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During 1999, the Heart journal recognised we had a role to play
in the important arena of continuing postgraduate education. In
response, we commissioned a series of articles that would
collectively cover the field of knowledge that usefully informs
practising cardiologists. This includes coronary disease, heart
failure, cardiomyopathy, valve disease, electrophysiology,
congenital heart disease, imaging techniques, and general
cardiology.

Our aim was to help meet the worldwide need for educational
material for established consultants in cardiology, so they can
remain up to date with clinical and scientific aspects of the
specialty. We were more concerned with providing timely
summaries of the latest thinking than elaborate discussions of
published original research. We stipulated that each article was to
have no more than 20 annotated references. As an additional
benefit, we hoped the articles would prove useful to trainee
cardiologists, by providing an authoritative exposition on subjects
that are also relevant to them.

After the encouraging feedback we received on their initial
publication, we have decided to re-issue the articles in book form.
We hope that gathering all the articles into one volume will make
it even easier for cardiologists to use them. Nothing beats a book
for communicating and absorbing large amounts of information.

We purposely selected authors from a broad geographical base
to reflect the best thinking from around the world and to appeal
to the journal’s UK and worldwide readership. Each author is a

respected international authority on their subject, so the relevance
and pertinence of his or her views is guaranteed.

The complete series of articles will be published over three
years. This volume contains the first year’s worth; the articles will
continue to appear each month in Heart throughout 2001 and
2002 with collected volumes published at the end of each of these
years. As when the articles were initially published, all feedback
is welcome – please email heartjournal@bmjgroup.com.

The commitment and inspiration of the section editors is
obvious and I would like to express my sincere gratitude to them.
I would also like to thank the project manager, Mr John Weller,
for all his hard work and excellent advice in developing this series.

In short, this volume of collected articles represents the best
way of staying up to date in all areas of cardiology. We hope you
will find it invaluable.

PETER MILLS
SERIES EDITOR

Section editors:
Michael J Davies (cardiomyopathy), Christopher Davidson (general
cardiology) , John L Gibbs (congenital heart disease), Roger Hall (valve
disease), David Lefroy (heart failure, imaging techniques,
electrophysiology), Janet M McComb (electrophysiology), R Gordon
Murray (coronary disease)
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Virtually all regional acute myocardial
infarcts are caused by thrombosis devel-
oping on a culprit coronary atheroscle-

rotic plaque. The very rare exceptions to this
are spontaneous coronary artery dissection,
coronary arteritis, coronary emboli, coronary
spasm, and compression by myocardial
bridges. Thrombosis is also the major initiating
factor in unstable angina, particularly when
rest pain is recent and increasing in severity.
Necropsy studies suggest that a new throm-
botic coronary event underlies 50–70% of sud-
den deaths caused by ischaemic heart disease.

The culprit plaque

Given the importance of thrombosis as the
trigger for acute myocardial ischaemia, it is
necessary to know something about the
structure of plaques before thrombotic events
occur and why there should be a sudden
change from a stable state (no thrombus) to an
unstable state (thrombus).

The fully developed human fibrolipid
plaque, designated by the American Heart
Association (AHA) as type IV or type Va,1 has
a core of lipid surrounded by a capsule of con-
nective tissue (fig 1.1). The core is an extracel-
lular mass of lipid containing cholesterol and
its esters, some of which is in a crystalline form.
The core is surrounded by numerous macro-
phages, many of which contain abundant

intracytoplasmic droplets of cholesterol (foam
cells). These macrophages are derived from
monocytes which crossed the endothelium
from the arterial lumen. They are not inert or
end stage cells, but are highly activated,
producing procoagulant tissue factor and a
host of inflammatory cell mediators such as
tumour necrosis factor á (TNF á), inter-
leukins, and metalloproteinases. The connec-
tive tissue capsule which surrounds this
inflammatory mass is predominantly collagen
synthesised by smooth muscle cells. The
portion of the capsule separating the core from
the arterial lumen itself is the plaque cap.

The early stages of plaque development
(AHA types I–III) are not associated with evi-
dence of structural damage to the endothe-
lium. Once plaque formation has progressed to
stage IV, however, structural changes in the
endothelium become almost universal.2 The
endothelium over and between plaques shows
enhanced replication compared to normal
arteries, implying a degree of endothelial cell
immaturity and abnormal physiological func-
tion. Focal areas of endothelial denudation
occur over the plaque, exposing the underlying
connective tissue matrix and allowing a
monolayer of platelets to adhere at the site.
Such ultramicroscopic thrombi are far too
small to be visible on angiography or to impede
flow, but may contribute to plaque smooth
muscle cell growth by release of platelet
derived growth factor.

Mechanisms of thrombosis

Thrombosis over plaques occurs because of
two somewhat diVerent processes. One is
caused by an extension of the process of
endothelial denudation so that large areas of
the surface of the subendothelial connective
tissue of the plaque are exposed. Thrombus
forms which is adherent to the plaque surface
(fig 1.2). This process has become known as
endothelial erosion. Observational studies have
linked endothelial cell loss to the proximity of
macrophages. These macrophages are highly
activated and cause endothelial cell death by
apoptosis, and also by the production of
proteases which cut loose the endothelial cells
from their adhesion to the vessel wall.

