (Hamber 
and Viscomi  1999 ). The onset and duration of 
neuraxial administered opioids are determined by 
their lipid solubility (Horlocker  2010 ). Lipid solu-
bility is determined by octanol-water partitioning, 
the distribution of a compound between water and 
octanol, which is then used to calculate a partition 
coeffi cient (Hurley and Wu  2009 ). Lipophilic 
drugs have high octanol-water partition coeffi -
cients, while hydrophilic ones have lower octa-
nol-water partition coeffi cients (Hurley and Wu 
 2009 ). Therefore, lipophilic opioids have a more 
rapid onset of action accompanied by a shorter 
duration of action secondary to a more rapid dif-
fusion from the cerebrospinal fl uid (CSF) com-
pared with hydrophilic opioids (Hurley and Wu 
 2009 ). Conversely, hydrophilic opioids remain in 
the CSF longer, resulting in a delayed but longer 
duration of analgesia (Hurley and Wu  2009 ). The 
longer duration of opioid- receptor interaction in 
the latter group generally results in higher preva-
lence for opioid-related adverse effects (Hurley 
and Wu  2009 ). Commonly, spinal analgesia using 
either fentanyl or morphine is usually used, 

although in recent years, the recognition of the 
fact that intrathecal opioids may result in serious 
gastrointestinal disturbances has led many—
including our institution—to abandon the use of 
intrathecal opioids with spinal anesthesia. 

 Compared with general anesthesia, the use of 
regional anesthesia has been shown to decrease 
morbidity, mortality, requirement for blood trans-
fusion, narcotic usage, and pain after surgery 
(Rathmell et al.  2003 ; Rodgers et al.  2000 ; Guay 
 2006 ). A study of patients undergoing joint 
arthroplasty using either intrathecal ketorolac, 
intrathecal morphine, a combination of the two, or 
intrathecal saline postoperatively found that both 
spinal ketorolac-controlled pain and morphine- 
controlled pain are longer than that in the control 
group with no signifi cant adverse effects (Lauretti 
et al.  2013 ). Furthermore, the individual use of 
spinal ketorolac or morphine provided 7 h of anal-
gesia, but the combination of the two resulted in 
15 h of postoperative analgesia (Lauretti et al. 
 2013 ). The administration of intrathecal opioids 
occurs at a variety of doses. Rathmell et al. ( 2003 ) 
administered intrathecal opioid doses ranging 
from 0 to 0.3 mg in patients undergoing hip 
arthroplasty. Patients that received higher doses 
were more satisfi ed with their postoperative pain 
management, and their use of PCA with morphine 
was signifi cantly lower (Rathmell et al.  2003 ). 
When combined with a regional block, the use of 
low-dose intrathecal bupivacaine (5 mg) for knee 
arthroplasty has been associated with earlier dis-
charge from the postanesthesia care unit (PACU) 
compared with using the standard 10 mg dose 
(Awad et al.  2013 ). 

 In contrast, some studies of patients undergo-
ing joint arthroplasty under either general anes-
thesia or spinal anesthesia show delayed mobility 
and recovery, equal or sometimes increased post-
operative pain, and a longer hospital stay with the 
use of the latter (Harsten et al.  2013b  ). Adverse 
effects associated with spinal analgesia include 
postoperative nausea, vomiting, pruritis, and 
respiratory depression (Rathmell et al.  2003 ; 
Harsten et al.  2013a ,  b ).  

16.4.1.2     Epidural Analgesia 
 Epidural anesthesia/analgesia occurs through 
single-dose or continuous delivery of analgesic 
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agents to the epidural space (Hurley and Wu 
 2009 ). The combination of an opioid and epi-
nephrine is typically administered; the latter pro-
vides local vasoconstriction resulting in reduced 
systemic absorption and therefore an increase of 
both local anesthetic concentration and analgesia 
(Huang et al.  1993 ). Postoperative pain can be 
managed by maintaining the intraoperatively 
administered epidural anesthesia (American 
Society of Anesthesiologists Task Force on Acute 
Pain Management  2012 ). Overall, epidural anal-
gesia has been a well-established form of postop-
erative pain management. 

 When compared with patient-controlled anal-
gesia (PCA), epidural analgesia was found to 
improve pain control (Block et al.  2003 ). Casati 
et al. ( 2008 ) evaluated the effi cacy of continuous 
epidural levobupivacaine (0.125 %) infusion 
given for 72 h after total knee replacement for 
pain control. All patients received PCA with 
morphine, and of these patients a group was ran-
domized to receive continuous epidural analge-
sia. Better pain scores, decreased morphine 
consumption, and no decrease in motor function 
were observed in the epidural analgesia group 
(Casati et al.  2008 ). The development of 
extended-release opioids permits long postopera-
tive epidural analgesia via a single injection, 
without the need for continuous infusion (Kahl 
et al.  2010 ). Among a group of patients who 
underwent TKA, Hartrick et al. ( 2006 ) observed 
decreased opioid consumption and pain in 
patients who received extended-release epidural 
morphine and patient-controlled opioids, com-
pared with recipients of sham epidural. Kahl 
et al. ( 2010 ) showed that extended-release epi-
dural morphine provided better pain relief after 
THA compared with spinal anesthesia on postop-
erative day 1. However, extended-release epi-
dural morphine was also associated with a higher 
incidence of pruritis, vomiting, nausea, and even 
pulmonary embolism (Kahl et al.  2010 ). 

 In addition to postoperative pain control, past 
studies have shown additional benefi ts to epi-
dural analgesia including decreased pulmonary, 
cardiovascular, and gastrointestinal morbidity 
(Ballantyne et al.  1998 ; Beattie et al.  2001 ; 
Jørgensen et al.  2001 ). Despite these benefi ts, the 

use of epidural analgesia carries risks. These 
risks include nausea, vomiting, pruritis, dizzi-
ness, respiratory depression, hypotension, motor 
weakness, and development of epidural hema-
toma especially if combined with thrombopro-
phylaxis (Viscusi  2005 ; Choi et al.  2003 ).   

16.4.2     Peripheral Nerve Block 

 Lower extremity peripheral nerve blockade is a 
common modality used for pain control after 
TJA. The type of block used mainly depends on 
the surgical site. Patients undergoing THA bene-
fi t from psoas compartment blocks targeting the 
full lumbar plexus (which includes the femoral, 
obturator, and lateral femoral cutaneous nerves) 
(Awad and Duggan  2005 ; Capdevila et al.  2005 ). 
For patients treated with TKA, receiving a femo-
ral nerve block with or without a sciatic nerve 
block can be effective. The latter is sometimes 
added because femoral nerve blocks (FNB) do 
not cover the sciatic nerve, a nerve that innervates 
the area posterior to the knee (Awad and Duggan 
 2005 ; Capdevila et al.  2005 ). The addition of a 
sciatic nerve block to FNB was investigated by 
two recent studies. A recent randomized control 
trial (RCT) showed that continuous sciatic nerve 
block improved analgesia, decreased morphine 
consumption, and improved early rehabilitation 
compared with single-dose sciatic nerve block 
(Cappelleri et al.  2011 ). On the other hand, a sys-
tematic review by Abdallah and Brull ( 2011 ) was 
unable to defi ne the effect of combining a sciatic 
nerve block with FNB secondary to inconclusive 
evidence in the literature. 

 Peripheral nerve blocks may be administered 
by a one-time injection or by continuous infusion 
via an indwelling catheter. When administered in 
a single dose, blocks have a shorter duration of 
action usually lasting less than 12 h (Bono et al. 
 2012 ). Continuous infusion blockade provides 
longer postoperative analgesia and involves the 
placement of an indwelling catheter on the day of 
surgery, which usually remains in place for 
approximately 24 h (Bono et al.  2012 ). An RCT 
comparing continuous with single-dose femoral 
blockade after TKA showed signifi cantly better 
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pain control in the former group (Soto Mesa et al. 
 2012 ). Another RCT of patients undergoing TKA 
found that both single-injection and continuous 
FNB provided superior pain relief in the fi rst 24 h 
after surgery compared with PCA, with continu-
ous FNB providing better analgesia than single- 
injection FNB (Chan et al.  2013 ). Furthermore, 
nerve preemptive analgesia, an important part of 
multimodal pain management, specifi cally refers 
to the blockade of afferent nerve fi bers prior to 
painful stimuli. An RCT of patients treated with 
TKA found that both preoperative and postopera-
tive treatments using single-shot FNB with IV 
PCA resulted in equally successful postoperative 
pain control (Chan et al.  2012 ). 

 Substantial evidence in the literature has 
established the effectiveness of peripheral nerve 
blockade for postoperative analgesia. Siddiqui 
et al. ( 2007 ) randomized patients treated with hip 
arthroplasty to receive either continuous lumbar 
plexus block with PCA or PCA alone. The group 
that received a continuous lumbar plexus block 
combined with PCA had signifi cantly better pain 
scores and less opioid consumption (Siddiqui 
et al.  2007 ). In a meta-analysis of 23 randomized 
control studies comparing FNB analgesia with or 
without sciatic nerve block with opioid PCA and 
epidural analgesia, Paul et al. ( 2010 ) found that 
both single-dosed and continuous FNB (with 
PCA) were superior to PCA alone for postopera-
tive pain control in knee arthroplasty patients. 
Ozen et al. ( 2006 ) compared the effect of a 
single- shot preoperative three-in-one femoral 
nerve block (femoral nerve, obturator nerve, and 
lateral femoral cutaneous nerve blocks) with the 
use of no block in patients treated with 
TKA. Signifi cantly lower visual analog scale 
(VAS) pain scores ( p  < 0.05) and morphine con-
sumption ( p  < 0.001) were noted in the three-in- 
one FNB group. Another study showed faster 
rehabilitation in TKA patients receiving continu-
ous nerve block versus PCA with morphine 
(Singelyn et al.  1998 ). Finally, a meta-analysis by 
Richmann et al. ( 2006 ) investigated the use of 
continuous peripheral nerve block versus 
 systemic opioids for postoperative pain. When 
compared with opioid analgesia, continuous 
peripheral nerve analgesia proved superior in 

postoperative analgesia and was associated with 
less opioid-related adverse effects (Richman 
et al.  2006 ). 

 Additional benefi ts of peripheral nerve blocks 
can best be appreciated when compared with 
other available methods of postoperative analge-
sia. Peripheral nerve blockade provides compa-
rable postoperative pain control to continuous 
epidural analgesia without the risk of epidural- 
associated adverse effects, such as hypotension 
and urinary retention (Fowler et al.  2008 ). 
Patients on anticoagulation therapy can safely 
use nerve blockade, while this same group of 
patients are at an increased risk for hematoma 
formation with spinal anesthesia (Dilger  2000 ). 

 The complications associated with regional 
nerve blockade are rare but should be noted. 
Complications include nerve damage, muscle 
weakness, and infl ammation and/or infection 
associated with perineural catheters. Regarding 
nerve damage risk, Barrington et al. ( 2009 ) found 
that from over 6,000 patients who received 8,189 
peripheral nerve or plexus blocks, only 0.5 % 
developed postoperative nerve symptoms, and 
further, the incidence of symptoms actually 
related to block-related nerve injury was 0.4 per 
1,000 blocks. A meta-analysis of 32 peripheral 
nerve blockade studies published between 1995 
and 2005 found the incidence of symptomatic 
postoperative neuropathy to be 0.34 % (Brull 
et al.  2007 ). However, a recent retrospective 
series including 1,802 nerve blocks or catheters 
performed reported a 1.94 % incidence of senso-
rial neurological symptoms involving the femoral 
nerve distribution after surgery (Widmer et al. 
 2013 ). All patients had full motor function with 
grade fi ve motor strength and normal deep ten-
don refl exes. Furthermore, indwelling catheters 
have been associated with infections rates from 
0.2 to 3.2 % (Wiegel et al.  2007 ; Neuburger et al. 
 2007 ). 

 Peripheral nerve blocks associated with the 
femoral nerve can result in quadriceps weakness 
(Bono et al.  2012 ). This adverse effect is undesir-
able, as early mobilization after joint arthroplasty 
can enhance functional recovery and decrease the 
risk for complications associated with immobil-
ity. Additionally, prolonged quadriceps weakness 
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may lead to an increased fall risk postoperatively 
(Ilfeld et al.  2010 ). Recently, a meta-analysis of 
fi ve studies involving patients undergoing lower 
extremity orthopedic surgery found a signifi cant 
increase in the risk for falls in patients who 
received continuous lumbar plexus blockade 
( p  < 0.005) compared with those who received 
noncontinuous blockade or no blockade (Johnson 
et al.  2013 ). 

 In the attempt to reduce quadriceps muscle 
involvement, the use of saphenous (adductor 
canal) nerve blocks for knee arthroplasty has 
been explored. Theoretically, an adductor canal 
block (ACB) is predominantly a sensory block, 
unlike femoral nerve blocks (Jæger et al.  2013 ). 
The ACB has shown to provide adequate analge-
sia while better preserving quadriceps muscle 
strength (Jaeger et al.  2012 ). Jaeger et al. ( 2013 ) 
randomized total knee arthroplasty patients to 
receive either continuous ACB or FNB after sur-
gery; quadriceps muscle strength was better pre-
served in the ACB group without a signifi cant 
difference in pain control. However, the study 
was unable to show a signifi cant difference in 
mobilization ability, regardless of better quadri-
ceps preservation in the ACB group. Yet, another 
study by Beebe et al. ( 2013 ) showed that continu-
ous FNB (with single-shot sciatic block) pro-
vided adequate analgesia without preventing 
early ambulation after TKA.  

16.4.3     Cryotherapy 

 Cryotherapy is a therapeutic procedure that has 
been commonly used in the postoperative man-
agement of edema and pain control after TKA 
(Dundon et al.  2013 ). It involves the application 
of cold to the skin around the surgical site using 
cooled water, ice, or other devices (Banerjee 
et al.  2013 ). The application of cold by these 
devices penetrates approximately 4 cm in depth 
(Banerjee et al.  2013 ). The cold travels through 
the soft tissue and reduces the internal tempera-
ture inside the joint, which subsequently reduces 
nerve conduction velocity and tissue metabolism 
and causes vasoconstriction (Martin et al.  2002 ; 
Abramson et al.  1966 ). The reduction in blood 

fl ow decreases local edema formation and infl am-
matory response (Kullenberg et al.  2006 ). 
Meanwhile, the slowing of pain signal transmis-
sion provides an anesthetic effect (Abramson 
et al.  1966 ). 

 Levy and Marmar ( 1993 ) studied the effect of 
normal versus cold compression dressings in the 
postoperative management of TKA. The cold 
compression group demonstrated reduced blood 
loss and narcotic consumption (Levy and Marmar 
 1993 ). In another prospective randomized study 
of patients treated with TKA, Kullenberg et al. 
( 2006 ) compared the effects of postoperative 
management using either cold compression or 
epidural analgesia. Patients treated with cryo-
therapy experienced improved range of motion 
and a shorter hospital stay; however, there were 
no differences in analgesic consumption and 
visual analog scores (VAS) in the two groups 
(Kullenberg et al.  2006 ). In a recent Cochrane 
review of 11 randomized trials and one controlled 
clinical trial of 809 TKA patients, Adie et al. 
( 2012 ) found evidence from ten trials (666 par-
ticipants) of patients treated with TKA support-
ing that postoperative cryotherapy may have a 
small signifi cant benefi t in range of motion and 
blood loss. However, the authors concluded that 
these potential benefi ts of cryotherapy might be 
too small and not clinically signifi cant. No sig-
nifi cant complications from cryotherapy were 
reported in the review. 

 The overall safety of cryotherapy is supported 
by current evidence, with serious adverse effects 
being rare (Dundon et al.  2013 ; Banerjee et al. 
 2013 ). The potential benefi ts, ease of use, and 
low cost of cryotherapy justify its continued use 
as an adjunct to pharmacologic pain management 
after joint arthroplasty. However, more ade-
quately powered randomized control trials are 
needed to more accurately determine the effects 
of this modality of postoperative treatment.  

16.4.4     Acetaminophen 

 Acetaminophen or paracetamol is a centrally 
acting analgesic and antipyretic agent. The 
exact mechanism by which this agent produces 

P.K. Cavanaugh et al.



185

analgesia is not fully understood (Pergolizzi 
et al.  2012 ). A variety of mechanisms have been 
suggested which include the inhibition of cyclo-
oxygenase production with subsequent effects 
on prostaglandin production and effects on the 
serotonin pathway (Pergolizzi et al.  2012 ; 
O’Neal  2013 ). This agent is often used orally 
alone or in combination with opioids as part of a 
multimodal pain control regimen. The intrave-
nous (IV) form of acetaminophen, available in 
Europe since 2002, was approved in the United 
States in November 2010 (Anon  2013 ). 

 A study by Imasogie et al. ( 2009 ) evaluated 
the use of oral tramadol/acetaminophen com-
bined with opioid analgesia in patients 70 years 
or older after lower extremity joint replacement. 
Decreased opioid consumption was found with 
the postoperative use of oral tramadol/acetamin-
ophen (Imasogie et al.  2009 ). The effi cacy of IV 
acetaminophen was evaluated by Sinatra et al. 
( 2005 ) in a randomized, double-blind, placebo- 
controlled, three-parallel group study comparing 
IV acetaminophen with its prodrug and placebo 
for pain control after major orthopedic surgery. 
Results demonstrated that both treatment groups 
had signifi cantly improved pain responses and 
reduced opioid consumption as compared to pla-
cebo (Sinatra et al.  2005 ). Similar rates of adverse 
effects were reported in the acetaminophen and 
placebo groups (Sinatra et al.  2005 ). Later, a sub-
sequent expanded analysis by the same group 
found signifi cant longer times to opioid rescue 
dose requirement in the IV acetaminophen group 
compared to placebo after TKA and THA (2.1 
and 3.9 h, respectively, versus 0.8 in placebo 
cohort) (Sinatra et al.  2012 ). In a systematic 
review of randomized, placebo-controlled, clini-
cal trials of perioperative IV acetaminophen for 
the treatment of postsurgical pain, lower pain 
scores were found in the IV acetaminophen group 
in 12 of the 14 studies (Macario and Royal  2011 ). 
Moreover, 10 of the 14 trials found lower postop-
erative opioid consumption with perioperative IV 
acetaminophen use (Macario and Royal  2011 ). 

 Acetaminophen advantageously is not associ-
ated with nonsteroidal anti-infl ammatory drug 
(NSAID)-induced gastrointestinal effects and 
opioid-related respiratory depression (Bertolini 

et al.  2006 ). However, just as any drug, acetamin-
ophen may cause adverse effects. Major adverse 
effects associated with acetaminophen are liver 
or kidney toxicity (especially in patients with 
prior liver or kidney disease) (Bono et al.  2012 ). 
Further, patients who drink moderate levels of 
alcohol daily should use acetaminophen with 
caution, taking care to decrease their intake of 
acetaminophen appropriately (Bono et al.  2012 ).  

16.4.5     NSAIDs and COX-2 Inhibitors 

 Prostaglandins, metabolites of arachidonic acid, 
decrease the threshold for pain at the site of 
injury, causing primary hyperalgesia. They also 
cause secondary hyperalgesia by acting on the 
central nervous system. The production of pros-
taglandins from arachidonic acid is utilized 
through the cyclooxygenase (COX) reaction. 
Several crystal types of NSAIDs are available in 
the market. They interact with the active site of 
the COX enzymes and inhibit its action on ara-
chidonic acid. There are two subtypes of NSAIDs: 
the classical NSAID and the COX-2 inhibitor. 
Classical NSAIDs (nonselective COX inhibitors) 
inhibit both COX-1 and COX-2 isozymes, but 
their affi nity to COX-1 is stronger (Smith et al. 
 2000 ). COX-2 inhibitors are 100–1,000 times 
more selective for the COX-2 isozyme (Parvizi 
et al.  2011 ). COX-1 enzyme is widespread in 
most body organs, whereas COX-2 is more prev-
alent in infl ammatory tissue. Roughly 1 % of 
chronic NSAID users develop gastric ulcers. 
These ulcers result from inhibition of prostaglan-
din synthesis by COX-1 in the stomach lining. 
The use of COX-2 inhibitors provides the same 
anti-infl ammatory response as nonselective 
NSAIDs with minimal gastrointestinal side 
effects (Eisen et al.  2005 ; Moore et al.  2005 ). 

 There is abundant data in the literature in sup-
port of the use of NSAIDs or COX-2 inhibitors as 
a part of multimodal pain management of TJAs. 
Nonselective NSAIDs and selective COX-2 
inhibitors have shown to reduce postoperative 
pain following hip and knee arthroplasty. A meta- 
analysis by Lin et al. ( 2013 ) compared eight ran-
domized controlled trials evaluating COX-2 
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inhibitors for TKAs. They found that when com-
paring to placebo, perioperative administration of 
COX-2 inhibitors signifi cantly reduced VAS dur-
ing the fi rst 72 h after surgery (0–24 h:  p  = .0007; 
24–48 h:  p  = .01; 48–72 h:  p  = .0001). Opioid con-
sumption and side effect rates (itching, nausea, 
and vomiting) were also reduced in the study 
group (OR 0.49 [95 % CI 0.31–0.79];  p  = .003). 
The COX-2 group also had improved range of 
motion (ROM) on the third day after surgery 
(mean difference −7.45 [95 % CI 2.76–12.14]; 
 p  = .002). Concerns regarding the effects of 
NSAIDs or selective COX-2 inhibitors on plate-
let aggregation and bleeding have been raised. 
However, a recent meta-analysis did not show 
increased blood loss with the use of COX-2 
inhibitors when compared to placebo (Lin et al. 
 2013 ). 

 Renner et al. ( 2012 ) studied the infl uence 
of preoperative administration of etoricoxib 
on pain and production of proinfl ammatory 
mediators compared to placebo. They showed 
that the administration of etoricoxib 2 h before 
surgery reduced the plasma levels of interleu-
kin 6 (IL-6) and wound fl uid levels of IL-6 and 
PGE2 up to 48 h after the surgery (Renner et al. 
 2012 ). Another RCT evaluated the infl uence of 
 intravenous administration of parecoxib before 
and after surgical incision in patients undergoing 
THA. The authors showed decreased VAS scores 
and opioid consumption in the preincisional 
group. They also reported lower plasma concen-
trations of IL-6 and IL-8 24 h after the surgery 
(Bao et al.  2012 ). 

 There is inconsistent evidence regarding the 
association of cardiac morbidity with the use of 
COX-2 inhibitors. Rofecoxib, a selective COX-2 
inhibitor, was withdrawn from the market in 2004 
because long-term usage (longer than 18 months) 
had been associated with increased risk for myo-
cardial infarction. A systematic review and meta- 
analysis by Caldwell et al. ( 2006 ) showed an 
increased risk for myocardial infarction when 
comparing celecoxib to placebo (OR 2.26, 95 % 
CI 1.0–5.1) or to nonselective NSAIDs (OR 1.88, 
95 % CI 1.15–3.08). In most of the studies 
included in that meta-analysis, celecoxib was 
administered for at least 1 year and the dosage 
was 800 mg per day. Two studies that were of 

6 weeks’ duration with celecoxib daily dosage of 
200 mg added only two cardiovascular events to 
the meta-analysis (Caldwell et al.  2006 ). The 
Coxib and traditional NSAID Trialists’ (CNT) 
collaboration recently published a meta-analysis 
comparing vascular and upper GI complications 
in RCTs comparing coxibs to placebo and to 
classic NSAIDs. This meta-analysis showed 
increased risk for cardiovascular events (by about 
a third) and heart failure in both classic NSAIDs 
and newer coxibs comparing to placebo. The 
rates of cardiovascular event were minimal for 
low-risk patients, whereas 0.7–0.8 % of high-risk 
patients had major vascular events and 0.2 % had 
fatal events. Unfortunately, the duration of treat-
ment was not analyzed in that study. As expected, 
while traditional NSAIDs increased the risk for 
upper GI bleeding by 2–4-fold, coxibs yielded 
the lowest risk of such complications (Coxib and 
traditional NSAID Trialists’ (CNT) Collaboration 
et al.  2013 ). 

 There is also a concern regarding the negative 
effect of NSAIDS on bone healing and osteointe-
gration. An RCT comparing ibuprofen to placebo 
for the treatment of heterotopic ossifi cation with 
a 10-year follow-up showed increased failure 
rates in the study group (Persson et al.  2005 ). 
Another RCT examined prosthesis migration 
with radiostereometric analysis following TKAs. 
Patients were randomized to either celecoxib 
200 mg twice daily or placebo. No difference was 
found between the groups at the 2-year follow-up 
(Meunier et al.  2009 ). 

 While it is necessary to weigh the benefi ts and 
risks of NSAIDs and COX-2 inhibitors in every 
individual case, these agents should remain an 
integral part in the armamentarium of multimodal 
pain management.  

16.4.6     Gabapentin/Pregabalin 

 Gabapentin and pregabalin are analogs of the 
major inhibitor neurotransmitter GABA (gamma- 
aminobutyric acid). They were originally devel-
oped for treatment of neuropathic pain, epilepsy, 
and generalized anxiety disorder. They bind to the 
presynaptic alpha-2-delta subunit of the voltage- 
sensitive calcium channels along the dorsal horn 
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synapse in the spinal neurons. The result is a 
reduction in the depolarization-induced calcium 
infl ux at nerve terminals and a decrease in the 
excitatory signal release along the afferent 
 pathway by lowering the release of the neu-
rotransmitters norepinephrine and glutamate 
(Ben-Menachem  2004 ; Shneker and McAuley 
 2005 ). By reducing the hyperexcitability of the 
dorsal horn neurons, the gabapentinoids prevent 
the surgery-induced hyperalgesia that contributes 
to persistent postoperative pain (Field et al.  1997 ). 

 Several prospective trials favor the use of gab-
apentinoids over placebo after total knee replace-
ments (Mathiesen et al.  2008 ; Buvanendran et al. 
 2010 ; Clarke et al.  2009 ). Buvanendran et al. 
( 2010 ) showed in a prospective RCT that the 
administration of pregabalin (300 mg/day) 1–2 h 
before surgery and for 14 days after surgery 
resulted in better pain control than placebo in 
terms of residual neuropathic pain, decreased 
opioid consumption, and better ROM over the 
fi rst month after surgery. A higher risk of side 
effects was reported in the study group (sedation, 
confusion, and dry mouth). All adverse events 
had resolved by the 6-month follow-up visit 
(Buvanendran et al.  2010 ). 

 Two meta-analyses by Engelman and Cateloy 
( 2011 ) and by Zhang et al. ( 2011 ) evaluated the 
effi cacy and safety of pregablin in non- orthopedic 
patients. Both concluded that pregabalin reduces 
postoperative pain and reduces opioid consump-
tion during the fi rst 24 h after surgery. It also 
reduced the incidence of postoperative nausea and 
vomiting. Its side effects included increased the 
risk of dizziness, somnolence, and visual distur-
bances. However, these were limited to the time 
pregabalin was administered and resolved upon 
discontinuation (Engelman and Cateloy  2011 ; 
Zhang et al.  2011 ). In another meta-analysis by 
Clarke et al. ( 2012 ), 11 RCTs were evaluated for 
long-term postoperative pain (more than 
2 months). They showed signifi cant reduction in 
chronic postsurgical pain for patients treated with 
either pregabalin (OR 0.09; 95 % CI 0.02–0.79; 
 p  = 0.007) or gabapentin (OR 0.52; 95 % CI 0.27–
0.98;  p  = 0.04) (Clarke et al.  2012 ). 

 More research is warranted to identify the 
optimal dosage necessary to maximize effi cacy 
while minimizing adverse effects and to identify 

the best mode of administration of gabapenti-
noids following arthroplasty.  

16.4.7     Tramadol 

 Tramadol is a synthetic atypical opioid. It is dis-
tinguished from other opioids by its dual mode of 
action. It is both a weak opioid agonist acting on 
the central and peripheral μ-opioid receptors and 
also a weak inhibitor of the monoaminergic 
receptors (noradrenalin and serotonin) (Scott and 
Perry  2000 ). Tramadol has less sedative infl uence 
and respiratory depressive effects than other opi-
oids and therefore is more appealing for usage 
following TJA (Houmes et al.  1992 ). However, 
some of the studies that evaluated its effi cacy 
after TJA had disappointing results. Stubhaug 
et al. ( 1995 ) conducted a prospective double- 
blind RCT that assessed the effi cacy of tramadol 
versus codeine plus paracetamol and placebo 
after THA. They found that 50 and 100 mg of tra-
madol administrated per os had no signifi cant 
analgesic effect compared to placebo (Stubhaug 
et al.  1995 ). A study comparing the intravenous 
administration of tramadol (400 mg/day) to pla-
cebo after TKA showed signifi cantly less mor-
phine consumption in the study group with no 
signifi cant difference in the rates of adverse 
events (Stiller et al.  2007 ). Another study com-
pared the effect of tramadol to morphine, both 
administrated via PCA following TKA. The 
authors showed that the administration of trama-
dol at high doses (more than 800 mg/48 h) pro-
vided the same analgesic effect as morphine but 
with higher rates of nausea and vomiting (48 % 
versus 28 %) (Pang et al.  1999 ). The paucity of 
prospective clinical trials makes it diffi cult to 
ascertain the role of tramadol in the multimodal 
pain management after TJA.  

16.4.8     Local Analgesia 

 Local infi ltration analgesia (LIA) and local infu-
sion analgesia (LINFA) have rapidly gained pop-
ularity during the recent years. Several prospective 
studies that assessed the infl uence of LIA and 
LINFA found these methods to be effective and 
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rejected the concern of toxicity due to systemic 
absorption. An RCT by Tammachote et al. ( 2013 ) 
found that LIA with multimodal drugs (bupiva-
caine 0.5 %, epinephrine, morphine sulfate, and 
ketorolac) is comparable to intrathecal adminis-
tration of morphine regarding pain level, analge-
sic drug consumption, and function. However, 
there were signifi cantly less nausea or pruritus 
events in the former group (Tammachote et al. 
 2013 ). Other studies comparing LIA to either 
femoral nerve block or to epidural infusion also 
found LIA to be as effective with lower rates of 
adverse events (Andersen et al.  2010 ; Affas et al. 
 2011 ; Busch et al.  2006 ). In a prospective, double-
blind, placebo-controlled study by Goyal et al. 
( 2013 ), patients were randomized to receive either 
0.5 % bupivacaine or normal saline at 5 ml/h for 
2 days in addition to the standard preemptive 
analgesia and multimodal pain control after the 
TKA. The patients in the study group reported 
lower VAS scores and signifi cantly reduced opi-
oid consumption compared with the control group 
(Goyal et al.  2013 ). 

 On the other hand, a similar double-blind 
RCT by Williams et al. ( 2013 ) failed to show any 
difference (VAS, opiates consumption, or their 
side effects) between patients who received 5 % 
bupivacaine at a rate of 2 ml/h and those who 
received placebo. In that study the LINFA rate 
was lower and patients from both groups also 
received LIA during the surgery (Williams et al. 
 2013 ). Another randomized double-blind and 
placebo-controlled clinical trial evaluating the 
effect of LINFA was conducted on patients hav-
ing THA. All patients received standard 
 preemptive analgesia plus LIA. Patients received 
either LINFA with ropivacaine, ketorolac, and 
adrenaline or placebo. The authors failed to fi nd 
evidence for any effect of LIFNA on pain relief 
or opioid consumption (Specht et al.  2011 ). 

 Most of the studies comparing LIA or LINFA 
to placebo or with other analgesic treatment 
options advocate the use of local analgesia as 
part of the multimodal treatment. It is not clear, 
however, if there is any additive effect when 
combining LIA and LIFNA. A meta-analysis is 
warranted in order to establish more conclusive 
recommendations.  

16.4.9     Ketamine 

 Ketamine, an N-methyl-D-aspartate (NMDA) 
receptor antagonist, is a potent antihyperalgesic 
agent that was shown to potentiate opioid analgesic 
function. The coadministration of low-dose ket-
amine and morphine reduces the overall morphine 
consumption (Suzuki  2009 ). Aveline et al. ( 2009 ) 
compared the effect of low-dose ketamine at 1 μg/
kg/min to nefopam (monoamine reuptake inhibi-
tor) and placebo following TKA. Patients treated 
with ketamine had better pain scores and improved 
ROM compared with those in the two other groups. 
Patients from the ketamine group also had up to a 
30 % reduction in morphine consumption and 
lower nausea/vomiting rate compared with those 
who received placebo (Aveline et al.  2009 ). 
Another study evaluated the long- term infl uence of 
low-dose ketamine as a part of multimodal analge-
sia. A total of 154 patients were randomized to 
receive ketamine at a rate of 2 μg/kg/min or pla-
cebo for 24 h after THA. Opioid consumption was 
reduced by 28 % in the study group. The authors 
noticed signifi cantly lower rates of reported resid-
ual hip pain in the ketamine group up to 6 months 
after surgery (Remérand et al.  2009 ). 

 Common concerns regarding adverse events 
include hallucinations and vision changes. None 
of them are reported with low-dose ketamine. 
The reported adverse events at low doses include 
nausea and vomiting, with the rates comparable 
to those associated with morphine (Suzuki  2009 ; 
Aveline et al.  2009 ; Remérand et al.  2009 ; 
Himmelseher et al.  2001 ; Adam et al.  2005 ; 
Lamplot et al.  2014 ).  

16.4.10     Author’s Preferred 
Approach 

 The literature supports the use of multimodal 
analgesia for patients having TJA. The combina-
tion of preemptive analgesia, intraoperative mea-
surements, and postoperative pain medications is 
preferred over PCA (Lamplot et al.  2014 ). This 
multimodal regimen minimizes the use of opioids 
and therefore facilitates rehabilitation,  shortens 
the length of hospitalization, and  prevents 
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unwanted adverse effects. There is substantial 
evidence supporting the use of spinal over gen-
eral anesthesia, acetaminophen, NSAIDS/COX-2 
inhibitors, gabapentinoids, local analgesia, and 
peripheral neural blocks. The treatment regimen 
at our institute is tailored for each patient indi-
vidually depending on age, comorbidities, and 
drug allergies. The mainstay of treatment is 
summarized in Table  16.1 . Preemptive analgesia 
consists of the TLC (Tylenol/Lyrica/Celebrex) 
protocol: Acetaminophen (Tylenol) 975 mg 
is administered within 2 h prior to surgery. If 
the patient has liver disease, acetaminophen is 
withheld; pregabalin (Lyrica) 75 mg is given 
within 2 h preoperatively; celecoxib (Celebrex) 
400 mg is administrated within 2 h prior to sur-
gery. In case of sulfa allergy or drug intolerance, 
naprosyn 500 mg is administrated instead. Spinal 
anesthesia is now preferred for both TKAs and 
THAs. We currently do not use local infi ltration 
analgesia. At the end of TKAs, an intraarticu-
lar catheter is placed. Bupivacaine 5 % is then 
administered through an elastomeric pump at a 
rate of 5 ml/h. The infusion is discontinued and 
the pump is removed on the second postopera-
tive day. Acetaminophen 650 mg q6h, celecoxib 
200 mg q12h, and pregabalin 75 mg q12h are 
continued until discharge. Ice is provided to all 
patients and patients are mobilized on the day of 
surgery as tolerated.

   Breakthrough pain is managed with intrave-
nous ketorolac 30 mg (or ibuprofen 600 mg), oral 
tramadol 50 mg, or oral oxycodone 10 mg. PCA 
is used only if the patient is not responding to any 

of the above-mentioned measures. Once PCA is 
used, fentanyl is the preferred drug and Dilaudid 
is used as a second line agent.   

16.5     Overview 

 Pain management has signifi cantly contributed to 
the overall satisfaction of patients undergoing 
TJA. The main principle of modern pain manage-
ment in TJA patients is pain prevention rather 
than pain treatment. It is widely accepted that 
reducing opioid consumption and their side 
effects is crucial for successful “fast-track reha-
bilitation” after TJA. The reduction of opioid 
consumption is achieved by implementation of 
the multimodal pain management principles. 
Preemptive analgesia has a major role in TJA 
pain management by lowering the initial infl am-
matory response related to the surgery. The cur-
rent literature strongly supports the use of 
NSAIDs, acetaminophen, and gabapentinoids 
prior to the incision. There is substantial evidence 
showing that spinal and/or epidural anesthesia is 
superior to general anesthesia in terms of venous 
opioid-induced adverse events, thromboembo-
lism, intraoperative blood loss, respiratory com-
plications, and mortality. Local analgesia, either 
by infi ltration of the surrounding tissue or by 
intraarticular continuous administration, has 
been shown to reduce opioid consumption and 
their related side effects, and its usage is rapidly 
expanding during the recent years. The 
 cumulating effects of other treatment options are 

   Table 16.1    Multimodal postoperative pain regimen for total joint arthroplasty at our institution   

 Drug  Preemptive dose  Postoperative dose  Route of administration 

  Acetaminophen    975 mg    650 mg q6h    IV / PO  
 Paracetamol  2 g  2 g q4h  IV/PO 
  Celecoxib    400 mg    200 mg q12h    PO  
 Naproxen  500 mg  500 mg q12h  PO 
 Ketorolac  12–30 mg  15–30 mg q6h  IV/PO 
 Ibuprofen  600 mg  600 mg q6h  PO 
  Pregabalin    75 mg    75 mg q12h    PO  
 Gabapentin  300 mg  300 mg q24h  PO 
 Tramadol  –  50 mg q6h  PO 
 Oxycodone  –  10 mg q6h  PO 
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not as well studied as the former medications in 
the setting of multimodal pain management. 
There is still confl icting and insuffi cient data 
regarding the use of tramadol, NMDA receptor 
antagonists, cryotherapy, and the preferred nerve 
blockade, and substantial research is warranted 
before a widely accepted protocol could be 
proposed.      
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17.1     The Injection Site Matters 

    Emmanuel     Thienpont     

17.1.1     Supporting Points 

•     Total knee arthroplasty (TKA) is a painful pro-
cedure that can be associated with severe acute 
postoperative pain in over one-third of patients  

•   Severe postoperative pain, which may result 
from both peripheral and central sensitization, 
delays rehabilitation, increases hospital stay 
and is a risk factor for persistent postoperative 
pain (PPSP)  

•   Traditional analgesic techniques are associ-
ated with known side-effects and potentially 
debilitating complications which can affect 
rehabilitation and recovery, sparking interest 
in multimodal analgesia  

•   Local infi ltration analgesia (LIA) is a simple, 
safe and inexpensive technique in which the 
surgical wound is infi ltrated with a mixture of 
local anaesthetics or a mixture of different 
drugs (cocktail with NSAIDs, adrenaline, ste-
roids and antibiotics)  

•   Although early studies demonstrated improved 
pain control and shorter length of stay (LOS), 
recent meta-analyses have suggested that the 
evidence for the use of LIA is not currently 
defi nitive  

•   One factor may be the variety in the mixture, 
concentration and volume of LIA constituents 
and the wide range of techniques employed, 
which underscores the need for further, well- 
designed studies into this promising area to 
provide a consensus on the optimal technique     
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  17      Perspectives: Best Techniques 
for Local Wound Infi ltrations 

           Emmanuel     Thienpont      and     Francesco     Traverso            

 Open Questions 

•     Why is local infi ltration analgesia 
becoming a pillar of multimodal pain 
management?  

•   Which drugs, volumes and concentra-
tions makes the ideal “cocktail”?  

•   Where should the surgeon perform the 
infi ltrations?  

•   What does “anatomical knee block” 
mean?  

•   What are the results of recent 
prolonged- release local anesthetics for 
infi ltrations?    
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17.1.2     Introduction 

 Total knee arthroplasty (TKA) is a common 
and very successful procedure. However, it can 
be painful (McCartney and McLeod  2011 ) or at 
least has a high risk of severe acute postoperative 
pain (McCartney and McLeod  2011 ; Carli et al. 
 2010 ) which may become chronic in a substan-
tial proportion of cases (McCartney and McLeod 
 2011 ). One study estimated the incidence of per-
sistent pain after primary TKA at 36 %, with the 
most important predictor of pain being the degree 
of pain relief in the fi rst week after the operation 
(Puolakka et al.  2010 ). Notably, the proportion 
of TKA patients with severe postoperative pain 
is higher than for all surgical patients combined, 
and especially those undergoing total hip arthro-
plasty (THA) (Thomas et al.  1998 ; Wylde et al. 
 2011 ). 

 Pain in TKA arises from incisional pain, 
which is a combination of nociceptive, ischemic 
and infl ammatory mechanisms, in addition to 
nerve damage (Grosu et al.  2013 ). Nociceptive 
pain results from peripheral pain receptor acti-
vation resulting from surgical tissue incisions, 
while infl ammatory pain is a response to tissue 
injury and the release of infl ammatory media-
tors, which lowers the nociceptor threshold 
(Grosu et al.  2013 ). The combination of tissue 
injury and local infl ammation causes hyperalge-
sia to any subsequent noxious stimuli and allo-
dynia to ordinarily innocuous stimuli (Grosu 
et al.  2013 ), which contributes to postoperative 
pain both at the wound site and at a distance (Xu 
and Brennan  2011 ). This amplifi ed response is 
due partly to sensitisation of peripheral noci-
ceptors and to central sensitisation in the spinal 
cord and further up in the central nervous system 
(Woolf  2011 ).  

17.1.3     The Consequences 
of Postoperative Pain 

 Severe postoperative pain, as well as causing suf-
fering and discomfort for the patient, delays reha-
bilitation (Kehlet et al.  2006 ; Carli et al.  2010 ), 
increases hospital length of stay (LOS) and is a 

risk factor for the development of persistent post-
surgical pain (PPSP) (Kehlet et al.  2006 ), which 
is associated with higher pain intensity (Torrance 
et al.  2006 ). For patients embarking on rehabili-
tation programmes, it is important to distinguish 
between pain at rest (PAR) and movement- evoked 
pain (MEP) (Grosu et al.  2013 ) as MEP is poten-
tially more than twice as intense as PAR in the 
fi rst three postoperative days (Srikandarajah and 
Gilron  2011 ). Moreover, poorly relieved MEP 
may enhance central sensitisation and further 
increases the risk of PPSP (Grosu et al.  2013 ). 

 Although the majority of patients experi-
ence a reduction in pain within 3 months of 
undergoing TKA (Vilardo and Shah  2011 ), 
approximately 20 % endure pain for a long time 
(Beswick et al.  2012 ). Perhaps unsurprisingly, 
almost the same proportion (19 %) of TKA 
patients are unsatisfi ed with the outcome of the 
operation (Bourne et al.  2010 ), with persistent 
postsurgical pain (PPSP) being the apparent 
primary predictor of dissatisfaction (Bourne 
et al.  2010 ). There have been few studies on 
the consequences of PPSP (Grosu et al.  2013 ), 
and in particular on the impact of the long-term 
use of analgesics (Steyaert and Lavand’homme 
 2013 ). Nevertheless, 56 % of patients continue 
to receive analgesics at 30 days postoperatively 
(Andersen et al.  2009 ), 40 % are still taking 
them at 4 months (Puolakka et al.  2010 ) and 
approximately 25 % still require analgesics after 
2 years (Carroll et al.  2012 ). 

 Efforts to improve effective pain relief after 
TKA are therefore required (Carli et al.  2010 ) to 
improve both patient comfort and early postop-
erative function and provide the optimal condi-
tions for rehabilitation (McCartney and McLeod 
 2011 ; Sisak  2013 ). Early mobilisation, which is 
associated with adequate pain control, has been 
identifi ed as paramount for achieving a good 
clinical outcome (Dillon et al.  2012 ), with accel-
erated rehabilitation achieving early functional 
recovery in the motivated patient (Sisak  2013 ). 
A recent study indicated that starting rehabilita-
tion within the fi rst postoperative 24 h is associ-
ated with a reduced length of stay and a more 
rapid return to independent walking (Labraca 
et al.  2011 ).  
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17.1.4     The Evolution of Analgesia 
in TKA 

 Over recent decades, advances in implant 
and instruments design, along with less inva-
sive techniques, have reduced the severity of 
the surgical impact for the patient (Shen et al. 
 2009 ). Improvements in anaesthetic techniques 
and operative treatment has also led to quicker 
recovery, improved patient satisfaction and ear-
lier independent walking (Berger et al.  2004 ; 
Lombardi et al.  2006 ). 

 Innovations in analgesic approaches and tech-
niques have not been so dramatic in recent years. 
Peri-operative analgesia has traditionally relied 
on techniques such as general anaesthesia with 
per- and postoperative intravenous opioids, epi-
durals with or without catheters, and femoral and/
or sciatic regional nerve blocks with or without 
continuous postoperative infusions (Sisak  2013 ). 
All these techniques are still being used, despite 
known and well-defi ned failure and complication 
rates (Sisak  2013 ). 

 For example, parenteral opioids may not 
provide adequate pain relief but are especially 
affected by adverse events like nausea and vom-
iting, confusion, constipation, urinary retention, 
sedation, respiratory depression and pruritus, all 
of which may prevent rapid rehabilitation and 
infl uence the perception of the quality of post-
operative care (McCartney and McLeod  2011 ; 
Dillon et al.  2012 ; Grosu et al.  2013 ). Moreover, 
opioids may induce hyperalgesia and acute toler-
ance, and exacerbate postoperative pain (Grosu 
et al.  2013 ). Although epidural anaesthesia is 
used widely and can achieve good pain control 
(McCartney and McLeod  2011 ), it could be 
associated with adverse events such as excessive 
motor block and the failure rate can be as high as 
20 % (McLeod et al.  2001 ). Moreover, when it is 
removed the patient experiences pain later on in 
the postoperative period (Grosu et al.  2013 ). 

 In contrast, peripheral nerve blocks, such as 
continuous femoral nerve block, provides pain 
control comparable to epidural analgesia, but 
with fewer adverse effects (Singelyn et al.  1998 ). 
Continuous femoral nerve block has therefore 
become regarded by many as the gold standard 

for pain relief in TKA (Hadzic et al.  2010 ). 
However, it is hampered by being technically 
demanding, more time consuming and requires 
acquired skill vs simpler techniques (McCartney 
and McLeod  2011 ; Sisak  2013 ) and it may cause 
prolonged motor block (Kandasami et al.  2009 ).  

17.1.5     Multimodal Analgesia 

 One solution to the issue of pain relief in TKA 
is that of multimodal analgesia, with the aim of 
minimising the need for opioid analgesia (Kehlet 
and Dahl  1993 ). Furthermore, recognition of the 
role of the incision in the initiation and main-
tenance of pain sensitisation has meant that 
intra- wound analgesia has received increasing 
attention (Grosu et al.  2013 ). 

 For example, adding posterior capsule infi ltra-
tion to femoral nerve block has been shown to 
reduce pain scores and improves extension of the 
knee in the fi rst postoperative 12 h (Krenzel et al. 
 2009 ). A systematic review also demonstrated 
that general anaesthesia plus femoral nerve block 
or spinal anaesthesia in TKA provides intra- 
operative anaesthesia and improves postopera-
tive pain relief (Fischer et al.  2008 ). Importantly, 
severe complications following peripheral nerve 
block and spinal anaesthesia are rare (Aromaa 
et al.  1997 ; Auroy et al.  1997 ). 