The second mechanism for thrombus forma-
tion is plaque disruption (synonyms rupture,
fissuring) (fig 1.3). Here the plaque cap tears to
expose the lipid core to blood in the arterial
lumen. The core area is highly thrombogenic,
containing tissue factor, fragments of collagen,
and crystalline surfaces to accelerate coagula-
tion. Thrombus forms initially in the plaque
itself which is expanded and distorted from
within; thrombus may then extend into the
arterial lumen (fig 1.4).

Plaque disruption, like endothelial erosion, is
a reflection of enhanced inflammatory activity
within the plaque.3 The cap is a dynamic struc-
ture within which the connective tissue matrix,
upon which its tensile strength depends, is
constantly being replaced and maintained by

1 The pathophysiology of acute
coronary syndromes

Michael J Davies

Figure 1.1. The established stable plaque. In this cross section of a human
coronary artery there is an established fibrolipid plaque with a core of lipid. The
lipid core is separated from the lumen by the plaque cap. The plaque only
occupies part of the circumference of the artery, leaving a segment of normal
arterial wall.
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the smooth muscle cell. The inflammatory
process both reduces collagen synthesis by
inhibiting the smooth muscle cell and causes its
death by apoptosis. Macrophages also produce
a wide range of metalloproteinases capable of
degrading all the components of the connective
tissue matrix, including collagen. These metal-
loproteinases are secreted into the tissues in an
inactive form and then activated by plasmin.
Metalloproteinase production by macrophages
is upregulated by inflammatory cytokines such
as TNFá. Plaque disruption is therefore now
seen as an auto-destruct phenomenon associ-
ated with an enhanced inflammatory activation.

The relative importance of disruption and
erosion as triggers of thrombosis may vary
between diVerent patient groups. Disruption is
the predominant cause (> 85%) of major
coronary thrombi in white males with high
plasma concentrations of low density lipopro-
tein (LDL), and low concentrations of high
density lipoprotein (HDL). In contrast, in
women endothelial erosion is responsible for
around 50% of major thrombi.4–6 The distinc-
tion between erosion and disruption is not
necessarily of major clinical importance. Both
processes depend on enhanced inflammatory
activity within the plaque and appear equally
responsive to lipid lowering. Disruption has an
intraplaque component more resistant to fibri-
nolytic treatment, while in erosion the throm-
bus is more accessible. This potential advan-
tage is, however, oVset by erosion related
thrombi tending to occur at sites where the
pre-existing stenosis was more severe. In
women there is also a form of thrombosis
caused by endothelial erosion over plaques
which do not contain lipid or have a major
inflammatory component.6 This type of disease
is rare and arguably distinct from conventional
atherosclerosis, and may be smoking related.

The vulnerable plaque concept

Analysis of plaques which have undergone dis-
ruption has been used to determine character-
istics which may indicate currently stable
plaques whose structure and cell content
makes them likely to undergo an episode of
thrombosis in the future (vulnerable plaques).

There is widespread unanimity7 in the belief
that these features are:
+ a large lipid core occupying at least 50% of

the overall plaque volume
+ a high density of macrophages
+ a low density of smooth muscle cells in the

cap
+ a high tissue factor content
+ a thin plaque cap in which the collagen

structure is disorganised.
All of these markers of plaques at future risk

are likely to be the direct result of macrophage
activity, which enlarges the core and thins the
cap.

The risk of any subject with coronary artery
disease having a future acute event will depend
on the number of these vulnerable plaques
which are present rather than on the total

number of plaques. Patients, however, vary in
the number of vulnerable plaques which are
present in the coronary arteries—this variation
explains why one individual has a series of inf-
arcts at regular intervals while another indi-
vidual has an infarct without further events for
10 or even 20 years.

The sequence of thrombotic events

The thrombi which occur either in disruption
or erosion circumstances are dynamic and
evolve in stages. In disruption the initial stage
occurs within the lipid core itself and is
predominantly formed of platelets. As throm-
bus begins to protrude into the lumen the
fibrin component increases, but any surface
exposed to the blood in the lumen will be cov-
ered by activated platelets. While antegrade
flow continues over this exposed thrombus,
clumps of activated platelets are swept down
into the distal intramyocardial arteries as
microemboli (fig 1.5). Thrombus may grow to

Figure 1.2. Thrombosis caused by erosion. This human coronary artery is largely
occluded by a mass of thrombus which is adherent to the surface of a plaque.
The plaque itself is intact.

Figure 1.3. Thrombosis caused by disruption. The cap of a plaque has torn and
projects up into the lumen. Thrombus has formed within the original lipid core
from where it projects into, but does not totally occlude, the lumen. This is the
typical lesion of unstable angina.

EDUCATION IN HEART
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occlude the artery, leading to a final stage in
which there is a loose network of fibrin
containing large numbers of entrapped red
cells. This third and final stage thrombus may
propagate distally after the onset of myocardial
infarction. The final stage of occlusive throm-
bus has a structure making it very susceptible
to either natural or therapeutic lysis, but this
will expose the deeper and earlier thrombus
which is more resistant to lysis.

Symptomology in relation to coronary
thrombi

Episodes of plaque disruption which are almost
entirely associated with intraplaque thrombus
are associated with the onset or exacerbation of
stable angina caused by a sudden increase in
plaque volume.

Thrombi which project into but do not
occlude the lumen (mural thrombi) are the
basis of unstable angina. The intermittent
attacks of myocardial ischaemia at rest are
caused by several potential mechanisms.
+ The thrombus may intermittently wax and

wane in size and become occlusive for rela-
tively short periods of time.

+ There may be intense local vasoconstriction.
Many disrupted plaques are eccentric, with
the retention of an arc of normal vessel wall
in which constriction can reduce blood flow.

+ Platelet deposition is a known potent stimu-
lus for local smooth muscle constriction.

+ Embolisation of platelet aggregates into the
intramyocardial vascular bed both block
smaller arteries in the size range of
50−100 µm external diameter and cause
vasoconstriction within the myocardium.
Necropsy studies show a strong correlation
between such platelet thrombi and micro-
scopic foci of myocyte necrosis.8 9

Clinical correlations

Much of the work described so far is based on
necropsy observations but these have been
extended and amplified by observations made
in life to give the dynamic dimension.

Acute myocardial infarction
It is diYcult now to perceive why coronary
thrombosis was regarded 25 years ago as an
inconstant and irrelevant consequence of acute
infarction rather than its prime cause. Once
angiography was carried out soon after the
onset of infarction, and it was realised that the
subtending artery was totally blocked but
spontaneously reopened with time in many
cases (and that this reopening was accelerated
by fibrinolytic treatment), thrombosis was seen
as a major causal factor in occlusion. Suddenly
the clinical world found thrombi to be both
dynamic and important. Pathologists had
thought thrombi were important but did not
realise how dynamic they could be. Sequential
angiograms taken over some years in patients
with chronic ischaemic heart disease also
changed perceptions. It was realised that a sig-
nificant proportion of the thrombotic occlu-
sions causing infarction did not develop at sites
where there was pre-existing high grade steno-
sis, or even a plaque identified at all. Sixty eight
per cent of the occlusions leading to acute inf-
arction were judged to have caused less than
50% diameter stenosis previously, while only
14% developed on high grade stenoses of more
than 70% diameter in a recent review of the lit-
erature.10

The advent of intravascular ultrasound has
confirmed that many stable coronary plaques
are angiographically invisible because of arte-
rial remodelling. In this process, described so
well by Glagov,11 the artery is seen to respond
to plaque growth by increasing its cross
sectional area while retaining normal lumen
dimensions. Angiography cannot and does not
predict the sites and risk of future infarction. It
is true that chronic high grade stenoses do
progress to occlude, but this is a slow process
and is often caused by erosion type thrombosis,
and is not associated with acute infarction due
to collateral flow. For example, 24% of lesions
occluding more than 80% by diameter will
progress to chronic total occlusion by five
years.

Figure 1.4. Thrombosis caused by disruption. The
cap of the plaque has torn and thrombus within the
lipid core extends into and occludes the lumen. This
is the typical lesion of acute myocardial infarction.

Figure 1.5. Platelet embolisation. Any thrombus (red)
which protrudes into the arterial lumen but does not
occlude has the surface covered by a layer of
activated platelets strongly expressing the IIb/IIIa
receptor. Clumps of these platelets are swept down
into the myocardium vascular bed.

THE PATHOPHYSIOLOGY OF ACUTE CORONARY SYNDROMES
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The magnitude of episodes of disruption
varies widely. At one extreme the plaque has a
crack or fissure only, and the large thrombotic
response appears out of proportion to the
stimulus. Such events are easily treated by lysis
to give a lumen size which is little diVerent
from the previous state or event taken to be a
normal artery. At the other extreme a plaque
undergoes complete disintegration, occluding
the lumen with a mixture of plaque content
and thrombus. Another form is where the
artery is occluded by the thrombus expanding
the plaque from within. These more complex
types of disruption occlusion will be more
likely to respond to primary angioplasty. The
exact morphology of disrupted plaques causing
occlusion cannot, however, be determined in
vivo by any current methodology.

Transmural regional acute myocardial inf-
arction is caused by a coronary artery occlusion
which develops over a relatively short time
frame of a few hours and persists for at least
6–8 hours. The infarcted tissue is structurally
suggestive of a homogenous entity—that is, all
the myocardium involved died at around the
same time. Non-transmural regional infarcts
(non-Q wave) have a diVerent structure which
is built up by the coalescence of many small
areas of necrosis of very diVerent ages. This
pattern of necrosis characteristically follows
crescendo unstable angina and appears to be
caused by repetitive episodes of short lived
occlusion or platelet embolisation, or both. A
further factor in limiting the spread of necrosis
and preserving the subpericardial zone is the
existence of prior collateral flow in the aVected
artery.

Unstable angina
The challenge of understanding the patho-
physiology of unstable angina is the wide spec-
trum of clinical severity.12 Necropsy studies are
inevitably biased toward the worst outcome,
but within this limitation show unstable angina
to be caused by disrupted plaques with
exposed mural thrombus and retention of
antegrade flow in the artery. This feature of
some persistent antegrade flow is all that sepa-
rates the vascular lesion of unstable angina
from that of acute infarction. The persistence
of the thrombotic process so that it neither
progresses to occlude nor resolves to heal rep-
resents a balance between prothrombotic and
antithrombotic factors. Confirmation of plaque
disruption and thrombosis as the basis for
severe unstable angina has come from angio-
graphy in vivo where type II lesions with
irregular overhanging edges and intraluminal
filling defects (fig 1.6) representing thrombus
are found.13 These angiographic appearances
are rare in stable angina. Type II lesions have
been shown to be disrupted plaques by pathol-
ogy studies. Angioscopy has directly observed
torn plaque caps in vivo and intravascular
ultrasound has also identified disrupted
plaques in vivo. Atherectomy studies compar-
ing tissue from plaques thought to be responsi-
ble for stable and unstable angina have shown
very consistent results. A significant pro-
portion, but not all, of samples from unstable

angina contain thrombus, while most samples
from stable angina, but not all, do not contain
thrombus. The absence of thrombus in unsta-
ble angina is in part related to the time delay
between acute symptoms and atherectomy.14