 However, a note of caution should be observed, 
as patients receiving multimodal analgesia 
may remain in signifi cant pain following TKA 
(Davies et al.  2004 ), potentially increasing the 
risk of chronic pain (Perkins and Kehlet  2000 ). 
Furthermore, intra-articular analgesia does not, 
on its own, improve patients’ pain, satisfaction or 
range of motion (Joo et al.  2011 ).  

17.1.6     Local Infi ltration Analgesia 

 The ongoing quest to fi nd the ideal analgesic 
approach for TKA has led to the relatively novel 
technique of local infi ltration analgesia (LIA). 
This involves the intra-operative infi ltration 
of anaesthetic agents locally into the surgical 
wound to provide an additional form of analgesia 
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(Keijsers et al.  2013 ; Ibrahim et al.  2013 ). The 
term was coined in the late 1990s, when it was 
developed as part of a multimodal pain manage-
ment and early mobilisation protocol after joint 
replacement (Kerr and Kohan  2008 ; Ibrahim 
et al.  2013 ). 

 LIA is a promising technique which is easy 
to use, safe and inexpensive, providing simple, 
effective pain relief with few adverse effects, 
due to the local administration (Keijsers et al. 
 2013 ; Affas et al.  2011 ; Kerr and Kohan  2008 ; 
McCartney and McLeod  2011 ; Vendittoli et al. 
 2006 ). Moreover, it avoids the need for periph-
eral nerve blocks and/or catheters (Sisak  2013 ) 
and may reduce opioid consumption (Kerr and 
Kohan  2008 ). Consequently, LIA has become 
relatively common for several types of surgi-
cal procedures (McCartney and McLeod  2011 ; 
Keijsers et al.  2013 ). 

 Typically, the LIA injection consists of a mix-
ture of an anaesthetic drug and a non-steroidal 
anti-infl ammatory drug (NSAID), to which 
adrenaline or a corticosteroid may be added 
(Raeder  2011 ). This may be followed by small 
boluses of the same mixture postoperatively 
using an intra-articular catheter (Ibrahim et al. 
 2013 ). 

 Initially a small randomised controlled trial 
comparing LIA with placebo established the ben-
efi ts of local infi ltration during TKA (Bianconi 
et al.  2003 ). Kerr and Kohan used LIA to man-
age postoperative pain in 325 patients presenting 
for THA, elective hip resurfacing or TKA (Kerr 
and Kohan  2008 ). They found that two-thirds of 
patients did not require morphine for postopera-
tive pain control, and few patients experienced 
limiting adverse effects. The majority of patients 
were able to walk with assistance 5–6 h after 
surgery, with independent mobility achieved 
13–22 h postoperatively, and 71 % of patients 
were discharged after a single night in hospital.  

17.1.7     Current Evidence for LIA 
in TKA 

 Since then there have been a number of studies 
of LIA in TKA (McCartney and McLeod  2011 ), 

several indicating that the technique is associated 
with lower morphine consumption, reduced pain 
and shorter LOS (Essving et al.  2011 ; Andersen 
et al.  2007 ). LIA has also achieved favourable 
outcomes vs epidural analgesia (Andersen et al. 
 2010 ; Spreng et al.  2010 ) and has been advocated 
as an alternative to femoral nerve block due to 
the reduced risk of affecting quadriceps function 
(Chaumeron et al.  2013 ). 

 Two meta-analyses have been published 
recently in an attempt to summarise the evidence 
so far on the use of LIA in TKA (Gibbs et al. 
 2012 ; Keijsers et al.  2013 ). Gibbs et al. identi-
fi ed 29 randomised controlled trials of LIA fol-
lowing TKA (Gibbs et al.,  2012a ,  b ). Thirteen 
studies compared LIA with control, of which 
seven concluded that LIA was benefi cial in pro-
viding analgesia, while six concluded it was of 
no benefi t. LIA was not compared with periph-
eral nerve block in any of the identifi ed studies; 
however, it was shown to be benefi cial against 
a background of epidural analgesia in one suf-
fi ciently controlled study. Other studies included 
in the analysis either lacked systematic infi ltra-
tion or used sub-therapeutic doses. Looking at 
outcomes for continuous infusion vs multiple 
analgesic administration, Gibbs et al. identifi ed 
11 randomised controlled trials, of which seven 
used multiple administration and four continuous 
administration. For multiple administration, fi ve 
studies reported that local infi ltration was effec-
tive, as did three continuous infusion studies. 
However, two studies indicated that local infi l-
tration was less effective than continuous femo-
ral nerve block (Carli et al.  2010 ; Toftdahl et al. 
 2007 ). Interestingly, Andersen et al. and Essving 
et al. demonstrated that an injection given 24 h 
postoperatively decreased both PAR and MEP 
(Andersen et al.  2008b ; Essving et al.  2010 ). 
Gibbs et al. identifi ed nine studies that examined 
LOS, in six of which LIA failed to reduce LOS 
signifi cantly, although two of those reported that 
the time to be ready for discharge was reduced 
without affecting LOS. 

 The meta-analysis by Keijsers et al. involved 
7 studies, with a total of 406 TKAs in 374 
patients (Keijsers et al.  2013 ). Postoperative 
pain visual analogue scales (VAS) scores were 
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in favour of LIA. However, the reductions were 
modest, at just 12.3 % on the fi rst postoperative 
day across all studies, with a heterogeneity in 
scores of 71 %. There were no signifi cant differ-
ences in pain scores on postoperative day 2, and 
no difference in pain scores on activity. Patients 
in the LIA group used 14.8 % less opioids than 
those in the placebo group on the fi rst postop-
erative day. However, there was no difference in 
opioid usage by 48 h. Keijsers et al. concluded 
that LIA may be able to reduce pain and opioid 
use on the fi rst postoperative day, but the effect 
is small and not clinically relevant (Keijsers 
et al.  2013 ).  

17.1.8     Differences in LIA Technique 
May Affect Effi cacy 

 The lack of a defi nitive body of evidence for 
LIA in TKA may be due to inconsistencies in 
the techniques used in the different studies. The 
basic procedure, as outlined above and originally 
defi ned by Kerr and Kohan, is for the surgeon to 
infi ltrate the joint and surrounding tissues with a 
high volume of anaesthetic, typically including 
ropivacaine, adrenaline and adjuvant drugs such 
as NSAIDs, clonidine, corticosteroids or opi-
oids (Kerr and Kohan  2008 ; Maheshwari et al. 
 2009a ,  b ). Specifi cally, ‘local infi ltration’ may 
be characterised as the systematic injection into 
all the tissues which are exposed, instrumented 
or incised during surgery, including the capsule, 
ligaments and other soft tissues, along with the 
subcutaneous layers (Andersen et al.  2008b ). 

 A number of different infi ltration techniques 
have been described, involving various agents 
and methods of administration (Sisak  2013 ). 
Agents used in addition to local anaesthetics 
include steroids (Fu et al.  2010 ), magnesium sul-
phate (Chen et al.  2009 ), morphine (Ritter et al. 
 1999 ) and NSAIDS, (Vendittoli et al.  2006a , 
 b ), while the methods of administration include 
intra-articular injection (Badner et al.  1996 ), 
infi ltration of all traumatised tissues (Andersen 
et al.  2008a ), intra-articular infusion (Ong et al. 
 2010 ) or a single shot intra-articular injection 
(Keijsers et al.  2013 ). 

 Due to the lack of consensus over the opti-
mal technique for LIA; with a wide variety in 
mixture, concentration and volume of anal-
gesics administered but also for the anatomi-
cal location where the mixture is infi ltrated 
(Keijsers et al.  2013 ). In one study, the addition 
of ketorolac was advocated after it was dem-
onstrated that combining it with ropivacaine 
reduced morphine consumption, reduced pain 
intensity and shortened the patients’ readiness 
for discharge (Andersen et al.  2013 ). Another 
study of 100 unilateral TKA patients examined 
the impact of adding 40 mg triamcinolone to the 
LIA mixture, with recipients recording lower 
pain scores and better ranges of motion up to 
6 months postoperatively vs controls (Bramlett 
et al.  2012 ). 

 Another issue is that the duration of action 
of an intra-operative bolus of LIA appears to 
be short (Busch et al.  2006 ) and it is unclear 
whether an indwelling catheter should be 
placed to extend the duration of action through 
intermittent boluses of local anaesthetic 
(McCartney and McLeod  2011 ; Kehlet and 
Andersen  2011 ). There are, however, concerns 
over the risk of infection with an indwelling 
catheter (McCartney and McLeod  2011 ; Grosu 
et al.  2013 ). 

 For their meta-analysis, Gibbs et al. examined 
the different techniques used for LIA in TKA, 
focusing on fi ve studies that used the same ini-
tial infi ltration of ropivacaine and adrenaline of 
all instrumented tissues (Gibbs et al.  2012a ,  b ). 
Patients received slight variations in the volume 
and concentration of analgesia, the use of ban-
daging, catheter site placement, and additional 
subcutaneous analgesia administration. None of 
the variations could demonstrate superiority of 
effi cacy. 

17.1.8.1     Anatomical Knee Block 
 Another possible explanation for the observed 
differences in LIA effi cacy in TKA is the ana-
tomical localisation of the infi ltration. For LIA 
to be effi cient, it is important to understand the 
principles of pain and pain control in TKA. The 
knee joint is highly innervated, with many nerve 
branches to the joint, where, during TKA, large 
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areas of bone are cut and bone morphogenic pro-
teins are released. If intramedullary alignment is 
used, the femoral and tibial periosteum is vio-
lated and bone marrow release induces infl am-
matory processes. Finally, hemarthrosis and joint 
swelling can be an important aspect of the pain 
experience (Grosu et al.  2013 ). 

 With an anatomical knee block, the different 
structures are infi ltrated step-by-step. Due to the 
progressive nature of the procedure, the risk of 
local anaesthetic intoxication is extremely lim-
ited and allows the surgeon to use an important 
volume of ropivicaine. 

 The fi rst infi ltration is made during the surgi-
cal approach, which is, in our cases, a far medial 
subvastus approach (Koninckx et al.  2013 ; 
Thienpont  2013 ). The distal aspect of the saphe-
nous nerve is infi ltrated as a distal adductor canal 
blockade. We then address the suprapatellar 
pouch by infi ltrating the anterior surface of the 
femoral bone under the fat pad. The periosteum 
of the femur is infi ltrated medially and laterally, 
followed by a para-femoral injection at the supra-
condylar level. 

 After making the tibial cut and removing the 
bone piece, the soft tissues around the tibia are 
infi ltrated under the medial collateral ligament 
and the lateral periosteum of the tibia. After 
 making the femoral four-in-one cuts and pre-
paring the box, posterior infi ltrations should be 
made both medially and laterally. Staying close 
to the posterior femoral bone is crucial, along-
side infi ltration of the posterior capsule. We pre-
fer to infi ltrate the area of the lateral genicular 
artery to obtain chemically controlled blood loss 
in that area. 

 After preparing the tibial tray, the periosteum 
of the tibia is infi ltrated. In smaller patients, if 
some volume of local anaesthetic is available, 
we prefer to inject intra-articularly after closure 
of the arthrotomy. A subfascial infi ltration of the 
cutaneous nerves may be performed, although 
surgeons should be aware that the presence of 
adrenaline in the LIA solution may cause soft- 
tissue necrosis of the skin in patients who have 
undergone multiple operations, are diabetic or 
have vascular impairment.   

17.1.9     Conclusion 

 LIA is an attractive technique due to its simplic-
ity vs the placing of peri-neural catheters, its 
safety and the short time required for adminis-
tration (McCartney and McLeod  2011 ; Sisak 
 2013 ; Grosu et al.  2013 ), thus potentially reduc-
ing anaesthetic time and healthcare costs with-
out affecting patient comfort (Sisak  2013 ). 
Consequently, LIA has been adopted by a number 
of centres worldwide (McCartney and McLeod 
 2011 ). 

 There is nevertheless a lack of defi nitive evi-
dence on the performance of LIA (Grosu et al. 
 2013 ) and it is not yet clear whether the technique 
offers equivalent analgesia to continuous femoral 
nerve block or even the same record of safety 
(Capdevila et al.  2005 ; McCartney and McLeod 
 2011 ). A number of questions remain about LIA, 
including which components are working, and at 
what dose (Sisak  2013 ), whether glucocorticoids 
should be added (Ikeuchi et al.  2013 ) and how 
LIA compares with the alternatives in terms of 
safety, effi cacy and costs (Sisak  2013 ). There 
are also concerns as to the potential for local 
and central toxicity of injecting large volumes of 
local anaesthetic and other adjuvant drugs around 
the knee joint (McCartney and McLeod  2011 ). 
Finally, it remains to be seen whether LIA actu-
ally reduces LOS and the time to achieve recov-
ery goals (Sisak  2013 ). 

 Further, well-designed studies will help to 
determine whether LIA can be recommended as a 
standalone technique or adjunct to femoral nerve 
block to improve pain outcomes after TKA, and 
the required combination, volume and concentra-
tion of constituents for the LIA mixture.   

17.2     The Drug Matters 

    Francesco     Traverso     

 The use of peri-articular multimodal drug injec-
tion (PMDI) in TKA was proposed 10 years ago 
with the aim of obtaining a better patient outcome 
after surgery. Several studies on the use of PMDI 
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showed stable and promising results on pain con-
trol, primarily in the fi rst 24 h after surgery, better 
patient satisfaction, lower morphine consumption 
during the fi rst 48 post-operative hours, reduction 
of average length of stay, and improvement of the 
knee function while minimizing complications 
(Essving et al.  2010a ,  b ; Husted et al.  2010 ; Park 
et al.  2014 ). However many concerns about this 
approach need to be elucidated, including the rel-
evance of the drug’s choice, the site and timing 
for wound delivery of local anesthetic agent after 
TKA. 

 One of the best topics is about the choice 
of the drugs used in PMDI. A large consensus 
in the literature establishes that the most fre-
quently used is a combined mix of local anaes-
thetic (generally bupivacaine or ropivacaine), 
magnesium sulphate, morphine, non-steroidal 
anti- infl ammatory drugs (ketorolac), some-
times steroids (depending on the author’s pref-
erence) and epinephrine. These agents cover all 
the pathways of the pain as opioid receptors, 
nociceptors and local infl ammatory media-
tors. Peripheral opioid receptors, covered by 
morphine, are the fi rst expressed after surgi-
cal trauma, sending immediately information 
to central receptors. NSAID agents such as 
ketorolac inhibit the production of prostaglan-
din infl ammatory mediators, leading to an anti-
infl ammatory, antipyretic and analgesic effect. 
A local anaesthetic such as bupivacaine inhibits 
the nociceptor and its action is prolonged, with 
less risk of systemic toxicity, by epinephrine’s 
local vasoconstriction (Lamplot et al.  2014 ). 
The use of magnesium sulphate is to “stabilise” 
the plasma membrane of nociceptors leading 
to a more diffi cult transmission of nociceptive 
stimuli. 

 Regarding the physiology of pain transmis-
sion, the PMDI plays an important role in reduc-
ing or avoiding the “early transmission” that 
leads to the recruitment phenomenon in which 
painful stimuli induce hyperpolarisation of the 
neural pathway which makes it diffi cult to con-
trol the subsequent pain. 

 This pain reduction through its transmission 
mechanism at peripheral and central levels allows 

better patient participation in the rehab program 
and consequently faster discharge from hospi-
tal, improving the overall outcome (Maheshwari 
et al.  2009a ,  b ). 

 Despite the action of PMDI seldom extend-
ing over the fi rst 24–48 h postoperatively, it is 
helpful, in association with multimodal analge-
sia program, in assessing the patient’s immediate 
postoperative program, avoiding the experience 
of “early” pain with lower opioid consumption 
and faster home readiness, particularly in a “fast 
track” program (Husted et al.  2010 ; Lamplot 
et al.  2014 ). 

 Another important issue is the injection site. 
Randomised studies have reported no differences 
of analgesic effi cacy of intra-capsular vs intra- 
articular injection, and intra-articular vs extra- 
articular wound space (Husted et al.  2010 ; Ruder 
et al.  2014 ). 

 Moreover, local infi ltration of the posterior 
capsule of the knee with a cocktail based on 
marcaine, morphine, adrenaline antibiotic and 
corticosteroids before cementing the implants 
followed by a second infi ltration prior to closure 
did not reduce the morphine consumption and 
did not improve the recovery of walking capacity, 
physical activity and knee function vs continuous 
femoral block (Meftah et al.  2012 ). Conversely, 
peri-articular injection of ropivacaine, morphine, 
non-steroidal anti-infl ammatory drug (ketorolac), 
epinephrine, and cefuroxime after cementation of 
the prostheses into the sheath of the medial and 
lateral collateral ligaments and posterior capsule 
in simultaneous bilateral TKA improved early 
post-operative pain control, but not patient satis-
faction (Koh et al.  2010 ,  2012 ). Similar outcomes 
have been observed after peri-articular injection 
of bupivacaine, ketorolac after implantation or 
before wound closure. Overall these data suggest 
that it is not the injection site which is important 
(Table  17.1 ) but the dose and the type of multiple 
agents used.

   Gibbs et al. in a review of literature about the 
local infi ltration in TKA suggested that an infi l-
tration of specifi c cocktail, made by ropivacaine, 
adrenaline and ketorolac, inside all the exposed 
tissues and not just the specifi c site of the joint 

17 Perspectives: Best Techniques for Local Wound Infi ltrations
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is important for more effective pain management 
(Gibbs et al.  2012a ,  b ). 

 Although the local infi ltration of anaesthetic 
agents into the surgical wound provides good 
post-operative pain control, the short lifetime 
of action of the drugs including bupivacaine 
remains an important issue to be addressed. 
Indeed, plasma bupivacaine HCl concentration 
is sustained within 12 h of local injection and 
thereafter decreases rapidly (Hu et al.  2013 ). In 
order to improve the effects of local analgesia 
by enhancing its duration of action, a new bupi-
vacaine liposome has recently been designed 
(EXPAREL, Pacira Pharmaceuticals Parsippany, 
NJ). A liposome- based delivery system consists 
of a controlled release of the drug. The liposomes 
are vesicles formed by an aqueous core sur-
rounded by an outer phospholipid bilayer. They 
are biodegradable, biocompatible, safe and not 
immunogenic. Given the capability to facilitate 
the penetration of poorly absorbed drugs and 
bind the surface, which leads to increased reten-
tion time, the liposome represent a successful 
carrier for a wide variety of drug and paved the 
way for new therapeutic strategies including pain 
management (Hua and Wu  2013 ). 

 Bupivacaine liposome is an injectable suspen-
sion, approved by the Food Drug Administration 
(FDA) in 2011 as a new multivesicular formula-
tion designed for rapid absorption and prolonged 
release of bupivacaine in association with others 
analgesic (  http://investor.pacira.com/phoenix.
zhtml?c=220759&p=irol-newsArticle&ID=1623
529&highlight=Exparel    ). In the USA it is avail-
able commercially at a concentration of 13.3 mg/
mL for a single-dose infi ltration (EXPAREL, 
Pacira Pharmaceuticals Parsippany, NJ). Wound 
infi ltration with liposomal bupivacaine (LB) 
before site closure is a feasible approach to be 
performed without the need for specifi c train-
ing for surgeons and nurse, or specifi c surgical 
devices. The absorption of LB varies depend-
ing on the surgical procedure and size of the 
incision (Golf et al.  2011 ; Haas et al.  2012 ). A 
single intra-operative administration of LB into 
the surgical site for up to 72 h resulted in mark-
edly prolonged plasma levels and analgesia with 
a corresponding reduction in use of opioids. 

(Gorfi ne et al.  2011 ; Bramlett et al.  2012a ,  b ; 
Cohen  2012 ; Haas et al.  2012 ; Smoot et al.  2012 ; 
FDA approval of Exparel for postsurgical pain 
management  2014 ). Bupivacaine, reducing the 
infl ux of sodium ions, prevents the depolarisation 
of plasma membrane of nerve cells and, thereby, 
the propagation of impulse along the nerve 
(Buckenmaier and Bleckner  2005 ). Once admin-
istrated locally as liposome delivery, bupivacaine 
power seems to increase. In line with this, com-
parative analysis of the pharmacokinetic profi le 
between liposome bupivacaine and bupivacaine 
HCl based on data from four phase II and III ran-
domised, active – and placebo-controlled trials in 
patients undergoing inguinal hernia repair, TKA, 
haemorrhoidectomy or bunionectomy, revealed 
extended plasma bupivacaine levels over time in 
the patients treated with liposome bupivacaine 
compared those with bupivacaine HCl. Looking 
at the levels of plasma bupivacaine concentrations 
vs time, the authors observed bimodal kinetics 
characterised by an initial peak soon after admin-
istration of the LB (probably associated with a 
small amount (3 %) of extra- liposomal bupiva-
caine), and by a second later peak (about 12–36 h 
later) (associated with the liposome-loaded bupi-
vacaine), thus indicating a slow release from the 
liposomal vesicles (Hu et al.  2013 ). This new 
formulation thereby promoted a rapid uptake 
of bupivacaine during the fi rst few hours after 
administration, and delayed release within 96 h 
later. Albeit generally well- tolerated in all four 
studies (Hu et al.  2013 ), the high dose of LB 
(532 mg) was associated with higher adverse 
effects in the patients and provoked a reduction to 
the limit of Cmax with a high toxicological risk 
for the central nervous system and cardiovascular 
system. In contrast, no signs of neuro- or cardiac 
toxicity have been observed in other independent 
studies using a dose ranging from 66 to 532 mg 
of LB (Bergese et al.  2012a ,  b ; Naseem et al. 
 2012 ), even though no statistically signifi cant 
difference in terms of pain score within 72 h 
after drug injection has recorded between LB and 
bupivacaine HCl in TKA. 

 Taking advantage of the pharmacokinetic 
properties, LB is administrated in association with 
other analgesic or NSAIDs with intra- operative 
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local infi ltration analgesia during TKA. A recent 
study of Hawkins RJ (ICJR Symposium at AAOS, 
Chicago 2013) has analyzed 200 TKA patients, 
100 treated with femoral block pain management 
and 100 treated with EXPAREL multi-module 
pain management. No signifi cant difference 
was observed in terms of average resting pain 
score at 72 h, while improved assisted ambula-
tion and shorter length of stay was found in the 
EXPAREL group. In addition, a pilot evaluation, 
conducted by Lombardi V (JIS experience 2012–
2013 available on ICJR Webinar) on 229 patients 
with TJR, 120 treated with intra-articular LB in 
association with epinephrine, ketorolac and bupi-
vacaine HCl compared to 109 patients with intra-
articular injection of ropivacaine, epinephrine 
and ketorolac, showed a signifi cant reduction 
in opioid use within 24–48 h in the LB group. 
However, the average pain rating was better in 
the fi rst 24 h post-operative with less differences 
over 36–60 h post-operatively. Furthermore, the 
hospital length of stay was comparable in the 
two groups. Although interesting and promis-
ing, further studies are still necessary to corrobo-
rate the benefi cial effects of LB administration 
in TKA. The approval and free marking of LB, 
which at the moment is limited only in US, will 
probably help to attest better its advantages and 
eventual adverse effects.     
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18.1             Prosthetic Joint Infections: 
Classifi cation, Incidence, 
Causes, and Microorganism 
Factors 

 Orthopedic device-related infections are rela-
tively uncommon (0.6–2.5 % for primary and up 
to 10–20 % for revision) (Jamsen et al.  2010 ; 
Urquhart et al.  2010 ; Cataldo et al.  2010 ; Moran 

et al.  2010 ; Peel et al.  2011 ; Shuman et al.  2012 ). 
They cause signifi cant morbidity and mortality 
and an elevated health care expenditure (three 
times more than fi rst implants). 

 Surgical risk factors include simultaneous 
bilateral arthroplasty, a long operative time (more 
than 2.5 h), and allogenic blood transfusion. 

 Post-operative risk factors include wound- 
healing complications such as superfi cial infec-
tion, delayed healing, necrosis, dehiscence, 
hematoma, bacteremia, prolonged wound drain-
age, permanence of a urinary catheter, and pro-
longed hospital stay. 

 The frequency of infection increases as the 
number of primary and revision arthroplasties 
increases (Trampuz and Zimmerli  2006a ; Kurd 
et al.  2010 ; Laudermilch et al.  2010 ; Ghanem 
et al.  2009 ; Mittal et al.  2007 ; Estes et al.  2010 ; 
Jafari et al.  2010 ; Mortazavi et al.  2010 ; Atkins 
et al.  1998 ; Zimmerli et al.  2004 ; Trampuz and 
Zimmerli  2005 ). 

 Almost any microorganism can cause pros-
thetic joint infections, such as Gram-positive 
bacteria (accounting for about two-thirds of 
total), Gram-negative bacteria and polymicrobic 
fl ora (accounting for about 10–15 % each), and 
fungi (rare). 

 Many classifi cation systems of periprosthetic 
joint infections have been proposed in the litera-
ture. The Centers for Disease Control and 
Prevention (CDC) defi ned Surgical Site Infection 
as an infection of or near the operative site within 
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  18      Prevention of Infection: 
The Host Factors 

           Matteo     Carlo     Ferrari      and     Guido     Grappiolo   

 Open Questions 

•     How important are the host risk factors 
in prosthetic joint infections?  

•   What is the role of obesity in peripros-
thetic joint infections?  

•   Is it cost-effective to identify preopera-
tively all the medical risk factors and try 
to correct them before surgery?  

•   Multidisciplinary preoperative approach 
to detect and to correct the major host 
risk factors: is it advisable?  

•   Should we change the standard antibi-
otic prophylaxis for patients with multi-
ple comorbidities?    

mailto:matteo_carlo.ferrari@humanitas.it


212

the fi rst 30 days of surgical procedure or within 1 
year with an implant in place (Hidron et al.  2008 ). 
Tsukayama’s classifi cation attempted to correlate 
the time of infection onset with the therapeutic 
strategy (Tsukayama et al.  1996 ). His classifi ca-
tion, adopted by the Musculoskeletal Infection 
Society, has been used as a guide for selection of 
surgical treatment. It defi nes an early infection as 
one that occurs within 1 month of index arthro-
plasty and any infection beyond this point as late. 
Acute hematogenous infection is also included in 
this classifi cation system. The Zimmerli/Trampuz 
classifi cation considers an early infection as one 
that occurs within 3 months of index surgery. 
Infections with onset between 3 and 24 months 
are delayed infections and those occurring >24 
months after index arthroplasty are classifi ed as 
late (Zimmerli et al.  2004 ; Trampuz and Zimmerli 
 2005 ). These classifi cation systems are useful 
since they provide a description for pathogenesis. 
It is admitted that early infections may be the 
result of seeding during surgery, whereas late 
infections are likely acquired by hematogenous 
spread. Another classifi cation proposed by 
Senneville et al. ( 2009 ) relies mostly on duration 
of symptoms and places less emphasis on the 
timing of index arthroplasty. Based on this clas-
sifi cation, acute infection is one with less than 1 
month of symptoms and any infection with 
greater than 1 month of symptoms is considered 
late. The classifi cation proposed by McPherson 
considers criteria other than timing, such as host 
factors and microorganism factors, and looks at 
periods shorter than 3 weeks (McPherson et al. 
 2002 ). Considering the host factors, the 
McPherson classifi cation quantifi es the infection 
risk factors, making a systemic host grading and 
a local extremity grading. From the McPherson 
classifi cation the Musculoskeletal Infection 
Society scoring system was derived, taking into 
account the infection type, the systemic host 
grade and the local extremity grade   . The scoring 
system produces prognostic and therapeutic sug-
gestions regarding the functional results, risks of 
reimplantation, and risks of limb amputation 
(McPherson et al.  2002 ). 

 Early infections are usually associated with 
acute onset of pain, effusion, erythema, warmth 

at the implant site, fever, and increase of infl am-
matory markers, such as white blood cells, 
 platelet count, C-reactive protein, erythrocyte 
sedimentation rate, fi brinogen, pro-calcitonin, 
IL-1, and IL-6 (Greidanus et al.  2007 ); the for-
mation of a sinus tract with purulent discharge 
may also occur. Acute infections are usually 
caused by virulent microorganisms, such as 
 Staphylococcus aureus  or, less frequently, Gram- 
negative bacteria. 

 Delayed or low-grade infections are most 
frequently observed and present with insidious 
signs and symptoms such as implant loosen-
ing, persistent joint pain, and non-specifi c low-
grade increase of infl ammatory markers. These 
signs are usually diffi cult to distinguish from 
aseptic failure modes. Delayed infections are 
caused by less aggressive microorganisms such 
as coagulase- negative staphylococci (CoNS) 
or streptococci/enterococci. Early and delayed 
infections are considered acquired from index 
surgery. 

 Late infections are predominantly acquired by 
hematogenous seeding from the skin, respiratory 
tract, dental apparatus, and urinary or gastroin-
testinal tract (Trampuz and Widmer  2006 ). 

 Other classifi cations (Coventry  1975 ) divide 
the acute postoperative infections into superfi cial 
and deep, depending on the infection site. 

 Superfi cial infection is limited to the superfi -
cial wound layers, above the fascia or capsular 
layer, and can be treated in most cases by soft 
tissue debridement with prosthesis retention. 

 Deep infections below the fascia involving 
the periprosthetic space are more diffi cult to 
treat. In the case of early acute infection starting 
in the fi rst 3–4 weeks after surgery, an aggres-
sive debridement changing the modular compo-
nents of the prosthesis may be attempted. In all 
late chronic deep periprosthetic joint infections, 
prosthesis removal and exchange (in one or, 
more commonly, two stages) represents the gold 
standard. 

 The key point of all the surgical procedures 
for fi ghting periprosthetic joint infection – irriga-
tion and debridement, one stage exchange, or two 
stage procedures – is the bacteria slime production. 
Biofi lm is the most important factor conditioning 
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the result from irrigation and debridement in 
acute postoperative infection. Bacterial biofi lm 
production probably starts a few hours after bac-
terial colonization and prosthesis adhesion but a 
postoperative period of 3–4 weeks after surgery 
is allowed for choosing between irrigation and 
debridement in the case of deep acute peripros-
thetic infection (Costerton et al.  1999 ). Further 
investigations on biofi lm are advisable to identify 
other factors infl uencing the outcome of the sur-
gical strategies adopted for periprosthetic joint 
infections. 

 The management of infections is not com-
pletely standardized and the outcome is fre-
quently poor or at least unsatisfactory because of 
the increasing number of highly virulent and anti-
biotic-resistant bacteria (Trampuz and Zimmerli 
 2006  b ; Gould et al.  2009 ; Prokuski  2008 ).  

18.2     Prosthetic Joint Infections: 
The Host Factors 

 Considering host factors, patients with infected 
prostheses usually present with many pre- existing 
risk factors: obesity, diabetes mellitus, rheuma-
toid arthritis, other autoimmune diseases, and 
immunosuppression related to a number of 
causes (such as previous or active neoplasm, 
HIV, etc.), tobacco use, previous multiple proce-
dures, and previous infection associated with a 
prosthetic joint at the same site. 

 Overweight patients should be counseled to 
lose weight before surgery. Patients receiving 
immunosuppressive therapies must be advised to 
suspend them 2 weeks before surgery and not to 
resume them for approximately 3 weeks after 
surgery. Only HIV positive patients should not 
stop their antiretroviral therapy. 

 Considering other aspects related to the pre-
vention of prosthetic infections, we must take 
into account the skin aspects: skin preparation 
(hair removal), type of skin disinfection, previous 
scars, adequate blood supply (previous fl aps, vein 
and capillary refi lling, arterial local conditions), 
and presence of pressure sores. The presence of 
postoperative hematoma is another risk factor 
because of the more frequent bacterial coloniza-

tion and the absence of an adequate leukocyte 
blood supply. 

 Another aspect which has to be considered is 
strict glycemic blood level control in diabetic 
patients. As is well known, high glucose levels 
worsen leukocyte chemotaxis and blood circula-
tion, reducing the host defenses at the surgical 
site; moreover, peripheral neuropathy could 
reduce patient awareness as well as suspicion of 
infection because of lack of the pain. Furthermore, 
typical diabetic arterial damage could complicate 
the postoperative period with acute ischemic 
limb disease, especially for tourniquet-related 
knee procedures and for intraoperative leg tor-
sions related to hip procedures. Diabetic patients 
have a signifi cant increase of ischemic heart and 
brain events in the postoperative period due to 
anemia. 

 Smoking should be strongly discouraged 
because it increases the infection risk fourfold, 
probably due to vascular damage. Another pos-
sible complication in heavy smokers is COPD 
exacerbation and an increase in the risk of 
hospital- acquired pneumonia. 

 Patients with renal function impairment (espe-
cially those on dialysis) and major liver diseases 
have higher infection risks and drug-related and 
postoperative side effects, such as allergies, 
thrombocytopenia and coagulation problems 
(preexisting and acquired) with the risk of bleed-
ing from the surgical site and hematoma, kidney 
and liver failure. 

 Before surgery, the medical team should 
investigate and take into account the possible 
treatment of any ongoing source of infection 
from the teeth and gums, skin, soft tissue, urinary 
tract, respiratory tract, and gastrointestinal tract. 

 Prosthetic joint infections are classifi ed by sev-
eral authors including McPherson et al. ( 2002 ), 
Cierny and DiPasquale ( 2002 ), and Cierny et al. 
( 2003 ). 

 McPherson developed a staging system for 
periprosthetic infections, taking into consider-
ation the timing of infection, the overall medical 
and immune health status of the patient, and the 
local wound condition. 

 This staging system considers and integrates 
three aspects: infection timing type (early <4 
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postoperative weeks; haematogenous <4 weeks 
duration; late chronic >4 weeks duration), sys-
temic host grade (A: uncompromised; B: com-
promised with —one or two compromising 
factors; C: signifi cantly compromised with more 
than two compromising factors), and local 
extremity wound grade (1: uncompromised; 2: 
compromised with —one or two compromising 
factors; 3: signifi cantly compromised with more 
than two compromising factors). 

 Cierny et al. integrated the classifi cation 
system for osteomyelitis in adult patients with 
the classifi cation of periprosthetic total joint 
infections. 

 In these classifi cations, prosthetic joint infec-
tions are entered as anatomic types of the disease: 
early and superfi cial osteomyelitis (the old Type 
II osteomyelitis staging system), late and chronic 
refractory osteomyelitis (Type IV of the previous 
osteomyelitis staging system). 

 In addition, these authors added local and sys-
temic host factors which may infl uence treatment 
and prognosis, dividing patients into three cate-
gories: A-, B-, and C-hosts. A-hosts are healthy 
and without healing defi ciencies; B-hosts are 
compromised by one or more local and/or sys-
temic parameters; C-hosts are patients in whom 
the severity of the underlying pre-existing dis-
eases exceeds their ability to undergo the neces-
sary aggressive treatment, and are therefore 
directed to more conservative therapies.  

18.3     Our Approach for Infection 
Prevention in Arthroplasty 

 Many different protocols are published in the 
literature (national and international guidelines, 
SNICh in Italy, acronym for National Surgical 
Site Infections Surveillance System) using 
fi rst- or second-class cephalosporin or vanco-
mycin/clindamycin in beta-lactamic-allergic 
patients as well as in high methicillin-resistant 
 Staphylococcus aureus  incidence hospitals. The 
importance of short duration and proper timing 
of prophylaxis is well demonstrated. In primary 
and revision total hip and knee arthroplasty, the 
duration of the procedure is often unpredictable. 

 Our department is a high-volume arthroplasty 
unit with approximately 1,500 hip and knee pros-
thetic joint replacement procedures per year. 
We prospectively collected data on prosthetic 
joint infection from 2009 and observed an infec-
tion incidence of 0.68 % on that year. This rate 
increased to 1.19 % in 2010 using a 48-h prophy-
laxis with cefazolin in repeated rigid time sched-
uled shots of antibiotics. 

 In 2011 we decided to shorten the prophylaxis 
time to 24 h (as recommended by the most impor-
tant recent international guidelines) starting 
20–60 min before surgery (depending on the anti-
biotic class) and, at the same time, to introduce 
continuous intravenous antibiotic use. 
Specifi cally, we use cefazolin 2 g i.v. 20 min 
before surgical incision, followed by cefazolin 
4 g in 250 cc normal saline over 24 h starting 
immediately after surgical incision (20 mL/h). In 
beta-lactamic-allergic patients we use vancomy-
cin 1 g 60 min before surgical incision, followed 
by 2 g in 500 cc normal saline over 24 h 
(20 mL/h). 

 The idea of using continuous intravenous 
beta-lactams infusion arises from the time- 
dependent antimicrobial activity, which depends 
on the maintenance of antibiotic concentrations 
permanently above the minimal inhibiting con-
centration (MIC) of pathogens. To our knowl-
edge, this is the fi rst antibiotic continuous 
intravenous prophylaxis protocol described in the 
literature. In 2011, with the new prophylaxis, 
there was a signifi cant decrease in infections to 
0.39 % ( p  = 0.012), and confi rmed in 2012 with 
0.38 % ( p  = 0.01). 

 In the 36 infections analyzed out of 5,631 total 
arthroplasty procedures (primary and revision 
cases), 13 patients were affected by diabetes mel-
litus or increased fasting glucose (36.1 %), 11 
patients were obese (30.5 %), 5 patients had auto-
immune pre-existing conditions (13.9 %), 6 
patients had previous neoplasm (16.7 %), 8 
patients had cardiovascular diseases (22.2 %) 
(especially atrial fi brillation) and/or diffuse ath-
erosclerosis, and 8 patients were active smokers 
(22.2 %). All of these comorbidities except obe-
sity were signifi cantly more frequent in infected 
patients compared to our controls. 
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 In 31 cases the infection site was the hip and 
in the remaining 5 was the knee. The majority 
(72.2 %) of them were revisions (74.2 % of hips 
and 60 % of knees). 

 Considering the infected patients with-
out predisposing risk factors, the majority had 
delayed infection. The involved bacteria were 
mainly not very aggressive microorganisms 
such as CoNS, and in two cases polymicrobic 
(one with  Enterococcus faecalis  and one with 
Corynebacterium spp),  Enterococcus faecalis  in 
one case,  Streptococcus agalactiae  in two cases, 
whereas MSSA caused two early and one delayed 
infection. 

 More aggressive bacteria, such as MRSA, 
 Enterococcus faecium  and Gram-negative bacte-
ria are almost exclusively isolated in patients car-
rying one or more risk factors. 

 Our switch to the continuous infusion prophy-
laxis regimen found a number of possible topics 
which deserve further investigation. First, con-
tinuous antibiotic prophylaxis seems able to 
reduce CoNS and MRSA infections. Second, the 
new approach to antibiotic prophylaxis does not 
have any impact on costs. 

 Third, the orthopedic surgeon is able to mini-
mize concern because the antibiotic concentra-
tion remains stable during surgery independent 
of the duration.  

18.4     How to Manage Patients 
at Risk 

 First of all, we should be aware that the vast 
majority of the prosthetic joint infections are 
acquired in the operating room and/or during 
hospital stay. Thus, each patient is at risk of 
infection if physicians act with superfi ciality. 

 In any case, as described above, it is possible 
and necessary to identify more sensitive patients 
and therefore those more at risk of infection.
   Before surgery:

•    All overweight patients should be encour-
aged to lose weight  

•   Patients receiving immunosuppressive 
therapies must be advised to suspend them 
2 weeks before surgery and not to resume 

until at least 2 weeks after surgery, with the 
exception of HIV positive subjects  

•   Good glycemic and blood pressure control 
must be achieved  

•   Smoking habits should be strongly 
discouraged  

•   Any possible ongoing source of infection 
at any level should be found and success-
fully treated  

•   The best possible liver and kidney metabo-
lism should be achieved in patients with 
renal and hepatic function impairments  

•   In patients with infected prosthesis and 
one or more general risk factors, the cor-
rect preoperative bacterial identifi cation 
(synovial fl uid aspiration and culture, 
WBC and neutrophil count) is mandatory 
to start the correct antibiotic treatment 
immediately (any previous antibiotic ther-
apy must be stopped at least 2 weeks 
before surgery)     

  During surgery:
•    The best available antibiotic prophylaxis 

must be used, in terms of drug choice, dos-
age, proper timing, and correct duration  

•   The quickest possible surgery must be 
encouraged, with the best hemostasis 
control  

•   The least invasive anesthetic technique 
possible should be used  

•   In infected patients many samples in differ-
ent tissues must be collected to improve the 
microbiological chance of correct bacterial 
identifi cation (if available the removed 
prosthesis sonication could be useful)     

  After surgery:
•    Good glycemic control must be maintained  
•   Good blood pressure level must be main-

tained to ensure heart and brain perfusion, 
as well as good surgical site blood supply  

•   Good liver and kidney perfusion must be 
maintained  

•   Good pain control must be achieved  
•   Strict control on blood tests must be 

stressed (hemoglobin level, white blood 
cells and platelet count, liver and kidney 
function, sodium, potassium, and calcium 
levels, coagulation parameters)  
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•   Careful monitoring of vital signs (body 
temperature and arterial peripheral blood 
O 2  saturation, heart rate to identify eventual 
atrial fi brillation correctly) must be done  

•   Quick and correct diagnosis and treatment 
of any postoperative general complications 
must be kept in mind  

•   In infected patients a good cooperation 
with microbiologists and infectious disease 
specialists is a milestone for giving them 
the best available treatment in terms of best 
choice of the antibiotic type, dosage, inter-
val between doses, route of administration, 
and duration of therapy  

•   In infected patients the type of follow-
up in terms of blood test control, treat-
ment, and clinical monitoring should be 
shared, informing them about possible side 
effects and the time needed for healing and 
reoperation       
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19.1             Introduction 

    In recent years and with the recognition of the 
importance of wound-related complications, 
more attention has been paid to surgical manage-
ment of wound-related problems following total 

joint arthroplasty. The surgical wound, besides 
its importance to the patient as a refl ection of 
what has occurred inside, plays an important role 
in eventual outcome of any surgical procedure. 
Wound-related problems can occur with a relative 
frequency. Most of these complications are usu-
ally minor and rarely require surgical  intervention. 
However, serious problems of surgical wound can 
lead to catastrophic situations, which will infl u-
ence adversely the fi nal outcome of the surgery. 
Complications such as wound dehiscence, skin-
edge necrosis, superfi cial infection, and delayed 
healing are associated with deep wound infection 
(Berbari et al.  1998 ) and increase the risk of peri-
prosthetic joint infection (PJI) up to 4 times over 
5 years after total knee replacement (Mortazavi 
et al.  2010 ). Furthermore, patient with successful 
treatment of superfi cial surgical wound infection 
should be closely followed up for any possibility 
of PJI in the future (Saleh et al.  2002 ). 

 Two models were proposed to explain the rela-
tionship between superfi cial surgical site infec-
tion (SSI) and PJI (Saleh et al.  2002 ). The fi rst 
model suggests that there are common risk factors 
that predispose the patients to both superfi cial 
wound and deep periprosthetic joint infections. In 
the second model, the relationship between 
 superfi cial SSI and PJI is causal in which superfi -
cial SSI creates a source of quiescent residual 
infection until an unknown factor triggers a pro-
cess that fi nally leads to deep infection. While 
these models are not mutually opposing, both 
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 Open Questions on Debated or Unanswered 

Issues 

•     What are the risk factors that can infl u-
ence the normal process of surgical 
wound healing?  

•   What wound-related problems are seri-
ous and require early intervention?  

•   What evidence is available regarding 
surgery- related factors and details of 
perioperative management in relation-
ship with surgical wound healing and 
complications?  

•   What are the best available strategies to 
approach wound-related complications 
such as dehiscence, hematoma, necro-
sis, or persistent drainage?    
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 emphasize the fact that any tactic that improves 
the process of wound healing and decreases the 
incidence of superfi cial SSI confers double bene-
fi t to the patients. The main focus in this chapter is 
on the factors that infl uence surgical wounds that 
are to heal by primary intention. Wounds that 
need to be closed by secondary intention should 
be considered in a different context.  

19.2     Prevention of Surgical 
Wound Complications 

 Prevention, elimination, or mitigation of risk fac-
tors that can potentially infl uence the normal pro-
cess of wound healing is probably the most 
effi cient method for avoiding infection. These 
factors can be related to the host or to the surgical 
intervention. However, if any complication 
related to surgical wound occurred, an appropri-
ate and timely management strategy would be of 
utmost importance for decreasing the risk of 
more serious complications particularly superfi -
cial and deep wound infection.  

19.3     Patient Optimization 

 Many risk factors for PJI may have direct or indi-
rect infl uence on the process of wound healing 
and local defense mechanisms against invading 
bacteria at the site of the surgical fi eld. The pre-
operative evaluation is an opportunity to identify 
high-risk patients. Recognition and optimization 
of risk factors can considerably reduce risk of PJI 
and promote the possibility of optimal patient 
recovery after surgery. 

19.3.1     Malnutrition 

 Poor nutritional status has been shown to delay 
wound healing through its negative infl uence on 
collagen and proteoglycan synthesis and subse-
quent wound remodeling (Greene et al.  1991 ). 
Malnutrition also interferes with immune system 
function. Malnutrition does not necessarily hap-
pen independently and can be associated with 

other comorbidities. It has been defi ned using 
 several indices, the most common of which are 
serum albumin less that 3.5 g/dL, serum transfer-
rin less than 200 mg/dL, and total lymphocyte 
count less than 1,500 per mm 3 . These indices in 
general are good indicators of protein defi ciency 
but do not indicate the state of calorie and vitamin 
defi ciency that can potentially be present in 
patients who are to undergo total joint arthroplasty 
(Nawabi et al.  2010 ). An increased rate of surgical 
wound complications has been observed in 
patients with perioperative nutritional depletion. 
Adequate nutritional reserve can lessen the adverse 
effects of catabolic state following a major surgery 
such as total joint arthroplasty (Lavernia et al. 
 1999 ). Malnutrition has been associated with 
increased surgical and anesthesia time and longer 
postoperative in-hospital stay (Lavernia et al. 
 1999 ; Gherini et al.  1993 ; Marín et al.  2002 ). 
Moreover, malnutrition was reported as a risk fac-
tor for failure of irrigation and debridement in the 
setting of persistent wound drainage following 
total joint replacement (Jaberi et al.  2008 ).  