Samples taken some weeks after the last epi-
sode of rest pain often show accelerated
smooth muscle proliferation—that is, the heal-
ing process rather than the acute thrombotic
process. The presence of thrombus in plaque
causing stable angina highlights the role of
subclinical disruption or erosion in plaque
growth. The pathological changes in plaques
causing unstable angina expose thrombus in an
artery in which antegrade flow continues.
Platelet emboli into the myocardium cause
microscopic foci of necrosis which are the basis
of the increased concentrations of troponin T
found in the blood in a proportion of cases of
unstable angina.

The problem of the pathophysiology of
unstable angina lies in patients who have
milder and persistent rest pain over months or
even years. The perception is that these cases
are related to vasomotor tonal abnormalities
often occurring at specific sites in the coronary
artery tree. Why one such plaque should lead
to local spasm is unclear—one suggestion is
that there is local endothelial damage and
repetitive ultramicroscopic thrombosis. The
preponderance of literature reports of such
vasospastic angina from Japan suggests there
may be racial or geographic diVerences in the
pathogenesis of this form of unstable angina.

Plaque disruption: the healing process

The great majority of episodes of plaque
disruption do not cause a major event such as
infarction or death. Minor episodes of erosion
or disruption are often clinically silent but do
contribute to the episodic progression of
coronary artery disease seen on sequential
angiography.

Thrombus will be removed by natural lysis to
some extent and is also associated with “passi-

Figure 1.6. Angiogram of plaque disruption. In this
postmortem angiogram there is a typical type II
eccentric ragged stenosis with an overlying
intraluminal filling defect indicating thrombus over the
plaque.
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fication”, a term implying that the exposed col-
lagen becomes less active in causing platelet
adhesion probably due to being coated by
natural heparinoids. Any residual thrombus
which is still present after 36 hours will provoke
smooth muscle cell migration into the area,
with the production of new connective tissue
which smooths out the surface and restores
plaque integrity. The final result will be a stable
lesion which may cause anything from chronic
total occlusion to only a minor increase from
the pre-existing degree of stenosis. The proc-
ess, however, takes weeks and residual thrombi
in the base of the exposed lipid core act as a
nidus for a further thrombotic event at the
same site for up to six months.

The risk of progressing to complete occlu-
sion on angiography within a year of an episode
of unstable angina, or after lysis for acute myo-
cardial infarction, is far higher if the culprit
lesion has an irregular outline on the initial
angiogram taken immediately after the acute
event.15

Inflammation and coronary
atherosclerosis

Atherosclerotic plaques are the site of an
inflammatory reaction which is of equal inten-
sity to that found in the synovium in acute
rheumatoid arthritis. The volume of any
individual plaque in the coronary arteries is
small, but most individuals have many plaques
in the carotid artery and aorta which can be up
to 2 cm in length. It is therefore not surprising
that there may be elevation in systemic markers
of inflammation such as fibrinogen and C reac-
tive protein in subjects with chronic coronary
atherosclerosis. The physicians health study
shows that the diVerence between the lowest
and highest quartiles of C reactive protein con-
centration is a threefold increase in the risk of a
future acute event.16 The actual concentrations
of C reactive protein are not, however, high and
such estimates give assessment of group rather

than individual risk. One explanation is that the
subjects with the highest concentrations of C
reactive protein have the largest plaque mass.
The link between systemic markers of chronic
inflammation and acute coronary events may,
however, be more complex. There is experi-
mental evidence that upregulation of systemic
inflammation will have a secondary aVect of
enhancing inflammatory activity in the
plaque.17 18 On this basis any factor which
increases systemic inflammation would poten-
tially trigger plaque instability and increase the
risk of unstable angina. Causes of such
systemic low grade inflammation include
infection by chlamydia or helicobacter, diseases
such as rheumatoid arthritis, and chronic
dental sepsis.

Lipid lowering, infection, and acute
coronary events

The current view of atherosclerosis is that the
prime stimulus for plaque inflammation is the
reaction between oxidised LDL and the
macrophage. Significant reduction of plasma
lipids in animal models of atherosclerosis has a
profound eVect on the plaque morphology,
with a reduction in both macrophage numbers
and activation products including metallopro-
teinases. The resultant plaque will be less
inflammatory, and smooth muscle cell num-
bers and the collagen content rise. Although
not reduced greatly in size, the plaque would be
at far less risk of thrombosis. Similar changes in
human plaques would explain the consistent
benefit observed in a reduction of acute events
in all the statin based trials.