19.3.2     Hyperglycemia and Diabetes 

 Hyperglycemia with or without diabetes mel-
litus is a recognized risk factor for suboptimal 
perioperative outcomes in nearly all surgical 
interventions, and improving glycemic levels has 
lowered the rate of perioperative complications 
(Umpierrez et al.  2012 ; Pomposelli et al.  1998 ). 
The link between hyperglycemia and the sus-
ceptibility to infection has been well established 
(Pozzilli and Leslie  1994 ). Uncontrolled glyce-
mia impairs local innate immune system mecha-
nisms through decreasing vascular permeability, 
oxygen delivery and redox reactions, neutrophil 
adherence, chemotaxis, phagocytosis, effi cacy of 
antibodies, function of complement components, 
and intracellular bactericidal activity (Dronge 
et al.  2006 ). Furthermore, surgical wound healing 
is a concern among diabetic patients as hyper-
glycemia delays collagen synthesis, and rates 
between 1.2 and 12 % have been reported for 
surgical wound-related complications in diabetic 
patients undergoing TKA (England et al.  1990 ; 
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Papagelopoulos et al.  1996 ; Serna et al.  1994 ; 
Yang et al.  2001 ). Debates exist regarding the 
best indicator of controlled glycemia. Fasting 
glucose level more than 200 mg/dL (10 mmol/L) 
and hemoglobin A1C >7 % have been most com-
monly used, but the former is just a real-time 
indicator of glucose levels and with the latter has 
not been consistently shown to be of value in the 
identifi cation of high-risk patients (Iorio et al. 
 2012 ; Adams et al.  2013 ).  

19.3.3     Smoking 

 Smoking is a general risk factor for complica-
tions following elective total joint replacement. 
Coexistence of chronic obstructive pulmonary 
disease, atherosclerosis, and other system-
atic comorbidities confounds the relationship 
between smoking and postoperative complica-
tions. Evidence shows smoking intervenes with 
wound healing (Galat et al.  2009 ) probably 
through impeding collagen synthesis and matu-
ration in subcutaneous tissue surrounding sur-
gical wounds (Jorgensen et al.  1998 ). Adequate 
oxygen supply is essential for healing of surgical 
wound and local defense against microorgan-
isms (Sørensen et al.  2009 ). Hypoxia negatively 
affects oxygen-dependent defense mechanisms 
in neutrophils (Hopf et al.  1997 ). Smoking can 
induce hypoxia through nicotine-induced release 
of catecholamines that leads to microvascular 
vasospasm and subcutaneous hypoperfusion. 
The same mechanism can cause platelet aggrega-
tion and formation of microthrombi. Moreover, 
inhaled carbon monoxide shifts the oxyhemo-
globin dissociation curve to the left (via forma-
tion of carboxyhemoglobin) and signifi cantly 
decreases oxygen delivery to the peripheral tis-
sues. Interestingly, smoking cessation programs 
6–8 weeks before elective hip or knee surgery 
have been effective in decreasing postoperative 
wound-related complications, especially infec-
tion (Thomsen et al.  2010 ; Møller et al.  2002 ). 
Although unfavorable infl uence of smoking on 
early postoperative complications seems to be 
evident, there are two long-term studies on smok-
ers who underwent total hip or knee replacement 

in which no association between smoking and 
PJI was found (Dowsey and Choong  2009 ; Khan 
et al.  2009 ).  

19.3.4     Alcohol Consumption 

 Frequent alcohol use may increase the risk for 
postoperative complications after arthroplasty 
(Harris et al.  2011 ), and excessive alcohol con-
sumption was associated with SSI and other post-
operative infectious complications in patients 
who underwent major noncardiac surgery 
(Bradley et al.  2011 ). Similar to smoking, it 
seems that many detrimental effects of alcohol 
consumption on the outcome of surgery happen 
during the perioperative period. However, the 
optimal period of cessation of alcohol consump-
tion has not been defi ned yet, and at least 4 weeks 
of abstinence has been proposed for recovery of 
physiologic abnormalities that place patients at 
increased risk of postoperative complications 
(Tonnesen et al.  1999 ). Patients should be 
 encouraged to decrease their level of alcohol con-
sumption during preoperative evaluation. 
Alcohol-dependent patients should be counseled 
for consideration of cessation programs before 
undergoing their elective surgery.  

19.3.5     Organ Insuffi ciency (Renal 
Disease, Liver Disease, 
and Immune System 
Dysfunction) 

 End-stage organ insuffi ciency can seriously infl u-
ence postoperative recovery of patients following 
elective major surgery. Studies reported occur-
rence of signifi cant morbidity and mortality, 
including infectious complications, in patients 
with end-stage kidney or liver disease (Hsieh 
et al.  2003 ; Sunday et al.  2002 ; Lieberman et al. 
 1995 ). On the other hand, the immune system can 
also be considered as an organ that has signifi cant 
contribution to the outcome of surgery both 
locally at the level of surgical wound or systemati-
cally. Many situations that cause immune  system 
dysfunction have been shown to impair surgical 
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wound healing and increase the risk of surgical 
site infection. These include malignancy (Berbari 
et al.  1998 ), chronic infl ammatory disorders such 
as rheumatoid arthritis (White et al.  1990 ), use of 
immunosuppressive medications (Wicke et al. 
 2000 ), and acquired immune defi ciency syndrome    
(AIDS) (Luck et al.  1996 ). The abovementioned 
associations can happen through multiple com-
plex pathophysiologic mechanisms. The presence 
of any organ failure can affect the function of 
other systems including repair mechanisms and 
local and systemic immune function. Nevertheless, 
they indicate the fact that maximum effort should 
be placed prior to the surgery to optimize patients 
with organ insuffi ciencies that per se do not con-
traindicate total joint replacement or anesthesia.  

19.3.6     Obesity 

 Retrospective studies reported that body mass 
index (BMI) over 35 kg/m 2  increased the risk of 
infection up to 4 and 7 times following Total Hip 
Arthroplasty (THA) and Total Knee Arthroplasty 
(TKA), respectively (Namba et al.  2005 ). Obese 
patients are at increased risk of postoperative sur-
gical wound complications. Poorly vascularized 
bulky subcutaneous fat tissue leads to lower oxy-
gen tension in the peri-incisional zone, which is 
not favorable for wound healing (Hopf et al.  1997 ). 
Wound dehiscence can occur due to increased sur-
face tension (Winiarsky et al.  1998 ; Guss and 
Bhattacharyya  2006 ). Moreover, due to extensive 
dissection required during surgery, prolonged 
wound drainage and formation of hematoma and 
seroma are more likely to occur (Patel et al.  2007 ). 
Also, local immune response in the surgical fi eld 
may be diminished in obese patients because of 
metabolic derangement. Prolonged surgical time 
due to intraoperative technical challenges can also 
increase the risk of PJI independently. Weight 
reduction strategies including modifi cation of diet 
and activity or even bariatric surgery along with 
correcting nutritional defi ciencies should be con-
sidered as part of patient optimization (Parvizi 
et al.  2000 ). However, excessive weight loss in a 
short period of time may induce a catabolic state 
that is unfavorable for perioperative recovery.  

19.3.7     Anticoagulation 

 Excessive anticoagulation can be an underlying 
factor for persistent surgical wound drainage, 
hematoma formation, and susceptibility for 
infection (Parvizi et al.  2007 ). Chronic anticoag-
ulation was found to be an independent risk fac-
tor for mortality after total joint replacement in a 
case-control study in which 38 patients who were 
reoperated because of hematoma after THA or 
TKA were matched with 117 patients without 
hematoma formation (Mortazavi et al.  2013 ). 
Higher rates of clinically important hemorrhagic 
complications were reported among patients tak-
ing injectable forms of low molecular weight 
heparin compared to oral warfarin (Colwell et al. 
 1999 ; Fitzgerald et al.  2001 ). Low molecular 
weight heparin was reported to signifi cantly pro-
long the time required for the surgical wound to 
become dry in comparison with a group of 
patients who received aspirin and mechanical 
foot compression and another group of patients 
who received warfarin. This difference existed 
until postoperative day 5 (Patel et al.  2007 ). 
Prophylactic warfarin was associated with greater 
likelihood of both superfi cial and deep surgical 
wound infections in one study comparing patients 
who received warfarin as preoperative thrombo-
prophylaxis for total joint arthroplasty with those 
who did not receive any form of thromboprophy-
laxis (Sachs et al.  2003 ). In those patients who 
receive warfarin as anticoagulant, an interna-
tional normalized ratio (INR) of 2–3 is usually 
the optimal range of anticoagulation. INR greater 
than 3 was signifi cantly associated with wound- 
related complications (such as bleeding, hema-
toma formation, persistent drainage) as well as 
deep PJI in two studies (Minnema et al.  2004 ; 
Parvizi et al.  2007 ). However, the optimal level of 
anticoagulation should probably be individual-
ized to diminish the likelihood of hemorrhagic, 
wound healing, and infectious complications.  

19.3.8     Active Cutaneous Lesions 

 The condition of the skin at the site of surgical 
incision is undoubtedly of utmost importance. 
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Elective total joint replacement should not be 
performed in the presence of active cutaneous 
lesions such as psoriasis and eczema. Previous 
studies have reported increased risk of surgical 
site infection in patients with psoriasis or eczema 
(Menon and Wroblewski  1983 ; Stern et al.  1989 ).   

19.4     Intraoperative Care 

 A considerable variety exists in the details of pro-
tocols that are routinely used in different institu-
tions. Similarly, substantial heterogeneity is 
found in the available evidence. While it might be 
diffi cult, if not impossible, to make defi nite con-
clusions due to this diversity, in some instances, 
signifi cant difference does not seem to exist 
among different methods or strategies that are 
already in common practice. 

19.4.1     Preoperative Skin Cleansing 
with Antiseptic Solutions 

 Although preoperative whole-body showering 
and skin cleansing with chlorhexidine gluconate 
on the night prior to surgery has been recom-
mended by Centers for Disease Control (CDC) 
(Mangram et al.  1999 ), strong evidence to prove 
the benefi t of this strategy in the prevention of 
surgical site infection does not exist (Webster 
et al.  2012b ; Johnson et al.  2010 ; Zywiel et al. 
 2011 ). Moreover, the available evidence does not 
clearly support the use of non-rinse skin decon-
tamination with chlorhexidine gluconate to 
decolonize methicillin-resistant  S. aureus  
(MRSA) (Karki and Cheng  2012 ). The methods 
for skin cleansing proposed in different studies 
vary considerably which makes it diffi cult to 
reach a conclusion for an evidence-based proto-
col. However, excessive preoperative washing is 
discouraged as it can cause skin irritation.  

19.4.2     Skin Preparation 

 Different methods exist for preparation of the 
skin, and in the lack of a methodologically sound 

prospective investigation, it is impossible to 
 recommend one solution over the other (Mangram 
et al.  1999 ). Both chlorhexidine gluconate and 
Betadine and other iodine-based antiseptics have 
been effective in the reduction of surgical site 
infection (Dumville et al.  2013 ), and literature is 
inconsistent in terms of one being better than the 
other (Darouiche et al.  2010 ; Swenson et al. 
 2009 ). Anyhow, alcohol should be considered as 
part of the antiseptic solution since it is an effec-
tive rapidly acting (yet of short duration) antisep-
tic solution. Hair removal should be performed 
only if the hair at the site of incision site inter-
feres with the surgery (Mangram et al.  1999 ). If 
hair removal is necessary, it should be done in the 
hospital, yet out of the operating room and as 
close to the time of surgery as possible since 
early hair removal has been correlated with 
increased risk of infection (Alexander et al. 
 1983 ). Clippers are preferred because they have 
been more effective in randomized prospective 
studies in reducing surgical site infection com-
pared to razors (Tanner et al.  2011 ).  

19.4.3     Draping 

 There is wide variation in clinical practice for 
draping. The use of sticky U-drapes to isolate the 
perineum has been in practice for decades, but 
there is no evidence regarding their infl uence on 
and cost-effi ciency for the prevention of SSI or 
PJI. Evidence regarding comparison of disposable 
or reusable drapes is only experimental, using 
models that do not resemble real-life conditions. 
Passage of bacteria through dry drapes does hap-
pen. However, it will be enhanced when wetted by 
normal saline or blood and diminished when wet-
ted by antiseptic solutions. Moreover, other fac-
tors such as pressure, friction, and contact time 
with the contaminated material should also be 
taken into consideration (Blom et al.  2002 ; 
Laufman et al.  1979 ). Disposable drapes consid-
erably decrease the load of passing bacteria and 
therefore resist better than woven drapes to bacte-
rial penetration (Blom et al.  2000 ), but they are 
not completely impermeable (Blom et al.  2007 ). 
Two randomized trials compared the  incidence of 
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SSI as their main outcome with use of reusable or 
disposable draping in elective abdominal surgery 
and coronary artery bypass graft surgery and did 
not fi nd any signifi cant difference (Bellchambers 
et al.  1999 ; Garibaldi et al.  1986 ). 

 Incise draping can be clear or impregnated with 
iodine-based antiseptic solutions. They are utilized 
on already prepped surgical sites to provide addi-
tional protection and address the concern about 
recolonization of the skin with the normal fl ora 
(Jacobson et al.  2005 ; Johnston et al.  1987 ). The 
use of incise drapes alone as a substitute for con-
ventional skin preparation is not recommended 
since bactericidal action of iodine-containing 
incise drapes was inferior to conventional skin 
preparation solutions such as Betadine (Lewis 
et al.  1984 ). The use of non- impregnated drapes 
was questioned in a recent study for facilitating 
recolonization of skin fl ora in one study (Falk-
Brynhildsen et al.  2013 ), in contrast to another 
similar older study that reported no multiplication 
or migration of bacteria beneath the plastic drape 
(French et al.  1976 ). While it has been shown that 
impregnated incise drapes decrease the recoloni-
zation rate of skin fl ora in clean and clean-contam-
inated surgeries measured by colony-forming 
units (Fairclough et al.  1986 ; Chiu et al.  1993 ), 
clinical studies of adequate size and quality are 
missing, leading to confusing conclusions on the 
prevention of SSI (Webster and Alghamdi  2013 ). 
Another important issue is the infl uence of method 
of skin preparation on drape adhesion. Separation 
of incise drapes from the skin has been associated 
with 6-fold increase in skin contamination 
(Alexander et al.  1985 ). A prospective RCT on 
patients with TJA confi rmed that DuraPrep solu-
tion was associated with better drape adhesion 
than povidone- iodine scrub and paint. However, 
there was no difference in skin contamination 
between the two groups, although DuraPrep was 
associated with slightly lower rate of contamina-
tion (Jacobson et al.  2005 ). 

19.4.3.1     Surgical Wound Management 
 Undermining of the skin should be avoided. 
Tissues should be handled gently during surgery 
and the procedure should be performed 
expeditiously.  

19.4.3.2     Intraoperative Irrigation 
 Irrigation has the advantage of diluting and 
 physically removing the contaminants and non-
viable tissues from the surgical site (Bratzler 
et al.  2013 ). There are several different meth-
ods for irrigation including the type of solution, 
volume of irrigation delivering systems, and 
fi nally type of surgical procedure being done, 
with each being able to infl uence other factors, 
making defi nition of an ideal irrigation protocol 
diffi cult. As an example, increasing the volume 
of the irrigation solution removes more bacteria 
and particulate matter, but this effect plateaus 
depending on the delivery system (Niki et al. 
 2007 ). Furthermore, the conclusions of studies 
regarding irrigations in clean-contaminated gas-
trointestinal surgeries or interventions for open 
fractures are not totally expandable to a clean 
surgical fi eld like arthroplasty. In one study in 
which pulsatile lavage with normal saline was 
used after cemented TKA, the authors collected 
all particles larger than 1 μm (most of bacteria) 
after each liter of irrigation and found that irri-
gation beyond four liters did not remove further 
particles (Niki et al.  2007 ). Generally irrigation 
with pressures below 15 psi (103.4 kPa) and over 
35 psi (241.3 kPa) are considered low- and high-
pressure lavage, respectively, although the defi ni-
tion of high- and low-pressure irrigation has not 
been standardized yet (Hassinger et al.  2005 ). An 
appropriate cutoff point for high-pressure lavage 
is yet to be defi ned, and interestingly studies sug-
gest that even lavage pressures that were consid-
ered to be too low to have macroscopic infl uence 
may still have an effect on bone marrow mesen-
chymal cells and direct them to differentiate into 
adipocyte tissues, thus declining the content of 
osteoblasts in the marrow (Bhandari et al.  1999 ). 
High-pressure pulsatile lavage may have poten-
tial benefi ts of being time-saving and effective 
in removal of necrotic tissue and debris and 
offering better mechanical stability of cemented 
arthroplasty by allowing better cement penetra-
tion in cancellous bone tissue (Seeger et al.  2013 ; 
Kalteis et al.  2007 ). However, concerns exist 
regarding its mechanical damage to the tissues, 
propagation of bacteria into the deeper layers, 
and negative infl uence on healing and new bone 
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formation (Hassinger et al.  2005 ; Polzin et al. 
 2006 ; Dirschl et al.  1998 ). Strong clinical evi-
dence is lacking. However, a prospective RCT 
showed pulsatile lavage in comparison with nor-
mal lavage by syringe or jug was associated with 
a lower incidence of PJI after cemented hemiar-
throplasty for hip fracture (3/164 versus 10/192 
for pulsatile and syringe lavage groups, respec-
tively) (Hargrove et al.  2006 ). In another study, 
the use of high-pressure pulsatile lavage during 
open debridement for the treatment of acute 
orthopedic implant infections (mainly TKA, 
THA, and hip hemiarthroplasty) was associated 
with a similar success rate compared with the 
conventional manual low-pressure lavage ( n  = 79) 
(Muñoz- Mahamud et al.  2011 ). .  High-pressure 
pulsatile lavage should perhaps be reserved for 
severely contaminated wounds. Low-pressure 
irrigation should probably be suffi cient if con-
tamination is minimal (Bhandari et al.  1999 ). 
Detergents such as castile soap or benzalkonium 
chloride are effective decontaminators because of 
their surface- active properties which act by dis-
rupting hydrophobic and electrostatic forces and 
limit the ability of bacteria to bind to soft tissue 
and bone (Anglen et al.  2003 ). Weak evidence is 
available for the benefi t of irrigation with diluted 
Betadine solution before closure of the surgical 
wound. However, no deleterious infl uence on 
wound healing or any other major adverse effects 
have been associated with their use. Concerns for 
its potential chondrocytotoxicity are only sup-
ported by experimental evidence. Lower concen-
trations (0.35–0.5 %) with a short time of lavage 
might avoid potential chondrocytotoxic effects 
in partial knee arthroplasty. Evidence regarding 
wound irrigation with antibiotic solutions mainly 
comes from non-orthopedic surgical specialties 
with clean-contaminated surgeries. Most of the 
RCTs found that adding antibiotics to irrigation 
solutions did not decrease the incidence of SSI 
signifi cantly in comparison with irrigation with 
normal saline solution (Greig et al.  1987 ; Rambo 
 1972 ; Schein et al.  1990 ; Sherman et al.  1976 ) 
and their fi ndings have also been supported 
by experimental studies (Conroy et al.  1999 ). 
Further high-level evidence with SSI or PJI as 
endpoints is required to evaluate the effi cacy and 

potential adverse effects of local irrigation with 
antibiotic solutions on the surgical site.   

19.4.4     Optimal Closure 

 Optimal closure consists of minimizing bacterial 
contamination and dead space while maximizing 
blood fl ow. One investigation measured blood 
fl ow on either sides of abdominal incisions of 
uninjured skin with different suturing techniques 
and found higher blood fl ow in wounds closed 
with subcuticular sutures (Zografos et al.  1992 ). 
However, there is no strong evidence demonstrat-
ing clear superiority of one method of closure 
over the others. Layered closure with monofi la-
ment suture is recommended consisting of sepa-
rate closure of the fascia along with subcuticular 
closure. Topical skin adhesive can also be applied 
at the end of the closure. Most of the studies com-
paring methods of closure are underpowered, 
have used inadequate defi nitions for surgical site 
infection, and have not taken into consideration 
the host factors for wound healing. A meta- 
analysis comparing clinical outcomes of staples 
versus sutures in orthopedic surgery found a sig-
nifi cantly higher risk of developing wound infec-
tion in the wounds closed with staples in 
comparison with sutures (17/350 versus 3/333 
superfi cial or deep infections for staples and 
sutures, respectively). In this study, six small- 
sized RCTs were included, fi ve of which were 
conducted on patients undergoing hip surgery, 
and unfortunately, their defi nition of superfi cial 
and deep infections was not distinguishable. 
Anyhow, it should be considered that staples can 
potentiate wound complications in the presence 
of necrotic tissue, hematoma, and dead space. 
Moreover, surgical wounds in arthroplasty par-
ticularly in TKA require a method of closure with 
adequate strength to overcome mechanical ten-
sion. Tissue adhesives such as (2-octyl or 
n-butyl-2 or OCA) have also been added to 
wounds closed with sutures. One trial including 
90 patients with TKA found that patients with 
staple had longer hospital stay in comparison 
with sutures alone or sutures combined with 
OCA (Eggers et al.  2011 ). Another RCT in 
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patients with TKA and THA found that although 
wound drainage was less in patients with OCT 
compared with staples or sutures alone, the use of 
OCT was associated with prolonged wound 
drainage in the TKA subgroup (Khan et al.  2006 ). 
A Cochrane meta-analysis regarding the effects 
of various tissue adhesives and conventional skin 
closure techniques (staples, sutures, and tapes) 
on the healing of surgical wounds concluded 
there is inadequate evidence to support or dis-
prove the use of tissue adhesive for the purpose of 
obtaining better outcome in terms of dehiscence, 
satisfaction with cosmetic appearance, patients’ 
and surgeons’ general satisfaction, or infection 
(Coulthard et al.  2010 ). 

 Autologous blood-derived products such as 
platelet gel and fi brin sealant have recently been 
proposed for application at the end of surgery. 
However, there is not adequate evidence for mak-
ing a confi dent conclusion regarding their effec-
tiveness. Small-sized randomized clinical trials 
showed their use in TKA (Everts et al.  2006 ) and 
in THA (Lassen et al.  2006 ) was associated with 
lower incidence of wound leakage, wound heal-
ing disturbance, surgical site infection, and blood 
transfusion. One review included six trials that 
studied the use of fi brin sealants in orthopedic 
surgery (Carless et al.  2003 ) and found that the 
use of fi brin sealant was associated with a reduced 
postoperative blood loss on average around 
223 mL per patient and reduced the risk of expo-
sure to allogeneic red blood cell transfusion by 
32 % without any infl uence on wound infection 
or hematoma formation.  

19.4.5     Drains 

 There is no evidence to demonstrate that use of 
closed drains increases the risk of SSI/PJI follow-
ing TJA. There is no conclusive evidence for the 
optimal timing of drain removal. Based on a 
Cochrane meta-analysis and systematic review 
encompassing various orthopedic procedures 
including total joint replacement, use of drains 
was not associated with any difference in hema-
toma formation or incidence of SSI. However, 
their use was associated with higher blood loss 

and transfusion rate (Parker et al.  2007 ). Most of 
the drainage of the surgical site occurs in the fi rst 
24 h after the surgery. Leaving drains for more 
prolonged time will be of no benefi t and only 
increases the risk of bacterial colonization 
(Zamora-Navas et al.  1999 ) which can be a 
potential risk factor for surgical site infection 
(Felippe et al.  2007 ).  

19.4.6     Optimal Dressing 
Characteristics 

 An ideal dressing is expected to have the follow-
ing characteristics: it should be  permeable  since 
moist wound environment promotes healing. 
Nevertheless, excessive moisture predisposes 
wounds to maceration and blister formation; it 
should provide an adequate  physical barrier  to 
prevent microbial ingress into the wound. It 
should also be waterproof from outside to allow 
showering early after the surgery; it should be 
 occlusive  because hypoxic environment acceler-
ates angiogenesis and promotes repair and non-
occlusive dressings would not be able to maintain 
such an environment for wound healing; it should 
also be  nonadherent to the wound bed  for 
patient’s comfort and ease of removal so it can 
eliminate the need for analgesics during dressing 
change. Moreover, an optimal dressing should be 
adequately  thick  in order to decrease the need for 
frequent changes and risk of exposure of the 
wound. Finally, the design of the dressing should 
be  simple  enough for the ease of family members 
or caretakers.  

19.4.7     Modern Dressings Versus 
Traditional Gauze Dressings 

 Hydrofi ber dressing (such as Aquacel) absorbs 
the exudate and swell. A fi brin layer is formed 
between the dressing and the wound, acting as an 
extra physical barrier for the surgical wound. 
Based on a rat model, it seems that hydrofi ber 
dressings provide a selective barrier for infl am-
matory cells (Hoekstra et al.  2002 ). 
Polymorphonuclear (PMN) cells that are mainly 
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responsible for defense could infi ltrate hydrofi ber 
dressing and remain active even when they were 
captured, resulting in a reduced number of PMN 
cells in the wounds in comparison with tradi-
tional dressings (adhesive dressing with an inte-
gral absorbent pad). However, although 
macrophages (which have a more reparative role) 
infi ltrated in the wound bed, they could not be 
found in the dressing. Two prospective studies 
including one randomized clinical trial (Burke 
et al.  2012 ) and a prospective clinical audit 
(Clarke et al.  2009 ) showed that occlusive dress-
ings secured with hydrocolloid have a lower inci-
dence of blister formation, leakage, dressing 
changes, delayed discharge, and SSI rate while 
providing longer wear time in comparison to tra-
ditional gauze dressings. A trend for shorter hos-
pital stay was also reported for hydrocolloid 
occlusive dressings. The addition of silver has 
been suggested to better control the infection and 
promote wound healing mainly in diabetic ulcers, 
venous insuffi ciency ulcers, and other contami-
nated types of wounds including complicated 
surgical wounds, but its role in noncomplicated 
surgical wounds that are to be healed by primary 
intention is less clear.   

19.5     Postoperative Care 
of Surgical Wound 

19.5.1     Frequency of Dressing 
Change 

 Frequent changing of dressing exposes the 
wound to exogenous bacteria and is a risk factor 
for surgical site infection. Mitotic cell division 
and leukocyte activity are critical for wound 
healing and increase with the use of occlusive 
dressing. After dressing changes, it takes 3–4 h 
for these activities to resume. With increasing 
risk of nosocomial infection (particularly MRSA 
infection), uncomplicated wounds may be better 
served with limited wound exposure in high-risk 
 environments such as hospitals, rehabilitation 
facilities, and skilled nursing facilities. We rec-
ommend the fi rst dressing be changed at 7 days 

after surgery, and during this time, the wound 
should not be exposed to the environment. 
Moreover, pain and discomfort associated with 
dressing change can be avoided. The patient can 
shower immediately after surgery with modern 
occlusive dressings, and unless strikethrough 
happened, dressing change would not be 
required. The importance of patient education 
should also be considered. This is especially 
important in patients undergoing TKA, whose 
dressings are continuously under their vision. 
Patients may become concerned and assume the 
dressing should be changed just because it 
appears to be soaked.   

19.6     Wound-Related 
Complications 

19.6.1     Hematoma 

 Several factors can contribute to hematoma for-
mation including inadequate hemostasis during 
surgery, underlying coagulopathy, and adminis-
tration of anticoagulants. Hematomas usually 
resorb without any associated adverse event 
(Fitzgerald et al.  2001 ), but when large enough, 
they should be considered as serious complica-
tion which can lead to surgical wound problems 
such as skin necrosis and persistent wound drain-
age (Stern et al.  2000 ). Furthermore, they can 
limit the access of antibiotics to surgical fi eld. A 
study reported that hematoma, despite adequate 
treatment, was an independent risk factor for 
adverse outcomes and increasing morbidity and 
mortality (Mortazavi et al.  2013 ). The same study 
defi ned perioperative anticoagulation, blood loss, 
administration of fresh frozen plasma and vita-
min K, and hormonal therapy as independent pre-
dictors for hematoma formation. Other 
investigations showed it increases the risk of PJI 
with 2-year cumulative probability of 10.8 % in 
comparison with 0.8 % in patients without hema-
tomas requiring surgery (Galat et al.  2008 ). The 
surgeon should have low threshold for irrigation 
and debridement if hematoma is large, active, 
and associated with drainage.  
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19.6.2     Persistent Drainage 
of Surgical Wound 

 Persistent postoperative wound drainage has 
been shown to be associated with deep infec-
tion after total joint arthroplasty (Saleh et al. 
 2002 ; Parvizi et al.  2007 ). It has been reported 
that if the surgical wound continues to drain 
more than 5–7 days, it is 12.5 times more likely 
to develop infection (Saleh et al.  2002 ). A ret-
rospective study found that with every addi-
tional day of prolonged drainage, the probability 
for infection is substantially increased by 42 % 
in hips and 29 % in knees (Patel et al.  2007 ). As 
the surgical wound continues to drain, the hos-
pital stay is also extended which is another risk 
factor for nosocomial infections and overall 
adverse outcome (Dennis  1997 ; Patel et al. 
 2007 ). A clear defi nition for persistent postop-
erative wound drainage does not exist, and 
 different defi nitions in terms of volume of the 
drainage exudate and its duration have been 
described. Expressions such as “discharge from 
the wound”, “strikethrough of dressing of the 
surgical wound” (Jaberi et al.  2008 ), and “area 
of soaking the covering dressing greater than of 
2 × 2 cm 2 ” (Patel et al.  2007 ) have been utilized 
to describe the warning limit for the volume of 
surgical wound drainage. A duration of 48 hr 
(Saleh et al.  2002 ) up to 1 week (Dennis  1997 ). 
However, continuous drainage for more than 
72 h seems to be a reasonable and practical def-
inition as it allows for early intervention to 
limit adverse consequences. Risk factors asso-
ciated with prolonged wound drainage are 
numerous. Higher volume of drain output is an 
independent factor (Patel et al.  2007 ). 
Conditions that intervene with wound healing 
(i.e., diabetes mellitus, rheumatoid arthritis, 
malnutrition, immune-modifying medications, 
smoking, advanced age, and obesity) can poten-
tially predispose the patients to worrisome 
wound drainage (Galat et al.  2009 ). 
Postoperative antithrombotic prophylaxis with 
low molecular weight heparin has been associ-
ated with longer drainage in comparison with 
aspirin and warfarin (Patel et al.  2007 ). 

 Swab sampling is not recommended. It is an 
inexpensive and easy-to-use method but has high 
risk of contamination (false positives). Moreover, 
microorganism growth inhibition, poor specimen 
volume, and bacterial adherence can occur with 
swab sampling and result in false-negative results. 

 If persistent drainage happens, observation is 
not an appropriate strategy. As stated before, 
lengthier drainage is associated with higher risk 
of PJI. Blind use of antibiotics should be avoided 
because they can mask the symptoms and signs 
of an underlying infection. Moreover, they may 
reduce the chance of isolation of the causative 
bacteria via microbiologic culture of synovial 
fl uid samples.  

19.6.3     Negative-Pressure Wound 
Therapy (NPWT) 

 Although high-quality and adequately powered 
evidence regarding NPWT is still lacking, there 
is no evidence for the effectiveness of NPWT on 
the complete healing of wounds that are expected 
to heal by primary intention (Webster et al. 
 2012a ). A prospective RCT has shown that 
NPWT decreases the size of seroma when used 
for patients with large surgical wounds after THA 
(Pachowsky et al.  2012 ). Another retrospective 
study on patients who received NPWT due to 
persistent wound drainage after THA reported 
76 % of patients required no further intervention 
(Hansen et al.  2013 ). The same study also found 
that international normalized ratio level greater 
than 2, greater than one prior to hip surgery, and 
device application greater than 48 h were risk 
factors for failure of NPWT application. It seems 
that NPWT can be a reasonable option for 
patients at high risk for postoperative drainage 
such as obese patients with large incisions or 
wounds of revision surgery. We usually use 
75–100 mmHg of suction pressure on continuous 
mode for 48 h. 

 Cutoff point for the best time for surgical 
intervention is diffi cult to defi ne, particularly 
because various factors should be taken into con-
sideration to indicate surgery. Patient-related 
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 factors are general health status, the underlying 
comorbid conditions (especially malnutrition), 
and patient’s preference. Other factors to be con-
sidered are amount of blood loss and anticoagu-
lation status of the patient. If persistent drainage 
seems to be more concerning, lower threshold for 
performing irrigation and debridement is recom-
mended and it has been suggested to be treated as 
infection (Vince and Abdeen  2006 ). Early 
 surgical intervention at 5–7 days after the index 
arthroplasty has been demonstrated to have better 
outcome than later surgery (Jaberi et al.  2008 ; 
Saleh et al.  2002 ). Adequate samples for micro-
biologic culture should be taken. If complete clo-
sure of the wound is not possible, NPWT can be 
utilized during immediate postoperative period 
followed by later plastic surgery intervention for 
defi nitive closure of the wound. According to a 
registry-based study of TKA patients, patients 
who undergo early surgical intervention due to 
wound complication of their index arthroplasty 
procedure have 6 % chance for developing deep 
infection and 5.3 % chance for undergoing 
another major surgery (component removal, plas-
tic surgery for wound coverage, or amputation) 
within 2 years (Galat et al.  2009 ). 

 Our recommendation in the situation of per-
sistent wound drainage consists of maintaining 
range of motion exercises (particularly in TKA), 
application of compressive wrap if no signs or 
symptoms of infection exist, and local wound 
care. If available, NPWT can also be considered. 
Anyhow, the threshold for reoperation of a con-
tinuously draining wound should be low, and if 
the drainage persists for more than 5 days, the 
patient should be taken to the OR for surgical 
inspection of the wound. The procedure should 
include opening the fascia, taking adequate sam-
ples for microbiologic culture, irrigation and 
debridement, exchange of modular components, 
and meticulous closure. Parenteral prophylactic 
antibiotics should be administered as usual. 
However, they should be extended for 6 weeks if 
there is adequate evidence for infection. NPWR 
can be considered if adequate closure is impos-
sible with considering further surgery of skin 
coverage when drainage is controlled and 

 infection is excluded or controlled. Early 
 intervention was shown to be successful in 76 % 
of the cases, though in 24 % patients required fur-
ther surgical interventions (Jaberi et al.  2008 ). 
Moreover, irrigation and debridement with poly-
ethylene exchange has considerably high failure 
rate in acute PJI, with one study reporting failure 
in 57 % of cases in which further surgeries or 
lifelong suppressive antibiotic therapy was 
required (Gardner et al.  2011 ).  

19.6.4     Skin Blistering 

 Blistering can be attributed to movement between 
the skin and dressing over time. Its formation 
depends on the dressing type and technique and 
soft tissue edema. Some patients may be more 
susceptible to blister formation due to underlying 
dermatological, vascular, or allergic disorders. 
Although blister exudate is sterile, it can rapidly 
become contaminated with skin fl ora after rup-
ture (Varela et al.  1993 ). Blisters precipitate the 
breakdown of the epithelial barrier layer of the 
skin and increase the risk of developing local 
infection. Also, blisters are a source of discom-
fort for the patients and may require dressing 
changes, extra nursing care, and sometimes pro-
longed hospital stay (Abuzakuk et al.  2006 ). 
Small blisters (less than 5 mm) should be 
observed. Adequate protection might be the only 
strategy required for small blisters. Larger blis-
ters should be drained in a sterile fashion, but it is 
recommended to leave the blister roof intact to 
function as barrier. After draining, the skin should 
be cleansed using an antibacterial solution and 
hydrocolloid dressing, or antibacterial ointment 
should be applied to cover the skin particularly if 
the blister has become unroofed (Knapik et al. 
 1995 ). There is no evidence to support the use of 
systemic antibiotic for apparently uninfected 
blisters. If the blister fl uid seems to be purulent or 
surrounding cellulitis exists, the blister should be 
unroofed and drained completely and then 
cleansed with an antibacterial solution followed 
by a short course of systemic antibiotics with fre-
quent examination of the skin (Brennan  2002 ).  
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19.6.5     Skin Necrosis 

 Superfi cial soft tissue necrosis requires debride-
ment. If less than 3 cm, consider local care versus 
delayed closure; if more than 3 cm, soft tissue 
coverage is required which can be split thickness 
skin grafts or fascio-cutaneous fl aps. For full- 
thickness necrosis, immediate debridement 
should be performed. Unfortunately, secondary 
closure often fails and vascular tissue transfer 
should be considered to cover the defect.       

   References 

       Abuzakuk TM et al (2006) The management of wounds 
following primary lower limb arthroplasty: a prospec-
tive, randomised study comparing hydrofi bre and cen-
tral pad dressings. Int Wound J 3(2):133–137  

    Adams AL et al (2013) Surgical outcomes of total knee 
replacement according to diabetes status and glycemic 
control. J bone Joint Surg Am 95(6):481–487  

    Alexander JW et al (1983) The infl uence of hair-removal 
methods on wound infections. Arch Surg (Chicago, 
Ill: 1960) 118(3):347–352  

    Alexander JW, Aerni S, Plettner JP (1985) Development 
of a safe and effective one-minute preoperative skin 
preparation. Arch Surg (Chicago, Ill: 1960) 120(12):
1357–1361  

    Anglen JO et al (2003) The use of detergent irrigation for 
musculoskeletal wounds. Int Orthop 27(1):40–46  

    Bellchambers J et al (1999) A prospective study of wound 
infection in coronary artery surgery. Eur J Cardio-
thoracic Surg 15(1):45–50  

     Berbari EF et al (1998) Risk factors for prosthetic joint 
infection: case-control study. Clin Infect Dis 27(5):
1247–1254  

     Bhandari M et al (1999) High and low pressure pulsatile 
lavage of contaminated tibial fractures: an in vitro 
study of bacterial adherence and bone damage. 
J Orthop Trauma 13(8):526–533  

    Blom A et al (2000) The passage of bacteria through sur-
gical drapes. Ann R Coll Surg Engl 82(6):405–407  

    Blom AW et al (2002) Bacterial strike-through of re- 
usable surgical drapes: the effect of different wetting 
agents. J Hosp Infect 52(1):52–55  

    Blom AW et al (2007) Resistance of disposable drapes to 
bacterial penetration. J Orthop Surg (Hong Kong) 
15(3):267–269  

    Bradley KA et al (2011) Alcohol screening and risk of 
postoperative complications in male VA patients 
undergoing major non-cardiac surgery. J Gen Intern 
Med 26(2):162–169  

    Bratzler DW et al (2013) Clinical practice guidelines for 
antimicrobial prophylaxis in surgery. Am J Health 
Syst Pharm 70(3):195–283  

    Brennan FH Jr (2002) Managing blisters in competitive 
athletes. Curr Sports Med Rep 1(6):319–322  

    Burke NG et al (2012) A prospective randomised study 
comparing the jubilee dressing method to a standard 
adhesive dressing for total hip and knee replacements. 
J Tissue Viability 21(3):84–87  

   Carless PA, Henry DA, Anthony DM (2003) Fibrin seal-
ant use for minimising peri-operative allogeneic blood 
transfusion. Cochrane Database Syst Rev (Online) 
(2):CD004171  

    Chiu KY et al (1993) Plastic adhesive drapes and wound 
infection after hip fracture surgery. Aust N Z J Surg 
63(10):798–801  

    Clarke JV et al (2009) A prospective clinical audit of a 
new dressing design for lower limb arthroplasty 
wounds. J Wound Care 18(1):5–8, 10–11  

    Colwell CW Jr et al (1999) Comparison of enoxaparin 
and warfarin for the prevention of venous thrombo-
embolic disease after total hip arthroplasty. 
Evaluation during hospitalization and three months 
after discharge. J Bone Joint Surg Am 81(7):
932–940  

    Conroy BP et al (1999) Comparison of castile soap, ben-
zalkonium chloride, and bacitracin as irrigation solu-
tions for complex contaminated orthopaedic wounds.
 J Orthop Trauma 13(5):332–337  

 Key Points 

•     Patients should be optimized prior to 
total joint arthroplasty to minimize the 
risk of postoperative complications and 
improve the fi nal outcome.  

•   Recognition and treatment of potential 
risk factors for surgical wound compli-
cations is of utmost importance. 
However, debates regarding the defi ni-
tion of some of these risk factors and 
their most effi cient management strate-
gies still exist.  

•   A number of perioperative details can 
infl uence wound healing. While debate 
exists regarding which strategy is most 
effi cient, surgeons should adapt their 
routine care based on the most updated 
evidence and available resources.  

•   Surgical wound-related complications 
should not be underestimated, and the sur-
geon should adopt a reasonable evidence-
based approach in case of their occurrence. 
More evidence is required to develop a 
balanced strategy to avoid excessively 
aggressive or negligent attitude.    