Even allowing for poor patient compliance,
the need for at least 18 months for the benefit
to appear, and inadequate lipid lowering, acute
ischaemic events still occur in treated patients.
This suggests there may be non-lipid depend-
ent factors enhancing plaque inflammation.
One such factor is direct invasion of the plaque
by chlamydia. These organisms exist within
macrophages and potentially could upregulate
the production of inflammatory mediators
within the plaque.18 Therapeutic trials of
antichlamydial drugs to reduce acute coronary
event rates are currently underway but results
so far are contradictory. It seems likely that
there are many other factors which enhance the
inflammatory activity of the plaque, but the
primary stimulus remains the conversion of
plasma LDL in the intima to a proinflamma-
tory product.19 In keeping with this view is the
consistent message from animal models of
atherosclerosis that reducing plasma lipid con-
centrations strikingly reduces all the inflamma-
tory processes in the plaque.20
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Until recently, atherosclerosis was
thought of as a degenerative, slowly
progressive disease, predominantly af-

fecting the elderly, and causing symptoms
through its mechanical eVects on blood flow,
particularly in the small calibre arteries supply-
ing the myocardium and brain. Thus the
approach to treatment has traditionally been
surgical and focused on the largest and most
visible or symptomatic lesions, coupled with a
somewhat nihilistic belief that there was little
likelihood of medical management aVecting
such a longstanding “end stage” process. How-
ever, recent research into the cellular and
molecular events underlying the development
and progression of atherosclerosis, prompted
by careful descriptive studies of the underlying
pathology, has shown that atherosclerosis is a
dynamic, inflammatory process that is emi-
nently modifiable. Support for this view comes
from clinical trials of lipid lowering agents,
particularly the “statins”, which have shown
only minor eVects on the size of existing
lesions, but major reductions in clinical events
caused by plaque rupture, implying a beneficial
stabilising eVect on plaque composition. This
calls for a change from a quantitative (how
many and how tight are the stenoses?) to a
more qualitative (how active are the plaques we
cannot see?) approach to atherosclerosis. Also,
a better understanding of the molecular and
cellular basis of atherosclerosis will inevitably
lead to the design of better diagnostic and
therapeutic approaches. The purpose of this
review is to summarise current understanding
of the pathogenesis and progression of athero-
sclerosis with particular reference to potential
new diagnostic or therapeutic approaches.

The atherosclerotic plaque

Atherosclerosis begins as a subendothelial
accumulation of lipid laden, monocyte derived
foam cells and associated T cells which form a
non-stenotic fatty streak. With progression, the
lesions take the form of an acellular core of
cholesterol esters bounded by an endothelial-
ised fibrous cap containing vascular smooth
muscle cells (VSMC) and inflammatory cells,
predominantly macrophages with some T cells
and mast cells, which tend to accumulate at the
shoulder regions of the plaque. Also present in
advanced lesions are new blood vessels and
deposits of calcium hydroxyapatite. Thus
atherosclerotic lesions are complex and it is the
dynamic interaction between the diVerent

components of the plaque that dictates out-
come of the disease.

The endothelium

Since the discovery of endothelium dependent
relaxation, and its biochemical entity, nitric
oxide (NO), it has been recognised that the
endothelium plays an important role in vascu-
lar biology. Several roles have been ascribed to
vascular NO including modulation of tone,
inhibition of platelet aggregation, inhibition of
VSMC proliferation, and production of poten-
tially destructive free radicals, in particular
peroxynitrite. The earliest detectable physio-
logical manifestation of atherosclerosis is re-
duced production of NO in response to
pharmacological or haemodynamic stimuli.
This phenomenon is present even in children
with hypercholesterolaemia,1 and is consistent
with the hypothesis that high circulating
concentrations of atherogenic lipoproteins lead
to endothelial dysfunction and (by unknown
mechanisms) subendothelial lipid accumula-
tion. Importantly, however, it remains unclear
whether this manifestation of endothelial
dysfunction is a cause or a consequence of lipid
accumulation, since fatty streaks are also
present from a young age. Interestingly, a
number of drugs that are known to influence
beneficially the outcome of vascular disease,
including statins and angiotensin converting
enzyme (ACE) inhibitors, have been shown to
improve endothelial function in studies of bra-
chial artery dilatation in response to increased
forearm blood flow.

In addition to reduced NO bioavailability,
and possibly partly because of it, endothelial
cells in atherosclerosis express surface bound
molecules (selectins and adhesion molecules)
that attract and capture circulating inflamma-
tory cells and facilitate their migration into the
subendothelial space. The importance of these
molecules in the development of atherosclero-
sis is demonstrated in mice deficient in
molecules such as intercellular adhesion mol-
ecule 1 (ICAM 1) and P selectin, which
develop smaller lesions with less lipid and fewer
inflammatory cells than control mice when fed
a high lipid diet. Thus recruitment of inflam-
matory cells is important for plaque develop-
ment, but since inflammatory cells do not
accumulate in the intima in the absence of
lipid, these data suggest that lipid accumula-
tion is the initiating event and that inflamma-
tory cells play a permissive role in lesion
progression. The predisposition for atheroscle-
rosis at particular sites in the vascular tree may
be influenced by subtle, local eVects on
endothelial function, particularly shear stress
which is known to regulate expression of a
number of endothelial cell genes including
ICAM 1 and eNOS. It remains to be seen
whether new treatments being designed, for
example, to enhance deficient NO bioavailabil-
ity or to reduce adhesion molecule expression
will have any impact on atherosclerosis or its
consequences in man.

2 Atherogenesis: current understanding
of the causes of atheroma

Peter L Weissberg
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Inflammatory cells

Accumulated subendothelial lipid, particularly
if oxidised, exacerbates the local inflammatory
reaction and maintains activation of the overly-
ing endothelium. This results in continued
expression of selectins and adhesion molecules
and also expression of chemokines, in particu-
lar monocyte chemoattractant proteins-1
(MCP-1). Chemokines are proinflammatory
cytokines that function in leucocyte chemoat-
traction and activation. Atheroma prone mice
lacking MCP-1 develop smaller atherosclerotic
lesions than mice expressing MCP-1, providing
further evidence that inflammatory cells play
an important part in lesion development. Once
captured, the inflammatory cells migrate into
the subendothelial space where, under the
influence of local chemokines, they become
activated. The monocytes mature into macro-
phages and express the necessary scavenger
receptor to ingest modified lipids and become
macrophage foam cells. The predominant role
of the macrophage in atherosclerosis is to
ingest and dispose of atherogenic lipids. How-
ever, activated macrophages and T cells also
express a variety of proinflammatory cytokines
and growth factors that contribute to the
evolution of the plaque. The progression of an
atherosclerotic plaque is best understood in
terms of the dynamic interaction between a
subendothelial inflammatory stimulus and the
local reactive “wound healing” response of sur-
rounding VSMCs.

Vascular smooth muscle cells

Medial VSMCs contain large amounts of con-
tractile proteins since their predominant role is
to maintain vascular tone. This “contractile”
VSMC phenotype is maintained particularly
by the influence of extracellular proteins in the
media on VSMC surface integrins. However, if
medial VSMCs are taken out of this environ-
ment, for example into cell culture, they
undergo a change in phenotype characterised
by a reduction in content of contractile
proteins and an increase in synthetic or-
ganelles. VSMCs undergo a similar change
when they move from the media to the intima
in vivo. This change in phenotype from
“contractile” to “synthetic” was once thought
of as being a key initiating event in the
pathogenesis of an atherosclerotic lesion.2

However, recent studies have shown a remark-
able similarity in gene expression between inti-
mal VSMCs in atherosclerosis and VSMCs in
the early developing blood vessel,3 consistent
with the view that intimal VSMCs are more
likely to be performing a reparative than a per-
missive role in atherosclerosis. In adopting a
“repair” phenotype VSMCs express the protei-
nases that are required to break down the sur-
rounding basement membrane to facilitate
their migration to the site of injury; they
produce growth factors that facilitate their pro-
liferation at the site of injury, and they produce

the necessary matrix proteins, in particular
collagens and elastin, to repair the vessel.
Indeed, expression of this repertoire of genes is
essential for the formation of a fibrous cap over
the lipid core of an atherosclerotic plaque.
Since the fibrous cap separates the highly
thrombogenic lipid rich core from circulating
platelets and proteins of the coagulation
cascade and confers structural stability to an
atherosclerotic lesion, and since the VSMC is
the only cell capable of synthesising the cap, it
follows that VSMCs play a pivotal role in
maintaining plaque stability and protecting
against plaque rupture and consequent throm-
bosis.4

Cellular interactions and plaque
stability

Atherosclerotic lesions are ubiquitous in most
adults in the developed world, but they are
largely asymptomatic. There are two mecha-
nisms by which atherosclerosis leads to symp-
toms. If the lesion becomes suYciently large to
restrict blood flow, such that nutrient supply
cannot meet demand, then tissue ischaemia
will occur, as in chronic stable angina pectoris.
However, plaque growth does not always lead
to lumen stenosis, since atherosclerotic arteries
can remodel to accommodate the expanding
atherosclerotic lesion while still maintaining a
normal or near normal lumen diameter.5 Thus
large atherosclerotic lesions may be, and often
are, clinically silent.

If the lesion ruptures or erodes platelets rap-
idly accumulate and intravascular thrombosis
can occur, leading to the acute coronary
syndromes of unstable angina and myocardial
infarction. Plaques with a large lipid pool and a
thin fibrous cap are much more prone to
rupture than those with a thick cap, partly
because a thick fibrous cap is more able to
resist local mechanical stresses. However, the
most important determinant of plaque stability
is the composition of the fibrous cap, in that a
preponderance of inflammatory cells and a
relative paucity of VSMCs leads to plaque rup-
ture.6

There are several mechanisms by which
inflammatory cells can weaken the fibrous cap.
Firstly, they aVect matrix protein turnover by
producing specific metalloproteinases that de-
grade matrix proteins in the cap4 and proin-
flammatory cytokines, in particular interferon
ã (INF ã), that inhibit VSMC proliferation and
collagen synthesis. Secondly, they secrete
inflammatory cytokines, in particular inter-
leukin 1â, tumour necrosis factor á (TNF á)
and INF ã, that are synergistically cytotoxic for
VSMCs. Thirdly, it has recently been shown
that activated macrophages can induce VSMC
apoptosis (programmed cell death) by direct
cell-cell contact. All this is further com-
pounded by the phenotype of the VSMCs
within the fibrous cap of a mature plaque
which have a reduced ability to proliferate and
an enhanced susceptibility to apoptosis.7 8

Thus inflammatory cells can destroy the fabric
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of the fibrous cap and resident VSMCs are
poorly equipped to compensate. Importantly,
these features can be and often are present in
small, haemodynamically insignificant athero-
sclerotic plaques that are clinically silent and
angiographically invisible. Thus plaque com-
position is far more important than plaque size
in determining outcome.