P. Alijanipour and J. Parvizi



231

   Coulthard P et al (2010) Tissue adhesives for closure of 
surgical incisions. Cochrane Database Syst Rev 
(Online) (5):CD004287  

    Darouiche RO et al (2010) Chlorhexidine-alcohol versus 
povidone-iodine for surgical-site antisepsis. N Engl J 
Med 362(1):18–26  

     Dennis DA (1997) Wound complications in total knee 
arthroplasty. Instr Course Lect 46:165–169  

    Dirschl DR et al (1998) High pressure pulsatile lavage 
irrigation of intraarticular fractures: effects on fracture 
healing. J Orthop Trauma 12(7):460–463  

    Dowsey MM, Choong PFM (2009) Obese diabetic 
patients are at substantial risk for deep infection after 
primary TKA. Clin Orthop Relat Res 467(6):
1577–1581  

    Dronge AS et al (2006) Long-term glycemic control and 
postoperative infectious complications. Arch Surg 
(Chicago, Ill: 1960) 141(4):375–380; discussion 380  

   Dumville JC et al (2013) Preoperative skin antiseptics for 
preventing surgical wound infections after clean sur-
gery. Cochrane Database Syst Rev (3):CD003949  

    Eggers MD, Fang L, Lionberger DR (2011) A comparison 
of wound closure techniques for total knee arthro-
plasty. J Arthroplasty 26(8):1251–1258.e1–4  

    England SP et al (1990) Total knee arthroplasty in diabe-
tes mellitus. Clin Orthop Relat Res 260:130–134  

    Everts PM et al (2006) Platelet gel and fi brin sealant 
reduce allogeneic blood transfusions in total knee 
arthroplasty. Acta Anaesthesiol Scand 50(5):593–599  

    Fairclough JA, Johnson D, Mackie I (1986) The preven-
tion of wound contamination by skin organisms by 
the pre-operative application of an iodophor impreg-
nated plastic adhesive drape. J Int Med Res 14(2):
105–109  

    Falk-Brynhildsen K et al (2013) Bacterial colonization of 
the skin following aseptic preoperative preparation 
and impact of the use of plastic adhesive drapes. Biol 
Res Nurs 15(2):242–248  

    Felippe WAB, Werneck GL, Santoro-Lopes G (2007) 
Surgical site infection among women discharged with 
a drain in situ after breast cancer surgery. World J Surg 
31(12):2293–2299; discussion 2300–2301  

     Fitzgerald RH et al (2001) Prevention of venous thrombo-
embolic disease following primary total knee arthro-
plasty. A randomized, multicenter, open-label, 
parallel-group comparison of enoxaparin and warfa-
rin. J Bone Joint Surg Am 83-A(6):900–906  

    French ML, Eitzen HE, Ritter MA (1976) The plastic sur-
gical adhesive drape: an evaluation of its effi cacy as a 
microbial barrier. Ann Surg 184(1):46–50  

    Galat DD et al (2008) Early return to surgery for evacua-
tion of a postoperative hematoma after primary total 
knee arthroplasty. J Bone Joint Surg Am 90(11):
2331–2336  

      Galat DD et al (2009) Surgical treatment of early wound 
complications following primary total knee arthro-
plasty. J Bone Joint Surg Am 91(1):48–54  

    Gardner J, Gioe TJ, Tatman P (2011) Can this prosthesis 
be saved?: implant salvage attempts in infected pri-
mary TKA. Clin Orthop Relat Res 469(4):970–976  

    Garibaldi RA et al (1986) Comparison of nonwoven and 
woven gown and drape fabric to prevent intraoperative 
wound contamination and postoperative infection. Am 
J Surg 152(5):505–509  

    Gherini S et al (1993) Delayed wound healing and nutri-
tional defi ciencies after total hip arthroplasty. Clin 
Orthop Relat Res 293:188–195  

    Greene KA, Wilde AH, Stulberg BN (1991) Preoperative 
nutritional status of total joint patients. Relationship to 
postoperative wound complications. J Arthroplasty 
6(4):321–325  

    Greig J et al (1987) Wound sepsis after colorectal surgery: 
the effect of cefotetan lavage. Chemioter Int J Mediterr 
Soc Chemother 6(2 Suppl):595–596  

    Guss D, Bhattacharyya T (2006) Perioperative manage-
ment of the obese orthopaedic patient. J Am Acad 
Orthop Surg 14(7):425–432  

    Hansen E et al (2013) Negative pressure wound therapy is 
associated with resolution of incisional drainage in 
most wounds after hip arthroplasty. Clin Orthop Relat 
Res 471(10):3230–3236  

    Hargrove R et al (2006) Does pulse lavage reduce hip 
hemiarthroplasty infection rates? J Hosp Infect 
62(4):446–449  

    Harris AHS et al (2011) Preoperative alcohol screening 
scores: association with complications in men under-
going total joint arthroplasty. J Bone Joint Surg Am 
93(4):321–327  

     Hassinger SM, Harding G, Wongworawat MD (2005) 
High-pressure pulsatile lavage propagates bacteria 
into soft tissue. Clin Orthop Relat Res 439:27–31  

    Hoekstra MJ et al (2002) A histological comparison of 
acute infl ammatory responses with a hydrofi bre or 
tulle gauze dressing. J Wound Care 11(3):113–117  

     Hopf HW et al (1997) Wound tissue oxygen tension pre-
dicts the risk of wound infection in surgical patients. 
Arch Surg (Chicago, Ill: 1960) 132(9):997–1004; dis-
cussion 1005  

    Hsieh PH et al (2003) Hip arthroplasty in patients with 
cirrhosis of the liver. J Bone Joint Surg Br 85(6):
818–821  

    Iorio R et al (2012) Diabetes mellitus, hemoglobin A1C, 
and the incidence of total joint arthroplasty infection. 
J Arthroplasty 27(5):726–729.e1  

       Jaberi FM et al (2008) Procrastination of wound drainage 
and malnutrition affect the outcome of joint arthro-
plasty. Clin Orthop Relat Res 466(6):1368–1371  

     Jacobson C et al (2005) Prevention of wound contamina-
tion using DuraPrep solution plus Ioban 2 drapes. Clin 
Orthop Relat Res 439:32–37  

    Johnson AJ et al (2010) Preoperative chlorhexidine prepa-
ration and the incidence of surgical site infections after 
hip arthroplasty. J Arthroplasty 25(6 Suppl):98–102  

    Johnston DH et al (1987) Rate of bacterial recolonization 
of the skin after preparation: four methods compared. 
Br J Surg 74(1):64  

    Jorgensen LN et al (1998) Less collagen production in 
smokers. Surgery 123(4):450–455  

    Kalteis T et al (2007) An experimental comparison of dif-
ferent devices for pulsatile high-pressure lavage and 

19 Prevention of Infection: The Wound Factors



232

their relevance to cement intrusion into cancellous 
bone. Arch Orthop Trauma Surg 127(10):873–877  

    Karki S, Cheng AC (2012) Impact of non-rinse skin 
cleansing with chlorhexidine gluconate on prevention 
of healthcare-associated infections and colonization 
with multi-resistant organisms: a systematic review. 
J Hosp Infect 82(2):71–84  

    Khan LAK et al (2009) The complication rate and 
medium-term functional outcome after total hip 
replacement in smokers. Hip Int J Clin Exp Res Hip 
Pathol Ther 19(1):47–51  

    Khan RJK et al (2006) A comparison of three methods of 
wound closure following arthroplasty: a prospective, 
randomised, controlled trial. J Bone Joint Surg 
88(2):238–242  

    Knapik JJ et al (1995) Friction blisters. Pathophysiology, 
prevention and treatment. Sports Med (Auckland, NZ) 
20(3):136–147  

    Lassen MR et al (2006) A pilot study of the effects of 
Vivostat patient-derived fi brin sealant in reducing 
blood loss in primary hip arthroplasty. Clin Appl 
Thromb Hemost 12(3):352–357  

    Laufman H, Siegal JD, Edberg SC (1979) Moist bacterial 
strike-through of surgical materials: confi rmatory 
tests. Ann Surg 189(1):68  

     Lavernia CJ, Sierra RJ, Baerga L (1999) Nutritional 
parameters and short term outcome in arthroplasty. 
J Am Coll Nutr 18(3):274–278  

    Lewis DA, Leaper DJ, Speller DC (1984) Prevention of 
bacterial colonization of wounds at operation: com-
parison of iodine-impregnated (‘Ioban’) drapes with 
conventional methods. J Hosp Infect 5(4):431–437  

    Lieberman JR et al (1995) Hip arthroplasty in patients with 
chronic renal failure. J Arthroplasty 10(2):191–195  

    Luck JV et al (1996) Human immunodefi ciency virus 
infection: complications and outcome of orthopaedic 
surgery. J Am Acad Orthop Surg 4(6):297–304  

      Mangram AJ et al (1999) Guideline for prevention of sur-
gical site infection, Hospital Infection Control 
Practices Advisory Committee. Infect Control Hosp 
Epidemiol 20(4):250–278; quiz 279–280  

    Marín LA et al (2002) Preoperative nutritional evaluation 
as a prognostic tool for wound healing. Acta Orthop 
Scand 73(1):2–5  

    Menon TJ, Wroblewski BM (1983) Charnley low-friction 
arthroplasty in patients with psoriasis. Clin Orthop 
Relat Res 176:127–128  

    Minnema B et al (2004) Risk factors for surgical-site 
infection following primary total knee arthroplasty. 
Infect Control Hosp Epidemiol 25(6):477–480  

    Møller AM et al (2002) Effect of preoperative smoking 
intervention on postoperative complications: a ran-
domised clinical trial. Lancet 359(9301):114–117  

     Mortazavi SMJ et al (2013) Hematoma following pri-
mary total hip arthroplasty: a grave complication. 
J Arthroplasty 28(3):498–503  

    Mortazavi SMJ et al (2010) Revision total knee arthro-
plasty infection: incidence and predictors. Clin Orthop 
Relat Res 468(8):2052–2059  

    Muñoz-Mahamud E et al (2011) Comparison of a 
 low- pressure and a high-pressure pulsatile lavage dur-
ing débridement for orthopaedic implant infection. 
Arch Orthop Trauma Surg 131(9):1233–1238  

    Namba RS et al (2005) Obesity and perioperative morbid-
ity in total hip and total knee arthroplasty patients. 
J Arthroplasty 20(Supplement 3):46–50  

    Nawabi DH et al (2010) Vitamin D defi ciency in patients 
with osteoarthritis undergoing total hip replacement: a 
cause for concern? J Bone Joint Surg Br 92(4):496–499  

     Niki Y et al (2007) How much sterile saline should be 
used for effi cient lavage during total knee arthro-
plasty? Effects of pulse lavage irrigation on removal of 
bone and cement debris. J Arthroplasty 22(1):95–99  

    Pachowsky M et al (2012) Negative pressure wound ther-
apy to prevent seromas and treat surgical incisions 
after total hip arthroplasty. Int Orthop 36(4):719–722  

    Papagelopoulos PJ et al (1996) Long term outcome and 
survivorship analysis of primary total knee arthro-
plasty in patients with diabetes mellitus. Clin Orthop 
Relat Res 330:124–132  

   Parker MJ et al (2007) Closed suction surgical wound 
drainage after orthopaedic surgery. Cochrane Database 
Syst Rev (3):CD001825  

      Parvizi J et al (2007) Does “excessive” anticoagulation 
predispose to periprosthetic infection? J Arthroplasty 
22(6 Suppl 2):24–28  

    Parvizi J, Trousdale RT, Sarr MG (2000) Total joint 
arthroplasty in patients surgically treated for morbid 
obesity. J Arthroplasty 15(8):1003–1008  

          Patel VP et al (2007) Factors associated with prolonged 
wound drainage after primary total hip and knee 
arthroplasty. J Bone Joint Surg Am 89(1):33–38  

    Polzin B, Ellis T, Dirschl DR (2006) Effects of varying 
pulsatile lavage pressure on cancellous bone structure 
and fracture healing. J Orthop Trauma 20(4):261–266  

    Pomposelli JJ et al (1998) Early postoperative glucose 
control predicts nosocomial infection rate in diabetic 
patients. JPEN J Parenter Enteral Nutr 22(2):77–81  

    Pozzilli P, Leslie RD (1994) Infections and diabetes: 
mechanisms and prospects for prevention. Diabet 
Medicine 11(10):935–941  

    Rambo WM (1972) Irrigation of the peritoneal cavity 
with cephalothin. Am J Surg 123(2):192–195  

    Sachs RA et al (2003) Does anticoagulation do more harm 
than good?: a comparison of patients treated without 
prophylaxis and patients treated with low-dose warfa-
rin after total knee arthroplasty. J Arthroplasty 
18(4):389–395  

         Saleh K et al (2002) Predictors of wound infection in hip 
and knee joint replacement: results from a 20 year sur-
veillance program. J Orthop Res 20(3):506–515  

    Schein M et al (1990) Peritoneal lavage in abdominal sep-
sis. A controlled clinical study. Arch Surg (Chicago, 
Ill: 1960) 125(9):1132–1135  

    Seeger JB et al (2013) The effect of bone lavage on femo-
ral cement penetration and interface temperature dur-
ing Oxford unicompartmental knee arthroplasty with 
cement. J Bone Joint Surg 95(1):48–53  

P. Alijanipour and J. Parvizi



233

    Serna F et al (1994) Total knee arthroplasty in diabetic 
patients. Comparison to a matched control group. 
J Arthroplasty 9(4):375–379  

    Sherman JO, Luck SR, Borger JA (1976) Irrigation of the 
peritoneal cavity for appendicitis in children: a double- 
blind study. J Pediatr Surg 11(3):371–374  

    Sørensen LT et al (2009) Acute effects of nicotine and 
smoking on blood fl ow, tissue oxygen, and aerobe 
metabolism of the skin and subcutis. J Surg Res 
152(2):224–230  

    Stern SH et al (1989) Total knee arthroplasty in patients 
with psoriasis. Clin Orthop Relat Res 248:108–110; 
discussion 111  

    Stern SH, Wixson RL, O’Connor D (2000) Evaluation of 
the safety and effi cacy of enoxaparin and warfarin for 
prevention of deep vein thrombosis after total knee 
arthroplasty. J Arthroplasty 15(2):153–158  

    Sunday JM, Guille JT, Torg JS (2002) Complications of 
joint arthroplasty in patients with end-stage renal dis-
ease on hemodialysis. Clin Orthop Relat Res 
397:350–355  

    Swenson BR et al (2009) Effects of preoperative skin 
preparation on postoperative wound infection rates: a 
prospective study of 3 skin preparation protocols. 
Infect Control Hosp Epidemiol 30(10):964–971  

   Tanner J, Norrie P, Melen K (2011) Preoperative hair 
removal to reduce surgical site infection. Cochrane 
Database Syst Rev (11):CD004122  

   Thomsen T, Villebro N, Møller AM (2010) Interventions 
for preoperative smoking cessation. Cochrane 
Database Syst Rev (Online) (7):CD002294  

    Tonnesen H et al (1999) Effect of preoperative abstinence 
on poor postoperative outcome in alcohol misusers: 
randomised controlled trial. BMJ (Clinical research 
ed) 318(7194):1311–1316  

    Umpierrez GE et al (2012) Management of hyperglyce-
mia in hospitalized patients in non-critical care set-
ting: an endocrine society clinical practice guideline. 
J Clin Endocrinol Metab 97(1):16–38  

    Varela CD et al (1993) Fracture blisters: clinical and path-
ological aspects. J Orthop Trauma 7(5):417–427  

    Vince KG, Abdeen A (2006) Wound problems in total 
knee arthroplasty. Clin Orthop Relat Res 452:88–90  

   Webster J et al (2012) Negative pressure wound therapy 
for skin grafts and surgical wounds healing by primary 
intention. Cochrane Database Syst Rev (4):CD009261  

   Webster J et al (2012b) Preoperative bathing or showering 
with skin antiseptics to prevent surgical site infection. 
In: The Cochrane library. Wiley. Available at:   http://
onlinelibrary.wiley.com/doi/10.1002/14651858.
CD004985.pub3/abstract    . Accessed 12 March 2012  

   Webster J, Alghamdi A (2013) Use of plastic adhesive drapes 
during surgery for preventing surgical site infection. 
Cochrane Database Syst Rev (Online) (1):CD006353  

    White RH, McCurdy SA, Marder RA (1990) Early mor-
bidity after total hip replacement: rheumatoid arthritis 
versus osteoarthritis. J Gen Intern Med 5(4):304–309  

    Wicke C et al (2000) Effects of steroids and retinoids on 
wound healing. Arch Surg (Chicago, Ill: 1960) 
135(11):1265–1270  

    Winiarsky R, Barth P, Lotke P (1998) Total knee arthro-
plasty in morbidly obese patients. J Bone Joint Surg 
Am 80(12):1770–1774  

    Yang K et al (2001) Total knee arthroplasty in dia-
betic patients: a study of 109 consecutive cases. 
J Arthroplasty 16(1):102–106  

    Zamora-Navas P, Collado-Torres F, de la Torre-Solís F 
(1999) Closed suction drainage after knee arthro-
plasty. A prospective study of the effectiveness of the 
operation and of bacterial contamination. Acta Orthop 
Belg 65(1):44–47  

    Zografos GC, Martis K, Morris DL (1992) Laser Doppler 
fl owmetry in evaluation of cutaneous wound blood 
fl ow using various suturing techniques. Ann Surg 
215(3):266–268  

    Zywiel MG et al (2011) Advance pre-operative chlorhexi-
dine reduces the incidence of surgical site infections in 
knee arthroplasty. Int Orthop 35(7):1001–1006      

19 Prevention of Infection: The Wound Factors

http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD004985.pub3/abstract
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD004985.pub3/abstract
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD004985.pub3/abstract


235A. Baldini, P. Caldora (eds.), Perioperative Medical Management for Total Joint Arthroplasty: 
How to Control Hemostasis, Pain and Infection, DOI 10.1007/978-3-319-07203-6_20,
© Springer International Publishing Switzerland 2015

20.1             Background 

 Intraoperative bacterial contamination of the 
 surgical wound is a major source of periprosthetic 
joint infection (PJI). In order to reduce wound con-
tamination and surgical site infections (SSI), sev-
eral strategies have been developed, tested, and 
implemented. These strategies include those which 
address specifi c operating room variables (such as 
improvements in operating room ventilation sys-
tems), surgical factors (draping materials, irriga-
tion, wound closure, etc.), patient factors such as 
improving the patient’s immune response or dimin-
ishing the bacterial load present on the patient’s 
skin (patient’s temperature, MRSA contamina-
tion), and factors controlled by the surgical team 
(hand cleansing, use of face masks, etc.) (Salvati 
et al.  2003 ). This chapter will discuss the different 
sources of bacterial contamination in the operating 
room, the approaches to reduce them, and their 
effect in diminishing the rates of SSI with particu-
lar emphasis in joint replacement (JR) surgery.  

20.2     Operating Room Factors 

20.2.1     Bacterial Load 
in the Operating Room 

 Sir John Charnley realized that one of the main 
sources of wound contamination and PJI was the 
air in the operating room (Evans  2011 ). Particulate 
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 Open Questions 

•     What is the major source of environ-
mental contamination in the operating 
room?  

•   Is the intraoperative bacterial contami-
nation of the surgical fi eld the major 
source of prosthetic joint infection?  

•   What is the role of laminar airfl ow in 
reducing the rate of prosthetic joint 
infection?  

•   Has routine use of ultraviolet light been 
associated with a reduction of wound 
contamination?  

•   Does the use of disposable impervious 
drapes decrease surgical contamination 
rate?  

•   Can the used of close suction drainage be 
avoided without increasing the risk of 
wound hematomas and infection?  

•   Should we screen and decolonize all 
patients carrying nasal staphylococci?  

•   Does the use of body exhaust suits 
reduce periprosthetic joint infections or 
improve surgical team safety?    
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size greater than 10 μm is considered to be a 
 surrogate for viable bacteria capable of contami-
nating the surgical fi eld. The number of airborne 
particulate near the surgical site has been corre-
lated with the incidence of PJI. They originate 
from the operating room personnel, the patient, 
the equipment present or introduced in the the-
ater during the procedure, and the circulating air. 
Particulate is spread throughout the operating 
room via air currents created by the air ventila-
tion system, the movement of people, structures 
and equipment, and/or by opening and closing 
the operating room doors. It is reasonable to 
believe that reducing the bacterial load and the 
particulate count in the surgical fi eld will likely 
lead to a reduction in SSI. This theory has led to 
the development of strategies and technologies to 
reduce the number of airborne particulates in the 
operating room.  

20.2.2     Clean Air Technology 

 In order to reduce the particle load and minimize 
turbulence, air fi ltration and laminar air fl ow 
(LAF) units are increasingly being used in oper-
ating rooms devoted to orthopedic procedures. 

 High effi ciency particulate arrest (HEPA) fi l-
ters remove from the air that circulates into the 
operating room 99.9 % of particles with a diam-
eter equal to or greater than 0.3 um. This means 
that bacteria are virtually eliminated from the 
delivered air (Salvati et al.  1982 ). Horizontal 
LAF operating rooms have units that push a 
HEPA-fi ltered positive pressure plane of air or 
“plenum” in a horizontal direction over the surgi-
cal site (wall to wall). Vertical LAF units push the 
plenum from the ceiling to the fl oor. 

 Vertical LAF units are considered to be supe-
rior to horizontal LAF as the fi ltered air is directed 
without obstacles toward the surgical site. In our 
own institution devoted to the care of patients 
with diverse orthopedic conditions, Eduardo 
Salvati et al. studied the effect of ventilation sys-
tems in the operating room on the infection rates 
following 3,175 unilateral total hip (THR) and 
total knee replacements (TKR). All surgeries 
were performed with prophylactic  antibiotics and 

in operating rooms equipped with a horizontal, 
unidirectional, LAF system. Although the infec-
tion rate of THRs diminished from 1.4 to 0.9 %, 
that of TKRs increased from 1.4 to 3.9 %. The 
changes in the infection rates were likely the 
cause of the position of the operating team during 
surgery: during TKR surgery, the surgical team 
was positioned between the air source and the 
wound, whereas during THR surgery, the patient 
was positioned between the air source and the 
surgical team. Consequently, during TKR sur-
gery, bacteria shed by the team were carried to 
the wound by laminar airfl ow (Salvati et al. 
 1982 ). All our operating rooms devoted to JR 
surgery are currently equipped with vertical 
LAF. Outside the canopy area, the downward 
fl ow of air is brought up and recirculated along 
with the new air (Evans  2011 ). HEPA fi ltration 
can also be used in operating theaters that are not 
equipped with LAF units. 

 In spite of the previously mentioned theoreti-
cal advantages, the clinical benefi t of using oper-
ating rooms equipped with LAF units remains 
controversial. The initial studies supporting the 
use of LAF technology were conducted in the 
1970s and 1980s. Charnley reported an initial 
infection rate of 9.5 % for his series of primary 
THR patients. Using a combination of clean air 
systems and occlusive operating gowns, he 
reported a reduction in PJI nearly 20-fold to 
0.5 % (Charnley and Eftekhar  1969 ; Charnley 
 1972 ). Lidwell et al. authored a multicenter study 
of over 8,136 joint replacements performed in 19 
hospitals in England, Scotland, and Sweden. The 
infection rate was reduced from 1.6 to 0.6 % 
when surgeries were performed in operating 
rooms equipped with ultra-clean air technology 
(Lidwell et al.  1982 ). In the early era of THR sur-
gery at Hospital for Special Surgery, Paolo 
Aglietti, Eduardo Salvati, and coworkers demon-
strated that THR surgeries performed in conven-
tional operating rooms had a higher risk of 
persistent wound drained than those performed in 
rooms equipped with LAF (Aglietti et al.  1974 ). 

 Other investigators have suggested that the 
use of LAF technology by itself is unlikely to 
reduce infection rates (Breier et al.  2011 ; Hooper 
et al.  2011 ). 

E. Schnaser and A. Gonzalez Della Valle



237

 Based on our own institutional experience and 
our review of the literature, it is reasonable to 
believe that the use of vertical LAF technology 
together with other important factors such as the 
administration of preoperative antibiotics and 
attention to following a sterile surgical technique 
have a benefi cial effect in reducing the infection 
rates following JR surgery.  

20.2.3     Ultraviolet Lights 

 Short-wavelength ultraviolet germicidal irradia-
tion is an ultraviolet light (UVL) that has a suffi -
ciently short wavelength to destroy microorganisms 
(Evans  2011 ). The use of UVL technology has 
shown to be effective in reducing the rate of SSI. In 
2007, Ritter et al. documented the development of 
infection in 47 cases following 5,980 joint replace-
ments performed over a 19-year period. The infec-
tion rate of procedures performed on operating 
room without UVL but with LAF was 1.77 %, and 
the infection rate of those performed in rooms 
equipped with UVL was 0.57 % ( p  < 0.0001). The 
odds of infection were 3.1 times greater for proce-
dures performed in rooms without UVL but with 
LAF, as compared with those performed with only 
UVL ( p  < 0.0001) (Ritter et al.  2007 ). Taylor et al. 
performed a similar study in LAF operating rooms 
using UVL at 300 μW/cm 2  and looked at colony 
counts on the wound edges and in the air during 
THR surgery. UVL was turned on 15 min after the 
beginning of the procedure. These authors found 
high levels of air and wound contamination before 
the UVL was turned on. Fifteen minutes after the 
UVL were turned on, the contaminated areas in 
the wound were sterile (Taylor et al.  1995 ). Initial 
levels of ultraviolet radiation used were selected 
based on health and safety concerns, but recent 
studies have reported on the use of UVL at lower 
intensities in combination with LAF without side 
effects (Ritter et al.  2007 ; Taylor et al.  1995 ; 
Lidwell  1994 ). 

 Despite the potential impact of UVL on infec-
tion risk (Hart  1960 ; Berg et al.  1989 ,  1991 ; 
Carlsson et al.  1986 ; Lowell et al.  1980 ; Mangram 
et al.  1999 ; Moggio et al.  1979 ; Ritter et al.  2007 ), 
currently, only a small number of hospitals in the 

United States and Europe use UVL in their oper-
ating rooms (Evans  2011 ). Several concerns 
about operating room staff safety have been 
raised including an elevated risk of skin cancer, 
other dermatologic conditions, and corneal burns 
and is currently not recommended by several 
governmental health regulatory agencies for use 
in the operating room.  

20.2.4     Order of Cases/
Contaminated Cases  

 There is a common belief that elective, not 
infected, patients undergoing JR surgery should 
be operated on prior to “infected” patients in 
order to reduce the risk of contamination. 
However, there is little evidence to support this 
belief. Studies have shown that cleaning the oper-
ating room after an infected case does not differ 
from cleaning the theater after an aseptic one. 
Thus, cleaning the operating room surfaces is 
likely more important than the order of cases for 
preventing JR infections. It is common practice 
in many centers to avoid performing a clean pro-
cedure after an infected procedure has just taken 
place. To our knowledge, there is only one study 
that refutes this policy. Abolghasemian et al. 
showed that the infection rate did not increase in 
85 primary and revision JRs performed immedi-
ately after a resection arthroplasty for infection in 
the same operating room (Abolghasemian et al. 
 2013 ). When possible, though evidence is lack-
ing, contaminated cases should be held until all 
of the clean cases have been performed in that 
room for the day. Logistically, considering poten-
tial isolation precautions and staff garment 
changes allows for a smoother workfl ow. 
However, in the case of a septic patient, this pol-
icy can obviously be altered to allow for expedi-
ent treatment.   

20.3     Surgical Factors 

 Most SSIs are caused by the patient’s endoge-
nous fl ora. In the case of elective JR surgery, 
strategies have been developed to minimize 
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 contamination by the patient’s skin fl ora (Savitz 
et al.  1994 ; Garibaldi et al.  1991a ,  b ; Wilson 
 2008 ). Such strategies focus on improving skin 
preparation, surgical draping, surgical time, 
hemostasis, and wound closure. These factors, 
which will be discussed below, have the ultimate 
goal of reducing incisional bacterial counts and 
subsequently SSIs (Garibaldi et al.  1991b ; Savitz 
et al.  1994 ). 

20.3.1     Surgical Draping 

 Techniques such as the use of incise draping, dis-
posable draping, applying towels or protective 
rings around the wound edges, and applying 
drapes around the surgical area both before and 
after skin preparation to seal off the non-prepped 
skin area are thought to possibly reduce SSIs. 

 The term “incise draping” describes the appli-
cation of a sticky barrier (with or without iodo-
phor) to the skin over the prepped surgical area. 
The incision is made through this thin barrier. As 
the barrier remains adhered to the skin around the 
incision, it provides a mechanical barrier that pre-
vents the skin fl ora to enter the deep periarticular 
tissues. When incise draping is used, the skin 
preparation should promote a durable adherence 
of the drape to the skin (Erdmann et al.  1999 ; 
Zokaie et al.  2011 ). 

 In the last decades, there has been an increased 
use of incise draping in JR surgery; however, 
high quality evidence supporting this practice to 
prevent PJI is lacking. In a group of surgical 
patients with clean and clean-contaminated pro-
cedures, the use of iodophor-impregnated incise 
drapes signifi cantly reduced the normal skin fl ora 
wound contamination rate but did not change the 
SSI rate when compared to a control group in 
whom no incise drape was used (Dewan et al. 
 1987 ). In another prospective trial, Ioban (3M, 
USA) was applied to the surgical area 24 h prior 
to surgery. Bacterial wound sampling at the end 
of the procedure showed that the local bacterial 
contamination was reduced from 15 to 1.6 % 
(Fairclough et al.  1986 ). In a randomized con-
trolled study, Chiu et al. showed that there was no 
difference between wound infection rates in 

patients after acute hip fracture surgery with and 
without the use of incise draping (Chiu et al. 
 1993 ). 

 Surgeons that are opposed to the use of incise 
drapes have raised concern about moisture 
trapped under the drapes which may allow bacte-
ria residing in hair follicles to migrate to the sur-
face and multiply (Chiu et al.  1993 ; Webster and 
Alghamdi  2007 ; Falk-Brynhildsen et al.  2013 ). 

 If the decision to use incise drapes is made, the 
surgical team must remember that iodine- 
containing drapes have an inferior bactericidal 
activity than the use of Betadine skin preparation 
alone. Consequently, incise draping should not 
replace or be used as a surrogate for thorough, con-
ventional skin preparation (Lewis et al.  1984 ). The 
use of a skin preparation solution that enhances the 
adhesive capacity of the incise drapes is benefi cial 
(Gilliam and Nelson  1990 ; Jacobson et al.  2005 ). 
Jacobson et al. demonstrated that the use of an 
alcohol-based prepping solution (DuraPrep, 3 M) 
resulted in signifi cantly better drape adhesion than 
a water-based solution (povidone-iodine scrub and 
paint) (Jacobson et al.  2005 ). The use of iodophor-
impregnated incise draping is contraindicated for 
patients with a known or suspected allergy to 
iodine as allergic contact dermatitis has been 
reported (Erdmann et al.  1999 ; Zokaie et al.  2011 ) 

 The passage of bacteria through surgical drapes 
has been feared by orthopedic surgeons as it 
would result in contamination of the wound. 
Disposable, impervious drapes are made of poly-
propylene and polyethylene and are customized 
by industry to be applied in different surgical sce-
narios. In some institutions, they have completely 
replaced the reusable cotton drapes. Despite the 
perceived advantage, two randomized controlled 
trials have shown no difference in contamination 
rates when comparing reusable drapes to dispos-
able ones. The fi rst by Garibali et al. prospectively 
compared disposable nonwoven, spunlace fi ber 
and polyester brand (Sontara®) gown and drapes 
to reusable cotton poplin (180 threads per square 
inch) gown and drapes. This study consisted of 
494 patients undergoing elective general surgery 
procedures (hernias and simple cholecystecto-
mies) that were followed for a minimum of 7 days 
postoperatively. They found no difference in 
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wound contamination or SSIs (2.2 %) between the 
two materials and concluded that both fabrics are 
similar in their ability to block bacteria that were 
shed from surrounding skin surfaces (Garibaldi 
et al.  1986 ). The second study by Bellchambers 
et al. found similar results in their prospective 
study between disposable and reusable drapes in 
thoracic surgery cases (Bellchambers et al.  1999 ). 
Though this data implies there is no difference 
between disposable and reusable gown and 
drapes, experimental evidence does suggest that 
disposable drapes have better resistance to bacte-
rial penetration than reusable drapes, but this is 
dependent on the brand, the wetness of the drape 
(i.e., leaving a drape soaked with fl uid for a period 
of time), and fl uid type (Blom et al.  2000 ,  2002 , 
 2007 ; Mackintosh and Lidwell  1980 ). In 2007, 
Blom et al. looked specifi cally at the penetration 
of six different brands of disposable drapes used 
during THR surgery and found that certain brands 
of disposable drapes are better than others. The 
six brands of disposable drapes were 3M Steri-
Drape (St. Paul [MN], USA), Allegiance Hip 
Pack (McGaw Park [IL], USA), Medline Hip Set 
(Mundelein [IL], USA), Molnlycke BARRIER 
(Goteborg, Sweden), Molnlycke Klinidrape 
(Goteborg, Sweden), and Vygon Unidrape 
(Ecouen, France). Based on the data presented in 
the paper, three of the brands, the 3M Steri- Drape, 
the Allegiance Hip Pack, and the Molnlycke 
BARRIER, appeared to have the best resistance to 
bacterial penetration at 30 and 90 min. However, 
only the 3M Steri-Drape appeared to have no 
detectable penetration at 30 min and a low level of 
bacterial penetration (<10 CFUs) at 90 min; thus 
no brands were completely impervious if enough 
time elapsed (Blom et al.  2007 ). 

 In addition to the previously mentioned ges-
tures, some surgeons advocate the use of wound 
edge protectors (sterile and moisten towels 
clipped or sutured around the periphery of wound 
edges). These protectors may reduce instrument 
strike-through, keep the implant away from the 
contaminated skin edges, and consequently 
diminish the risk of contamination. There is 
 limited supporting evidence from general surgery 
literature supporting their use to prevent SSIs 
(Gheorghe et al.  2012 ; Edwards et al.  2012 ).  

20.3.2     Prolonged Surgical Time 

 A prolonged surgical time has been associated 
with an increased risk of complications following 
JR surgery including thromboembolic disease 
and PJI (Carroll et al.  2013 ; Cordero-Ampuero 
and de Dios  2010 ; Peersman et al.  2006 ; Pedersen 
et al.  2010 ; Ridgeway et al.  2005 ; Skråmm et al. 
 2012 ; Småbrekke et al.  2004 ; Willis-Owen et al. 
 2010 ). Population-based studies from Denmark, 
Norway, and England encompassing a total of 
137,111 patients undergoing hip surgery (128, 
792 THAs, 5,769 hemiarthroplasties, and 2,550 
revision hip replacements) have associated sur-
gical times lasting longer than 120–150 min to 
be an independent risk factor for PJI (Pedersen 
et al.  2010 ; Ridgeway et al.  2005 ; Småbrekke 
et al.  2004 ). The results of these large studies 
should be interpreted with caution, as it is pos-
sible that prolonged surgical time be a surrogate 
for increase surgical complexity, which by itself 
may increase the infection risk. Other studies 
have failed to demonstrate such a correlation 
(Wymenga et al.  1992 ; de Boer et al.  2001 ). 

 It is important to emphasize that the surgeon 
and operating room staff should strive to be effi -
cient and not necessarily fast. Proper training of 
the surgeon as well as the operating room team in 
regard to the procedure and the instrumentation is 
likely to provide an effi cient operating room 
environment and a more expeditious surgery.  

20.3.3     Light Handles 

 Reaching above ones head to adjust light handles 
may be a potential source of contamination in the 
operating room as the light handles are in direct 
contact with the non-sterile light source. Davis 
et al. showed a 14.5 % (1 in 7) contamination rate 
of light handles at the conclusion of 100 consecu-
tive primary hip and knee replacements (Davis 
et al.  1999 ). The authors also reported high rates 
of intraoperative contamination in suction tips 
(11.4 %), gowns (17 %), and gloves used for skin 
preparation (28.7 %). Despite these results, the 
contaminating organisms did not produce an SSI 
within the fi rst 2 years. Hussein et al. looked at 
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light handle cultures in 15 primary THR and 
TKR surgeries and found no aerobic bacterial 
contamination on the light handles at the end of 
the procedures when the light handles were 
touched on average of 6 (range, 3–9) times per 
case (Hussein et al.  2001 ). Alternatives to stan-
dard “reach above head” handles exist, such as 
robotically driven lights, but their cost is unlikely 
to be justifi able by the unproven clinical benefi t.  

20.3.4     Surgical Gloves 

 As a result of handling heavy, sharp instrumenta-
tion and the frequent contact with bone, gloves 
are frequently damaged during orthopedic sur-
gery; hence most orthopedic surgeons specializ-
ing in JR surgery, frequently wear two pairs of 
gloves during the procedure (double gloving). 
Gloves should be used by the operating room 
personnel as dictated by the principles of stan-
dard precautions as they protect patient and 
healthcare workers alike from infectious material 
that may be carried on hands; however, little dis-
tinction is made as to the type of glove (although 
the guidelines recommend double gloving for 
“invasive” procedures) (Siegel et al.  2007 ). A 
relatively high rate of inner glove contamination 
ranging from 4.7 to 18.6 % has been found with 
double gloving in JR surgery leading to the con-
sideration for the use of Kevlar cloth gloves as 
well as triple gloving (Carter et al.  2012 ; 
Demircay et al.  2010 ; Hester et al.  1992 ; Sutton 
et al.  1998 ). Hester et al. found a low rate (4.3 %) 
of glove perforation when a cloth glove was worn 
between two inner latex gloves and also has a 
lower impact on tactile sensation when compared 
to double gloving with an outer cloth glove, espe-
cially when manipulating cement (Hester et al. 
 1992 ). Thick gloves do not seem to prevent per-
foration: in a randomized prospective study of 
glove perforation in orthopedic surgery, Han 
et al. showed that thick gloves reduced tactile 
sensation and perforated as frequently as  standard 
double gloves (Han et al.  2013 ). Sutton et al. 
showed that triple gloving with a cut-resistant 
liner interposed between two latex gloves signifi -
cantly reduced the rate of perforation when com-

pared to double gloving with two latex gloves 
(Sutton et al.  1998 ). 

 Gloves worn by the surgical team should prob-
ably be changed at least every 90 min and prior to 
cementation and/or instrumentation. In a random-
ized controlled trial, Al-Maiyah et al. found that 
changing gloves every 20 min and before cemen-
tation compared to changing gloves only before 
cementation alone (control group) signifi cantly 
reduced glove perforation and contamination rate 
in outer gloves when compared to the control 
group (Al-Maiyah et al.  2005 ). Kaya et al. found 
that the majority of glove perforations occur every 
90 min on average and advocate changing gloves 
at least every 90 min or when excessively con-
taminated with surgical fl uids (Kaya et al.  2012 ).  

20.3.5     Instrument Trays 
and Instrumentation 

 The exposure of instrument to the air in the operat-
ing room for an extended period of time is likely to 
increase the chance of instrument contamination 
(Dalstrom et al.  2008 ). Brown et al. recommended 
that the instrument trays be opened after prepara-
tion and draping as high bacterial air counts were 
observed during this period (Brown et al.  1996 ). 
Chosky et al. showed that bacterial contamination 
occurred during surgical setup for JR surgery but 
not during surgery itself. Contamination was 
reduced by fourfold when covering instruments 
with a sheet (Chosky et al.  1996 ). They also noted 
that bacterial contamination increased with pro-
longed exposure of instrument to the air in the 
operating room and recommended that instru-
ments be covered in times of high activity in the 
operating room (operating room turnover), thus 
limiting the instrument air exposure time (Chosky 
et al.  1996 ). It should be noted that current guide-
lines for the Association of Perioperative 
Registered Nurses recommend not covering the 
table with sheets that hang below the table to mini-
mize bacterial contamination from the unsterile 
fi eld (e.g., below the table) as this may cause air 
currents that can transfer microorganisms (AORN 
Recommended Practices Committee  2006 ). 
Covering instrumentation during prepping and 
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draping and minimizing environmental exposure 
of the instruments to open air likely reduce instru-
mentation contamination, and attempting to 
adhere to such principle is likely important, but no 
study shows that these practices are associated 
with lower infection rates in JR surgery. 

 We have studied the effect of exposure of 
instruments to the air in the operating room at 
Hospital for Special Surgery on the development 
of SSI following bilateral sequential THR surgery 
performed in ideal aseptic conditions (vertical 
LAF operating rooms, full body exhaust suits, pre-
operative antibiotics, and devoted specialized sur-
gical team) (González Della Valle et al.  2006 ). 
Two hundred and seventy-one consecutive patients 
underwent surgery with different sterile setups for 
each side (a complete sterile setup was used for the 
second side), and 289 patients were operated using 
the same instruments (instruments and sterile 
setup were not changed for the second side). There 
was one deep infection in the fi rst group and one 
superfi cial wound infection in the second group 
during the fi rst year ( p  ~ 1.0). We concluded that 
given the very low prevalence of deep infection of 
the fi rst and second side in each group (0.2 and 
0 %, respectively), it would be necessary to ana-
lyze more than 2,300 patients in each group to 
achieve statistical signifi cance. Based on this 
experience, the use of the same set of instruments 
for the second side in the ideal operating room 
conditions described in this study appears safe. 

 Several surgeons employ the practice of 
changing knife blades after initial incision and 
frequent changing electrocautery tips as well as 
sucker tips. Changing knife blades after initial 
incision and using a fresh blade on deep tissue 
for the sole reason of avoiding bacterial contami-
nation is controversial (Schindler et al.  2006 ; 
Davis et al.  1999 ) (Ritter et al.  1975b ; Fairclough 
et al.  1983 ; Grabe et al.  1985 ). Little data exists 
that would recommend for or against regular 
changing of the electrocautery tip; however, due 
to the extreme temperatures created at the tip, it 
is unlikely that microorganisms can survive 
(Bennett and Kraffert  1990 ). 

 On the other hand, there is ample evidence to 
suggest changing the sucker tip reduces bacterial 
contamination. Contamination rates of sucker tips 

in JR surgery have been reported to be between 
37 and 78 % (Greenough  1986 ; Robinson et al. 
 1993 ; Strange-Vognsen and Klareskov  1988 ; 
Givissis et al.  2008 ), and there is at least one case 
in the literature where the organism in a surgical 
site infection was the same organism isolated on 
the sucker tip at the time of surgery (Givissis et al. 
 2008 ). It is believed that the increased fl ow of air 
through the narrow suction tip is responsible for 
the high contamination rates. Givissis et al. 
showed that there was a 9 % rate of sucker tip 
contamination if the procedure lasted less than an 
hour and a 67 % rate of contamination if the pro-
cedure lasted more than an hour. They recom-
mend changing the sucker tip every hour (Givissis 
et al.  2008 ). Given the data above, it is reasonable 
to recommend that the suction tip be changed 
every hour during prolonged JR procedures. 

 The role of patient specifi c instrumentation 
used for TKR in reducing infection rates is spec-
ulative (Barrack et al.  2012 ). Mont et al. did show 
a decrease in instrument contamination rates 
when using disposable cutting blocks and trials 
(Mont et al.  2013 ).  

20.3.6     Irrigation and Antiseptic 
Irrigation 

 Irrigation with normal saline during surgery has 
been shown to be benefi cial in reducing bacterial 
counts and SSIs (Bratzler et al.  2013 ; Cervantes-
Sánchez et al.  2000 ; Eklund and Tunevall  1987 ). 
Moreover, the fi rst four liters of pulsatile lavage 
with saline solution has been shown to reduce the 
number of particles in wound after TKR surgery 
(Niki et al.  2007 ). An additional advantage of pulsa-
tile high-pressure lavage in combination with dry 
suction is that it appears to increase the strength of 
the cement-bone interface by allowing enhanced 
cement penetration into clean, blood-free, and dry 
cancellous bone (Kalteis et al.  2007 ; Maistrelli et al. 
 1995 ; Miskovsky et al.  1992 ; Seeger et al.  2013 ). 

 The solution used for lavage during surgery 
may contain soap, antibiotics, iodine, or normal 
saline. The data is confl icting when it comes to 
recommending one solution over the other. The 
surgeon should rely on their own clinic experi-
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ence, patient factors (such as allergies or history of 
contact dermatitis), as suffi cient evidence to rec-
ommend one particular solution is lacking. 
Detergents/soaps may be effective in decreasing 
the bacterial wound burden by acting as a surfac-
tant that disrupts the hydrophobic and electrostatic 
properties that allow bacteria to bind to hardware 
and tissue (Anglen et al.  2003 ). Some detergents 
such as castile soap may be more effi cacious than 
other solutions, such as normal saline, in removing 
bacteria from surgical wounds, but a clear reduc-
tion in infections has yet to have been shown 
(Anon  2011 ; Anglen et al.  2003 ; Howell et al. 
 1993a ,  b ). The FLOW (fl uid lavage of open 
wounds) consortium publish their multicenter, 
blinded, randomized controlled trial looking at 
castile soap vs. low pressure saline in 111 open 
contaminated orthopedic trauma cases (Gustilo 
type I–IIIb) (Anon  2011 ). Eighty-nine of the 111 
patients were followed for at least 1 year and failed 
to show a signifi cant difference in wound infection 
between castile soap (23 %) and low-pressure 
saline lavage (24 %). The investigators acknowl-
edged that this study was underpowered and called 
for a larger series. Randomized controlled trials in 
non-orthopedic literature and experimental evi-
dence suggests that adding antibiotic irrigation to 
clean-contaminated wounds does not signifi cantly 
decrease the incidence of SSIs in comparison to 
irrigation with normal saline (Brown et al.  1978 ; 
Farnell et al.  1986 ; Greig et al.  1987 ; Rambo  1972 ; 
Schein et al.  1990 ; Sherman et al.  1976 ; Anglen 
et al.  2003 ; Conroy et al.  1999 ). 

 In a systematic review of different surgical 
specialties, it was suggested that povidone-iodine 
irrigation was signifi cantly more effective at pre-
venting SSIs than the comparative interventions 
of saline, water, or no irrigation (Chundamala 
and Wright  2007 ). It should be noted that 
 povidone- iodine solution should not be used in 
patients with iodine sensitivity, renal disease, 
burns, or patients with thyroid disease. Taken 
together, these conditions may be somewhat 
prevalent in the population undergoing JR. 

 If the surgeon chooses to irrigate with an antibi-
otic containing solution, the ideal antibiotic is one, 
which has high effi cacy, low systemic absorption, is 
inexpensive, and has a low potential to harm the 

patient. Though toxic if given systemically, bacitra-
cin and polymyxin B can be added to irrigation 
solutions, are bactericidal, and are commonly used 
in orthopedic procedures. The antibiotics have low 
absorption rate during wound irrigation and are 
relatively safe when used topically. Other com-
monly used topical antibiotics are cephalosporins, 
aminoglycosides (neomycin), and chloramphenicol 
(McHugh et al.  2011 ). Topical antibiotics like baci-
tracin, polymyxin, and neomycin can cause contact 
dermatitis, anaphylaxis, deafness, and renal failure 
(Eedy et al.  1990 ; Bratzler et al.  2013 ; Antevil et al. 
 2003 ; Dirschl and Wilson  1991 ; Gelman et al. 
 1979 ). Even though no evidence exists that directly 
connects the use of topical antibiotic irrigation to a 
lower risk of infection (Dimick et al.  2000 ; McHugh 
et al.  2011 ), we use bacitracin in the irrigation solu-
tion during surgeries on patients who are consid-
ered to be at a high risk of infection. 

 Fluid-fi lled basins to be used for irrigation of 
surgical wounds or to clean surgical instruments 
kept in the back table have a high level of con-
tamination (Andersson et al.  1984 ; Baird et al. 
 1984 ; Anto et al.  2006 ; Glait et al.  2011 ), and 
consequently, their use should be avoided.  

20.3.7     Wound Closure/Closed 
Suction Drainage 

 Obtaining appropriate tension-free tissue apposi-
tion of the surgical wound is important in minimiz-
ing wound complications, and several methods 
including superfi cial suture, subcuticular closure, 
and staples exist. There is insuffi cient evidence that 
one type of closure method over the other reduces 
the rate of SSI (Smith et al.  2010 ; Eggers et al. 
 2011 ). Tissue adhesives such as 2-octylcyanoacry-
late (OCA) should be viewed as a biologic dressing 
with insuffi cient mechanical strength to be used by 
itself for closure (Khan et al.  2006 ). OCA may be 
effective in reducing early wound discharge when 
combined with other closure methods which may 
indirectly reduce postoperative infection; however, 
no clear reduction in infection has been observed 
(El-Gazzar et al.  2013 ; Khan et al.  2006 ). 

 The use of closed suction drainage after JR is 
controversial. Closed suction drainage theoretically 
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provides a route for bacteria to travel in a retrograde 
fashion to the surgical site; on the other hand, drains 
may provide a route for wound decompression, 
lower wound-related complications, and joint stiff-
ness. Several prospective studies including ran-
domized controlled trials and meta-analysis have 
failed to show a benefi t of closed suction drainage 
in JR and have not defi nitively shown an effect in 
wound infection rates (Walmsley et al.  2005 ; Parker 
et al.  2004 ; Chen et al.  2013 ; Zhou et al.  2013 ; 
González Della Valle et al.  2004 ). In our own pro-
spective randomized trial, we assessed the use of 
close suction drainage in 104 elective primary 
THRs (González Della Valle et al.  2004 ). We 
observed no difference in the early infection rates 
between the two groups. Similarly, Walmsley et al., 
in a study of 577 THAs in 552 patients, concluded 
that drains provided little benefi t while  increasing 
surgical cost as well as increasing transfusion rates 
(Walmsley et al.  2005 ). There is a vast body of lit-
erature suggesting that the use of closed suction 
drainage in an elective, primary, uncomplicated JR 
can be avoided without an increase in the infection 
rate.   

20.4     Patient Factors 

20.4.1     Patient Temperature 
and the Use of Forced Air 
Warming Blankets 

 Mild hypothermia may promote SSI by triggering 
vasoconstriction, which leads to a decrease in oxy-
gen tension. Reduced oxygen tension impairs the 
oxidative mechanisms that allow neutrophils to 
attack bacteria. In a general surgery study, Kurz 
et al. analyzed 200 patients who underwent colorec-
tal surgery. Patients were assigned to either the 
“routine” care group (hypothermia group) or to the 
warmed, “normothermia,” group. Not only did the 
authors see a signifi cant increase in the SSIs in the 
hypothermia group, hypothermic patients tended to 
have longer hospital lengths of stay and their sutures 
stayed in longer (Kurz et al.  1996 ). Other studies 
from the general surgery literature support patient 
warming in clean surgeries to reduce infection rates 
(Melling et al.  2001 ). Currently, the literature 

regarding intraoperative patient temperature and 
SSI in JR surgery is lacking. 

 Patients generally are kept warm in the operat-
ing rooms by the use of conventional or forced- air 
warming blankets (FAW). Concern has been raised 
about the possibility of bacterial contamination by 
the air circulating out of air warming blankets. 
Such airfl ow could disrupt laminar airfl ow in oper-
ating rooms and increase bacterial counts over the 
surgical fi eld. McGovern et al. conducted an 
experimental study utilizing soap bubbles to ana-
lyze airfl ow in the operating room and found more 
bubbles migrated over the surgical site when a 
FAW device was used compared to a conventional 
warming blanket (McGovern et al.  2011 ). In 
another experimental study that simulated a TKR, 
Legg et al. compared a torso FAW device (Bair 
Hugger; Arizant UK Limited, Wakefi eld, UK) to a 
radiant warming blanket (Hot-Dog, Eden Prairie, 
Minnesota) in an enclosed laminar fl ow operating 
room (ExFlow 90 Howorth enclosure) and found 
an increase in air particles (0.3–5 μm) and tem-
perature over the surgical fi eld when a FAW device 
was used (Legg et al.  2012 ). The authors con-
cluded further work is required to confi rm that uni-
directional airfl ow produced by LAF is disrupted 
by FAW devices as they did not study airfl ow over 
the surgical site. On the other hand, several studies 
on this subject have failed to link FAW systems to 
a direct increase in bacterial air counts and/or SSI 
(Moretti et al.  2009 ; Tumia and Ashcroft  2002 ; 
Zink and Iaizzo  1993 ). Moretti et al. studied the 
risk of surgical site contamination by Bair Hugger 
blankets in 30 THR surgeries. The authors quanti-
fi ed the level of bacterial contamination of the air 
in the operating room with and without the use of 
the FAW device (Moretti et al.  2009 ). They con-
cluded that the Bair Hugger system does not pose 
a real risk for nosocomial infection and offers the 
advantage of potentially preventing hypothermia. 

 Currently, the benefi ts of keeping the patient in 
normothermia, as outlined above, outweigh the 
theoretical risks of wound bacterial air contamina-
tion. We routinely use forced air warming (FAW) 
blankets at our hospital and have not attributed a 
higher infection rate to their use. As long as the 
surgical fi eld is appropriately sealed off from the 
rest of the patients’ body, the benefi ts of keeping 

20 Environmental Factors and Infection in Total Joint Replacement Surgery



244

the patient normothermic likely outweigh the 
risks. We use a combination of multilayered surgi-
cal drapes, incise drapes (Ioban), and vertical 
laminar fl ow which may prevent contaminated air 
from that FAW to cross over the surgical fi eld.  

20.4.2     MSSA/MRSA Colonization 

 A strong link has been establish between patients 
who carry  Staphylococcus aureus  (methicillin 
sensitive (MSSA) and methicillin resistant 
(MRSA)) in their nares and surgical site infection 
(Perl and Golub  1998 ). Kalmeijer et al. studied 
risk factors for the development of infection in 
patients undergoing orthopedic surgery that 
received implants. They determined that high lev-
els of nasal  S. aureus  were not only the most 
important but the only independent risk factor for 
the development of an SSI (Kalmeijer et al.  2000 ). 

 Though the link to patient colonization and 
infection has been made, much debate exists 
regarding methods of decolonization. Mupirocin 
nasal ointment has been widely adopted for 
reducing nasal colonization of MRSA, but con-
cern over the development of bacterial resistance 
exists. However, Fawley et al. were not able to 
identify an increasing prevalence in mupirocin 
resistance over a 4-year study period when mupi-
rocin was combined with topical triclosan 
(Fawley et al.  2006 ). Other forms of decoloniza-
tion include preoperative photo disinfection, total 
body chlorhexidine gluconate showers and wipes, 
and iodine-based solutions. Due to several con-
troversies on the subject, our institution does not 
have standard policy on this subject, but we feel 
that patients with a history of MRSA or MSSA 
colonization should probably be rescreened prior 
to additional surgical procedures. If a patient is 
screened, cultures are taken from the nares, oro-
pharynx, axilla, and groin. If positive for MRSA, 
we recommend the use of a chlorhexidine total 
body wash, nasal mupirocin, and IV vancomycin 
as the perioperative antibiotic of choice. 

 Recommendations for screening healthcare 
workers to assess if they are carriers of MSSA 
and MRSA vary by country. The Dutch Working 
Party for infection recommends screening work-
ers who have been exposed to MRSA-positive 

patients (Kluymans-Vandenbergh et al.  2005 ). 
The advantages of a screening policy include the 
determination of the full extent of MRSA coloni-
zation and work exclusion; the disadvantages 
include detection of transient nasal carriage, dis-
ruption of staff routine, and stigmatization. 
Screening of heathcare workers can be a valuable 
tool in the control of MRSA outbreaks, but it 
should be used selectively (Lessing et al.  1996 ).   

20.5     Operating Room Personnel 

20.5.1     Hand Cleansing 

 Hand washing has been identifi ed as one of the 
most important gestures to avoid the spread of 
community and hospital infections. It is a basic 
gesture that is performed by all personnel before 
dressing with surgical scrubs. A number of regu-
latory bodies like the Centers of Disease Control 
(CDC) and the Association of Perioperative 
Registered Nurses recommend washing hands for 
a period of 2–5 min (Mangram et al.  1999 ; 
Association of periOperative Registered Nurses 
Recommended Practices Committee  2004 ). There 
is evidence to suggest that shorter hand cleansing 
procedures are as effective as the conventional 
hand washing alone at reducing operating room 
staff bacterial counts (Kappstein et al.  1993 ).  

20.5.2     Operating Room Masks 

 Surgical face masks were originally developed to 
contain and fi lter droplets containing microor-
ganisms expelled from the mouth and nasophar-
ynx of healthcare workers during surgery, thereby 
providing protection for the patient. Operating 
room masks should be worn by all operating 
room personnel as they are cost effective, pro-
duce little, if any, morbidity for the personnel, 
and, at minimum, provide a barrier between the 
OR personnel’s bacterial-laden mouth and the 
surgical wound. However, to the best of our 
knowledge, there is no study showing that use of 
a mask in TJA reduces surgical site infections 
(Tunevall and Jörbeck  1992 ; Tunevall  1991 ; Lipp 
and Edwards  2005 ; Webster et al.  2010 ).  
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20.5.3     Body Exhaust Suits 

 Body exhaust suits or “space suits” may offer a 
level of protection and comfort for the surgeon, but 
their role in SSIs in TJA is somewhat controversial. 
It is reasonable to believe that they are benefi cial in 
reducing infection in a laminar airfl ow setting 
(Salvati et al.  1982 ; Taylor and Bannister  1993 ). 
On the other hand, studies have also linked them to 
an increase in SSI rates (Hooper et al.  2011 ; Miner 
et al.  2007 ). If the surgical team utilizes body 
exhaust suits, it is important to remember that the 
rules of meticulous surgical sterility do not change. 

 It is also important to recognize that the prop-
erly worn, conventional sterile gown can be a 
source of contamination. Bible et al. recently deter-
mined that despite proper use of surgical gown and 
sterile technique, all 50 gowns tested after spinal 
operations were contaminated with bacteria. The 
least contaminated areas were between the chest 
and the level of the surgical fi eld, whereas the most 
contaminated were the areas below the waist, the 
neck, and the elbow creases (Bible et al.  2009 ).  

20.5.4     Garments 

 Wearing clean operating room attire including 
scrubs, head covering, and masks is important. 
Surgical attire should be clean and made of 
tightly woven material (McHugh et al.  2013 ). 
Scrubs that are worn outside of the hospital as 
well as scrubs that have been worn in the pres-
ence of a patient with a bacterial infection should 
probably not be worn during a subsequent, elec-
tive JR surgery. Ensuring mechanical barriers 
such as masks, head coverings, and scrubs are 
clean and regularly changed add no risk to the 
patient. Its practice should be a regular habit for 
the operating room personnel.  

20.5.5     Portable Electronic Devices 

 Mobile phones improve the effi ciency of clinical 
communication and are increasingly involved in 
all areas of healthcare. Personal electronic devices 
(PEDs) such as cell phones and smartphones are 
frequently used in the OR, and their utility in the 

OR may be increased with time (Peters et al.  2012 ). 
The surgeon and OR personnel should use PEDs 
with caution as many studies have shown there is a 
high contamination rate in PEDs used in hospitals 
by healthcare workers (Brady et al.  2012 ; Ulger 
et al.  2009 ; Lee et al.  2013 ; Jeske et al.  2007 ; 
Sadat-Ali et al.  2010 ; Ustun and Cihangiroglu 
 2012 ; Singh and Purohit  2012 ). Ulger et al. noted 
that 52 % of the  Staphylococcus aureus  strains iso-
lated from cell phones were methicillin-resistant 
(Ulger et al.  2009 ). Lee et al. showed a higher rate 
of contamination in “smart” cell phone compared 
to “non- smart” cell phones (Lee et al.  2013 ). If 
 personal electronic devices must be used, then they 
should be wiped down with an alcohol-based solu-
tion as this can signifi cantly reduce contamination 
(Singh et al.  2002 ; Brady et al.  2012 ). The operat-
ing room personnel should be aware of this poten-
tial source of contamination, and PED use should 
be limited. If their utility in JR surgery grows, it 
may be benefi cial for hospitals to acquire their own 
devices or develop sterile cases or bags that seal 
them off from the operating room environment.  

20.5.6     Operating Room Traffi c 
and Intraoperative Radiology 

 Operating room traffi c, the number of people in the 
operating room, and the number of times the oper-
ating room door is opened should be kept to a mini-
mum. Anderson et al. showed a positive correlation 
between operating room traffi c fl ow rates as well as 
the number of personnel in the operating room to 
increased bacterial counts in orthopedic procedures 
(Andersson et al.  1984 ). Ritter also showed that 
bacterial counts increased from 13 CFUs/ft2/h to 
24 CFUs/ft2/h when doors were left open in the 
operating room; however, when 5 people were 
introduced into the operating room, the bacterial 
counts soared comparatively (447 CFUs/ft2/h) 
(Ritter et al.  1975a ). They concluded that people are 
the major source of environmental contamination in 
the operating room and unnecessary personnel 
should be minimized. Quraishi further confi rmed 
that increased activity with OR personnel led to a 
higher rate of surgical fi eld contamination during 
clean procedures (Quraishi et al.  1983 ). Not sur-
prisingly, circulating nurses and implant techni-
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cians/sales representatives have been implicated to 
be the major source of traffi c (Panahi et al.  2012 ). 

 Opening the door in an operating room also cre-
ates turbulence which may contribute to air con-
tamination (Lynch et al.  2009 ). In rooms equipped 
with LAF, opening the door leads to a drop in the 
pressure gradient which, in turn, requires more 
air to be pumped in through the laminar fl ow 
system. Anticipation to the needs and steps of 
surgery plays a major role in minimizing door 
openings during surgery. Preoperative templat-
ing (Gonzalez Della Valle et al.  2005 ) and having 
appropriate implants and instruments available in 
the room at the start of the case are plausible ways 
to reduce operating room traffi c. With the growing 
popularity of THR performed through an anterior 
approach, the use of intraoperative fl uoroscopy 
has increased. Theoretically, having a C-arm over 
the fi eld could increase contamination risk, but 
no studies exist on this topic. Kaska et al. points 
out that unstandardized, ineffi cient, and wasteful 
techniques that violate AORN standards of keep-
ing sterile fi elds are currently used during intra-
operative fl uoroscopy (Kaska  2010 ). They point 
out that rotation of the C-arm into the horizontal 
position introduces a non-sterile object (x-ray 
tube) and/or contaminated drape(s) into the ster-
ile fi eld. This rotation is often required multiple 
times throughout a surgical case. This increases 
the potential for contamination. By preoperative 
templating and minimizing the rotational use of 
the fl uoroscopic arm, surgeons can reduce the 
chance of C-arm- related contamination.   

20.6     Summary 

 Wound contamination during JR surgery is a multi-
factorial phenomenon. A number of factors involv-
ing the operating room environment, conduct and 
gestures of operating room personnel, and patient-
related factors are involved. Though the majority of 
the factors discussed in this chapter may not indi-
vidually contribute to a signifi cant reduction in PJI, 
it is very likely that when used together, they result 
in a drastic reduction in the rate of acute postopera-
tive infection (Parvizi and Gehrke  2013 ). In the 
experience of the senior author, when all the previ-
ously mentioned factors and gestures are taken into 

account, the rate of deep, acute infection of elective 
primary THR and TKR has been negligible with 
only three cases observed in the span of 9 years 
(approximate rate: 0.1 %).      

 Key Points 

•     Unnecessary personnel should not be 
present in the operating room.  

•   Intraoperative bacterial contamination 
of the surgical wound is a major source 
of surgical site infections and peripros-
thetic joint infections.  

•   It is reasonable to believe that the use of 
vertical LAF technology together with 
other important factors such as the 
administration of preoperative antibiot-
ics and attention to following a sterile 
surgical technique has a benefi cial effect 
in reducing the infection rates following 
joint replacement surgery.  

•   The use of UVL technology has shown 
to be effective in reducing the rate of SSI.  

•   Despite the perceived advantage, two 
randomized controlled trials have shown 
no difference in contamination rates 
when comparing reusable drapes to dis-
posable ones. Experimental evidence 
suggests that disposable drapes have bet-
ter resistance to bacterial penetration.  

•   There is strong evidence in literature 
suggesting that the use of closed suction 
drainage in an elective, primary, uncom-
plicated JR can be avoided without an 
increase in the infection rate.  

•   Since a strong link has been estab-
lished between patients who carry 
 Staphylococcus aureus  (MSSA and 
MRSA) in their nares and surgical site 
infection, patients with a history of MRSA 
or MSSA colonization should probably 
be rescreened and eventually treated prior 
to undergoing elective surgery.  

•   Body exhaust suits may offer more pro-
tection, comfort, and safety for the sur-
geon, but their role in SSIs and in PJI is 
somewhat controversial.    
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21.1     Introduction 

 It has been shown that joint replacement is among 
the most successful surgical procedures per-
formed in terms of consistent improvement of the 
patient’s quality of life (Rorabeck et al.  1994 ; 
Wiklund and Romanus  1991 ). 

 Aside from the life-threatening complica-
tions of total hip replacement, no postoperative 
complication can be more devastating than 
infection. The use of perioperative antimicro-
bial prophylaxis and laminar airfl ow surgical 
environment and further reduction of other risk 
factors have diminished the infection’s rate to 
less than one prcent for hip prosthesis and 2 % 
for other prostheses. Unfortunately these per-
centage are probably underestimated because of 
unrecognized infections, and considering the 
US annual infection rate for orthopedic implants, 
this raised to 4.3 % (Zimmerli et al.  2004 ; 
Trampuz and Zimmerli  2005 ; Hetrick and 
Schoenfi sch  2006 ). 

 Such infections may lead to implant failure, 
revision surgery, and even though in very selec-
tive cases to limb amputation. All these proce-
dures are associated with extremely high medical 
costs and long-lasting suffering status of the 
patients (Fig.  21.1 ).

   Schamalzried, in order to better characterize 
the cause of prosthetic joint infection (PJI), 
described four different modes of infection: mode 
1, intraoperative surgical contaminations; mode 
2, hematogenous spread; mode 3, a recurrence of 
sepsis in a previously infected hip; and mode 4, 
contiguous spread of infection from local source 
(Schamalzried et al.  1992 ). 

 Another useful way to classify the peri-
prosthetic joint infections (PJIs) is according 
to Coventry’s classifi cation that distinguishes 
three categories: acute postoperative infections 
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( infection is caused by contamination at the time 
of the operation), delayed infections (usually at 
least 8 weeks after operation in the form of an 
indolent, chronic, low-grade infection), and late 
hematogenous infections (it can happen at any 
time with a presentation similar to that of acute 
infection) (Coventry  1975 ). 

 From an etiological point of view, PJIs are 
mainly caused by staphylococci (45–55 %), par-
ticularly  Staphylococcus aureus  (33–43 %), and 
coagulase-negative staphylococci (17–21 %). 
However, other microorganisms can be involved 
such as streptococci (11–12 %) and more rarely 
Gram-negative bacteria (5–14 %), enterococci, 
and anaerobes. In 5–13 % of cases, mixed fl ora is 
found, while in 5 % of infections no microorgan-
ism is isolated (Giulieri et al.  2004 ; Laffer et al. 
 2006 ; Rao et al.  2008 ; Fulkerson et al.  2006 ). 

 Adhesion and fi xation of bacteria onto bioma-
terial surfaces represent the fi rst fundamental 
step in the development of PJI (Arciola et al. 
 2002 ). 

 Among various mechanisms involved in bac-
terial adhesion, the production of extracellular 
substance of polysaccharidic nature termed slime 
appears to play a relevant role; this phenomenon 
is now regularly referred to as biofi lm formation 
(An and Friedmann  1998 ; Foster and McDevit 
 1994 ; Mack et al.  2000 ; Montanaro and Arciola 
 2000 ; Cristhensen et al.  1982 ). 

 It is well accepted that bacteria growing in a 
biofi lm are more recalcitrant to the action of anti-
biotics than cells growing in a planktonic state 
and are associated with chronic infl ammation and 
resistance to the innate immune system (Stewart 
and Costerton  2001 ). 

a b c d

e f g h

  Fig. 21.1    ( a ,  b ) Progressive acetabular component mobi-
lization; ( c ) X-ray after revision with an anti-protrusion 
cage; ( d ) catastrophic clinical aspect with exposure of the 

bone of the implant due to infection; ( e – h ) resection 
arthroplasty still in treatment 1 year after the outset of the 
infection       
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 More than 65 % and the majority of PJIs treated 
by clinicians in the developed world are now 
known to be caused by organisms growing in bio-
fi lm (Stoodley et al.  2011 ; Costerton et al.  1999 ). 

 The aim of this overview is to analyze the 
development of the biofi lm and examine the most 
recent literature on this topic in particular about 
the effi ciency of new and old treatments and pos-
sible perspectives for the future.  

21.2     Bacterial Adhesion 
and Development of Biofi lm 

 To understand the diagnostic principles and treat-
ment models of PJI, it is imperative to understand 
the development and functions of biofi lm. The 
transition from planktonic growth to biofi lm 
occurs in response to environmental changes, such 
as the presence of a prosthetic device, and involves 
multiple regulatory networks. This communica-
tion termed “quorum sensing” (QS) is analogous 
to the paracrine signaling in multicellular organ-
isms and enables the bacteria to regulate their gene 
synthesis (Gristina and Costerton  2009 ). 

 At the end, biofi lm formation enables single- 
cell organisms to assume a temporary 
 multicellular lifestyle, in which “group behavior” 
facilitates survival in adverse environments. 
What was once defi ned as the formation of a 
community of microorganisms attached to a sur-
face has come to be recognized as a complex 
developmental process that is multifaceted and 
dynamic in nature (Kostakioti et al.  2013 ). 

 This cellular reprogramming alters the expres-
sion of surface molecules, nutrient utilization, and 
virulence factors and equips bacteria with an arse-
nal of properties that enable their survival in unfa-
vorable conditions (Whiteley et al.  2001 ; Stanley 
et al.  2003 ; Vuong et al.  2004 ; Lenz et al.  2008 ). 

 As soon as a new device gets implanted in a 
surgical site, a process notoriously called “race 
for the surface” begins (Gristina et al.  1995 ). 

 According to this concept, there is a competi-
tion for colonizing the surface between extracel-
lular matrix proteins (fi brinogen, fi bronectin, 
vitronectin, thrombospondin, bone sialoprotein) 
and eukaryotic cells (fi broblasts, osteoblasts, 

endothelial cells) on one hand and prokaryotic 
bacterial cells on the other. Matrix proteins are 
known to cover foreign material as soon as it 
appears in the human body. In the next step, 
fi broblasts interact with a layer of matrix proteins 
using specifi c receptors called integrins. In such a 
way, the implant becomes covered by a viable 
barrier, capable of defense functions against bac-
teria. In case there are bacteria present at the time 
of implantation, they enter the competition for 
the surface, and the outcome largely depends on 
their number and features. 

 Bacterial adhesion to biomaterial surfaces and 
development of biofi lm are thought to consist of 
four separate stages regulated through different 
mechanisms among which the best studied is QS 
(Lazar  2011 ; Costerton et al.  2007    ) (Fig.  21.2 ).

    Stage I  can be subdivided in to two phases. In 
the fi rst, bacteria inoculated in planktonic form 
diffuse through fl uids propelled by nonspecifi c 
physical factors like gravity, Brownian motion, 
surface tension, and van der Waals bonds. While 
this process for the majority of pathogen is at 
least in part stochastic, motile bacteria such as 
 Pseudomonas aeruginosa  have a competitive 
advantage. When bacteria come into proximity of 
an implant at distances smaller than 3 nm, they 
start interacting with biomaterial by means of 
hydrogen, ionic, and hydrophobic bonds. Energy 
needed for disruption of these bonds is small; 
therefore, initial attachment is dynamic and 
reversible (Donlan  2002 ; Krekeler et al.  1989 ; 
Kostakioti et al.  2013 ). 

 The second phase, mediated by multiple mac-
romolecules able to bond with the implant sur-
face and in general called adhesins, is less 
reversible. Microorganisms appear to have differ-
ent adhesins for different surface materials (Hasty 
et al.  1992 ). 

  Pseudomonas aeruginosa ,  Escherichia coli , 
and others, mainly Gram-negative bacteria, 
connect to implant surface using fl agella 
(Darouiche  2001 ). Flagella are protein hooks 
sized 20 nm used for grabbing the surround-
ings (An and Friedman  1998 ). Some bacterial 
species adhere to implant surface using spe-
cifi c means, e.g.,  Staphylococcus aureus  uses 
MSCRAMM adhesive molecule (microbial 
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surface components recognizing adhesive 
matrix molecules) to connect with extracellu-
lar matrix proteins covering the implant (Patti 
et al.  1994 ). Adhesion to a surface leads to 
important changes in many aspects of bacterial 
metabolism. Genes needed for biofi lm devel-
opment become activated. There are also other 
prerequisites for induction of this process like 
availability of nutrients, temperature, pH, 
osmolality, availability of iron, and presence of 
different signal molecules from other bacteria. 
During this stage, bacterial cells form a mono-
layer and exhibit a logarithmic grow rate. 

  Stage II , also called accumulation phase, is 
characterized by the irreversible binding to the 
surface and begins from minutes to hours after 
the fi rst stage. Once adherence has taken place, 
the now sessile (or fi xed) organisms begin to 
multiply and forming microcolonies while emit-
ting chemical signals that “intercommunicate” 
between bacterial cells (Høiby et al.  2010a ). 

 When the signal intensity exceeds a certain 
threshold level, the genetic mechanisms underly-
ing extracellular polymeric substances (EPSs) 
production are activated. EPSs consist primarily 
of polysaccharides and contribute 50–90 % of the 
organic matter in biofi lms. This matrix is highly 
hydrated (98 % water), and apart from water and 
microbial cells, it is a very complex material. 

Biofi lm in fact is not only tenaciously bounded to 
the underlying surface but also has a propensity 
to act almost as fi lters to entrap particles of vari-
ous kinds, including minerals and host compo-
nents such as fi brin, RBCs, platelets, and 
planktonic bacteria (Costerton et al.  1999 ). 

 Therefore, all major classes of macromole-
cules (proteins, polysaccharides, and nucleic 
acids) are present in addition to peptidoglycan, 
lipids, phospholipids, and other cell components 
(Taraszkiewicz et al.  2013 ). 

 In case of  Staphylococcal  infection, this sec-
ond stage is mediated by multiple molecules 
including polysaccharide intercellular adhesin 
(PIA)/poly-N-acetyl glucosamine (PNAG); pro-
teins such as biofi lm-associated protein (Bap), 
accumulation-associated protein (Aap), or 
fi bronectin- binding protein (FnBp); and eDNA 
(Rohde et al.  2010 ). 

  Stage III  is also known as maturation; it is 
characterized by the synthesis of tower-like structures 
containing, in part, eDNA from lysed bacteria 
and the generation of multiple metabolic niches 
that include bacteria growing under aerobic con-
ditions, microaerobic-anaerobic conditions, dor-
mant, and dead cells. 

 The production of QS signals bacterial surface 
components such as exopolysaccharides (EPSs) 
is required for the formation of a mature biofi lm. 

  Fig. 21.2    Four stages of biofi lm formation. ( Stage I )    
bacteria inoculated in planktonic form diffuse through 
fl uids, initial adherence to the foreign body; ( stage II ) 
accumulation phase, irreversible binding to the surface 
the now sessile (or fi xed) organisms begin to multiply and 
forming; ( stage III ) maturation, in this stage biofi lms 
reach their ultimate thickness, generally greater than 

100 μm with mushroom-shaped or tower-like microcolo-
nies. At that stage the biofi lm shows maximum resistance 
to antibiotics. ( Stage IV ) focal areas of the biofi lm dis-
solve, so some of the bacteria develop the planktonic phe-
notype and leave the biofi lm; such event may cause 
expansion of the infection and a reactivation of clinical 
manifestation       
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 In this stage biofi lms reach their ultimate 
thickness, generally greater than 100 μm with 
mushroom-shaped or tower-like microcolonies 
(Zoubos et al.  2012 ). 

 At this stage the biofi lm shows maximum 
resistance to antibiotics (Høiby et al.  2010b ). 

  Stage IV,  during this stage, maybe due to bac-
teriophage activity within the biofi lm, focal areas 
of the biofi lm dissolve, so that some of the bacte-
ria develop the planktonic phenotype and leave 
the biofi lm, such event may cause metastatic 
expansion of the infection and a reactivation of 
clinical features (Webb et al.  2003 ; Gristina et al. 
 1987 ) (Figs.  21.3  and  21.4 ).

21.3         Biofi lm, a “Survival” or 
“Virulence” Mechanism 
for Bacteria 

 Using QS, biofi lm bacteria behave very intelli-
gently, adjusting the growth of colonies in 
response to various challenges; the complexity of 
biofi lm structure and metabolism has led to the 
analogy of biofi lms to tissues of more complex 
organisms (Costerton et al.  1995 ). 

 Living in biofi lms, the bacteria are protected 
from deleterious conditions; this structure and its 
physiological attributes confer an inherent resis-
tance to antimicrobial agents, whether these 
antimicrobial agents are antibiotics, disinfec-
tants, or germicides. Cells in different regions of 
a biofi lm exhibit different patterns of gene 
expression; likewise, growth, protein synthesis, 
and metabolic activity are stratifi ed in biofi lms 
(Davies et al.  1993 ). 

Bacteria Biofilm Surface Cell

Enzymes Antibody AntibioticMacrophagus

  Fig. 21.3    While bacteria in planktonic can be cleaned by 
host defense mechanisms and antibiotic, sessile forms are 
protected. Enzymes and other host defense mechanisms 
that enable to destroy biofi lm and enzymes and other 

infl ammatory molecules released may cause damage to 
the host cells. Such damage could be responsible of 
implant mobilization       

  Fig. 21.4    Macroscopic aspect of a biofi lm colony on a 
femoral knee prosthesis component explanted due to 
infection       
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 Even if the structures that form biofi lms 
contain channels in which nutrients can circulate 
(An YH and Friedmann RJ  1998 ), inspection of 
environmental as well as in vitro biofi lms has 
revealed that the oxygen as well as nutrition con-
centration may be different in different areas of the 
matrix (Beer et al.  1994 ; Costerton et al.  1995 ). 

 Because of these nutritional and oxygen gra-
dient, bacteria within a biofi lm exist in different 
metabolic zones (Stewart and Franklin  2008 ). 
Nutrient-depleted zones can result in a stationary 
phase – like dormancy within the biofi lm – which 
may be responsible for the general resistance of 
biofi lms forming bacteria to antibiotics. 
Therefore, limited penetration of nutrients, rather 
than restricted antibiotic diffusion, may contrib-
ute to a generalized resistance or tolerance to 
antibiotics (Stoodley and Stoodley  2009 ). 

 Example of such metabolic heterogeneity is as 
described by Rani et al. (Rani et al.  2007 ) that  S. 
epidermidis  growing in a biofi lm existed in four 
metabolic states: aerobic, fermentative growth, 
dead, and dormant. 

 Due to increased production of endogenous 
reactive oxygen species and a defi cient antioxi-
dant system, the mutation frequency of biofi lm- 
growing bacteria is signifi cantly increased 
compared with planktonically growing isogenic 
bacteria, and there is increased horizontal gene 
transmission in biofi lms. Plasmid interchange is 
largely facilitated inside biofi lm. The reason is 
the close proximity of bacteria; reduction of 
shear forces by the slime also eases conjugating 
process (Ehlers and Bouwer  1999 ). 

 These physiological conditions may explain 
why biofi lm-growing bacteria easily become 
multidrug resistant by means of traditional resis-
tance mechanisms against β-lactam antibiotics, 
aminoglycosides, and fl uoroquinolones, which 
are detected by routine susceptibility testing in 
the clinical microbiology laboratory where 
planktonic bacterial growth is investigated. 
Thus, bacterial cells in biofi lms may simultane-
ously produce enzymes that degrade antibiotics, 
have antibiotic targets of low affi nity, and over-
express effl ux pumps that have a broad range of 
substrates (Driffi eld et al.  2008 ; Molin and 
Tolker- Nielsen  2003 ). 

 The matrix can provide bacteria with protection 
also from host defense mechanisms. Bacterial 
cells inside the biofi lm are well protected from 
complement system, neutrophilic granulocytes, 
killer cells, antibiotic peptides, antibodies, and 
phagocytosis. This impairment of host defense 
mechanisms has been demonstrated in a number 
of in vitro models. 

  Staphylococcus epidermidis  is the paradig-
matic example of virulence due to biofi lm. Such a 
bacterium is generally not considered pathogenic, 
and its presence on normal skin and mucosal sur-
face is not normally associated with any signs of 
infl ammatory or immune reactions. However, the 
host-staphylococcal balance becomes disrupted if 
the bacterium gains entry into the tissues and 
especially if it reaches an orthopedic implant. 
After adhering to the implant surface, 
 Staphylococcus epidermidis  secretes a layer of 
slime that can inhibit the phagocytic activity of 
neutrophils (Shiau and Wu  1998 ) and decreases 
its antibiotic susceptibility signifi cantly making 
this infection very hard to treat (Sousa  2011 ; 
Shiau and Wu  1998 ).  

21.4     The Fight Against the Slime 

 As Roman’s said “divide et impera,” the better 
way to fi ght against biofi lm forming bacteria is 
before the bacterial adherence to the foreign 
material has taken place, therefore before bacte-
ria assume multicellular lifestyle. In such a “war,” 
the host, the wound, and all the environmental 
factors are involved. In the next pages, we will 
focus on antimicrobial prophylaxis, the role of 
the antimicrobial therapy in the treatment of PJI, 
and perspectives for the future possible new mol-
ecules and target. 

21.4.1     Antimicrobial Prophylaxis 

 Perioperative antibiotic prophylaxis in orthope-
dic surgery is a broadly accepted practice, espe-
cially in prosthetic surgery (Borens et al.  2013 ). 

 It must be emphasized that perioperative anti-
biotic prophylaxis is not intended to sterilize 
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 tissues but to reduce the microbial burden of 
intraoperative contamination to a level that can-
not overwhelm host defenses (Mangram et al. 
 1999 ). The goal is to achieve serum and tissue 
drug levels that exceed, for the duration of the 
operation, the minimum inhibitory concentration 
(MIC) for the organisms likely to be encountered 
during the operation (Bratzler and Houck  2004 ). 

 Important questions related to antibiotics 
before surgery are:  which antibiotics to give, 
when to give, and for how long.  

21.4.1.1     Which Antibiotics 
in Prophylaxis 

 In general, the selection of prophylactic antibi-
otic should be based on its spectrum of action, 
pharmacokinetics and safety profi le, local hospi-
tal infections epidemiology and resistance pat-
terns, antibiotics availability, and their relative 
cost. For practical reasons and due to better bio-
disponibility, prophylaxis is routinely given 
intravenously (i.v.). 

 In particular, in orthopedic prosthetic surgery, 
the agent must have a half-life that covers the 
decisive interval (the fi rst 2 h after incision or 
contamination) with therapeutic tissue concen-
trations from the time of incision to wound clo-
sure and must be active against  Staphylococcus 
aureus  and  Staphylococcus epidermidis  which 
cause the majority of the implant-related infec-
tions (Rao  2008 ; Fulkerson  2006 ). 

 According to the present state of knowledge, 
cefazolin, the fi rst-generation cephalosporin, is the 
most commonly studied and used for perioperative 
antibiotic prophylaxis in primary total joint replace-
ment with a recommended dose of 1–2 g IV. 

 Cefazolin is preferred because of its activity 
against methicillin-sensitive  Staphylococcus 
aureus  (MSSA) and streptococci, for its safety 
profi le, excellent distribution in the bone, muscle, 
and synovia, and low cost. Cefuroxime is a 
second- generation cephalosporin and has broader 
activity against Gram-negative bacteria than the 
fi rst generation [61]. 

 Recently cefuroxime at a dosage of 1.5 g i.v. 
has been recommended for total hip arthroplasty 
(Prokuski  2008 ; Bratzler and Hunt  2006 ; Kalman 
and Barriere  1990 ). 

 In case of a serious allergy or adverse reaction 
to β-lactams, although there are few data support-
ing its use for routine prophylaxis, clindamycin 
(600–900 mg) currently is the preferred alterna-
tive (Bratzler and Houck  2004 ; Gradl et al.  2011 ; 
Matar et al.  2010 ). 

 Patients with previous history of methicillin- 
resistant  Staphylococcus aureus  (MRSA) infec-
tion, institutions with high rate of MRSA (>10 %) 
and methicillin-resistant  Staphylococcus epider-
midis  (MRSE) (>20 %) orthopedic surgical site 
infections (SSIs), and patients colonized with 
MRSA should undergo to perioperative prophy-
laxis with vancomycin (American Society of 
Health-System Pharmacists  2011 ). 

 Vancomycin has adequate activity against the 
most common high-resistant pathogens involved in 
orthopedic procedures, and it reaches high concen-
trations in the bone, synovia, and muscle within 
minutes after administration (Eshkenazi et al. 
 2001 ). It is important to keep in mind that the rec-
ommended dose should be adjusted to patient’s 
weight. A routine use of vancomycin should be dis-
couraged since its routinely prophylactic use is 
associated with vancomycin-resistant  Enterococcus  
colonization and infection (French  1998 ).  

21.4.1.2     When to Give Antibiotics 
 The importance of antibiotic delivery timing is 
known since the 1970s when Miles and Burke 
established that the effi cacy of antibiotics in 
reducing the dermal lesions after subcutaneous 
bacterial inoculation in a guinea pig model was 
associated with its administration during surgery 
or a few hours after wound closing. By delay-
ing the administration of antibiotics by only 3 or 
4 h, the resulting lesions were identical in size 
to those of animals not receiving antibiotic pro-
phylaxis. This concept was confi rmed in 1992 by 
Classen in a large study including surgical proce-
dures performed in 2.847 patients in which 313 
(11 %) were arthroplasty. 

 The authors found that the rate of infection 
was lower for patients who had received an anti-
biotic from zero to 2 h before the incision 
(Classen et al.  1992 ). 

 A study from Switzerland performed further 
investigations about the timing of prophylactic 
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antibiotics. That study shows that administration 
of cefuroxime 59–30 min before incision is more 
effective than during the last half hour (Weber 
et al.  2008 ). 

 Hence, the American Academy of Orthopedic 
Surgeons (AAOS) recommends prophylactic 
antibiotics to be completely infused within 1 h 
before the surgical incision (American Academy 
of Orthopaedic Surgeons   http://www.aaos.org/
about/papers/ advistmt/1027.asp    ). 

 Other issues of antibiotic prophylaxis may be 
pointed out as follows:
    1.    Dose amount should be proportional to patient 

weight; for patients >80 kg, the doses of 
cefazolin should be doubled.   

   2.    Vancomycin due to an extended infusion time, 
(10 mg/min or less to avoid infusion related 
events, i.e., “red man” syndrome) should be 
started within 2 h prior to incision. It is imper-
ative to completely infuse antibiotic solution 
before surgical incision.   

   3.    Additional intraoperative doses of antibiotic 
are advised if:
•    The duration of the procedure exceeds one 

to two times the antibiotic’s half-life. As 
prophylaxis, cefazolin can be re-dosed 
every 2–5 h, cefuroxime every 3–4 h, 
clindamycin ever 3–6 h, and vancomycin 
every 6–12 h (American Society of Health- 
System Pharmacists  1999 ).  

•   There is signifi cant blood loss during the 
procedure (more than 1.5 l).         

21.4.1.3     For How Long Antibiotics 
Must Be Administrated? 

 The duration of antibiotic prophylaxis in total 
joint arthroplasty is still controversial, and there 

is still insuffi cient evidence to support single- 
dose regimens. Mauerhan et al. compared the 
effi cacy of a 1-day regimen of cefuroxime with a 
3-day regimen in a prospective, double-blind, 
multicenter study of 1,354 patients treated with 
an arthroplasty and concluded that there was no 
signifi cant difference in the prevalence of wound 
infections between the two groups (Mauerhan 
et al.  1994 ). 

 The current recommendation of the AAOS is 
that prophylactic antibiotics should be discontin-
ued within 24 h of the end of surgery (Table  21.1 ) 
(American Academy of Orthopaedic Surgeons 
  http://www.aaos.org/about/papers/ advistmt/1027.
asp    ).

21.4.2         The Role of Antibiotic Therapy 
After PJI 

 The management of PJI generally relies on a 
combination of antimicrobial therapy and sur-
gery. Two-stage reimplantation is considered the 
standard surgical procedure (Fig.  21.5 ) while 
other surgical strategies include: one-stage 
exchange procedures, resection arthroplasty, 
amputation, and debridement and retention. The 
latter can be considered in patients with a short 
duration of symptoms (patients diagnosed with 
a PJI within approximately 30 days from pros-
thesis implantation or <3 weeks of onset of 
infectious) in the absence of implant loosening 
and soft tissue damage. Finally, whenever surgi-
cal procedures cannot be performed and infected 
prosthesis is retained, a chronic suppressive 
antibiotic treatment is advisable (Laffer, et al. 
 2006 ; Matthews et al.  2009 ; Trampuz and 

   Table 21.1    Prophylaxis recommendations during prosthetic surgery   

 Institution with 
 <10 % SSIs MRSA 
 <20 % SSIs MRSE 

 Institution with 
 >10 % SSIs MRSA 
 >20 % SSIs MRSE 

 Cefazolin 1–2 g IV 
 or 
 Cefuroxime 1.5 g IV 

 X  X 

 Vancomycin 1 g IV  _  X 
 Patients with adverse reaction to β-lactams clindamycin 600–
900 mg iv 

 X  X 
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a b

c d

  Fig. 21.5    ( a ) X-ray showing a mobilization of a revision 
knee prosthesis due to infection, ( b ) intraoperative picture 
of the cement spacer used during two-stage exchange, 

( c ) X-ray of the cement spacer, ( d ) X-ray 1 year after the 
spacer removal       
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Zimmerli  2008 ; Zimmerli, et al.  2004 ,  1998 ; 
Stewart and Costerton  2001 ).

   In any case, it is of paramount importance the 
use of pathogen-targeted and biofi lm-active anti-
biotics, particularly in case of retention of the 
prosthesis. 

 Guidelines on the management of prosthetic 
joint infections have been issued in 2013 by the 
Infectious Diseases Society of America (IDSA), 
and pathogen-targeted options are reported in 
Table  21.2  (Osmon et al.  2013 ).

   In addition to that, there are several pub-
lished studies both in vivo and in vitro per-
formed to evaluate antibiotics activity against 
sessile bacteria. Widmer et al. analyzed the effi -
cacy of different antibiotics on animal infection 
models in which prosthetic infection was 
caused by  Staphylococcus epidermidis . It was 
noted that fl uoroquinolones monotherapy (like 
ciprofl oxacin) has a low effi cacy, but this rises 
to 90 % if combined with rifampicin (Widmer 
et al.  1990 ). Among the antibiotics indicated 
for implant- related staphylococcal infections, 
rifampicin not only has a good bioavailability 
and an excellent anti-staphylococcal activity, 
but it also has an excellent penetration in soft 
tissues, bone, abscesses, and polymorphonucle-
ates. It also succeeds in eradicating organisms 
that adhere to prosthetic surfaces during a 

steady growth stage. However, the use of rifam-
picin is limited by rapid development of resis-
tance (therefore, it must always be combined 
with another antibiotic), toxic effects (such as 
nausea, hepatic disorder), and drugs interac-
tions (Darley and MacGowan  2004 ). 

 Last-generation fl uoroquinolones (such as 
moxifl oxacin and levofl oxacin) present lower 
MICs in vitro than ciprofl oxacin in the presence 
of Gram-positive microorganisms. However, data 
regarding their penetration and effi cacy in bone 
infections are still not available. Furthermore, the 
resistance of nosocomial staphylococci to quino-
lones has dramatically increased. At the moment, 
90 % of nosocomial MRSA are also resistant to 
quinolones (Darley and MacGowan  2004 ; Stein 
et al.  1998 ). 

 Clinical studies show that the use of rifampi-
cin and fl uoroquinolones as a monotherapy in the 
cure of orthopedic implant infections associated 
with staphylococci results in the emergence of 
antibiotic-resistant isolates in most cases. The 
association of fl uoroquinolones and rifampicin is 
highly effective in eradicating implant-associated 
staphylococci and in preventing the emergence of 
ciprofl oxacin-resistant strains. This association 
has also the advantage of an excellent oral 
bioavailability of both active principles, which 
reach serum concentrations comparable to those 

   Table 21.2    Adapted and simplifi ed IDSA guidelines on the management of prosthetic joint infections   

 Microorganism  Preferred treatment  Alternative treatment 

 Staphylococci, methicillin 
susceptible 

 Nafcillin sodium 1.5–2 g i.v. q4-6 h or  Vancomycin 15–20 mg/kg i.v. q12h or 
 Cefazolin 1–2 g i.v. q8 h or  Daptomycin 6 mg/kg i.v. q24 h or 
 Ceftriaxone 1–2 g i.v. q24 h  Linezolid 600 mg po/i.v. q12 h 

 Staphylococci, methicillin 
resistant 

 Vancomycin 15–20 mg/kg i.v. q12 h  Daptomycin 6 mg/kg i.v. q24 h or 
 Linezolid 600 mg po/i.v. q12 h 

  Enterococcus  spp., penicillin 
susceptible 

 Penicillin G 20–24 million units q24 h i.v. or  Vancomycin 15–20 mg/kg i.v. q12 h or 
 Ampicillin sodium 12 g i.v. q24 h  Daptomycin 6 mg/kg q24 h or 

 Linezolid 600 mg po/i.v. q12 h 
  Enterococcus  spp, penicillin 
resistant 

 Vancomycin 15–20 mg/kg i.v. q12 h  Linezolid 600 mg po/i.v. q12 h or 
 Daptomycin 6 mg i.v. q24 h 

  Pseudomonas aeruginosa   Cefepime 2 g i.v. q12 h or  Ciprofl oxacin 500–750 mg po q12 h 
 Meropenem 1 g i.v. q8 h  Ceftazidime 2 g i.v. q8 h 

  Reproduced with permission from Osmon et al. ( 2013 ), Oxford University Press 
 Abbreviations:  i.v.  intravenous,  q  every,  po  per oral,  h  hours  
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obtained during intravenous therapy. High levels 
of intracellular penetration and activity against 
intracellular staphylococci are also obtained 
(Bernard et al.  2004 ; Zimmerli et al.  1998 ). 

 Daptomycin has been demonstrated to be 
more effective than vancomycin for the treatment 
of experimental foreign body and systemic infections 
by biofi lm-producing methicillin-resistant  S. epi-
dermidis  [1]. However, better results were 
obtained by the combination of daptomycin and 
netilmicin, as opposed to daptomycin monother-
apy. Similarly, better results were obtained with 
vancomycin in combination with netilmicin com-
pared to vancomycin monotherapy (Domínguez- 
Herrera et al.  2012 ; Widmer et al.  1990 ). 

 Linezolid, a relatively recently introduced oxa-
zolidinone compound, is also active against beta-
lactam and vancomycin-resistant Gram- positive 
bacteria, and it has been used in the treatment of PJI 
with encouraging results (Bassetti et al.  2005 ). 
A combination of linezolid and high- dose daptomy-
cin was more effective than each agent alone in an 
in vitro model of biofi lm- producing  Staphylococcus 
aureus  infection (Parra-Ruiz et al.  2012 ). 

 In an in vitro biofi lm model of  S. aureus  infection, 
fosfomycin enhanced the activity of linezolid, mino-
cycline, vancomycin, and teicoplanin, and these 
combinatorial treatments were even better than 
rifampicin combination regimens (Tang et al.  2012 ). 

 Indeed the properties of the biofi lm change with 
time; with age, many biofi lms become increasingly 
resistant to antibiotics. Monzon et al. demonstrated 
the effi cacy of vancomycin against  Staphylococcus 
epidermidis  decreased as a biofi lm aged. This phe-
nomenon was not demonstrated for all antibiotics; 
the activity of rifampicin and tetracyclines was not 
altered (Monzon, et al.  2002 ). 

 In conclusion, evidence suggests that combina-
tion regimens can be more effective in treatment of 
biofi lm-associated infections, with respect to 
monotherapy. Particularly, rifampicin seems to 
represent an ideal partner drug in most cases. 

 The duration of antibiotic after debridement 
and retention varies in reported clinical studies 
ranging from 6 months to greater than 4 years. In 
a study by Laffer et al., there was no difference 
in outcome in patients receiving 3–6 months of 
antibiotics compared with greater than 6 months 

(91 % vs. 87 % success). Recent IDSA guide-
lines recommend, in case of debridement and 
retention of the prosthesis, 2–6 weeks of patho-
gen-specifi c intravenous antimicrobial therapy 
in combination with oral rifampicin followed by 
rifampicin plus a companion oral drug for a total 
of 3 months for a hip prosthesis infection and 
6 months for a knee prosthesis infection (Laffer 
et al.  2006 ; Osmon et al.  2013 ).  

21.4.3     Future Perspectives: New 
Molecules and Target 

 The increasing scientifi c knowledge on the molecular 
mechanisms of adhesion and development of bac-
terial biofi lm has opened the way to fi nd new 
therapeutical targets and a number of molecules 
and new strategies to “fi ght” against any stage of 
biofi lm formation (Kostakioti et al.  2013 ). 

  Anti-adhesion agents  such as mannosides and 
pilicides have been developed to contrast bacte-
rial attachment to the foreign body (stage I). 
Cusumano et al. demonstrated in vitro that man-
nosides prevented uropathogenic  Escherichia 
coli  (UPEC) biofi lm formation in vitro and were 
shown to disrupt preformed biofi lms (Cusumano 
et al.  2011 ). 

 Pilicides which are compounds rationally 
designed to interfere with export of the corre-
sponding pilin subunits were shown to inhibit 
UPEC biofi lm formation in vitro by 50 %, at con-
centrations as low as 3 mM (Chorell et al.  2010 ). 

 “ Antimatrix ”  agents  such as enzymes and 
chelating agents. These molecules are able to 
interfere with stage II of the biofi lm formation 
disrupting components of the extracellular matrix. 
Burton et al. ( 2006 ) tested the effect of inhibitors 
of the N-acetil-D-glucosamine-1- phosphate acet-
yltransferase (GlmU) which is implicated in the 
LPS synthesis. Such inhibitors showed antibio-
fi lm activity against clinical isolates of  E. coli , 
 P. aeruginosa ,  K. pneumoniae ,  S. epidermidis , 
 and E. faecalis  (Burton et al.  2006 ). 

 Similar results were shown with other 
enzymes with different targets such as DNase I 
and dispersin B engineered into a phage (Guiton 
et al.  2009 ; Lu and Collins  2007 ). 
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 Other possible antibiofi lm molecules are  QS 
inhibitors , able to interfere with bacterial signaling 
cascades which is, as mentioned above of paramount 
importance, during colony formation and maturation 
(Bearson and Bearson  2008 ; Wang et al.  2011 ). 

 For instance, QS inhibitors injected systemically 
into rats have been found to have strong activity in 
preventing methicillin-resistant  Staphylococcus 
aureus  graft infections (Balaban et al.  2007 ). 

 Various other agents have been reported to 
have a possible activity on bacterial biofi lms, 
including corticosteroids (Goggin et al.  2013 ), 
nonsteroidal anti-infl ammatory drugs (Bink et al. 
 2012 ), ginseng extracts (Wu et al.  2011 ), and 
electrical current (Del Pozo et al.  2009 ). However, 
more studies are needed to assess their effi cacy 
and clinical applicability.   

    Conclusions 

 Biofi lm development is an essential step in the 
establishment of a PJI, conferring to bacteria a 
biological advantage against antibiotics; thus 
surgery becomes necessary. 

 Currently, prevention with adequate pharma-
cological prophylaxis is mandatory. The surgical 
treatment of an established PJI in conjunction 
with pathogen-specifi c antibiotics, biofi lm- 

specifi c antibiotics, and combined antimicrobial 
regimens results of paramount importance. 