Consequences of plaque rupture

Rupture or erosion of the fibrous cap exposes
the highly thrombogenic collagenous matrix
and lipid core to the circulation and leads
inevitably to platelet accumulation and activa-
tion. This, in turn, leads to fibrin deposition,
thrombus formation and, at its most extreme,
vessel occlusion. However, vessel occlusion is
not inevitable, and it is now clear that episodes
of silent, subclinical plaque rupture occur
frequently in patients with atherosclerosis. In
one study up to 70% of plaques causing high
grade stenosis had evidence of previous plaque
rupture and repair in the absence of vessel
occlusion or a corresponding clinical event.9

These episodes of non-occlusive plaque rup-
ture induce recruitment of new VSMCs under
the influence of mitogens, in particular platelet
derived growth factor and thrombin10 in the
thrombus. Thrombus also contains large quan-
tities of transforming growth factor â which is a
potent stimulator of VSMC matrix synthesis.
These factors therefore drive formation of a
new fibrous cap over the thrombus, thereby
increasing the size of the lesion (fig 2.1). Thus
the size of atherosclerotic lesions increases as a
consequence of repeated episodes of rupture
and repair. The chief implication of this is that
pharmacological inhibition of silent plaque
rupture would be expected to reduce progres-
sion of atherosclerotic lesions. It also serves to
explain and emphasise the value of antiplatelet
drugs in atherosclerosis.

Diagnostic implications of plaque
biology

Imaging
The mainstay of clinical diagnosis of coronary
disease is the coronary angiogram. Angio-
graphy can only detect lesions that impinge
significantly on the lumen, however, and
provide little or no information on the compo-
sition of a stenotic lesion. Since it is composi-
tion rather than size that determines the likeli-
hood of plaque rupture, it follows that
angiography is likely to be a poor predictor of
clinical events. Thus, Falk and colleagues11

showed that most of the lesions that cause
myocardial infarction produce less than a 50%
stenosis. This important observation explains
why myocardial infarction occurs so commonly
in patients who have experienced no previous
symptoms and emphasises why better diagnos-
tic tools are required. Thus, despite its
continuing pivotal role in evaluation and man-
agement of symptomatic coronary disease,

angiography has little to oVer in risk prediction
or therapeutic monitoring in the asymptomatic
population. The same is true for intravascular
ultrasound, even though it provides much more
information than angiography on the extent
and composition of targeted plaques. Ideally,
what is required is an imaging technique that
can be used repeatedly to identify and monitor
asymptomatic atherosclerosis.

The extent of coronary calcification, as
quantified by electron beam computed tomog-
raphy, has been shown to predict clinical
events, and an absence of calcification can be
taken to indicate an absence of significant cor-
onary disease. The precise relation between
calcification and plaque progression remains to
be determined, however, and monitoring calci-
fication will only be of value if it proves to be
reversible as indicated by recent studies.12

The most promising emerging imaging tech-
niques are magnetic resonance imaging (MRI)
and radionucleide based techniques, in par-
ticular positron emission tomography (PET).
MRI can diVerentiate some plaque compo-
nents in animal models and human vessels.13

However, image resolution and movement
artefact remain substantial obstacles to the use
of MRI to monitor coronary disease and while
MRI may provide fine anatomical detail, it is
unlikely to provide information on inflamma-
tory activity within plaques. In contrast, PET
provides little anatomical information but
oVers the potential to measure and monitor
plaque inflammatory cell content and activity.
Early animal studies using [18F]FDG-PET to
measure plaque metabolic activity have been
encouraging, but as with MRI, resolution is a
major obstacle to imaging coronary atheroma
in man. Despite these obstacles, it seems inevi-
table that non-angiographic imaging of athero-
sclerosis will be developed in the foreseeable
future.

Risk factor evaluation
The realisation that atherosclerosis is essen-
tially an inflammatory process has prompted
the search for measurable biochemical markers
of plaque inflammation, some of which are
non-specific, such as serum amyloid A (SAA),
C reactive protein (CRP) and TNF á, while
others, such as ICAM 1 and VCAM 1, are
thought to be more specific for vascular
inflammation. Most prominent of these is the
use of highly sensitive assays to measure low
concentrations of CRP—that is, below the limit
of detection of assays used in routine clinical
practice—which have shown a strong correla-
tion between CRP and risk of myocardial
infarction and stroke.14 Furthermore, those
patients with highest CRP concentrations
(albeit within the conventional normal range)
derived most benefit from prophylactic aspirin
treatment. Also, benefit derived from pravasta-
tin treatment in the CARE study was associ-
ated with a reduction in CRP and SAA
concentrations. It is likely that in the near
future biochemical measures of inflammation,
in combination with measurement of conven-
tional risk factors, will be used to guide
selection of patients at highest risk for primary
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Figure 2.1. Cellular interactions in the development and progression of atherosclerosis. VSMC, vascular smooth muscle cells.
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prevention treatment and to monitor their
progress. Also, it is likely that a better
understanding of the molecular interactions
that dictate plaque instability will lead to the
discovery of more specific circulating markers
of disease activity.