 The knowledge on the mechanisms of bio-
fi lm formation has greatly deepened, possibly 
leading in the next future to the development of 
new weapons and strategies in the armamen-
tarium of physicians for fi ghting against PJI.      
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22.1             Introduction 

    Antimicrobials unquestionably represent the 
main outcome of medical research of the twenti-
eth century, and they have been widely imple-
mented in medical practices. Still, their 
application in the treatment of implant-related 
infections has not been as successful, since peri-
prosthetic infections represent to date the fi rst 
and third source of US knee and hip infections, 
respectively, according to Bozic et al. ( 2010 ) and 
Kurtz et al. ( 2007 ). In this particular fi eld, in fact, 
microorganisms can be either suspended/free 
fl oating (planktonic) or they can stick to the sur-
face of the biomaterial itself (sessile), and the two 
types can coexist. This twofold characterization 
of microorganisms consequently gives rise to a 
fi rst major concern: the correct identifi cation of 
pathogen. Cultures for acute infections were usu-
ally aimed at the identifi cation of planktonic 
germs, but sessile bacteria, like those in peripros-
thetic    infections, often fail to be detected through 
routine cultural techniques. To spot them, further 
and more advanced techniques, overcoming the 
failure of standard sampling and culture proce-
dure, are in fact needed (Drago et al.  2012 ; 
   Romanò et al.  2009 ; Chen et al.  2011 ; Stoodley 
et al.  2011 ; Arciola et al.  2011 ; Palmer et al. 
 2011 ; Hill et al.  2010 ; Zameer and Gopal  2010 ). 

 Furthermore, the combination of biofi lm and 
sessile microorganisms can undermine the suc-
cessfulness of the infection treatment itself, if the 
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  22      Antibiofi lm Strategies 
in Orthopedics: Where Are We? 
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and     Lorenzo     Drago    

 Open Questions 

•     How relevant is biofi lm formation for 
implant- related infections in orthopedics ?  

•   Is it possible to prevent/treat biofi lm 
 formation with specifi c agents?  

•   How should we classify antibiofi lm 
agents?  

•   Is there any example of a clinical 
application of antibiofi lm strategies in 
orthopedics?  

•   What is the possible future?    
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biomaterial is not removed; sessile bacteria are in 
fact signifi cantly more resistant to antimicrobial 
treatment than other, unprotected, microorgan-
isms (Zameer and Gopal  2010 ), and chronic sep-
tic process, together with long-term infection 
recurrence, cannot be ruled out (Costerton et al. 
 1999 ). Microorganisms living in biofi lms are 
reported to be not only more resistant to antibi-
otic therapies but also more resilient to the host’s 
immune system. Moreover, it has been assessed 
that the communication between microorganisms 
living in biofi lms is responsible for controlling 
several physiological processes, among which is 
the insurgence of antimicrobial resistance (Shih 
and Huang  2002 ; Costerton et al.  2005 ). 

 The correct treatment of biofi lm-related infec-
tions thus starts from the correct targeting for 
both sessile and planktonic bacteria, by interfer-
ing with biofi lm production and/or detaching/
disaggregating mature biofi lms. To this purpose, 
using antibiofi lm agents might reduce the incur-
rence of resiliency and can also target a wide 
range of bacteria, though with a lower spectrum 
specifi city and a mainly topical or local delivery 
systems (Fernebro  2011 ). 

 Antibiofi lms could be potentially applied to a 
variety of other infections, such as catheter- 
related, chronic osteomyelitis, otitis media, 
chronic wounds, etc. Still, due to their high eco-
nomical and social impact, implant-related infec-
tions in orthopedics and trauma appear to be one 
of the most straightforward applications (Romero 
and Kolter  2011 ; Poultsides et al.  2010 ).  

22.2     Classifi cation of Antibiofi lm 
Agents 

 Biofi lms are surface bacterial aggregates encased 
in a synthesized matrix (Costerton et al.  1999 ) 
(Fig.  22.1 ). The formation of biofi lms requires 
two distinguished steps: the adhesion stage 
between a substrate surface and bacteria and the 
maturation stage, during which the adhered bac-
teria grow and differentiate. Surface adhesins and 
cell-to-cell communication signaling pathways 
are specifi c controls set up for each phase. 
Microorganisms can spread all over the human 

body according to the multiple adhesins of bacte-
ria. These adhesins are made of a set of proteins 
that are able to identify receptors located in the 
host’s tissues and controlled by several inputs 
(Tojo et al.  1988 ; Zhang et al.  2003 ; Nobbs et al. 
 2009 ). Biofi lms are structurally made of polysac-
charides that are in turn produced by bacteria.

   The two stages behind the biofi lm formation can 
potentially be affected by antibiofi lm  compounds. 
To this purpose, research efforts are not only 
aimed at the eradication of already formed bio-
fi lm but also at impeding its development. 
Considerable social and economic benefi ts would 
in fact be associated with the implementation of a 
clinical technique that impedes the formation of 
biofi lm on orthopedic implants. 

 In this chapter, we report some of the most 
promising antibiofi lm agents sorted into classes 
according to their working mechanism (cf. 
Table  22.1 ), providing an overview of the respec-
tive in vitro and in vivo studies. When consider-
ing the results, attention should be paid to not 
generalize data, since different bacteria and sub-
strates may make biofi lms differ substantially in 
terms of formation, life cycle, and composition, 
thus also infl uencing the potential antibiofi lm 
activity of each compound.

  Fig. 22.1    Biofi lm production examined by Confocal 
Laser Microscopy. In red: biofi lm; in green: bacteria; in 
yellow: bacteria and biofi lm mixture       
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22.2.1       Agents Interfering 
with Biofi lm Production 
(Biofi lm Preventing Agents) 

22.2.1.1     Anti-adhesins 
 The process of new biofi lm formation can be 
traced back to the adhesion stage of planktonic 
cells to specifi c surfaces or tissues. This essential 
step is under investigation by many researches; 
several microbial species and their related sur-
face proteins may in fact represent a potential tar-
get of anti-adhesion compounds. The main 
obstacle for the adhesin characterization is the 
interaction of multiple adhesion receptors with 
various affi nities. 

 Sortases are membrane enzymes, commonly 
found in Gram-positive bacteria, that allow the 
covalent anchoring of surface proteins to pep-
tidoglycan (Marraffi ni et al.  2006 ; Mazmanian 
et al.  1999 ; Montanaro et al.  2011 ). This dynamic 
surface structure permits several interactions 
between bacteria and their environment and is 
fundamental to the biofi lm development. Projects 
on the bacteria genome report that sortase is an 
enzyme with wide substrates. For each analyzed 
family, 20 potential sortase substrates have been 
identifi ed in  S. aureus , including protein A (Spa), 
fi bronectin-binding proteins (FnbpA, FnbpB), 
clumping factor (ClfA, ClfB), collagen adhesion 
protein (CnA), heme-binding proteins (IsdC, IsdB, 
IsdA), and other surface proteins. These results 
have been confi rmed in other Gram- positive 
microorganisms, as, for instance,  S.  epidermidis   
and  S. mutans . Sortase A (srtA) mutants instead 
did not show all the surface proteins (Marraffi ni 
et al.  2006 ). Paving the way for future research, 
tests for sepsis, abscess, septic arthritis, and 
endocarditis on animal models show that the srtA 
mutant type is less aggressive than wild-type 
kinds (Marraffi ni et al.  2006 ; Jonsson et al.  2003 ; 
Weiss et al.  2004 ; Gianfaldoni et al.  2009 ). These 
outcomes have encouraged researchers to think 
that sortase could work well as a good drug target 
for anti-adhesion activities. Up to now, research-
ers have looked for sortase inhibitors through 
natural and synthetic compounds (Maresso and 
Schneewind  2008 ). Aggregates extracted from 
 Cocculus trilobus  and  Coptis chinensis  did 

manage to stop the attachment of microorgan-
isms to fi bronectin (Kim et al.  2002 ), while syn-
thetic compounds, like (Z)-diarylacrylonitriles, 
successfully passed the researchers’ screens.  

22.2.1.2     Quorum-Sensing Inhibitors 
 As mentioned earlier, the second stage of biofi lm 
formation is the maturation stage, when cell-to- cell 
communication is exploited by microorganisms to 
control the expressions of the genes that are needed 
and/or that might be directly involved in the devel-
opment of the biofi lm itself. The lack or failure of 
cell-to-cell communication may make cells pre-
serve their planktonic state. 

 Quorum sensing (QS) is a specifi c microbial 
type of cell-to-cell communication specifi c for 
cell density as well as cell population. Bacteria 
can detect the presence of other microorganisms 
nearby by using small molecules secreted by 
these microorganisms themselves. This observa-
tion reveals that bacteria don’t act as independent 
individuals; instead, they behave as a population. 
In light of this coordination, interferences with 
the quorum sensing might thus impede bacteria’s 
colonization of an implant (Njoroge and 
Sperandio  2009 ; Kaufmann et al.  2008 ). QS was 
fi rst described in the 1960s by Tomasz ( 1965 ); 
since then, research efforts have identifi ed and 
described alternative types of QS, among which 
are N-acyl homoserine lactone (AHL) system 
and 4-quinolone system from Gram-negative 
bacteria, AgrD peptide systems for Gram-positive 
bacteria, AI2/LuxS systems for both Gram- 
negative and Gram-positive bacteria, and farne-
sol systems for fungi. 

 This identifi cation process has come up with 
many different quorum-sensing inhibitors (QSI); 
there are two classes that could be potential leading 
candidates: the furanones and RNAIII- inhibiting 
peptide (RIP) ones. There are some superior and 
inferior plants that are producing QSI, as the 
algae  Delisea pulchra , which is an endemic type 
of algae from Southeastern Australia, produc-
ing halogenated furanones that impede the bac-
terial colonization and the formation of biofi lm 
(Manefi eld et al.  1999 ). Furanones prevent the 
bacteria’s settlement and the formation of biofi lm 
by interfering with a fundamental bacteria QS 
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pathway, the AHSL regulatory system in Gram-
negative microorganisms. Furanones also interfere 
with the AI-2 signaling system, generally related 
to both Gram-negative and Gram-positive bacteria. 
So far, synthetic programs have proposed a library 
consisting of up to 200 furanones and furanone 
analogues, including surface-attached furanone, 
with its strong in vitro and in vivo antipathogenic 
characteristics (Lazar  2011 ). When tested on mod-
els of animal disease, furanones did help the host 
immune system to effectively tackle infections 
(Wu et al.  2004 ; Hentzer et al.  2003 ), and they 
also did control  S. epidermidis  biofi lm forma-
tion in vitro, as well as in a sheep model when 
covalently bound to catheters (Hume et al.  2004 ). 
Preliminary results are appealing, but furanones 
have not been applied to animal models of ortho-
pedic implant-related infections yet. 

 In vitro applications also identifi ed N-acyl 
homoserine lactone-based QS system as a pre-
dictable target preventing  Pseudomonas  biofi lm 
formation (Geske et al.  2005 ; Kaufmann et al. 
 2006 ). Animal models with polymeric joint- 
related infections also proved the effectiveness 
of QS inhibitors in augmenting the vulnerabil-
ity of bacterial biofi lms when subjected to stan-
dard antimicrobial agents, such as antibiotics 
and detergents (Musk and Hergenrother  2006 ; 
Pan and Ren  2009 ; Brackman et al.  2011 ). 
Christensen et al. ( 2012 ) recently reported intra-
peritoneal or subcutaneous injection of the QS 
inhibitor furanone C-30, ajoene, or horseradish 
juice extract in combination with tobramycin in 
a mice model of infection. In this model, they 
inserted silicone tube implants, previously col-
onized with wild- type  P. aeruginosa , into the 
mice’s peritoneal cavity. For each QS inhibitor 
tested, the treated group experienced a signifi -
cant reduction in the formation of colony com-
pared to placebo. 

 On the other side, the RNAIII-inhibiting pep-
tide (RIP), in amide form, has effectively inhib-
ited virulence, the onset of biofi lm, as well as 
antibiotic resistance of staphylococci. Kiran et al. 
( 2008 ) not only proved the effectiveness of RIP 
against some strains of methicillin-resistant  S. 
aureus  (MRSA); they also found another RIP, 
hamamelitannin, which is analogue to the 

nonpeptide RIP and can impede implant-related 
MRSA infections in a concentration-dependent 
manner. This proved to be successful on some 
animal models, but in vitro studies revealed 
that the stability and toxicity of the product 
could be of major concern (Balaban et al.  1998 ; 
Giacometti et al.  2003 ; Anguita-Alonso et al. 
 1998 ; Lovetri and Madhyastha  2010 ; Cirioni 
et al.  2007 ).  

22.2.1.3     Nonsteroidal Anti- 
infl ammatory Drugs (NSAIDs) 

 NSAIDs are cyclooxygenase inhibitors able to 
signifi cantly slow down the in vitro formation of 
biofi lm both in fungi and in bacteria. This 
cyclooxygenase- dependent synthesis of fungal 
and bacterial prostaglandin(s) might in fact be 
relevant in terms of biofi lm formation and mor-
phogenesis, and, last but not least, it might also 
contribute to the regulation phase of these two 
physiological processes. Approximately 10 years 
ago, the study carried out by Faber and cowork-
ers revealed that NSAIDs were able to impede 
the attachment of  Staphylococcus epidermidis  to 
medical polymers (   Farber and Wolff  1992 ). An 
analogous effect has been confi rmed in more 
recent studies on aspirin, etodolac, and diclofe-
nac: among these, aspirin has even implied a 
95 % inhibition of  Candida albicans  biofi lm 
development. Celecoxib, nimesulide, ibuprofen, 
and meloxicam did prove able to impede biofi lm 
formation, but with a less dramatic effect than 
aspirin. Aspirin also turned out to be effective in 
the treatment of already formed and growing bio-
fi lms. To this extent, the effi cacy of aspirin was 
related to the dose applied, and it proved its 
inhibitor property at pharmacological concentra-
tion. Still, this inhibition effect was canceled out 
when prostaglandin E2 was simultaneously 
added. At 1 mM, aspirin reduced the viability of 
biofi lm organisms to 1.9 % of that of controls 
(Alem and Douglas  2004 ). Also ibuprofen dis-
played some inhibition properties when tested on 
the  S. pneumoniae  and  E. coli  strain biofi lm for-
mation (del Prado et al.  2010 ; Naves et al.  2010 ); 
some effects also emerged with respect to the 
attachment of  Escherichia coli  to epithelial cells 
(Drago et al.  2002 ). Despite these promising 
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results, these inhibition effects emerged only in 
in vitro studies: further research on animal mod-
els is thus needed to confi rm the predicted thera-
peutic effi cacy of NSAIDs on biofi lm formation 
on implanted biomaterials.  

22.2.1.4     Antimicrobial Peptides (AMPs) 
 Antimicrobial peptides are widely diffused mol-
ecules in living organisms, whose extensive host 
defense property makes them fundamental as 
part of innate immunity. These large molecules, 
with a net positive charge, contain approximately 
50 % hydrophobic residues. Their working 
mechanism binds the structural molecules that 
are negatively charged to the microbial mem-
brane. AMPs target a wide range of microbial 
activity, rarely able to resist them, and they have 
been described as able to prevent the onset of bio-
fi lm on stainless steel surface. Héquet et al. 
( 2011 ) proved in fact that antibacterial peptides 
magainin I and misin, with their covalent bound 
to stainless steel surfaces, were able to reduce in 
a signifi cant way the attachment of Gram-positive 
 Listeria ivanovii . Melamine, a nonhemolytic 
hybrid peptide between melittin and protamine, 
decreased the adhesion of bacteria to the contact 
lenses, to which it was covalently bound, and did 
not lead to any resistance against  S. aureus  or  P. 
aeruginosa  during the repeated passage in sub-
minimal inhibitory concentrations (Willcox et al. 
 2008 ). Moreover,  P. aeruginosa  guinea pig mod-
els revealed that silicone hydrogel lenses with 
melamine led to a reduction in contact lens- 
induced acute red eye, and  S. aureus  rabbit mod-
els suggested that they also hindered contact 
lens-induced peripheral ulcers. Citropin 1.1, 
extracted from  Litoria citropa , the green tree 
frog, is powerful to the detriment of biofi lm activ-
ity and is even more powerful against  S. aureus  
biofi lm when provided together with rifampin 
and minocycline (Cirioni et al.  2006 ). A relevant 
reduction in the bacterial counts of biofi lm 
emerged in a model of  S. aureus  infection, where 
rats were treated with central venous catheters 
previously treated with citropin 1.1 peptides and/
or antibiotics (Høiby et al.  2010 ). The working 
principle of AMPs include membrane-disrupting 
action, functional inhibition of proteins, binding 

with DNA, and detoxifi cation of polysaccharides 
(lipopolysaccharide and lipoteichoic acid) (Park 
et al.  2011 ). The pitfalls related to AMPs treat-
ments are many, as their large-scale production is 
costly and complicated. Moreover, they are also 
sensitive to protease digestion. Modifi ed versions 
of AMPs led to the formation of synthetic antimi-
crobial peptides, known as SAMPs (second gen-
eration of AMPs). Their working mechanism 
is similar to the AMPs’, but SAMPs have 
 better pharmacokinetic properties. This second 
 generation is thus an improvement over the for-
mer version, but they are still broad spectrum. As 
a response, recent studies came up with STAMPs, 
that is, selectively targeted antimicrobial pep-
tides, to target species-specifi c biofi lm control. In 
other words, STAMPs are the third generation of 
AMPs, as they are their modifi ed recombinant 
version (Eckert et al.  2006 ; He et al.  2009 ). The 
in vivo activity of these compounds has still to be 
evaluated (Li et al.  2010 ).   

22.2.2     Agents Interfering 
with Established Biofi lm 
(Biofi lm Disruption Agents) 

22.2.2.1    Enzymes 
 To tackle staphylococcal biofi lm disruption, 
many different agents have been considered. 
Among them, the encouraging results are related 
to those enzymes capable of attacking biofi lm 
components. Initially, Selan and her coworkers 
recommended the use of proteolytic enzyme ser-
ratiopeptidase for the treatment of biofi lm-related 
infections (Selan et al.  1993 ; Artini et al.  2011b ). 
Almost 20 years later, in a rat model of joint- 
related infection due to  S. epidermidis  strain, 
with a high slime production capacity, serratio-
peptidase was injected in the knee affected: the 
subsequent antibiotic therapy reported a 94.4 % 
infection healing rate, higher than the 62.5 % 
cure rate emerged from groups subjected to 
the antibiotic treatment only. The resulting dif-
ference was confi rmed to be statistically sig-
nifi cant (Mecikoglu et al.  2006 ). In addition to 
this enzyme, research has also investigated the 
biofi lm- dispersing property of deoxyribonuclease 
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I (DNase I) and dispersin B (DspB). Whereas the 
former degrades extracellular DNA, which is a 
new structural component contributing to the bio-
fi lm steadiness, the latter hydrolyzes the  biofi lm 
poly-(beta-1,6)-N-acetylglucosamine exopoly-
saccharide, also called polysaccharide intercel-
lular adhesin. DNase I also inhibits the formation 
of biofi lm, when present in the culture medium, 
right at the stage of bacteria onset, but DNase 
I fails to separate biofi lm once it has already 
formed. More specifi cally, DNase I is mainly 
associated to an increase in the biofi lm bacteria 
sensibility to killing by several biocides and to 
the detachment by anionic detergents and not to 
the inhibition or detachment of biofi lm forma-
tion or already formed biofi lm. Thus, following 
Kaplan ( 2009 ), biofi lm detachment might occur 
rapidly with DNase I and at a clinically achiev-
able concentration of the enzyme (Kaplan et al. 
 2012 ). 

 Darouiche et al. ( 2008 ,  2009 ) discovered that 
DspB, combined with antiseptics (triclosan or 
chlorhexidine), boasted the broad-spectrum anti-
biofi lm and antimicrobial activity against  S. 
aureus ,  S. epidermidis , and  Escherichia coli  to 
coated vascular catheters; moreover, catheters 
coated with triclosan and DspB effectively 
showed an in vivo antibacterial activity by subcu-
taneous implantation of segments in a model with 
 S. aureus -infected rabbits. 

 An ancient approach that considered maggot 
or larvae therapy can be brushed up and applied 
in nowadays context: to this purpose, a living 
and disinfected fl y larva is introduced into a 
nonhealing skin or into soft tissue wounds of 
animals or humans. This cleans out the necrotic 
tissues and disinfects and debrides the wound. 
The  Lucilia sericata  excretions and secretions 
inhibited the biofi lm formation up to 92 %, and 
this effect has been confi rmed by several 
in vitro applications on various microorganisms 
( Staphylococcus aureus ,  Staphylococcus epi-
dermidis ,  Klebsiella oxytoca ,  Enterococcus fae-
calis , and  Enterobacter cloacae ) and on several 
biomaterials, such as polyethylene, titanium, 
and stainless steel, all currently used in orthope-
dic practices (Harris et al.  2009 ; Cazander et al. 
 2010 ).  

22.2.2.2    N-Acetylcysteine (NAC) 
 NAC is a mucolytic agent with antibacterial prop-
erties. This molecule is an antioxidant containing 
thiol and breaks disulfi de chemical ties in mucus 
(Sheffner  1963 ) and competitively impedes 
amino acid (cysteine) use (Zygmunt and Martin 
 1968 ). NAC also diminishes the attachment of 
staphylococci, as well as the adhesion of some 
Gram-negative bacilli, to some abiotic materials 
(Perez-Giraldo et al.  1997 ; Olofsson et al.  2003 ; 
Mansouri and Darouiche  2007 ; Schwandt et al. 
 2004 ). In addition to this, NAC slows down the 
formation on an extracellular polysaccharide 
matrix, and, in the meanwhile, it enhances the 
rupture of mature biofi lms. According to our 
data (Drago et al.  2013 ), NAC, when dissolved 
at a fi nal concentration of 100 mg/ml, success-
fully disrupted  S. aureus - and  P. aeruginosa -
related biofi lm, on disks of polyethylene and 
titanium, already 3 h after incubation (Fig.  22.2 ). 
Still, some differences in the biofi lm eradica-
tion emerged when targeting already formed 
 P. aeruginosa  biofi lm, according to the type of 
disk tested: polyethylene displayed a 50 % rate, 
whereas eradication was successful only on 20 
out of 100 titanium disks. The disaggregation of 

  Fig. 22.2    Residual biofi lm and bacteria, partially dis-
rupted and removed after antibiofi lm treatment with 
N-acetylcisteine of a titanium disk surface. Confocal 
Laser Microscopy. In red: biofi lm; in green: bacteria; in 
yellow: bacteria and biofi lm mixture       
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biofi lm was monitored for the following 18 h. 
Figure  22.2  displays the confocal laser scan-
ning microscopy analysis of biofi lms untreated 
and treated with NAC, 18 h after incubation. 
Live cells, with their intact cell membranes, 
were stained with Syto9 and were identifi able by 
their green fl uorescence. Furthermore, SYPRO ®  
Ruby stain identifi es the extracellular polysac-
charide matrix and comes with a red fl uores-
cence. Untreated biofi lms were mainly red, but 
they also contained a green cell that revealed the 
presence of bacteria in the extracellular polysac-
charide matrix. When treated with NAC, after 
18 h from incubation, the same analysis revealed 
a reversed scenario, with more greens and less 
reds, thus suggesting the successful disruption 
of biofi lm bacteria carried out by NAC agents. 
Disrupted bacteria returned to their planktonic 
phenotype. NAC also displays some bactericidal 
properties, against bacteria clinically relevant 
and resistant to drugs. Recent studies have tested 
NAC on organism viability during the planktonic 
and biofi lm stages; the microorganisms tested 
were, for instance, the methicillin- sensitive and 
methicillin-resistant  S. aureus  and  S. epidermi-
dis , the vancomycin-resistant  Enterococcus fae-
calis ,  Pseudomonas aeruginosa ,  Enterobacter 
cloacae ,  Klebsiella pneumonia ,  Candida albi-
cans , and  C. krusei . At the 80 mg/ml concen-
tration, NAC proved to be bactericidal (with a 
more than 99.9 % reduction) with respect to all 
the tested bacteria. On top of that, there were no 
recoverable organisms only 30 min after incuba-
tion and NAC proved to be fungistatic against 
 Candida  species. In the interval 5–10 mg/ml, 
NAC displayed the lowest inhibition and bacte-
ricidal concentration. The thickness of biofi lms 
treated with NAC decreased signifi cantly on all 
organisms but vancomycin- resistant enterococci 
(Aslam and Darouiche  2011 ).

   Agents disrupting biofi lms may be exploited in 
a number of ways, but the pretreatment aimed at 
the removal of biofi lm residues deserves further 
attention. An analysis carried out by the water 
industry has revealed that different surfaces 
homogenously attract planktonic cells, and, when 
contaminated by organic materials, especially 
residual biofi lm matrices, this attraction process 

occurs at a speed at least ten times higher. Biofi lm 
formation can occur already at the orthopedic 
implant manufacturing stage, more specifi cally 
when it involves machining techniques using a 
wet interface between the tool assembly and the 
implant. To this purpose, sterilization, for instance, 
ethylene oxide, kills the bacteria on the biofi lm 
but is not enough to totally remove the residues 
from their matrices. These should be eliminated, 
applying the available enzyme treatments, before 
the joint implantation (Olofsson et al.  2003 ). 

 When combined with various antibiotics, some 
synergies emerge. For instance, the combination 
of NAC and fosfomycin and tigecycline is able to 
reduce  S. aureus ,  S. epidermidis,  as well as some 
Gram-negative bacteria (Marchese et al.  2003 ; 
Aslam et al.  2007 ). El-Feky et al. ( 2009 ) obtained 
analogous results in their analysis of nosocomial 
staphylococci and Gram-negative bacilli retrieved 
from removed ureteral stents, using NAC (2 and 
4 mg/ml) with ciprofl oxacin. When comparing 
the treated and control groups, they obtained is a 
94–100 % biofi lm formation inhibition rate and a 
86–100 % disruption of preformed biofi lms. Zhao 
and Liu ( 2010 ) proved that the minimum inhibi-
tory concentrations (MICs) of NAC for most  P. 
aeruginosa  were achieved at 10–40 mg/ml, 
whereas at a 0.5 mg/ml concentration NAC would 
be able to disrupt already formed  P. aeruginosa  
biofi lms. In their study, the level of biofi lm dis-
ruption was proportional to the level of NAC con-
centration, and total disruption was achieved at 
the 10 mg/ml concentration. Already at 2.5 mg/
ml and at >2 MIC, NAC and ciprofl oxacin respec-
tively displayed successful  P. aeruginosa  biofi lm 
killing properties. Different combinations of 
NAC and ciprofl oxacin reduced, with respect to 
the control group, viable biofi lm-related bacteria. 
The most synergic result was obtained at a 
0.5 mg/ml NAC concentration, combined with a 
½ MIC of CIP. Moreover, the production of 
extracellular  P. aeruginosa  polysaccharides 
dropped by 27.64 and 44.59 % at 0.5 and 1 mg/
ml NAC concentration, respectively. The studies 
so far mentioned all report in vitro results, and, 
over time, clinical experience has made big 
improvements in the treatment of respiratory 
tract infections. All these elements make NAC as 
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an ideal antibiofi lm agent when dealing with 
implant-related infections. Still, further animal 
models are needed to confi rm its successful 
application.   

22.2.3     Biofi lm-Bypassing Agents 

22.2.3.1    Antibiotics 
 Systemic antibiotics succeed in the elimination 
of planktonic organisms, but they often fail to 
clear organisms embedded in the biofi lm. 
Research has proposed alternative explanations 
for this heterogeneous performance: for instance, 
limitations to the penetration of the agent (Stewart 
et al.  2000 ), presence of dormant cells or altera-
tions in the bacterial metabolism (Brown et al. 
 1988 ; Kim  2007 ; Lewis  2001 ), and phenotypic 
variations (Drenkard and Ausubel  2002 ). The 
resistance of biofi lm depends on many different 
factors, and it is also organism related. Darouiche 
et al. ( 1994 ) proved that vancomycin was able to 
penetrate  S. epidermidis  biofi lm, but it was not 
able to completely disrupt the biofi lm-embedded 
bacteria. Gattringer et al. ( 2010 ) investigated the 
time-dependent effects of rifampicin on  S. epi-
dermidis  insediated in biofi lm, extracted from 
patients suffering from cardiac implant infec-
tions. Hansen et al. ( 2010 ) studied, instead, 
antibiotic- delivering apparatus and their ability 
to decrease the development of bacterial biofi lm 
on implanted pacing devices. Both these studies 
proved that antibiotic doses and delivery times 
are crucial factors to take into account, as they 
could effectively act against biofi lm-centered 
infections, especially when surgical treatment 
cannot be applied. Thus, there are some antibiot-
ics that could emerge as being more effective 
than others against biofi lm-embedded bacteria. 
According to one study, daptomycin, minocy-
cline, and tigecycline did better than linezolid 
and vancomycin in the reduction of viable 
biofi lm- embedded MRSA after a 24 h exposure 
(Raad et al.  2007a ). Another study reported that 
the combination of minocycline, EDTA, and 
25 % ethanol was able to disrupt MRSA biofi lm 
after a 15 min exposure (Raad et al.  2007b ). Also 
daptomycin and rifampin, when combined, 

reported effi cacies higher than when applied 
alone in the prevention of staphylococcal biofi lm 
infections in a rat model (Cirioni et al.  2010 ). As 
reported above, adding NAC to tigecycline 
revealed other synergies to the detriment of sev-
eral biofi lm-embedded organisms and it was also 
able to eradicate  S. epidermidis  and MRSA from 
catheter surfaces after 4 h of exposure (Aslam 
et al.  2007 ). It is worth mentioning that all these 
studies might share a common constraint relative 
to the activity of antibiotics against biofi lm bacte-
ria, as there is no standardized laboratory model 
for testing antimicrobials in biofi lms. Coenye and 
Nelis ( 2010 ) provide a complete survey of in vitro 
and in vivo model systems for the study of micro-
bial biofi lm development.  

22.2.3.2    Photodynamic Treatment 
 An alternative approach might eventually be 
implemented in the treatment of orthopedic 
chronic wounds: this solution combines the action 
of a photodynamic treatment with antibiotics, at a 
lower concentration than other antibiotics work-
ing as biofi lm inhibitors. Photodynamic treatment 
(PDT) initially treats bacteria with photosensi-
tizer drug, and then they are consequently treated 
with a low-intensity visible light of an appropriate 
wavelength (Jori  2006 ). Usually, the photody-
namic inactivation of bacteria is related to the 
effect of a photosensitizer dye, aiming at bacterial 
structures and avoiding eukaryotic tissue cells 
structures, and these are eventually activated with 
low doses of visible light, so that free radicals or 
singlet oxygen bactericidal to microorganisms is 
generated. PDT has successfully disrupted bacte-
rial biofi lm forming in dental plaques and in other 
oral implants, but it has also turned out successful 
on  S. epidermidis  and  S. aureus  biofi lms (Di Poto 
et al.  2009 ; Sharma et al.  2008 ; Vilela et al.  2011 ) 
and on in vitro studies of  E. coli  biofi lm (Saino 
et al.  2010 ). Saino et al. ( 2010 ) proved that PDT is 
also effi cient in the inactivation of staphylococcal 
biofi lms in a variety of implant-related infections 
accessible to visible light. Still, the real impact of 
PDT on staphylococcal biofi lm eradication is 
affected by the photosensitizer molecule chosen. 
The greater effect in terms of photo-effi ciency 
related to bacteria killing is achieved when this 
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photosensitizer molecule can deeply penetrate 
into the bacterial membranes, thus reaching a 
higher endocellular concentration. When the bac-
teria are less resistant to antibiotics, antimicrobial 
PDT can be an additional clinical therapy, depend-
ing on the photosensitizer’s pharmacokinetics, on 
the suitability of the wavelength, on the irradia-
tion time, and, lastly, on the accessibility of the 
implant site (Maisch  2007 ; Poggio  2001 ).  

22.2.3.3    Nanotechnologies 
 At the frontier, research is considering nanotech-
nologies as the ultimate solution against  biofi lm 
formation. Antibacterial  nanotherapeutics include 
nanomaterials that either display antibacterial 
activity or improve the way other antimicrobi-
als are administered, thus increasing their overall 
effectiveness and safety. These research efforts 
can be distinguished into two mainstreams: the 
development of nanosized carriers from already 
existing antibiotics as a platform to improve 
their delivery and creation of new antimicrobial 
nanoparticles. 

 The fi rst approach deals with controlled drug 
delivery. Nanoparticles tend to capture a drug 
and deliver it directly to the place it is meant 
to work and/or to release it in a controlled way, 
thus  acting as an innovative drug carrier. There 
are many benefi ts related to the implementation 
of this controlled drug delivery with respect 
to standard antibiotics administration: (1) 
more effi cient medication, (2) reduction in the 
required doses, and (3) less side effects related 
to the drug target and/or localized action. The 
controlled release of gentamicin formulation 
using poly(lactide-co- glycolide) nanoparticles 
is a suitable exemplifi cation of this approach. 
Entrapping this hydrophilic drug into a hydro-
phobic poly(lactide-co- glycolide) polymer 
obtained a controlled gentamicin release for up 
to 16 days (Abdelghany et al.  2012 ). An addi-
tional example refers to the application of the 
same approach in the development of core/
shell nanoparticles formed from polymeric shell 
and bioceramic core that were loaded, at the 
same time, by two forms of available antibiot-
ics. Further analysis proved that these particles 

were indeed able to provide controlled drug 
release during the period of at least 30 days. 
This approach may contribute to the local and 
controlled delivery of antibiotics already intro-
duced in dental practices as well as for the pre-
vention of bone infections, such as clindamycin 
base and clindamycin phosphate (Vukomanovic 
et al.  2011 ). The main features of these systems 
of nanotechnological local drug delivery are 
(1) the dependence of the drug release on the 
kinetics of polymer degradation, that is, a slow 
release with no initial burst effect, and (2) the 
antibacterial mechanism, defi ned by the activity 
of the released drug. Both these features help in 
contrasting the offset of antibiotic side effects, 
related to the local action; nonetheless, they 
might theoretically contribute to the develop-
ment of resistant strains. 

 The development of antibacterial nanothera-
peutics also relies on a second strategy, namely, 
the synthesis of novel antibacterial nanomate-
rials. Using inorganic nanoparticles as active 
agents can in fact positively contribute to the 
development of these drugs. To this purpose, 
research is combining materials with natural 
antimicrobiotics with materials with potential 
for synthetic activation. The main approaches 
adopted so far are (1) the formation of com-
posites and hybrids, (2) photoactivation, and 
(3) functionalized surfaces. The last one pro-
vides ability for the attachment of a variety of 
molecular species on metallic nanoparticles. 
The special benefi t is in development of the 
route of administration of medicament when it 
can be led exactly to the predefi ned place of its 
action (target drug delivery). This study could 
be alternatively adopted for the design of the 
solubility, surface charge, wettability, and other 
properties that can all provide new behavior of 
material. Nanoparticles made of gold or plati-
num, and of other noble metals, with the excep-
tion of silver, are all nontoxic particles: as a 
consequence, their antibacterial ability has to 
be confi gured and functionalization might be a 
suitable approach. Antibacterial activity of van-
comycin has been considerably improved once 
bound to colloidal gold, and it has also proved 
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to be effi cient against vancomycin-resistant bac-
teria. Nanoshell Au-ciprofl oxacin performed in 
a similar way (Burygin et al.  2009 ; Taylor and 
Webster  2011 ).   

22.2.4     Antibiofi lm Vaccines 

 As far as the diagnosis of orthopedic biofi lm- 
related infections are concerned, the immuno-
enzymatic detection of serum IgM levels 
against staphylococcal slime polysaccharide 
antigens has proved to be fairly effective 
(Artini et al.  2011a ). Still, all the attempts to 
the design of an anti-staphylococcal vaccine 
have failed. In fact, all the whole live or killed 
 S. aureus  vaccines on animal models have been 
largely unsuccessful (Watson  1987 ). Analysis 
has focused on purifi ed forms of either poly-
saccharide or protein from the bacterial sur-
face, especially for the capsular polysaccharide 
types 5 and 8. The StaphVAX vaccine dis-
played some protective effi cacy in infection 
animal model. Despite this promising result, 
protection slowly decreased over time down to 
<30 % 1 year after vaccination (Shinefi eld 
et al.  2002 ). Recently, recombinant forms of 
four cell walls have been combined with mem-
brane-associated proteins, immunogenic dur-
ing  S. aureus  biofi lm infection, in a quadrivalent 
vaccine framework: this combination has been 
tested against  S. aureus  biofi lm infection, gen-
erally resistant to antimicrobials (Brady et al. 
 2011 ). The antigenic proteins included in this 
study, although not disclosed, were selected 
among other proteins the same author had 
previously identifi ed (Brady et al.  2006 ). 
One antibiotic, with no effect in terms of eradi-
cation of biofi lm communities, was used also 
in the combination with vaccine for the elimi-
nation of any trace of planktonic staphylo-
cocci. This quadrivalent vaccination, together 
with antibiotic therapy, was more effi cient in 
terms of infection clearing than either treat-
ment alone. An alternative immunopharmaco-
therapeutic approach suggests to target the 
quorum-sensing mechanism of  S. aureus . An 

anti-autoinducer monoclonal antibody, AP4- 
24 H11, successfully inhibited QS in vitro by 
sequestrating the autoinducing peptide-4 gen-
erated by  S. aureus  RN4850. It is worth men-
tioning that AP4-24H11 eradicated  S. aureus  
pathogenicity in a mouse model with abscess 
formation and also provided total coverage 
against a lethal  S. aureus  challenge. These 
results pave the way for further research imple-
menting immunopharmacotherapy on the pre-
vention and treatment of bacterial infections in 
which QS controls the expression of virulence 
factors (Park    2011).   

22.3     Antibacterial-Loaded 
Hydrogel Coating 
and Biofi lm Prevention 

 In the lack of clinically safe and effective antibio-
fi lm agents for systemic administration, current 
clinical research is more focused on various strat-
egies of local delivery, to protect implanted bio-
materials from bacterial colonization and biofi lm 
formation (Romanò et al.  2013 ; Arciola  2009 ; 
Kiedrowski and Horswill  2011 ) To this aim, vari-
ous antibacterial coatings have been proposed, 
but current technologies are far from large-scale 
application in orthopedics, due to several limita-
tions, including questionable long-term effect on 
bacterial resistance and on bone ingrowth, regu-
latory issues, and costs. 

 Until recently, most of the authors have looked 
for prolonged or permanent antibacterial coatings 
(Hickok and Shapiro  2012 ). Contrary to this com-
mon vision, it has been proposed that a fast- 
resorbable antibacterial-loaded hydrogel coating 
may offer (1) effi cacy toward early bacterial colo-
nization, providing complete protection of the 
implant for the time needed to win the “run to the 
surface” (Costerton  2005 ), i.e., in the fi rst hours 
after surgery. According to this approach, local 
antibacterial protection is provided in the very fi rst 
hours after surgery, much similarly as systemic 
prophylaxis, that has been shown to be necessary 
only in the short term perioperatively; (2) safety, as 
high local concentration and fast and complete 
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release of the antibacterial may avoid induction of 
antibiotic resistance and possible risks of long-
term effects on bone healing; (3) versatility, 
through intraoperative mixing with a choice of dif-
ferent antibacterial agents; (4) ease of handling; 
and (5) reduced costs for large-scale application. 

 Studies have demonstrated that this novel 
approach, using a fast-resorbable hydrogel, 
 composed of covalently linked hyaluronan 
and poly- D,L-lactide (DAC ® , Novagenit ® , 
Mezzolombardo, Italy) (Fig.  22.3 ), is in fact able 
to inhibit biofi lm formation on different substrates 
in vitro and to prevent implant-related infection 
in an animal model of implant-related infection 
(Giavaresi et al.  2013 ; Drago et al.  2014 ).

22.4        Conclusions and New 
Perspectives 

 Biofi lm-embedded sessile bacteria are over-
whelming issues in the treatment of biofi lm- 
related infections in orthopedics and not only. In 
fact, as publicly announced by US National 
Institutes of Health, “Biofi lms are medically 
important, accounting for over 80 % of microbial 
infections in the body” (McLean et al.  2012 ). 
Efforts to improve our treatment strategies of 
biofi lm-related infection should take into account 

the communal, rather than individual, nature of 
microorganisms, and some attention should be 
devoted to the understanding of the formation of 
biofi lm communities that are also able to pre-
serve diversity. 

 Many different targets for antibiofi lm agents 
have been identifi ed. However, despite the worry-
ing recurrence of implant-related infections in 
orthopedic surgery, their high rate of complica-
tions, and social and economic costs, only lim-
ited information on antibiofi lm strategies and 
bone- and orthopedic implant-related infections 
is currently available. 

 Orthopedic research in this fi eld appears at 
only a preliminary stage, and some critical points 
should be better addressed in the future, like bio-
fi lm structure and function of different microor-
ganisms; biofi lm relationships with different 
substrates, including bone and cartilage and com-
mon biomaterials (both metallic and polymeric); 
tolerability of antibiofi lm agents; etc.      

 Key Points 

•     Biofi lm formation is probably the main 
reason for bacteria persistence and treat-
ment failure of implant-related infec-
tions in orthopedics.  

•   Various antibiofi lm strategies have been 
proven in vitro and in vivo to be able to 
prevent or reduce biofi lm formation and 
to disrupt an established biofi lm.  

•   Antibiofi lm agents may be classifi ed 
according to their mechanism of action, 
although some may show different 
activities at the same time.  

•   Local application of antibacterial and 
antibiofi lm agents, like implant coating, 
is a feasible and promising approach, 
while systemic antibiofi lm treatment is 
still restricted to animal models.  

•   Given the paucity of new antibiotics and 
their inability to control adequately bio-
fi lm-related infections, antibiofi lm strat-
egies appear a promising research fi eld 
to improve clinical results in these chal-
lenging conditions.    

  Fig. 22.3    Antibacterial-loaded, fast-resorbable, hydrogel 
coating (DAC®, Novagenit®, Mezzolombardo, Italy) spread 
on a sanded titanium disk. The coating, that has received the 
CE mark and is available for clinical use in Europe, has 
been proved effective to inhibit biofi lm formation on differ-
ent substrates in vitro and to prevent implant-related infec-
tion in an rabbit model of implant-related infection       
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23.1             The Infectivologist’s Point 
of View 

    Giovanni     Riccio      

 Several studies have demonstrated that antibi-
otic prophylaxis reduces the incidence of infec-
tion after orthopaedic surgery, and their use is 
considered routine for primary and revision 
joint arthroplasty (AAOS Recommendations 
 2004 ). 

 Three main questions should be answered in 
discussing about antibiotic prophylaxis:
•    Which antibiotic should we choose?  
•   When do we start its infusion?  
•   How long do we continue its administration?    

 Regarding the fi rst point, the characteristics 
of a good candidate for prophylaxis are as 
follows:
•    To be bactericidal, with a good spectrum 

against the microorganisms most commonly 
involved in periprosthetic joint infection.  

•   It should not be used as in therapeutic 
regimen.  

•   It should gain a good tissue penetration and a 
rapid bioavailability.  

•   It should have, at the same level of effi cacy, 
lower cost and less adverse effects (Linee 
Guida ISS  2011 ).    
 In order to gain a good tissue concentration of 

antibiotic during the surgical procedure, the 
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 Open Questions 

•     Is the antibiotic prophylaxis in joint 
replacement the most important proce-
dure in reducing the infection rate?  

•   What is the most cost-effective antibi-
otic family advisable as fi rst choice in 
prosthetic surgery prophylaxis?  

•   What are the clinical and environmental 
conditions justifying the use of glyco-
peptides for prophylaxis in joint 
replacement?  

•   Is there usefulness in combining two 
antibiotics in a prophylactic regimen?    
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 infusion should start between 30 and 60 min 
before the skin incision, and this range of time 
seems to be universally accepted. Other reports 
from the literature have suggested to give the 
antibiotic within 30 min before the incision or 
prior the tourniquet infl ation in case of knee 
reconstruction (Van    Kasteren et al.  2007a ,  b ). 
However, the timing of infusion might differ 
depending on specifi c drug pharmacokinetics or 
whether or not a tourniquet is going to be used. 

 By using vancomycin, for example, that needs 
a prolonged infusion over 1 h, the infusion should 
be started, at least, 2 h before skin incision, and 
this is, of course, more time consuming. In case 
of the use of a tourniquet, it is important to 
remember that the whole dose of antibiotic must 
be infused before the infl ation of the tourniquet 
(Parvizi  2013 ). 

 Regarding the third question “how long the 
prophylaxis has to be continued?”, the adminis-
tration duration time has been well defi ned from 
many prospective randomized studies that sug-
gest to stop antibiotic prophylaxis within 24 h 
after surgery. Medical literature does not demon-
strate evidence of benefi t when antibiotic pro-
phylaxis is prolonged over this period. 
Furthermore, giving antibiotic beyond 24 h 
might lead to the emergence of bacterial resis-
tance and increase the risk of  C. diffi cile  enteritis 
(Southorn et al.  1986 ). 

 Another aspect often missed by surgeons is 
the necessity of an intraoperative supplementary 
dose of antibiotic in case of prolonged operation 
with surgical time exposure exceeding two times 
the half-life of the delivered antibiotic or in case 
of massive blood loss occurring during the pro-
cedure (Bratzler et al.  2004 ). These two situa-
tions, indeed, are rare in primary total joint 
arthroplasties. 

 Several antibiotics have been suggested for 
their use as prophylaxis in elective orthopaedic 
surgery. The main categories are:
•    First- and second-generation cephalosporins  
•   Penicillins  
•   Glycopeptides (vancomycin and teicoplanin)  
•   Quinolones  
•   Clindamycin  
•   Aminoglycosides    

 First- and second-generation cephalosporins 
are the most used as prophylaxis. Their use offers 
some advantages like an excellent tolerability, the 
possibility of a more rapid infusion, a good 
 bioavailability and a very low cost. 

 They are active against oxa-sensitive staphylo-
cocci and several Gram-negative micro organisms. 

 On the other hand, they are not active against 
oxacillin-resistant staphylococci, enterococci, 
anaerobes and diffi cult-to-treat Gram-negative 
microorganisms (Page et al.  1993 ). 

 Penicillins showed, in some studies, results 
comparable to cefazolin. 

 Third- and fourth-generation    cephalosporins 
and quinolones should not be chosen as prophy-
laxis because their use does not ensure better 
results since they are very useful in the therapeu-
tic regimen and at least more expensive. Like 
vancomycin, pefl oxacin needs a prolonged infu-
sion time (over 1 h). 

 Glycopeptides seem to be an attractive alterna-
tive to second-generation cephalosporins because 
of their activity against oxacillin- resistant staphy-
lococci, enterococci and anaerobes. 

 Despite their    higher cost, toxicity and man-
agement (prolonged infusion time for vancomy-
cin), their cost-effectiveness has been studied by 
many researchers. Most of these studies showed 
an equivalent effi cacy in preventing SSI   , also in 
centers where oxacillin-resistant staphylococci 
incidence was higher. 

 Only one recent study demonstrates a superi-
ority of teicoplanin plus cefuroxime versus cefu-
roxime alone (Soriano et al.  2006 ). In other 
studies, fi rst- and second-generation cephalospo-
rins and glycopeptides showed a similar effi cacy 
in preventing SSI (Vardakas et al.  2005 ). 

 Therefore, cefazolin and cefuroxime should 
be preferred for patients with a standard risk 
of infection undergoing elective orthopaedic 
procedures. Clindamycin and vancomycin 
may be an alternative in the penicillin-allergic 
patients. 

 Vancomycin should be used, probably better if 
in combination with cephalosporin, as fi rst choice 
in nasal carriers of MRSA or patients coming 
from communities with a known outbreak of 
MRSA infection.   
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23.2     The Orthopaedic’s Point 
of View 

    Massimo     Innocenti,       Christian     Carulli,         Gabriele   
  Ristori,       Fabrizio     Matassi,       Roberto     Civinini     

23.2.1     Introduction 

 An orthopaedic surgery is a “clean” and success-
ful surgery, as widely demonstrated by several 
long-term series particularly for hip and knee 
procedures (Sharkey et al.  2002 ; Ritter  2009 ; 
Corbett et al.  2010 ; Carulli et al.  2012 ; Toossi 
et al.  2013 ). However, the annual worldwide 
increasing of the number of hip and knee arthro-
plasties is leading to a proportional rise of the 
complications: among these, infections to date 
represent one of the major risks of failure, 

 reaching up to 15 and 25 % of the indications to 
revision in hip and knee surgery, respectively 
(Babkin et al.  2007 ). The implant of a prosthetic 
knee or hip induces a susceptibility condition of 
the host to infections. This situation may be very 
hard to manage, both for patients and surgeons: 
moreover, these clinical issues are related to high 
healthcare and social costs, given the necessity 
of several medical and surgical procedures. This 
complication may occur with different clinical 
patterns: an acute infection, within a few days or 
weeks from surgery, insidious pain, swelling, 
rash and possibly with a sinus tract or fi stula 
generally present; a chronic postoperative infec-
tion, that realizes from months to years after the 
implant. In this clinical setting, symptoms are 
usually nonspecifi c: it is often diffi cult to distin-
guish an infection from an aseptic loosening or a 
case of hypersensitivity to metals or cement 
(Carulli et al.  2011 ; Villano et al.  2011 ; Innocenti 
et al.  2014 ). Finally, the hematogenous seeding 
type of infection of knee and hip implants usu-
ally show as a late infection from index surgery, 
although as acute clinical presentation: this is 
not directly correlated to the orthopaedic proce-
dure and may also occur decades after surgery. 
Fortunately, the infection rates in joint arthro-
plasties are relatively low and decreasing with 
respect to the last 30 years: the estimated current 
incidence is 0.5–1.5 % and 1 % for hip and knee 
implants, respectively (Engesaeter et al.  2003 ; 
Blom et al.  2004 ; Hamilton and Jamieson  2008 ; 
Willis-Owen et al.  2010 ). These improvements 
have been achieved by advanced prophylactic 
perioperative strategies and modern antibiotic 
therapies. Particularly, the advantages of spe-
cifi c antibiotics has been proved by meticulous 
randomized trials and demonstrated by impor-
tant reviews comparing antibiotics with placebo 
(Heath  1991 ; Al-Buhairan et al.  2008 ). Despite 
this evidence, there is still debate on what should 
be the best antibiotic to be used as prophylaxis in 
arthroplasty. Recently, two interesting surveys 
on the clinical practice of large groups of 
American and Canadian orthopaedic surgeons 
have shown a signifi cant variability in the choice 
of the  specifi c antibiotic, timing and duration of 
the prophylaxis (Berry and Bozic  2010 ; de Beer 

 Key Points 

•     The prophylactic infusion time of ceph-
alosporins is 30–60 min before skin 
incision or tourniquet infl ation although 
one study has suggested that 30 min 
before incision is admitted   .  

•   In the case of vancomycin, infusion 
should be started 2 h before skin 
incision.  

•   The prophylactic regimen should not be 
prolonged more than 24 h after surgery.  

•   Data from the Norwegian Arthroplasty 
Register showed that four doses/24 h of 
cefazolin have been more effective than 
fewer doses, whereas another study 
showed no differences between one single 
dose/24 h versus a four-dose regimen.  

•   In our institution, according to the 
Italian National Guideline, we recom-
mend one single dose in primary arthro-
plasty (eventually four doses in 
particular cases like patients with an 
ASA score >3) and four doses for pro-
phylaxis in revision surgery.    
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et al.  2009 ). However, there is no possibility to 
confi rm the superiority of a drug over the others. 
Given the small percentages of infected implants 
over the million procedures yearly performed, 
no randomized trial or head-to-head clinical 
study may reach a statistical power to assign the 
greater effi cacy of an antibiotic with respect to 
others. The unique reliability is related to date to 
the results obtained by the best available evi-
dence in the orthopaedic practice (Parvizi and 
Gehrke  2013 ).  

23.2.2     Analysis of the Literature 
and Critical Discussion 

 The basic requirement to reduce the risk of 
infection in orthopaedic surgery is to perform 
the procedures in complete respect of a rigorous 
sterility: several pre- and intraoperative strate-
gies have been proposed, but only few are sup-
ported by scientifi c evidence (Matar et al.  2010 ). 
Preoperative hair removal; the use of a double 
pair of gloves, surgical gowns and body exhaust 
suits; laminar fl ow in the operating room; sterile 
fi eld by a bacteriostatic and/or bactericidal disin-
fectant; the use of antibiotic-loaded cement; and 
antibiotic prophylaxis are now established 
(Jamsen et al.  2010 ). Other procedures, such as 
preoperative shower with antiseptic agents and 
the use of disposable impervious drapes instead 
of reusable cotton ones, are still now debated 
(Merollini et al.  2013 ). 

 The main established basic strategy is how-
ever the antibiotic prophylaxis. The fi rst choice 
to be addressed is the specifi c drug, selected on 
the basis of the potential agents of infection. In 
orthopaedic surgery, generally the most involved 
bacteria are represented by  Staphylococci  
( Staphylococcus aureus  and  epidermidis ), fol-
lowed by  Streptococci  (Al-Buhairan et al.  2008 ): 
specifi cally, their antibiotic-resistant variants 
seem to be involved in the septic failures. Several 
case studies of infected hip and knee implants 
have been reported in the literature confi rming 
the high rates of bacterial resistance. Phillips 
et al. reported 4 % of methicillin-resistant 
 Staphylococcus aureus  (MRSA) and 25 % of 

methicillin-sensitive  Staphylococcus aureus  
(MSSA) in his series (Phillips et al.  2006 ). 
Pulido    et al. (2001) reported a percentage of 
MRSA and MSSA of 20 % (Pulido et al.  2008 ), 
as similar results have been recently reported 
(Stefánsdóttir et al.  2013 ). 

 Carrega et al. ( 2008 ) proposed a hypothesis 
regarding the type of microbial agent and the tim-
ing of occurrence of the infections: early infec-
tions are usually induced by non-resistant species 
of  Staphylococcus aureus  (<3 months), while late 
infections (>1 year) seem to be correlated to low-
virulence bacteria, such as coagulase-negative 
staphylococci (CoNS). However, the increased 
number of infections in the interval between 3 
months and 1 year is related to resistant species:
•    Methicillin-resistant CoNS were identifi ed in 

30 % of early infections, in 24 % of delayed 
infections and in 17 % of late infections.  

•   MRSA were isolated in 13 % of early infec-
tions, in 22 % of delayed infections and in 
15 % of late infections.    
 Therefore, the antibiotic prophylaxis must be 

essentially focused on  Staphylococci . 
 As mentioned, given the current low rates of 

infection (nowadays decreasing with respect to 
the 1970s), it is not feasible to conduct a ran-
domized controlled trial that may directly com-
pare the effi cacy of two or more antibiotics: thus, 
there is no evidence of a superiority of an antibi-
otic over another (Glenny and Song  1999 ; 
Al-Buhairan et al.  2008 ). 

 The most commonly used and studied antibiot-
ics are fi rst- and second-generation cephalospo-
rins (cefazolin and cefonicid, respectively). They 
belong to the group of β-lactam molecules with a 
time-dependent bactericidal action, acting by an 
irreversible inhibition of the enzyme responsible 
of the bacterial cell wall integrity. Their pharma-
cokinetic features as the high water solubility, the 
elevated tissue penetration, the renal elimination, 
the absent or negligible toxicity and the half-life 
(0.5–1.5 h) allow a fl exible use in this type of sur-
gery. On the other hand, they have a narrow spec-
trum of action, mainly active on Gram-positive 
bacteria (except enterococcus), and in the case of 
the second-generation cephalosporin, some 
Gram-negative bacteria ( Escherichia coli , 
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 Klebsiella pneumoniae ,  Proteus mirabilis ). 
Recent studies revealed a signifi cant increase of 
antibiotic resistance particularly MRSA but also 
 Staphylococcus epidermidis  and other methicil-
lin-resistant CoNS (Al-Maiyah et al.  2005 ; 
Fulkerson et al.  2006 ). For these reasons, the use 
of drugs with a broader spectrum of action as the 
third-generation cephalosporins (ceftriaxone), 
extending an action on diffi cult Gram-negative 
bacteria, such as  Enterobacter  and  Pseudomonas  
species, has been proposed. Similarly, the fourth-
generation cephalosporins (Cefepima) showed an 
enhanced activity on Gram-negative bacteria, 
maintaining their action on Gram-positive spe-
cies. These drugs have comparable pharmacoki-
netic features, but present a longest half-life 
(ceftriaxone, 4 h; Cefepima, 2 h) with respect to 
fi rst generation. However, they present an 
increased risk of colitis by  Clostridium diffi cile , 
associated with a higher mortality risk (from 3.5 
to 15.3 %) with respect to the past (Crabtree et al. 
 1999 ). For this reason, it is mandatory to reason-
ably administer the antibiotic prophylaxis in hip 
and knee surgery to avoid this dangerous compli-
cation (Jenkins et al.  2010 ). 

 The other major class of antibiotics proposed 
for the orthopaedic prophylaxis is represented by 
glycopeptides (vancomycin and teicoplanin). The 
management of these drugs is absolutely more 
complex, given the high risk of adverse reactions 
and limitations. They are almost completely elimi-
nated by the kidneys, and this explains the high 
rate of (reversible) nephrotoxicity (5 %), and the 
contraindications in patients with renal insuffi -
ciency or in combination with other nephrotoxic 
drugs. Moreover, vancomycin (but not teico-
planin) may induce a non-immune-mediated 
release of histamine (5–10 %) in cases of too 
quick intravenous administration: tachycardia, 
fl ushing, tingling, itching, erythema, deafness, tin-
nitus and in exceptional cases severe arterial hypo-
tension up to shock are reported. Despite these 
limitations, they are characterized by good phar-
macokinetic properties, with long half-life (about 
6 h for vancomycin, even more for teicoplanin) 
and good tissue penetration. Their action is held 
on all Gram-positive bacteria (except teicoplanin 
that is not active on enterococcus), and Gram-

negative bacteria, acting by an irreversible block 
of the synthesis of bacterial cell wall. Their spec-
trum of activity also includes MRSA and methicil-
lin-resistant CoNS, so they are considered 
“second-line” drugs, reserved for cases of β-lactam 
resistance or β-lactam allergy. In local ecosystems 
with specifi c risks for MRSA infections, it is rea-
sonable to adopt an antibiotic prophylaxis with 
vancomycin (teicoplanin is more expensive) as 
“fi rst-line” drugs (Meehan et al.  2009  Smith et al. 
 2012 ) with very satisfactory results. Some authors 
found a recent rise of MRSA and CoNS species 
with a reduced susceptibility to vancomycin, espe-
cially vancomycin-resistant enterococci (VRE) 
with potential serious consequences (Nixon et al. 
 2006 ; Gemmel et al.  2006 ; Kock et al.  2010 ). A 
recent review has concluded that there is insuffi -
cient evidence to identify a threshold beyond 
which it is advisable to switch to routine prophy-
laxis with glycopeptides (Cranny et al.  2008 ). The 
reasonable conclusion is that the analysis of the 
environmental risks and the patients’ features are 
the main factors to be considered in the choice of 
the type of drug (Furuno et al.  2006 ). To date, it 
has to be considered an increased risk of:
•    A previous MRSA infection  
•   Local environments with a high risk of con-

tamination (elderly communities, hospitaliza-
tions in the previous 6–12 months)  

•   Antibiotic therapy in the previous 30 days, in 
particular oral fl uoroquinolones  

•   Diabetes mellitus  
•   Haemodialysis  
•   Ulcers or unhealed surgical wounds  
•   Healthcare workers    

 The fi rst topic (MRSA healthy carriers or 
shedders) has been the subject of many studies 
and investigations: in particular, the presence of 
 Staphylococcus aureus  in nasal colonies in 
patients undergoing a knee or hip arthroplasty has 
been evaluated in several papers. It is estimated 
that 95 million people in the USA are carriers of 
bacterial colonies inside their nostrils, and in par-
ticular, 2.5 million are represented by MRSA spe-
cies. In these patients, a risk of infection of 2–9 
times higher compared to patients without this 
contamination has been calculated. A dedicated 
study showed that a prophylaxis with nasal 

23 Perspectives: The Best Prophylaxis for Primary Arthroplasty



292

 mupirocin 5 days prior the  intervention in patients 
with a positive nasal swab was not correlated to a 
reduction of postoperative infections (Kalmeijer 
et al.  2002 ). On the other hand, two papers showed 
that this type of prophylaxis in association with a 
preoperative intravenous prophylaxis showed a 
reduction of infection rate (Rao et al.  2008 ; Hacek 
et al.  2008 ). Currently, nasal decontamination in 
patients with positive nasal swabs is considered as 
a good practice (Goyal et al.  2013 ). 

 Another debate is on the usefulness of a second 
antibiotic in the prophylaxis (Sewick et al.  2012 ). 
reported on the effi cacy of the association of van-
comycin and cefazolin: the result was a reduction 
of the rates of infection by MRSA, while the over-
all incidence of infections was similar to the sin-
gle-antibiotic protocol. However, given the large 
number of patients to be treated to prevent a single 
case of infection, it is not recommended to extend 
the indications of a double-antibiotic prophylaxis. 

 The current trend is to provide the ordinary 
administration of a fi rst- or second-generation 
cephalosporin. In selected cases of high risk of 
MRSA infection as provided by the international 
guidelines, the choice of a glycopeptide is indi-
cated, as demonstrated by a recent comparative 
study with cefuroxime, fusidic acid and vancomy-
cin: no superiority of an antibiotic over the others 
was found, except for vancomycin and MRSA 
infection (Tyllianakis et al.  2010 ) (Table  23.1 ). 

  Regarding the timing of administration, it is 
well known that it is fundamental to reach the 
maximum blood concentration before surgery. 
Provided that the intravenous administration is the 

most effi cient and useful, the ideal concentration 
should be achieved before the incision or infl ation 
of the tourniquet, depending on the specifi c phar-
macokinetics of the chosen antibiotic. There is a 
universal agreement on the fact that it is a crucial 
step of the procedure (Table  23.2 ), given the evi-
dence that an inadequate timing of administration 
is correlated to a rise of the risk for infections 
(Classen et al.  1992 ; van Kasteren et al.  2007a ,  b ). 

  Usually, the preoperative dose corresponds to 
the therapeutic dose. The following issue is to 
ensure a stable concentration of antibiotics dur-
ing the procedure, also by an additional intraop-
erative dose based on the kinetics of the 
antibiotic. Indications for a further intraopera-
tive administration are the cases of prolongation 

   Table 23.2    International guidelines for the timing of the 
antibiotic prophylaxis in orthopaedics   

 AAOS  SIGN  SIOT 

 1 h before incision  30 min 
before 
incision 

 30–60 min before 
incision 

 To be completed 
before tourniquet 

 5–10 min before 
tourniquet infl ation 

 Infl ation in case of 
use of vancomycin: 
2 h before incision 

   AAOS American Academy of Orthopaedic Surgeons . 
Recommendations for the use of intravenous antibiotic 
prophylaxis in primary total joint arthroplasty (2004) 
  SIGN Scottish Intercollegiate Guidelines Network . 
Antibiotic prophylaxis in surgery: a national clinical 
guideline (2008) 
  SIOT Società Italiana di Ortopedia e Traumatologia . 
Profi lassi antibiotica perioperatoria nella chirurgia prote-
sica di anca e ginocchio (2011)  

   Table 23.1    International guidelines for the antibiotic prophylaxis in orthopaedics   

 AAOS  SIGN  SIOT 

 1° choice  Cefazolin 
 Cefuroxime 

 Ceftriaxone 
 (or a low-cost equivalent antibiotic) 

 Cefazolin 

 2° choice  Vancomycin 
 Clindamycin 
 (in case of allergy to cephalosporin 
or of risk for MRSA infection) 

 Glycopeptides 
 (in case of MRSA infections) 

 Vancomycin 
 (in case of allergy to 
cephalosporin or of high 
risk for MRSA infection) 

   AAOS American Academy of Orthopaedic Surgeons . Recommendations for the use of intravenous antibiotic prophy-
laxis in primary total joint arthroplasty (2004) 
  SIGN Scottish Intercollegiate Guidelines Network . Antibiotic prophylaxis in surgery: a national clinical guideline 
(2008) 
  SIOT Società Italiana di Ortopedia e Traumatologia . Profi lassi antibiotica perioperatoria nella chirurgia protesica di 
anca e ginocchio (2011)  
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of the surgical procedure (timing over twofold 
the half-life of the antibiotic), an intraoperative 
non-expected blood loss >1,500 mL or a haemo-
dilution of >15 mL/kg. 

 Many surgeons are becoming more sensitive 
to the correct timing of antibiotic administration 
given the several problems related to the operat-
ing rooms (Tan et al.  2006 ). 

 The duration time of the prophylaxis is another 
matter of discussion. The uselessness of the long-
term administration is ascertained for two main 
reasons: fi rstly, it has been demonstrated that a 
maintenance of the administration is not corre-
lated to an effi cacy in the prevention of an infec-
tion (Glenny and Song  1999 ). On the other hand, 
a prolonged antibiotic therapy may induce sev-
eral clinical risks, as adverse reaction, gastric 
intolerances and possibly a bacterial resistance 
on the patient and in the community. 

 Consequently, there is still debate on the 
opportunity to provide a single versus a multiple 
(24 h) administration in non-complicated cases: 
however, there is not enough evidence emerging 
from the literature. Some authors are in favour of 
a single shot (Tang et al.  2003 ; Fonseca et al. 
 2006 ), while others support a short-term prophy-
laxis over the fi rst 24 h after surgery (Wymenga 
et al.  1992 ; Engesaeter et al.  2003 ), considered 
more effi cient in the prevention of an infection. 

 Many international or national guidelines 
(AAOS, SIGN, SIOT) indicate that a short-term 
administration with multiple doses with intervals 
based on the specifi c pharmacokinetics of the 
chosen antibiotic seems to have better results in 
the control of infection.  

    Conclusions 

 As mentioned, it is hard to defi ne a unique 
protocol of antibiotic prophylaxis in orthopae-
dic surgery. However, the best available evi-
dence in orthopaedic literature has suggested 
some specifi c guidelines worldwide accepted. 
Antibiotic prophylaxis in orthopaedic surgery 
should be based on the patients’ medical his-
tory and health status and set on the local hos-
pital conditions or risk factors; moreover, the 
duration of the prophylaxis should be varied 
in cases of prolonged surgical time or intraop-
erative complications. 

 The antibiotic of fi rst choice should be a 
fi rst- or second-generation cephalosporin or, 
in cases of actual specifi c risks, a glycopep-
tide, both by intravenous administration. The 
fi rst dose of antibiotic should be administered 
30–60 min before skin incision and always 
30–60 min before the tourniquet is infl ated. 
Finally, considering the duration of the antibi-
otic prophylaxis, a postoperative period of 
24 h is suggested.       

 Key Points 

•     So far the preoperative antibiotic pro-
phylaxis represents the most important 
clinical practice in reducing the infec-
tion rate in joint replacement.  

•   Given the staphylococci are the most 
frequent contaminants responsible of 
periprosthetic joint infections, the pro-
phylactic antibiotics most commonly 
used are fi rst- and second-generation 
cephalosporins. In the routine practice, 
for patients and local conditions of stan-
dard risks, they are the most cost-effec-
tive antibiotic group considered the fi rst 
choice in prosthetic surgery prophylaxis.  

•   There is insuffi cient evidence to identify 
a threshold beyond which it is advisable 
to switch from routine prophylaxis to 
prophylaxis with glycopeptides. It is rea-
sonable that the analysis of the environ-
mental risks (local percentage of MRSA) 
and the patients’ features are the main 
factors to be considered for switching to 
a second line of prophylaxis by using 
glycopeptides. The second reason for 
using glycopeptides (vancomycin or tei-
coplanin) in prophylaxis may be a dem-
onstration of a patient’s allergy to 
β-lactamase antibiotics.  

•   With the exception of selective cases at 
very high risk of infection or in the pres-
ence of concomitant infections (urinary 
tract) or in patients with an immunodefi -
ciency, it is not recommended to extend 
the indications of a double-antibiotic 
prophylaxis.    

23 Perspectives: The Best Prophylaxis for Primary Arthroplasty



294

   References 

   AAOS recommendations for the use of intravenous antibi-
otic prophylaxis in primary total joint arthroplasty 
(2004)   www.aaos.org      

      Al-Buhairan B, Hind H, Hutchinson A (2008) Antibiotic 
prophylaxis for wound infections in total joint arthro-
plasty: a systematic review. J Bone Joint Surg Br 
90:915–919  

    Al-Maiyah M, Hill D, Bajwa A et al (2005) Bacterial con-
taminants and antibiotic prophylaxis in total hip 
arthroplasty. J Bone Joint Surg Br 87:1256–1258  

    Babkin Y, Raveh D et al (2007) Incidence and risk factors 
for surgical infection after total knee replacement. 
Scand J Infect Dis 10:890–895  

    Berry DJ, Bozic K (2010) Current practice patterns in pri-
mary hip and knee arthroplasty among members of the 
American Association of Hip and Knee Surgeons. 
J Arthroplasty 25(6 Suppl):2–4  

    Blom AW, Brown J, Taylor AH et al (2004) Infection after 
total knee replacement. J Bone Joint Surg Br 
86B:688–691  

    Bratzler DW et al (2004) Antimicrobial prophylaxis for 
surgery: an advisory statement from the National 
Surgical Infection Prevention Project. Clin Infect Dis 
38:1706–1715  

    Carrega G, Bartolacci V, Burastero G et al (2008) Etiology 
of prosthetic joint infections in a tertiary care centre in 
Italy. Infez Med 16(4):204–208  

    Carulli C, Villano M, Bucciarelli G et al (2011) Painful 
knee arthroplasty: defi nition and overview. Clin Cases 
Miner Bone Metab 8:23–25  

    Carulli C, Matassi F, Nistri L et al (2012) Long-term sur-
vival of a fl at-on-fl at total condylar knee arthroplasty 
fi xed with a hybrid cementing technique for tibial 
components. J Long Term Eff Med Implants 
22:305–312  

    Classen DC, Evans RS, Pestotnik SL et al (1992) The tim-
ing of prophylactic administration of antibiotics and 
the risk of surgical wound infection. N Engl J Med 
326:281–286  

    Corbett KL, Losina E, Nti AA et al (2010) Population-
based rates of revision of primary total hip arthro-
plasty: a systematic review. PLoS One 5:e13520  

    Crabtree TD, Palletier SJ, Gleason TG et al (1999) 
Clinical characteristics and antibiotic utilization in 
surgical patients with Clostridium diffi cile-associated 
diarrhea. Am Surg 65:507–511  

    Cranny G, Elliot R, Weatherly H et al (2008) A systematic 
review and economic model of switching from non-
glycopeptide to glycopeptide antibiotic prophylaxis 
for surgery. Health Technol Assess 12:1–147  

    de Beer J, Petruccelli D, Rotstein C et al (2009) Antibiotic 
prophylaxis for total joint replacement surgery: results 
of a survey of Canadian orthopaedic surgeons. Can 
J Surg 52:E229–E234  

     Engesaeter LB, Lie SA, Espehaug B et al (2003) Antibiotic 
prophylaxis in total hip arthroplasty: effects of antibi-
otic prophylaxis seismically and in bone cement on the 

revision rate of 22170 primary hip replacements fol-
lowed 0-14 years in the Norwegian Arthroplasty 
Register. Acta Orthop Scand 74:644–651  

    Fonseca SN, Kunzle SR, Junqueira MJ et al (2006) 
Implementing 1-dose antibiotic prophylaxis for preven-
tion of surgical site infection. Arch Surg 141:1109–1113  

    Fulkerson E, Valle CJ, Wise B et al (2006) Antibiotic sus-
ceptibility of bacteria infecting total joint arthroplasty 
sites. J Bone Joint Surg Am 88:1231–1237  

    Furuno JP, McGregor JC, Harris AD et al (2006) 
Identifying groups at high risk for carriage of antibi-
otic resistant bacteria. Arch Intern Med 166:580–585  

    Gemmel GC, Edwards DI, Weatherly H, Joint working 
party of the British Society for Antimicrobial 
Chemotherapy, Hospital Infection Society and 
Infection Control Nurses Association et al (2006) 
Guidelines for the prophylaxis and treatment of meth-
icillin-resistant Staphylococcus aureus (MRSA) infec-
tion in UK. J Antimicrob Chemother 57:589–608  

     Glenny AM, Song F (1999) Antimicrobial prophylaxis in 
total hip replacement: a systematic review. Health 
Technol Assess 3:1–57  

    Goyal N, Miller A, Tripathi M et al (2013) Methicillin-
resistant Staphylococcus aureus (MRSA): colonisation 
and pre-operative screening. Bone Joint J 95B:4–9  

    Hacek DM, Robb WJ, Paule SM et al (2008) 
Staphylococcus aureus nasal decolonization in joint 
replacement surgery reduces infection. Clin Orthop 
Relat Res 466:1349–1355  

    Hamilton H, Jamieson J (2008) Deep infection in total hip 
arthroplasty. Can J Surg 51:111–117  

    Heath AF (1991) Antimicrobial prophylaxis for arthro-
plasty and total joint replacement: discussion and 
review of published clinical trials. Pharmacotherapy 
11:157–163  

    Innocenti M, Carulli C, Matassi F et al (2014) Total knee 
arthroplasty in patients with hypersensitivity to met-
als. Int Orthop 38:329–333  

    Jämsen E, Furnes O, Engesæter LB, Konttinen YT et al 
(2010) Prevention of deep infection in joint replace-
ment surgery: a review. Acta Orthop 81(6):660–666  

    Jenkins PJ, Teoh K, Simpson PM et al (2010) Breusch 
Clostridium diffi cile in patients undergoing primary 
hip and knee replacement. J Bone Joint Surg Br 
92:994–998  

    Kalmeijer DM, Coertjens H, van Nieuwland-Bollen PM 
et al (2002) Surgical site infections in orthopedic sur-
gery: the effect of mupirocin nasal ointment in a dou-
ble-blind, randomized, placebo-controlled study. Clin 
Infect Dis 35:353–358  

    Kock R, Becker K, Cookson B et al (2010) Methicillin-
resistant Staphylococcus aureus (MRSA): burden of 
disease and control challenges in Europe. Euro 
Surveill 15:19688  

      Linee Guida ISS (2011) SNLG Antibioticoprofi lassi 
nell’adulto  

    Matar WY, Jafari MS, Restrepo C et al (2010) Preventing 
infection in total joint arthroplasty. J Bone Joint Surg 
Br 92-A(Suppl 2):36–46  

M. Innocenti et al.

http://www.aaos.org/


295

    Meehan J, Jamali AA, Nguyen H (2009) Prophylactic 
antibiotics in hip and knee arthroplasty. J Bone Joint 
Surg Am 91(10):2480–2490  

    Merollini KMD, Zheng H, Graves N (2013) Most relevant 
strategies for preventing surgical site infection after 
total hip arthroplasty: guideline recommendations and 
expert opinion. Am J Infect Control 41:221–226  

    Nixon M, Jackson B, Varghese P et al (2006) Methicillin-
resistant Staphylococcus aureus in orthopaedic wards: 
incidence, spread, mortality, cost and control. J Bone 
Joint Surg Br 88:812–817  

    Page CP et al (1993) Antimicrobial prophylaxis for surgi-
cal wounds. Guidelines for clinical care. Arch Surg 
128:79–88  

   Parvizi J (2013) Prosthetic joint infection: practical man-
agement guide. Jaypee Brothers Medical Publishers 
New Delhi  

    Parvizi J, Gehrke T (2013) Proceedings of the interna-
tional consensus meeting on periprosthetic joint infec-
tion. Data Trace Publishing Company, Brooklandville  

    Phillips JE, Crane TP, Noy M et al (2006) The incidence 
of deep prosthetic infections in a specialist orthopae-
dic hospital: a 15-year prospective survey. J Bone 
Joint Surg Br 88:943–948  

    Pulido L, Ghanem E, Joshi A et al (2008) Periprosthetic 
joint infection: the incidence, timing, and predisposing 
factors. Clin Orthop Relat Res 466:1710–1715  

    Rao N, Cannella B, Crossett LS et al (2008) A preopera-
tive decolonization protocol for staphylococcus aureus 
prevents orthopaedic infections. Clin Orthop Relat 
Res 466:1343–1348  

    Ritter MA (2009) The anatomical graduated component 
total knee replacement. A long-term evaluation with 
20-years survival analysis. J Bone Joint Surg Br 
91:45–49  

    Sewick A, Makani A, Wu C et al (2012) Does dual antibi-
otic prophylaxis better prevent surgical site infections 
in total joint arthroplasty? Clin Orthop Relat Res 
470:2702–2707  

    Sharkey PF, Hozack WJ, Rothman RH et al (2002) Why 
are total knee arthroplasties failing today? Clin Orthop 
Relat Res 404:7–13  

    Smith EB, Wynne R, Joshi A et al (2012) Is it time to 
include vancomycin for routine perioperative  antibiotic 
prophylaxis in total joint arthroplasty patients? 
J Arthroplasty 27(8 Suppl):55–60  

      Soriano A et al (2006) Eur J Clin Microbiol Infect Dis 
25:35–38  

    Southorn PA, Plevak DJ, Wright AJ, Wilson WR (1986) 
Adverse effects of vancomycin administered in the 
perioperative period. Mayo Clin Proc 61:721–724  

    Stefánsdóttir A, Johansson Å, Lidgren L et al (2013) 
Bacterial colonization and resistance patterns in 133 
patients undergoing a primary hip- or knee replace-
ment in Southern Sweden. Acta Orthop 84(1):87–91  

    Tan JA, Naik VN, Lingard L (2006) Exploring obstacles 
to proper timing of prophylactic antibiotics for surgi-
cal site infections. Qual Saf Health Care 1:32–38  

    Tang WM, Chiu KY, Ng TP et al (2003) Effi cacy of a 
single dose of cefazolin as a prophylactic antibiotic in 
primary arthroplasty. J Arthroplasty 18:714–718  

    Toossi N, Adeli B, Timperley AJ et al (2013) Acetabular 
components in total hip arthroplasty: is there evidence 
that cementless fi xation is better? J Bone Joint Surg 
Am 95:168–174  

    Tyllianakis ME, Karageorgos AC, Marangos MN et al 
(2010) Antibiotic prophylaxis in primary hip and knee 
arthroplasty: comparison between cefuroxime and two 
specifi c antistaphylococcal agents. J Arthroplasty 
25(7):1078–1082  

     Van Kasteren ME et al (2007a) Antibiotic prophylaxis and 
the risk of surgical site infection following total hip 
arthroplasty; timely administration is the most impor-
tant factor. Clin Infect Dis 44:92–97  

     van Kasteren ME, Mannien J, Ott A et al (2007b) 
Antibiotic prophylaxis and the risk of surgical site 
infections following total hip arthroplasty: timely 
administration is the most important factor. Clin Infect 
Dis 44:921–927  

       Vardakas KZ et al (2005) Perioperative anti-infective 
prophylaxis with teicoplanin compared to cephalo-
sporins in orthopaedic and vascular surgery involv-
ing prosthetic material. Clin Microbiol Infect 11:
775–777  

    Villano M, Carulli C, Puccini S et al (2011) Painful knee 
arthroplasty: surgical approach. Clinical Cases Miner 
Bone Metab 8:26–28  

    Willis-Owen CA, Konyves A, Martin DK (2010) Factors 
affecting the incidence of infection in hip and knee 
replacement. An analysis of 5277 cases. J Bone Joint 
Surg Br 92B:1128–1133  

    Wymenga A, von Horn J, Theeuwes A et al (1992) 
Cefuroxime for prevention of post-operative coxitis. 
One versus three doses tested in a randomized multi-
center study of 2651 arthroplasties. Acta Orthop 
Scand 63:19–24      

23 Perspectives: The Best Prophylaxis for Primary Arthroplasty



297A. Baldini, P. Caldora (eds.), Perioperative Medical Management for Total Joint Arthroplasty: 
How to Control Hemostasis, Pain and Infection, DOI 10.1007/978-3-319-07203-6_24,
© Springer International Publishing Switzerland 2015

24.1     Introduction 

 Infections in the postoperative course after ortho-
paedic surgery can lead to prolonged hospitaliza-
tion, increased morbidity and mortality and high 
costs Blom et al. ( 2004 ); Chun et al. ( 2013 ); Lora-
Tamayo et al. ( 2013 ). Postoperative fever in arthro-
plasty patients is common and may be provoked by 
many factors including surgical trauma, haema-
toma in the surgical site and transfusion of blood or 
blood products Summersell et al. ( 2003 ); Tai et al. ( 2009 ). 

 Early identifi cation of patients with postop-
erative infections is of great importance in order 
to establish effective antibiotic therapy Springer 
and Scuderi ( 2013 ). Patients with febrile epi-
sodes generally undergo routine laboratory 
examination including white blood cell count, 
erythrocyte sedimentation rate (ERS), C-reactive 
protein (CRP), urine culture, blood culture and 
chest X-ray to identify the cause of fever 
Athanassious et al. ( 2011 ); Osmon et al. ( 2013 ). 

 Blood markers such as white blood cell count, 
ERS and CRP employed in daily practice to 
investigate infective fever are increased for all 
patients in postoperative surgery and are not 
helpful in discriminating between early infection 
and nonspecifi c infl ammatory response due to 
surgical trauma Shetty and Kasture ( 2013 ). 

 Newer markers such as interleukin-6 have been 
recently assessed; although these newer markers 
seem to have better accuracy, their diagnostic utility 
has not been clearly established. Kinetic properties 
of such new infl ammatory markers are important 
when their use is assessed in clinical practice as a 
diagnostic marker for prosthetic joint infection. 

 Interleukin-6 (IL-6) is produced by stimulated 
monocytes and macrophages and induces the pro-
duction of several acute-phase proteins. Its peak is 
2 days after uncomplicated arthroplasty and it rap-
idly returns to a normal value Berbari et al ( 2012 ). 

 CRP is an acute-phase marker that is produced 
by the liver in response to infl ammation. Its levels 
are elevated to their peak values 2–3 days after 
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surgery and return to normal approximately 3 or 
4 weeks after surgery. 

 Serum procalcitonin is a marker supporting 
clinical and microbiological fi ndings for more 
reliable differentiation of infectious from nonin-
fectious causes of fever after orthopaedic surgery 
Bouaicha et al. ( 2013 ). The exact mechanisms 
underlying procalcitonin induction during or after 
surgery are unknown. Infection and bacterial 
endotoxins are strong stimuli for the induction of 
procalcitonin. The nonspecifi c induction of pro-
calcitonin production by trauma or tissue injury, 
however, seems to be lower as compared to a spe-
cifi c induction by bacterial infection. The return 
of procalcitonin levels to normal within a few 
days after an uncomplicated postoperative course 
can be explained by the physiological half-life of 
procalcitonin of 18–24 h in the absence of further 
inducing stimuli for procalcitonin production. 

 Moreover, the diagnostic yield of blood  cultures in 
patient with febrile postoperative arthroplasty is low 
and seldom contributes to clinical management 
Anderson and Osland ( 2009 ); Sivakumar et al. ( 2012 ). 

 There are currently no evidence-based clinical 
practice guidelines outlining an approach to the 
patient with fever following arthroplasty surgery, 
and fever was found to have low accuracy in the 
diagnosis of prosthetic joint infection on the basis 
of current IDSA guidelines. 

 In an era of escalating health care costs, the 
development of cost-effective, evidence-based 
practice algorithm for the evaluation of the febrile 
patient after arthroplasty is needed to minimize 
practice variation and limit waste without com-
promising patient care.  

24.2     Analysis of the Literature 
with Critical Discussion 

 To evaluate the presence of fever after orthopae-
dic surgery and the impact of fever on early pros-
thetic joint infections, we carried out a systematic 
search of the English language literature using 
the MEDLINE database with the search strings 
‘fever AND arthroplasty’ and ‘diagnostic mark-
ers AND arthroplasty’ for reports published from 
January 2000 to March 2014. 

 On the basis of the fi ndings of the studies 
retrieved, the value of fever and infl ammatory 
markers during the postoperative period was 
investigated. 

 Altogether, fever was reported in 15–37 % of 
patients undergoing arthroplasty and disappeared 
about 7 days after surgery regardless of the pres-
ence of infection. Fever failed to be a predictive 
symptom associated to implant infection itself. In 
the larger study (Ghosh et al.  2006 ) retrieved, 
only 3 % of cases reporting fever during the post-
operative period were found to have an infection; 
instead, about 10 % of cases without fever 
reported a postoperative infection. 

 Blood cultures had a low sensitivity in febrile 
patients undergoing arthroplasty. Only 2 out of 
141 cultures were positive in 101 patients with 
fever investigated by Vijaysegaran et al. ( 2012 ), 
and the source of the retrieved microorganism 
was not found (of note, both cases did not report 
prosthetic joint infection after a 6-month follow-
 up period). Similar data are reported by 
Bindelglass and Pellegrino ( 2007 ) investigating 
453 cases undergoing arthroplasty. Of fi ve cases 
with a positive culture retrieved in the study, none 
reported an infection related to the microorgan-
ism cultured and none was found to have a pros-
thetic joint infection during the follow-up. 

 Data on procalcitonin value were underreported 
in studies investigating fever and arthroplasty. 
However, when we checked the value of this 
infl ammatory marker with the keywords ‘diagnos-
tic markers’ and ‘arthroplasty’, we found that 
when its value was investigated in febrile patients 
after arthroplasty, there was a signifi cant trend 
supporting its use in identifying patients with an 
infection (Hunziker et al.  2010 ). Unlike CRP and 
white blood cell count, procalcitonin values were 
signifi cantly higher in 45 patients with infection 
compared with 58 uninfected cases on the day of 
fever onset, day 1 and day 3. Similar data support-
ing procalcitonin use in association with other bio-
markers such as IL-6 and CRP are reported by 
Glehr et al. ( 2013 ) and by Bottner et al. ( 2007 ) in 
smaller studies investigating febrile patients. 

 The value of IL-6 in patients with prosthetic 
joint infection was highlighted by the fi ndings of a 
number of studies, but its value in respect to the 
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fever itself remained unclear (we have to consider 
that the relative dosage is not routinely performed 
in daily practice). In fact Randau et al. ( 2014 ) 
investigated the biomarkers in 120 patients with 
prosthetic joint infection and found that high serum 
IL-6 was a valuable and even more accurate marker 
than either ERS or CRP, but they did not investi-
gate the value of IL-6 in respect to the presence of 
fever during the perioperative period (Table  24.1 ).

24.3        New Perspectives 

 On the basis of the data retrieved by literature 
search, we construct a diagnostic algorithm use-
ful to examine the patients with postoperative 
fever after arthroplasty and able to distinguish 
infectious from noninfectious fever. 

 We suggest that the presence of fever prompts 
an accurate clinical examination and laboratory 
investigation. 

 In our diagnostic algorithm, continuous fever 
persisting during the second and third day after 
arthroplasty can represent indication to dosage of 
serum procalcitonin and IL-6 (if the dosage is 
available). 

 If procalcitonin dosage is elevated, blood cul-
ture and other microbiological investigations can 
be performed on the basis of clinical fi ndings. In 
fact, the presence of associated symptoms has to 
guide the choice of subsequent investigation, 

such as chest X-ray in the presence of pulmonary 
symptoms or culture of urine in the presence of 
urinary tract symptoms. Also the surgical site has 
to be the object of an accurate clinical evaluation 
for the presence of swelling, warmth and drain-
age. Culture from an infected surgical site has to 
be immediately attempted. 

 Timely administration of adequate antibiotic 
therapy is an important factor to reduce morbid-
ity and mortality in patients with postoperative 
infections, and thus a thorough clinical examina-
tion and diagnostic algorithm is mandatory. 

 Antibiotic therapy must be started only in the pres-
ence of diagnosis of bacterial infections (Fig.  24.1 ).

       Conclusion 

 The development of fever during the fi rst few 
days following arthroplasty is a relatively 
common fi nding. However, its relation with 
perioperative factors remains largely unclear. 

 Fever in the fi rst few days following sur-
gery is known to be a normal physiological 
response, and there are no specifi c tests such 
as white blood count and CRP that would 
indicate the presence of infection at this early 
stage after the operation. 

 Serum procalcitonin has reliable diagnostic 
accuracy in predicting underlying infection in 
patients with a new onset of fever during the 
early period after orthopaedic surgery. The 
course of procalcitonin levels is different in a 

   Table 24.1    Main studies investigating the value of fever and biomarkers in patients undergoing arthroplasty   

 References  No. of cases  Parameters investigation  Positive infection  Follow-up  PJI 

 Bindelglass and Pellegrino 
( 2007 ) 

 453  Blood culture 
(22 % of cases) 

 5  6 months  0 

 Vijaysegaran et al. ( 2012 )  101  Blood culture (141 blood 
cultures) 

 2  24 months  0 

 Ghosh et al. ( 2006 )  170  Fever 62 cases (36 %)  2  19 months  0 
 No fever 108 cases  12  19 months  2 

 Ishii et al. ( 2013 )  400  Fever 149 cases (37 %)  3  4 weeks  1 
 Czaplicki et al. ( 2011 )  426  Fever 64 cases (15 %)  ND  24 months  2 
 Ward et al. ( 2010 )  1,100  6 % positive blood  ND  24 month  ND 
 Hunziker et al. ( 2010 )  103  Procalcitonin  Higher  ND  4 
 Glehr et al. ( 2013 )  84  Procalcitonin, IL-6, CRP  Higher  ND  ND 
 Bottner et al. ( 2007 )  31  Procalcitonin, IL-6, CRP  Higher  ND  ND 
 Randau et al. ( 2014 )  120  Procalcitonin, IL-6 serum  Higher  ND  ND 

 IL-6 joint aspirate 
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fever of infectious origin compared with fever 
of noninfectious origin and thus has to be 
investigated. On the basis of the fi ndings 
retrieved from the literature, when fever is 
present, procalcitonin is a reliable marker for 
infection and more relevant than CRP for the 
diagnosis of postoperative infection. 

 IL-6 is considered a valuable early marker 
of prosthetic joint infection, but its use in 
diagnosing postoperative infectious fever 
needs further investigation. Furthermore, its 
routine use in the clinical practice may be lim-
ited in many surgical settings. 

Post–operative fever

1 day 2–3 days >4 days

Laboratory investigations

Only
observation

Normal Elevated

Blood
culture

Positive
findings

Antibiotic treatment

Surgical site symptoms:
culture of surgical site
Urinary symptoms: urine
culture
Pulmonary symptoms:
chest X –ray

Associated
symptoms

Repeated
Procalcitonin
+ cultures

Procalcitonin
IL–6 (when
available)

No antibiotic
therapy

  Fig. 24.1    Diagnostic algorithm of patients with fever after arthroplasty       

 Key Points 

•     With the use of the well-known routine 
blood, investigations, such as blood cul-
tures, white blood cell count, erythrocyte 
sedimentation rate and C-reactive pro-
tein, it is almost impossible to differenti-
ate an infectious fever from a 
noninfectious one during the early post-
operative period after joint arthroplasty.  

•   There are currently no evidence-based 
clinical practice guidelines outlining an 
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 Adherence to preestablished algorithm in 
the presence of fever can reduce costs and 
improve the effectiveness of diagnostic and 
therapeutic choice.      
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approach to the patient with fever 
following arthroplasty surgery, and fever 
was found to have low accuracy in the 
diagnosis of prosthetic joint infection.  

•   So far there is no specifi c marker demon-
strating an early infection in joint recon-
struction. Serum procalcitonin has shown 
realable diagnostic accuracy in predict-
ing underlying infection in patients with 
a new onset of fever during the early 
period after orthopaedic surgery. Further 
investigations are needed to demonstrate 
the usefulness of serum procalcitonin as 
a diagnostic tool of infection in the early 
postoperative course.    
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25.1             Introduction 

 Fever is a frequent occurrence in the early postop-
erative period in patients who underwent total hip, 
knee, or shoulder arthroplasties, but its source and 
clinical importance is still unclear (Tai et al. 
 2009 ). Total joint arthroplasty is one of the most 

common orthopedic procedures performed in the 
United States and in Europe, and the orthopedic 
surgeon should know how to deal with fever and 
when it is suggestive for infection. The presence 
of fever in the postoperative period (can) might be 
correlated with an infection or a serious complica-
tion, but in the majority of cases, fever is the result 
of a noninfectious process (Garibaldi et al.  1985 ). 
In literature the incidence of postoperative fever is 
reported to occur in between 15 and 47 % of 
cases, with a smaller percentage correlated to 
infectious processes. For most of the orthopedic 
surgeons, fever can be overall one of the signs of 
infection, and it is associated with signifi cant 
morbidity and mortality (Blom et al.  2004 ; 
Lentino  2003 ). Due to this fear, patients who 
develop a postoperative pyrexia are often sub-
jected to a routine panel of investigations like 
chest X-ray (CXR); urinalysis (UA); urine, blood, 
and wound-swab cultures; serial full blood counts 
and infl ammatory markers; Doppler ultrasound; 
or venogram to exclude deep vein thrombosis 
(DVT) to determine the cause of the fever.  

25.2     Causes of Fever 
in the Immediate 
Postoperative 

 Fever in total knee replacement patients has been 
correlated to physiological response to surgical 
trauma; the disturbance of thermoregulation by 

        F.   Rosso       •     L.   Mattei       •     M.   Bruzzone       •     F.   Dettoni       •   
  R.   Rossi       (*)  
  Mauriziano Umberto I Hospital, University of Torino , 
    Torino,     Italy   
 e-mail: federica.rosso@yahoo.it; 
lorenzo.mattei87@gmail.com; 
matteo.bruzzone@fastwebnet.it; 
federicodettoni@tin.it; rossir@fastwebnet.it                      

    D.  E.   Bonasia      
  Azienda Ospedaliera Citta` della Salute e della 
Scienza, Centro Traumatologico Ortopedico Hospital, 
University of Torino ,     Torino,     Italy   
 e-mail: davidebonasia@virgilio.it  

  25      Perspectives: How to Deal 
with Fever (38 °C) After 
Arthroplasty: The Surgeon’s Point 
of View 

              Federica     Rosso     ,     Lorenzo     Mattei     ,     Matteo     Bruzzone     , 
    Federico     Dettoni     ,     Davide     Edoardo     Bonasia     , 
and     Roberto     Rossi    

 Open Questions 

•     Is there a relationship between fever and 
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after joint arthroplasties?  

•   What are the main causes of fever in the 
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workup?    
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anesthesia; retained hematoma; the presence of 
atelectasis, pneumonia, or urinary tract infection; 
superfi cial or deep wound infection; deep vein 
thrombosis; and the response to blood transfusion. 

 In patients undergoing hip replacement after a 
proximal femoral fracture, the fever is more fre-
quent and it appears earlier than in patient oper-
ated electively. Probably this is due to the fact that 
the infl ammatory response begins at the moment 
of the trauma, in association with the increased 
release of infl ammatory factors such as 
interleukin-1β (IL-1β), interleukin-6 (IL-6), and 
tumor necrosis factor-α (TNF-α). In those 
patients, fever usually appears at day 0, while it 
has been demonstrated that in patients operated 
electively fever usually appears on postoperative 
day (POD) 2–3 (Petretta et al.  2013 ). In the last 15 
years, extensive data and literature have been pro-
duced about the pathophysiology, possible causes, 
and the role of diagnostic tests in postoperative 
fever in patients undergoing joint replacement.  

25.3     Pathophysiology and Role 
of Infl ammatory Factors 

 The infl ammatory response to total joint arthro-
plasty surgery could produce a transient release 
of endogenous factors. IL-1β, IL-6, and TNF-α 
are involved in the body’s infl ammatory response 
to injury, and elective surgery has been shown to 
cause a temporary elevation in IL-6 serum levels 
(Frank et al.  2000 ; Lahat et al.  1992 ; Miyawaki 
et al.  1998 ). This systemic response seems to be 
even higher in the presence of postoperative fever 
(Pullicino et al.  1990 ). One theory for such IL-6 
serum elevation is that its production is stimu-
lated by the local infl ammatory response at the 
surgical site. Andres et al. ( 2003 ) found elevated 
levels of IL-1β, IL-6, and TNF-α at the surgical 
site and elevated IL-6 levels in the serum after 
total joint arthroplasty. In addition, there were 
signifi cantly higher levels of drain and serum 
IL-6 in patients who were febrile than in patients 
who were afebrile at 24 and 48 h after TKA. A 
positive correlation was found between serum 
IL-6, drain IL-6, and serum leukocyte levels, sug-
gesting that TKA is followed by an increased 

local production of IL-1β, IL-6, and TNF-α at the 
surgical site that results in the release of IL-6 into 
the local circulation, leading to leukocytosis 
and fever. 

 Other animal studies have shown that subcuta-
neous injections of pyogenic factors result in a 
local increase in IL-1 and TNF-α levels, which is 
followed by a systemic increase in IL-6 and fever 
(Cooper et al.  1994 ; Luheshi et al.  1996 ). In addi-
tion, injecting these animals with antibodies 
against IL-1 or TNF-α resulted in reduction of 
the febrile response.  

25.4     Fever in First 5–7 
Postoperative Days 

 In a retrospective study, Summersell et al. ( 2003 ) 
have analyzed the body temperature before, dur-
ing, and after surgery in all the patients who 
underwent a total hip arthroplasty during a period 
of 2 years. They have recorded a drop in average 
body temperature of 0.5 °C after surgery, proba-
bly as a side effect of anesthetics and low operat-
ing room temperature. During POD 1 and 2, the 
majority of patients experienced an elevation in 
body temperature above 38 °C. In this casuistry, 
62.5 % of patients reached a temperature of 
>38 °C, the 20 % >38.5 °C, and 3.5 % >39 °C, 
and no infection was detected in any of these 
patients. 

 Ghosh et al. ( 2006 ) performed in 2006 a retro-
spective analysis of the temperature histories of 
170 patients who underwent a total knee replace-
ment. Fourteen of these developed a postopera-
tive infection and 2 a prosthetic infection from  S. 
aureus . In the 36.5 % of patients, pyrexia was 
present at some point during the fi rst 5 postopera-
tive days. The highest prevalence was detected 
during POD 1. They have reported an average 
temperature (37.5 °C) lower than the one reported 
from Summersell et al. ( 2003 ) (>38 °C). The 
most interesting conclusion of this study is that 
they found only 4 patients who developed an 
infection were febrile in the postoperative period. 
This may suggest that a lack of fever is a risk for 
infection, as the patient has not mounted an ade-
quate immune response. 

F. Rosso et al.



305

 Ishii et al. ( 2013 ) found more than half of 
patients may develop postoperative fever (POF) 
in the fi rst week, with most developing MT on 
POD 0 and the latest occurring by POD 3. The 
four patients who developed fever after POD 7 
were associated with urinary tract infection. 

 Table  25.1  reported most of the literature 
about development of fever in the postoperative 
period.

25.5        Characteristic 
of an Infectious Fever 

 Most of the authors agree that more than 20 % of 
patients develop fever after joint replacement, but 
just in a small percentage of them, this is corre-
lated to an infectious process. There are some 
fever characteristics that are correlated to a higher 
probability of joint, pulmonary, or urinary infec-
tions. Fever that is not associated with other pul-
monary or urinary symptoms or with other joint 
signs of infection is rarely associated with an 
infectious process. One of the risk factors for sep-
tic fever is the postoperative day in which the 
patient develops it: it has been demonstrated that 
fever developing on POD 3–4–5 has a higher risk 
to be correlated with an infectious problem. 
Besides, the modality of fever is another crucial 
point: some authors reported that spiked fever and 
multiple febrile episodes are highly associated 
with infection (Czaplicki et al.  2011 ). Table  25.1  
reports the papers we extracted the data from.  

25.6     Role of the Workup Tests 

 The evaluation of fever is often expensive, inva-
sive, and painful and disturbs patient during 
recovery hours (Cremeans-Smith et al.  2006 ), 
having a negative effect on it. To evaluate early 
postoperative fever, blood and urine cultures, 
white blood cell counts, chest X -ay (CXR), and 
urinalysis (UA) are often obtained, although 
there are no source of infection in the 95 % of 
febrile episodes. Anyway fever remains the 
main indication for workup in the postoperative 
period, both in trauma and in elective patients. 

In a different study that we reported, the conclu-
sions are the same: sepsis workup is unneces-
sary if the febrile response progressively 
decreases. 

25.6.1     The Role of CRP and ESR Level 
as Diagnostic Tool 

 C-reactive protein (CRP) is a phase protein syn-
thesized by hepatocytes. Usually in healthy peo-
ple, the plasma level is very low and its increase 
is not specifi c for infection. 

 Orthopedic surgeon sometimes uses the CRP 
measurement as a diagnostic tool for infection 
and for monitoring the effect of the treatment. 
Uncomplicated cardiac surgery, abdominal sur-
gery, and uncomplicated total hip arthroplasty 
could induce a temporary rise in CRP (Larsson 
et al.  1992 ). Larsson et al. ( 1992 ) reported a CRP 
increase in all the patients examined, after an 
elective orthopedic surgery, and this is probably 
due to the tissue damage. They observed different 
peak levels probably correlated to the amount of 
tissue injured but also to the type of tissue being 
damaged. They also reported that the operation 
time, gender, age, drug history, anesthetic, and 
blood transfusion did not signifi cantly infl uence 
CRP response. 

 Some authors (White et al.  1998 ) reported that 
CRP levels begin to increase 6 h after the trauma, 
with a peak level in 48–72 h, with return to nor-
mal level within 3–6 weeks in the absence of 
complications. 

 Dupont et al. ( 2008 ) reported that CRP level 
changes in three phases: it fi rstly increases up to 
a peak (reached at POD 2–3) of seven to 14 times 
the normal range. After POD 3 the level falls rap-
idly and then decreases more slowly until the 
normalization at three or four postoperative 
week. A CRP value of 25 mg/l at POD 21 has a 
100 % specifi city regardless of the location of the 
infection, but low sensitivity (58.3 %). Gomez- 
Navalon et al. ( 2000 ) reported a sensitivity of 
63.3 % and a specifi city of 80.1 % for CRP and 
judged alpha-1 antitrypsin to be more reliable, 
with a sensitivity of 87.5 % and a specifi city of 
85.8 % in detecting infections. 

25 Perspectives: How to Deal with Fever (38 °C) After Arthroplasty: The Surgeon’s Point of View
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 Okafor and Maclellan ( 1998 ) also described 
the trend of CRP. They reported that CRP rises 
till a mean value of 0.146 g/dl at POD 2 in the 
normal group versus 0.2 in the infected group. In 
the infected group, a persistent elevation on day 7 
and day 21 was observed. In the same study, the 
authors have evaluated also the erythrocyte sedi-
mentation rate (ESR); usually the variations were 
signifi cantly different for day 0 versus POD 2 and 
day 0 versus POD 7, but not for day 0 versus 
POD 21. In the infected group, the postoperative 
values of ESR were signifi cantly different from 
day 0 value, refl ecting the persistent infl amma-
tory state. ESR value depends on multifactorial 
variable, so the reliability is low and high value 
has to be interpreted with caution. They con-
cluded that CRP shows less variability between 
patients and consequently is a better indicator of 
the acute phase response than ESR, which 
requires a series of values in order to demonstrate 
a trend.  

25.6.2     The Role of Skin Temperature 
as Diagnostic Tool 

 Mehra et al. ( 2005 ) demonstrated that there is a 
signifi cant increase in skin temperature around 
the operated knee after a TKR. The skin tempera-
ture remains signifi cantly elevated at discharge 
and 6 weeks but returns to normal values by 18 
weeks. Elevated skin temperature should not jus-
tify starting oral antibiotics. However, a sustained 
temperature difference and increased CRP, espe-
cially around 4–6 postoperative weeks, should 
alert the surgeon of a possible complication.  

25.6.3     The Role of Blood Cultures 
as Diagnostic Tool 

 Ward et al. ( 2010 ) have performed blood cultures 
on 35 patients after a total joint arthroplasty. Only 
2 out of 35 cultures were positive and both 
patients had clinical signs of sepsis. They con-
cluded saying positive predictors of sepsis were 
fever after POD 4, recurrent febrile episode, 
spikes of temperature >39 °C, and insertion of 2 
or more catheter devices. Blood cultures in 

patients with no sign or symptoms of sepsis were 
considered ineffective. 

 Vijaysegaran et al. ( 2012 ) have examined 141 
blood culture sets drawn from 101 patients. Only 
2 were positive and both were identifi ed as con-
taminants. Similar result was obtained from 
Anderson and Osland ( 2009 ). 

 Kennedy et al. ( 1997 ) did not fi nd any positive 
cultures on a series of 16 fever patients with a 
temperature of more than 38 °C. They concluded 
that there are no correlation between fever and 
deep infection after arthroplasty. 

 In an interesting cost-effective evaluation of 
blood cultures, Sivakumar et al. ( 2012 ) have 
found that the cost of tests is about $3,000 and 
additional costs are incurred when contaminants 
were isolated. They concluded that probably 
blood cultures in patients without other symp-
toms of sepsis are not cost effective. Also 
Bindelglass and Pellegrino ( 2007 ) have shown 
similar results. In a study on gynecologic patients, 
blood cultures were similarly negative in all 77 
patients with fever being studied.  

25.6.4     The Role of White Cell Counts 
as Diagnostic Tool 

 It is well documented in the literature that stress 
induces demargination of the white blood cell pool, 
and the operative trauma alone may be the cause of 
leukocytosis in these patients (Kuhlwein et al. 
 2001 ; Landmann et al.  1984 ; Kumar et al.  2007 ). 

 Czaplicki et al. ( 2011 ) found that postopera-
tive leukocytosis is much more common than 
fever in TJA patients (57.5 % versus 15.8 %). 
They concluded that the overall use of testing for 
fever and leukocytosis without specifi c physical 
examination fi ndings is low and should not be 
performed routinely because it is not signifi cantly 
correlating with infections.  

25.6.5     The Role of Chest X-Ray (CXR) 
as Diagnostic Tool 

 In the evaluation of postoperative chest X-ray in 
patients with a second postoperative fever, 
Athanassious et al. ( 2011 ) reported only 2 positive 

25 Perspectives: How to Deal with Fever (38 °C) After Arthroplasty: The Surgeon’s Point of View



310

tests out of 46 (4 %). Both patients have symptoms 
of pulmonary impairment. They concluded saying 
that it could be a useful test in patients developing 
multiple fever events during the immediate post-
operative period, overall if associated with pulmo-
nary symptoms. Also Ward et al. ( 2010 ) reported 
that in febrile patients who underwent a CXR in 
the absence of other pulmonary symptoms, just 
2 % of them had positive results. The authors con-
cluded that CXR in febrile patients without other 
pulmonary symptoms is unnecessary and not cost 
effective.  

25.6.6     The Role of the Urinalysis (UA) 
as Diagnostic Tool 

 Athanassious et al. ( 2011 ) support the uselessness 
of UA in the absence of symptoms such as dysuria 
or pyuria. Eighteen patients out of 112 have a 
positive UA, but none of them have  positive urine 
culture that means no urinary tract infections were 
developed. For Ward et al. ( 2010 ), the most com-
mon tests performed in patients with fever were 
urinalyses (24 %, 14/59) and urine cultures 
(22.5 %, 11/49), followed by blood cultures (7 %, 
5/71) and chest radiographs (2 %, 1/49). They 
reported that just 23.7 % of positive UA were 
detected, so in the absence of other urinary symp-
toms, UA is not cost effective. 

 Petretta et al. ( 2013 ) have found 7 on 28 posi-
tive UA after the fi rst febrile episode in a trauma 
population. After the second one, positive uri-
nalyses were 5 on 7 (71 %), but only 2 of them 
resulted in positive urine cultures and were 
treated with antibiotics. Both have had symptoms 
and signs of urinary infection. In all the examined 
study, patients with positive urine cultures in the 
preoperative period and with  long catheteriza-
tion time were excluded.  

25.6.7     What About Periprosthetic 
Infection: Role of the Workup 

 The diagnosis of knee joint infection should 
meet at least three of the following fi ve criteria: 

(1) abnormal serology (CRP >1 mg/dl and ESR 
>30 mm/h), (2) strong clinical and radiological 
suspicion, (3) positive joint aspiration cultures, 
(4) evidence of purulence during the revision 
surgery, and (5) positive intraoperative cultures 
AAOS ( 2010 ). The fi rst step of diagnosis is care-
ful physical examination: reduction in the range 
of motion (ROM), pain, swelling, erythema, and 
fever can be correlated to knee prosthesis infec-
tion (Chun et al.  2013 ). Nevertheless, in the 
early postoperative period, it can be very diffi -
cult to distinguish a normal from a pathological 
symptom. Serology (CRP and ESR) should be 
the fi rst test to perform, specifi cally higher for 
CRP and with equal sensibility. Joint fl uid aspi-
ration is an essential test for infection. Synovial 
fl uid white blood cell (WBC) counts greater than 
1,700 cells/μL and differential greater than 69 % 
polymorphonuclear cells should raise a high 
index of suspicion for infection (Springer and 
Scuderi  2013 ). Intraoperative cultures should 
be done before antibiotics administration. Those 
cultures must be obtained from different tissues: 
synovium, synovial fl uid, intramedullary tis-
sue, granulation tissue, and bone. Some authors 
reported that if intraoperative tissue cultures are 
negative but other clinical examinations suggest 
infection, the infection treatment should be initi-
ated (Chun et al.  2013 ). 

 For early diagnosis, bone scan can be useful; 
to increase its accuracy, both a Tc-99 and marked 
WBC scan can be used (Chun et al.  2013 ). 
Figure  25.1  shows AAOS algorithm for diagnosis 
of periprosthetic joint infections of the hip 
and knee.

25.6.8        Association Between Fever 
and Hemoglobin Drop 

 Kennedy et al. ( 1997 ) reported an increased risk 
of febrile-range temperature (>39 °C) with a 
decrease in hematocrit and the transfusion of 
blood, but this fi nding has not been substantiated 
by other studies of postoperative fever in this 
population. Shetty and Kasture ( 2013 ) and also 
Andres et al. ( 2003 ) did not found any correlation 
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between the development of fever and the hema-
tocrit level or the use of transfusions.  

25.6.9     Patient at Risk (Diabetes, HIV, 
Rheumatoid Arthritis) 

 In rheumatoid patients, serial measurement of 
ESR during the same day has revealed a signifi -
cant diurnal variation, making ESR measurement 
less accurate as an indicator of postoperative 
complications in rheumatoid arthritis patients 
(Larsson et al.  1992 ). Ghosh et al. ( 2006 ) did not 
fi nd any statistical association between rheuma-
toid arthritis and development of fever. 

 There is no other study that shows the trend of 
fever and the role of diagnostic exam in a high 
risk population.   

25.7     Our Point of View 
and Diagnostic Algorithm 

 The lack of correlation between postoperative 
fever and infection has been reported previously 
in obstetric/gynecologic (de la Torre et al.  2003 ), 
general surgery (Lesperance et al.  2011 ), and 
cardio-surgery literature (Frank et al.  2000 ), and 
most of the authors consider fever as a physiolog-
ical response of the organism to the “surgical 
insult.” 

 Fever alone in the postoperative period is not 
enough to justify a complete workup made of 
CXR, UA, and blood and urine cultures. As an 
initial workup we normally include a full set of 
vital signs and a focused history and physical 
examination to assess for focal infections. In the 
early postoperative period (POD 0–5), we 

Clinical findings of
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YesYes

Yes

Yes

No

No

No

No
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  Fig. 25.1    AAOS algorithm for diagnosis of periprosthetic joint infections of the hip and knee       
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 perform UA in patients with urinary catheters or 
 urinary symptoms, and if positive, we perform 
urine cultures. In patients with fever and pulmo-
nary symptoms, we perform CXR and sputum 
cultures. Blood and wound cultures do not seem 
to play a signifi cant role during this early period, 
and we normally reserve blood cultures to 
patients with multiple episode of fever higher 
than 39 °C, especially if associated with other 
symptoms of systemic infection, such as tachy-
pnea, tachycardia, or elevated white cell count, 
overall if it appears after POD 5. Other potential 
noninfectious etiologies for fever in the postop-
erative period should also be considered such as 
atelectasis, deep vein thrombosis, or pulmonary 
embolus. Again, clinical judgment should be 
used for investigating these etiologies because 
routinely ordering tests will result in low yield 

and unnecessary costs. Figure  25.2  shows our 
personal diagnostic algorithm in patients with 
postoperative fever.

       Conclusion 

 Fever in the early postoperative period after a 
joint replacement is very common, and in few 
cases, it is associated with an infectious pro-
cess. The physician should carefully assess 
the characteristics of the fever, such as the 
number of episodes, extent, and time trend. As 
shown in Table  25.1 , most of the authors agree 
that multiple episodes with fever spikes, tem-
perature higher than 39 °C, and development 
after POD 3 are more likely associated with an 
infectious process. Before starting with a 
workup including CXR, UA, and urine and 
blood cultures, a complete physical and 
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Not
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symptoms
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Body
temperature>
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Single or
multiple
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  Fig. 25.2    Sample of a diagnostic algorithm for postoperative fever       
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 historical examination should be performed to 
assess other potential sources of infection. In 
Fig.  25.1  we reported a sample of diagnostic 
algorithm. 

 In conclusion the surgeon should be aware 
that fever is a common postoperative fi nding, 
and just in a small percentage of cases, it is 
associated with an infectious process. A com-
plete workup is unnecessary and not cost effec-
tive in the absence of other signs or symptoms 
of infection. There are some postoperative 
characteristic of fever that are more suspicious 
of infection, and the surgeons should know 
them to avoid useless scaremongering and 
waste of time, resources, and money.      
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26.1             The Orthopedic Surgeon’s 
Point of View 

    Lorenzo     Castellani       

26.1.1     Introduction 

 Periprosthetic infection remains one of the lead-
ing causes of morbidity after total hip and knee 
arthroplasty. Reported rates of prolonged wound 
drainage range from 1.3 to 33 %. Persistent 
wound drainage has been identifi ed as a contrib-
uting factor to the development of periprosthetic 
infection, with infection rates ranging from 1.3 to 
50 %. Several studies suggest that with each day 
of prolonged wound drainage, there is an 
increased risk of infection. In this chapter, we 
analyze the literature and we explain our approach 
for the prevention and control of prolonged 
wound drainage after hip arthroplasty. We con-
sider persistent wound drainage a continued 
drainage from the wound that lasts more than 
72 h.  

26.1.2     EBM Analysis 

 Several factors contribute in determining a per-
sistent wound drainage; some of them are patient 
related and can be addressed before surgery; 
some others depend on surgeons, wound closure 
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  26      Perspectives: Prolonged Wound 
Drainage (7 Days) After Hip 
Arthroplasty 

           Lorenzo     Castellani      and     Alberto     Farese    

 Open Questions 

•     What is considered to be persistent/pro-
longed wound drainage?  

•   Can we prevent wound drainage?  
•   Can we treat it nonsurgically?  
•   What are the best surgical strategies to 

address draining?  
•   Are wound complications more fre-

quent in patients undergoing antithrom-
botic or anticoagulant therapy?  

•   Does the routine use of closed suction 
drainage reduce wound complication 
and infection rate?  

•   What are the proper surgical strategies 
to address persistent (more than 7 days) 
wound draining?  

•   Is prolonging antibiotic therapy in per-
sistent wound drainage able to exclude 
acute deep infection?    
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and care, and these also can be addressed during 
surgery and postoperative recovery. We revised 
the literature considering all factors that can be 
addressed in order to reduce the incidence of per-
sistent wound drainage.  

26.1.3     Patient Status Optimization 

26.1.3.1     Malnutrition 
 Malnutrition is one of the most important factors 
affecting wound healing. Several published 
papers highlight the paramount importance of 
ascertaining nutritional patient status before sur-
gery. Serum transferrin levels have a predictive 
value in wound healing (Gherini et al.  1993 ), and 
serum albumin and total leucocyte count (TLC) 
correlate with resource consumption, length of 
stay, and operative time in patients undergoing 
joint replacement surgery (Lavernia et al.  1999 ). 
These parameters may be improved with nutri-
tional supplementation prior to surgery.  

26.1.3.2     Diabetes 
 Diabetes mellitus has the capacity to double the 
risk of early wound complications after TJA (Galat 
et al.  2009 ). Diabetic patients have a signifi cantly 
higher risk for infection after TJA. Even if diabetes 
increases the risk of infection, there is no associa-
tion between controlled and uncontrolled diabetes 
and the risk of infection using HbA1C as a marker 
for diabetic control. Based on that evidence there 
isn’t any indication to dose as a predictive factor 
for infections HbA1C levels before surgery (Iorio 
et al.  2012 ; Adams et al.  2013 ).  

26.1.3.3     Anticoagulation 
 Well-designed studies evaluating the effects of 
anticoagulation on wound complication and 
hematoma formation in patients who have under-
gone reoperation for wound-related problems are 
lacking. However, one case–control study found 
that patients with a postoperative INR N 1.5 were 
more likely to develop hematomas and wound 
drainage after joint arthroplasty and subsequent 
infection (Parvizi et al.  2007 ). Even patients who 
received low-molecular-weight heparin for pro-
phylaxis had a longer time until the postoperative 

wound was dry than did those treated with aspirin 
and mechanical foot compression or those who 
received Coumadin (warfarin) in another retro-
spective observational study (Patel et al.  2007 ). 

 Although persistent drainage and hematoma 
formation are recognized to be risk factors for the 
development of PJI, it is not known if excess anti-
coagulation is a predisposing factor. Cautious 
anticoagulation to prevent hematoma formation 
and/or wound drainage is critical to prevent PJI, 
and its undesirable consequences and aggressive 
or excessive anticoagulation must be avoided.  

26.1.3.4     Anemia 
 Both preoperative anemia and allogenic transfu-
sions have been associated with higher rates of 
PJI (Greenky et al.  2012 ). A systematic approach 
to optimizing hemoglobin levels preoperatively 
that implements oral and possibly intravenous 
iron, folic acid supplements, and erythropoietin 
while minimizing blood loss intraoperatively 
using tranexamic acid, cell salvage, and induced 
hypotension has been shown to diminish allo-
genic transfusion requirements (Kotze et al. 
 2012 ).   

26.1.4     Wound Closure 
and Medication 

 A prospective RCT comparing skin adhesives, 
subcuticular closure, and skin staples for closure 
of TKA and THA revealed no signifi cant differ-
ence in early and late complications, wound cos-
metics, or patient satisfaction (Khan et al.  2006 ). 
Meticulous closure of deep dead spaces is the 
main goal during wound closure, regardless of the 
technique that the surgeon chooses. Barbed bidi-
rectional suture technology has generated interest 
based on a perception of a more rapid closure and 
good results reported in the plastic, gynecologic, 
and general surgery literature as well as more 
recent reports of use in orthopedic surgery 
(Eickmann and Quane  2010 ). Driving much of 
that interest are the proposed faster closure times, 
biomechanical strength, cosmetics, and the impli-
cations of increased surgical  effi ciency. Even if 
preliminary studies based on small samples of 
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orthopedic patients are promising, further investi-
gations are needed in order to evaluate possible 
drawbacks and cost-effectiveness. 

 Various wound dressings are used after hip or 
knee arthroplasty, but the rationale for dressing 
choice is unclear. The use of occlusive dressing 
after wound closure has a growing evidence of 
improving healing and avoiding skin blistering. 
What’s more, occlusive dressing signifi cantly 
reduces the rate of leakage and number of dress-
ing changes when compared to a traditional 
adhesive dressing. A comparative evaluation was 
conducted involving 428 patients undergoing pri-
mary elective total hip arthroplasty (THA) or 
total knee arthroplasty (TKA) in a single hospital 
(Clarke et al.  2009 ). Patients received either the 
traditional postoperative dressing (adhesive 
dressing with an integral absorbent pad, Mepore) 
or the new dressing regimen (AQUACEL secured 
with hydrocolloid dressing, DuoDERM), as well 
as liquid fi lm-forming acrylate. Patients under 
the age of 50 and/or with a condition or comor-
bidity that could compromise wound healing 
were excluded. A protocol was developed for 
dressing changes based on the extent of striketh-
rough. Outcome measures were blister rate, wear 
time, number of dressing changes, SSI rate, and 
delayed patient discharge. Patients treated with 
the new dressing design had a lower blister rate, 
lower incidence of delayed discharge, longer 
wear time, fewer dressing changes, and a lower 
SSI rate. Only four cases of SSIs requiring wash-
out were reported in both groups (one for the new 
dressing design and three for the traditional 
dressing), and the rest were successfully treated 
with antibiotics. To date there have been no revi-
sions for deep infection in either group.  

26.1.5     Prolonged Drainage 
Nonsurgical Treatment 

 Other interventions, such as antibiotics, are dis-
couraged because they can mask an underlying 
infection. Currently there is little evidence to 
support administration of antibiotics to patients 
with draining wound. Although the rationale for 
this practice appears logical, in that one is 

attempting to prevent ingress of infecting organ-
isms through draining wound, the issue of emer-
gence of antibiotic resistance and adverse effects 
associated with administration of antibiotics 
cannot be overlooked. In addition administration 
of an antibiotic is likely to mask the underlying 
infection or make diagnosis of PJI diffi cult by 
infl uencing the culture results. Negative-pressure 
wound therapy could be an option for conserva-
tive treatment. A Cochrane meta-analysis 
included trials that compared NPWT with other 
types of wound dressings or compared one type 
of NPWT with a different type of NPWT for per-
sistently draining wounds in skin graft patients, 
orthopedic patients undergoing arthroplasty, and 
general and trauma surgery. The authors con-
cluded that there is no evidence for the effective-
ness of NPWT on the complete healing of 
wounds expected to heal by primary intention 
(Webster et al.  2012a ,  b ). 

 Observation alone is highly discouraged, 
given the fact that persistent wound drainage is 
correlated with PJI (Jaberi et al.  2008 ).  

26.1.6     Prolonged Drainage Surgical 
Treatment 

 After 5 days of persistent wound drainage, surgi-
cal intervention should be carried out to reduce 
the likelihood of developing a PJI. Saleh et al. 
( 2002 ) demonstrated that patients who had an 
average of 5.5 days of drainage were 12.7 times 
more likely to be infected than those with less 
wound drainage time. Another study found that 
each day of prolonged wound drainage increased 
the risk of wound infection by 42 % following a 
THA and by 29 % following a TKA (Patel et al. 
 2007 ). 

 Surgery should consist of opening the fascia, 
performing a thorough irrigation and debride-
ment (I&D) with exchange of modular compo-
nents, and performing a meticulous fascia and 
wound reclosure. In case meticulous reconstruc-
tion of the fascia and skin is not possible, NPWT 
might be a viable option, followed by coverage of 
the wound by a plastic surgeon after cultures and 
other data exclude early PJI. Deep cultures should 
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be taken at the time of reoperation and antibiotics 
should be administered according to the sensitiv-
ity of the organism. Taking wound swab cultures 
is misleading because of the high level of con-
tamination from the skin (false positives).  

26.1.7     Our Approach 

 First of all, best practice starts before surgery. We 
counsel the patient to stop smoking. Patient risk 
factors like malnutrition, coagulation defi cits, 
anemia, and diabetes are screened out during pre-
operative evaluation. All these factors can be 
modifi ed in order to reduce the risk of wound 
drainage. We routinely evaluate nutritional sta-
tus, coagulation parameters, blood glucose, and 
blood cell count at least 1 month before surgery, 
and we correct abnormal values. We need to 
recall that, after all, joint arthroplasty is an elec-
tive procedure and patients can wait until these 
issues are addressed. 

 Intraoperative factors that can assist in wound 
healing include careful planning of incisions in 
patients with multiple incisions from previous 
surgeries. Not only is meticulous handling of soft 
tissues highly encouraged, but it is equally impor-
tant to avoid undermining the skin during expo-
sure. During surgery we focus on careful 
hemostasis and meticulous layer-by-layer suture 
with resorbable stitches, trying to avoid deep 
death spaces. We use staples for skin closure. 
Wound closure, a task often relegated to the most 
junior of surgeons, is one of the most important 
aspects of surgery. Proper handling of the tissues 
and skin during closure and obtaining a water-
tight, but not strangulated, wound is critical for 
proper healing. 

 We use occlusive dressing before we remove 
sterile draping in the operating room (AQUACEL 
Hydrofi ber Wound Dressing – Convatec, 
Skillman, NJ 08558, USA). Patients at high risk 
undergo a lower-intensity joint mobilization pro-
gram. Dressing is checked daily for wound drain-
age without removing the patch (Figs.  26.1  and 
 26.2 ). If any drainage is suspected, dressing is 
changed in order to evaluate the amount and 
quality of fl uid coming out from the wound. We 

do not perform neither wound swab nor antibiotic 
therapy. We consider to reduce or stop LMWH if 
hematoma or the need for multiple hemotransfu-
sion is present in combination with wound drain-
age. If patient is at high risk for wound drainage, 
when we can’t achieve best wound closure at sur-
gery, we apply NPWT in the operating room and 
we maintain it for the fi rst 4 days. If wound drain-
age is prolonging more than 5 days postopera-
tively, surgical wound debridement is performed. 
Deep cultures are harvested during surgeries. 
Prosthetic modular components are changed dur-
ing surgery.

  Fig. 26.1    Postoperative occlusive medication with no 
drainage at day 3 after total knee arthroplasty (AQUACEL 
Hydrofi ber Wound Dressing – Convatec, Skillman, NJ 
08558, USA). Absence of wound drainage from the 
wound is evident       

  Fig. 26.2    Postoperative occlusive medication with evi-
dent drainage at day 1 after revision knee arthroplasty 
despite the usage of two intra-articular drains       
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26.1.8         Results 

 Between January 2013 and March 2014, we per-
formed 271 primary joint replacements, 171 
knees and 100 hips. 

 We have had 13 prolonged (>72 h postopera-
tively) wound drainage (4.7 %), 8 hips and 5 
knees. 

 8 cases (61.5 %) were associated with superfi -
cial hematoma and swelling, and 6 cases (46.1 %) 
required allogenic transfusions (trigger point Hb 
<8 g/dl). 

 Drainage stopped 24 h after LMWH discon-
tinuation or reduction and lower-intensity joint 
mobilization. None of them developed at date 
periprosthetic joint infection.  

26.1.9     Discussion 

 In this retrospective review, we found an inci-
dence of prolonged wound drainage apparently 
higher compared to what you can fi nd in the lit-
erature (around 0.5 % in primary; around 10 % in 
revision – Weiss and Krackow  1993 ). The fi rst 
reason is related to what we defi ne “prolonged 
wound drainage”: our numbers are based on 
drainage that lasts more than 3 days postopera-
tively. The classical defi nition of prolonged 
wound drainage is considered in the literature if 
drainage persists more than 5 days postopera-
tively. We didn’t have any wound drainage last-
ing more than 5 days postoperatively. The second 
point is related to the extensive use of LMWH in 
our country: we believe that patients receiving 
excessive anticoagulation during the postopera-
tive period were at high risk of developing 
wound-related problems. Data from the literature 
support that theory. Burnett et al. in 2007 showed 
a high incidence of wound problems related to 
the use of enoxaparin sodium (Lovenox, enoxa-
parin sodium; Sanofi -Aventis, Bridgewater, NJ), 
identifying the use of this drug as predictor of 
surgical site complications including a prolonged 
wound drainage over 7 days post-op with an inci-
dence of 5.1 %. This is confi rmed by the fact that 
in our series almost half cases were associated 
with deep or superfi cial hematomas and they 

solved with LMWH discontinuation or reduc-
tion. Local guidelines prevent us to reduce 
patients’ coagulation defi cits and force us to be 
meticulous in intraoperative hemostasis. Since 
we developed a meticulous multimodal approach 
to prevent blood loss during surgeries, our rate of 
wound problems reduced consistently even if our 
standard prophylaxis regimen includes LMWH.    

26.2     The Infectivologist’s Point 
of View 

    Alberto     Farese       

 Defi nition for persistent wound drainage (PWD) is 
still controversial: time (48 h to 1 week), site of 
drainage (wound or site of removed suction 
drains), type (clear or not, blood or other fl uids), 
amount of secretion, and eventual microbial con-
tent of secretion are variously defi ned in literature 
(Butt et al.  2011 ; Dennis  1997 ; Hansen et al.  2013 ; 
Jaberi et al.  2008 ; Lonner and Lotke  1999 ; Saleh 
et al.  2002 ; Vince et al.  2007 ). A recent interna-
tional expert consensus has defi ned PWD as “con-
tinued drainage from the operative incision site for 
greater than 72 h” with a strong consensus among 
participants (80 % agree) (Ghanem et al.  2014 ). 

 Key Points 

•     The persistent wound drainage increases 
the risk of periprosthetic joint infection.  

•   Meticulous wound closure and control 
of patient-related risk factors like ane-
mia, malnutrition, anticoagulation, and 
diabetes can reduce the incidence of 
persistent wound drainage.  

•   Strict wound control, adjustments in 
medical therapy (thromboembolic pro-
phylaxis), and rehab modifi cation 
should be conducted for drainage that 
lasts less than 5 days postoperatively.  

•   Surgical irrigation/debridement and 
exchange of modularities are suggested 
in case of drainage lasting more than 
5/7 days.    
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According to the authors, an area greater than 
2 × 2 cm of drainage covering the medication is 
also required to fulfi ll the defi nition of 
PWD. However, it is well accepted that PWD after 
total joint arthroplasty (TJA) is a predictor of a 
subsequent onset of a TJA infection (Saleh et al. 
 2002 ). Patel et al. ( 2007 ) estimated that each day 
of PWD increases the risk of infection by 29 % 
after total knee arthroplasty and by 42 % after total 
hip arthroplasty. 

 Surgical site infections represent a relevant 
 percentage of hospital-acquired infections (HAIs); 
according to ECDC 2013 point prevalence sur-
vey, of a total of 15,000 reported HAIs, the most 
frequently reported HAI types were respiratory 
tract infections (23.5 %), followed by surgical 
site infections (19.6 %). One third of HAIs pres-
ent at admission were surgical site infections 
(ECDC  2013 , Fig.  26.3 ). Wound  complications 
after TJA can lead to deep infection with increase 
of length of hospitalization, need for additional 
surgery, and adjunctive costs. Any effort to pre-
vent wound complications must be performed in 
the preoperative period as some risk factors for 
the development of wound infections or delayed 
healing (malnutrition, hypokalemia, other infec-
tions, decompensated diabetes mellitus, obesity, 
smoking, renal failure, hypothyroidism, and alco-
hol abuse) can be corrected. Identifi cation of nasal 
carriers of methicillin- resistant  Staphylococcus 

aureus  and decontamination with a short course 
of mupirocin ointment to the nares may be effec-
tive in reducing surgical site infections rates (Rao 
et al.  2008 ). Other not preventable factors asso-
ciated with increased wound complications are 
prior surgical procedures, immunosuppressive 
therapy, diverticulosis, rheumatic diseases, and 
multiple previous incisions. The main topics in 
the postoperative period are thromboprophylaxis 
and the use of surgical drains, and both are contro-
versial. Anticoagulation has been associated with 
increased risk of ecchymosis, hemarthrosis, drain-
age, and need for transfusion as well as signifi cant 
bleeding in the gastrointestinal tract and central 
nervous system (Vince et al.  2007 ). Parvizi et al. 
( 2007 ) found that a mean international normal-
ized ratio greater than 1.5 was more prevalent in 
patients who developed postoperative wound com-
plications and subsequent periprosthetic infection. 
Finally, patients requiring warfarin seem to have 
a greater incidence of deep infection, superfi cial 
infection, and other wound associated complica-
tions (McDougall et al.  2013 ).

   The use of surgical drains for elective TJA is a 
common practice despite limited evidence to 
support routine use in noninfected cases; if used, 
the time of permanence of drains is not well 
established. Strahovnik et al. ( 2010 ) found that 
the duration of wound drainage did not have 
any infl uence on the incidence and duration of 
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prolonged serous drainage; absence of drainage 
was not associated with PWD, but increased 
swelling and pain of the thigh were present in 
these patients. In a perspective randomized trial, 
Dora et al. ( 2007 ) found that to omit closed suc-
tion drainage in hip arthroplasty allowed a sim-
pler and faster wound management without any 
disadvantage. Finally, a recent meta-analysis of 
randomized controlled trials in hip arthroplasty 
concludes that there is insuffi cient evidence to 
support the routine use of closed suction drainage 
(Chen et al.  2013 ). The authors found no statisti-
cal difference in wound hematomas, occurrence 
of postoperative deep vein thrombosis, and post-
operative wound infection between groups with 
and without drainage. 

 An important issue in PWD is to understand 
the origin of fl uid and if it represents a sign of 
established deep infection or of a wound closure 
defect; in case of early postoperative drainage 
with no evidence of pain, erythema, purulence, or 
other clinical signs of deep infection, PWD should 
be managed by wound care for the fi rst 5 days. 

 Superfi cial wound cultures are not recom-
mended in this setting: specimens obtained from 
a wound or a sinus tract often generate polymi-
crobial results and may misguide diagnosis and 
treatment. In literature concordance rates between 
sinus tracts and bone cultures range from 38 to 
88 % (Cook and Farrar  1978 ; Esposito and 
Gleckman  1977 ; Mackowiak et al.  1978 ; Mousa 
 1997 ; Patzakis et al.  1994 ; Perry et al.  1991 ; Ulug 
et al.  2009 ). In a recent study, Tetreault et al. 
( 2013 ) found 47.3 % of agreement between 
superfi cial and deep cultures with bacterial 
growth in superfi cial cultures in 80 % of cases 
without deep infection. 

 Deep sepsis can be ruled out with a joint aspi-
ration and cell count, differential, and negative 
culture and sensitivity. There isn’t a well- 
delineated cutoff for the levels of synovial cell 
count and PMN% in the infected hip arthroplasty 
(Parvizi et al.  2011 ). Schinsky et al. ( 2008 ), in a 
chronic setting, propose a threshold of 3,000 
cells/μL for leukocytes and 80 % for PMN% for 
the infected hip arthroplasty. Blood cultures 
should be obtained if fever is present. Serum tests 
(erythrocyte sedimentation rate and C-reactive 

protein) are not useful in this setting as these 
markers can be elevated up to 60 days in the post-
operative period, and they are affected by co- 
medications, comorbidities, age, and sex (Bilgen 
et al.  2001 ; Larsson et al.  1992 ). C-reactive pro-
tein seems to be a promising marker of prosthetic 
joint infection when measured in synovial fl uid 
rather than in serum: in a prospective study by 
Parvizi et al. ( 2012 ), a threshold of 0.06 mg/L for 
individual ELISA and of 3.7 mg/L for multiplex 
ELISA provided a sensitivity of 70 and 84 % and 
a specifi city of 100.0 and 97.1 %, respectively. 
Finally promising methods for diagnosing infec-
tion are polymerase chain reaction techniques for 
detection of microorganisms and analysis of cir-
culating cytokines levels (Bergin et al.  2010 ; 
Kobayashi et al.  2008 ). 

 Various interventions have been recom-
mended in order to reduce the amount of wound 
drainage. Negative-pressure wound therapy 
(NPWT) after total hip arthroplasty was evalu-
ated in a randomized prospective study and com-
pared with standard dressing, and the authors 
demonstrated a decreased development of post-
operative seromas with NPWT (Pachowsky et al. 
 2012 ). Hansen et al. ( 2013 ) reported cessation of 
wound drainage after total hip arthroplasty with 
NPWT in 76 % of cases, while the remaining 
24 % required subsequent surgery. However, a 
previous Cochrane meta-analysis found no evi-
dence for the effectiveness of NPWT in PWD in 
trauma surgery, arthroplasty, and skin graft 
patients (Webster et al.  2012a ,  b ). 

 Antibiotic therapy is not recommended in 
patients with early PWD for several reasons. First 
of all, in the absence of signs of deep infection, 
an antibiotic therapy is unnecessary, and preven-
tion of ingress of germs through draining wound 
should be warranted by a correct wound care. 
The emergence of antibiotic resistance actually 
represents a dramatic challenge in HAIs and any 
effort should be made in order to prevent this 
event; to avoid unnecessary and/or inadequate 
antibiotic prescription is mandatory. In addition 
antibiotic therapy can cause adverse effects. 
Finally administration of antibiotics could mask 
an underlying infection and reduce the sensitivity 
of microbiological cultures. 
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 Surgical revision is recommended after 5 days 
of PWD to reduce the likelihood of a subsequent 
prosthetic joint infection. During the procedure 
(exploration, adequate irrigation and debride-
ment, exchange of modular components, and 
meticulous fascia and layer wound reclose), deep 
cultures are strongly recommended to drive anti-
biotic therapy (Ghanem et al.  2014 ).The number 
of samples is also important; the isolation of a 
microorganism from three or more independent 
samples is highly predictive of infection with a 
specifi city of 99.6 % (Atkins et al.  1998 ). In case 
of negative culture (due to low bacterial burden 
or previous antibiotic therapy) with the pres-
ence of clinical signs of infection, an empiric 
antibiotic therapy covering oxacillin-resistant 
 Staphylococcus aureus  should be administered 
until further workup rules out deep infection. In 
this setting knowledge of local epidemiology and 
evaluation of patient risk factors for multidrug- 
resistant microorganism is fundamental to tailor 
antimicrobial therapy (Table  26.1 ). In case of 
positive culture, most common microorganisms 
and their treatment are summarized in Table  26.2 . 
Staphylococci are the most common agents caus-
ing prosthetic joint infection (Kuiper et al.  2013 ; 
Saleh et al.  2002 ). For staphylococcal infections, 
a pathogen-specifi c intravenous or highly bio-
available oral antimicrobial therapy (Table  26.2 ) 
in combination with rifampin 600 mg orally daily 
should be administered for 2–6 weeks, followed 

   Table 26.1    Principal risk factors for multidrug-resistant 
(MDR) microorganism infection   

 Cardiovascular diseases 
 Chronic obstructive pulmonary disease 
 Chronic renal failure 
 Diabetes 
 Hemodialysis 
 Immunosuppression 
 Residence in long-term care facilities 
 Pressure ulcer and previous wound management 
 Previous antibiotic therapy (last 30 days) 
 Previous hospitalization (last 90 days) 
 Previous MDR microorganism colonization 

 Key Points 

•     Persistent wound drainage can be 
defi ned as continued drainage for 
greater than 72 h.  

•   Persistent wound drainage is a predictor 
of subsequent onset of a periprosthetic 
joint infection.  

•   In the preoperative period, preventable 
risk factors for the development of 
wound infection should be corrected.  

•   The need for anticoagulant therapy to 
prevent thromboembolism must be bal-
anced with the risk of subsequent surgi-
cal site infection.  

•   There is insuffi cient evidence to support 
the routine use of closed suction drainage.  

•   In the fi rst 5 days, persistent wound drain-
age should be managed by wound care.  

•   Superfi cial wound cultures are not 
recommended.  

•   Synovial fl uid white cell count and cul-
ture may help to confi rm or rule out 
deep infection.  

•   Empiric antibiotic therapy is not recom-
mended in persistent wound drainage.  

•   Irrigation and debridement with modular 
component change is recommended after 
5 days of persistent wound drainage.  

•   Deep culture is strongly recommended 
during surgical procedure.  

•   Gram-positive microorganisms and par-
ticularly staphylococci are the most 
common agents causing prosthetic joint 
infection.  

•   Two to 6 weeks of intravenous or highly 
bioavailable oral antibiotic therapy is 
needed, followed by oral rifampin plus a 
companion oral drug.  

•   C-reactive protein level in the synovial 
fl uid, analysis of circulating cytokines, 
and polymerase chain reaction tech-
niques for microorganism identifi cation 
may increase in the future our diagnos-
tic accuracy.    
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by rifampin plus a companion oral drug for a total 
of 3 months for a total hip arthroplasty infection 
(Osmon et al.  2013 ). Rifampin may decrease 
serum linezolid concentrations in combination 
therapy (Gebhart et al.  2007 ; Hoyo et al.  2012 ).

    Best oral companions for rifampin are cip-
rofl oxacin, levofl oxacin, cotrimoxazole, and 
doxycycline. For other microorganisms, a patho-
gen-specifi c intravenous or highly bioavailable 
oral antimicrobial therapy (Table  26.2 ) should be 

administered for 4–6 weeks, followed by indefi -
nite chronic oral antimicrobial therapy based on 
in vitro susceptibilities.      
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