Therapeutic implications of plaque
biology

Angiographic studies have shown that eVective
lipid lowering with statins reduces the inci-
dence of new lesion formation and produces a
significant, but haemodynamically unimpor-
tant (0.04–0.07 mm), improvement in estab-
lished stenoses.15 Importantly, however, they
also reduce the rate of progression of pre-
existing lesions and the number of new vessel
occlusions. Both of these beneficial eVects are
likely to be due to prevention of plaque rupture
since, as discussed above, lesions grow by
repeated episodes of subclinical rupture and
repair, and silent occlusion arises when plaque
rupture and thrombosis occur in the context of
a well collateralised myocardial circulation
such that no significant ischaemia results from
the occlusion. Despite the modest eVects of
statins on size of pre-existing lesions, several
outcome studies, both in primary and second-
ary prevention settings, have shown a substan-
tial (30–40%) reduction in cardiovascular
events in the statin treated groups.16–18 Taking
the angiographic and outcome data together,
these results argue strongly that statins stabilise
plaques.

The balance of atherosclerosis

Atherosclerosis is a dynamic balance between
the destructive influence of inflammatory cells
and the reactive, stabilising eVects of VSMCs.
The balance is biased in favour of plaque rup-
ture by factors such as high low density
lipoprotein (LDL) cholesterol, lipid peroxida-
tion and, probably, genetic variability in the
inflammatory molecules involved. For exam-
ple, there is a correlation between plaque pro-
gression and a polymorphism in the
stromelysin-1 gene promoter. Also, it is entirely
plausible that infective agents, in particular
Chlamydia pneumoniae, which can be found in
plaque macrophages, may exacerbate the
inflammatory process and tip the balance in
favour of plaque rupture; this hypothesis is
currently being tested in clinical trials.

In contrast, the balance will be biased
towards repair and stability by a reduction in
plaque inflammation. Lipid lowering, by what-
ever means, is associated with a reduction in
clinical events and animal studies have shown
dramatic reductions in plaque inflammatory
cell content during statin treatment, even in the
absence of lipid lowering.19 These observa-
tions, coupled with a greater benefit from prav-
astatin treatment than was predicted by the
achieved reduction in LDL cholesterol in the
West of Scotland coronary prevention study,16

have led to the suggestion that some statins
may exert eVects on plaque stability which are
additional to and independent of lipid lower-
ing. Laboratory studies have shown that statins
can exert direct eVects on endothelial cell
function, inflammatory cell activity, VSMC
proliferation, platelet aggregation, and throm-
bus formation.20 21 Since the eVects of diVerent
stains are not equivalent, it has been suggested
that some may aVord more or less protection
than others for an equivalent lipid lowering
eVect. Such observations argue strongly for
robust outcome studies to prove overall eYcacy
and safety.

Understanding of the non-lipid associated
events in atherogenesis raises the prospect of
developing drugs targeted at specific events in
its pathogenesis which might act synergistically
with lipid lowering drugs to enhance plaque
stability. Possible targets include endothelial
NO and adhesion molecule production, the
matrix metalloproteinases, inflammatory cy-
tokines and their receptors, and angiogenesis,
since mice lacking specific angiogenic factors
develop smaller atherosclerotic lesions than
controls. If oxidised lipids are the major stimu-
lus for atherogenesis, then antioxidants, such as
vitamin E, might be expected to reduce the
inflammatory drive in atherosclerosis and
thereby promote plaque stability. However,
despite early promise, recent large scale studies
have cast doubt on the integrity of this hypoth-
esis.

In addition to reducing inflammation, stimu-
lation of the VSMC repair process should
result in increased stability. For example,
balloon angioplasty stimulates a vigorous
VSMC repair response. This may contribute to
restenosis and the re-emergence of angina, but
the resulting lesion is always fibrotic and stable
and rarely if ever precipitates an acute coronary
event, even when the original target lesion was
unstable. It is feasible therefore that better
understanding of the molecular regulators of

x Atherosclerosis is not thought to represent
an inflammatory reaction to the
subendothelial accumulation of modified
lipid

x Atherosclerosis is invariably associated with
abnormal endothelial cell function.
Vascular smooth muscle cells are the only
cells capable of protecting against plaque
rupture and its consequences

x The outcome of atherosclerosis is
determined much more by plaque
composition than plaque size

x Atherosclerotic lesions frequently enlarge
as a consequence of repeated subclinical
episodes of rupture and repair. The only
logical conclusion to be drawn from the
angiographic and outcome studies of statin
treatment is that statin treatment stabilises
atherosclerotic lesions

x Atherosclerosis is a dynamic process
capable of being modified
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VSMC behaviour may lead to drug treatments
aimed at enhancing fibrous cap formation.
Modulators of TGF â activity may have a par-
ticularly important role to play in this context.

Summary

Atherosclerosis is a dynamic balance between
lipid driven inflammatory cells and their
cytokines within the substance of the plaque,
and the natural stabilising properties of the
surrounding VSMCs. That plaque composi-
tion is much more important than size is illus-
trated by clinical and laboratory studies with
statins which have little eVect on plaque size yet
have a major influence on plaque composition
and clinical outcome. In future, cardiologists
will need to re-focus their attention away from
angiographic appearances in symptomatic pa-
tients towards potential measures of inflamma-
tory atherosclerotic activity in asymptomatic
patients with subclinical disease. Our evolving
knowledge of the cellular and molecular inter-
actions that lead to plaque development and
progression is likely to lead to novel imaging
strategies and novel biochemical measures of
disease progression, and potentially also to the
development of drugs aimed specifically at sta-
bilising atherosclerotic lesions. That this is
achievable has already been demonstrated.

PLW is the British Heart Foundation Professor of Cardiovas-
cular Medicine.
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Acute coronary syndromes define a spec-
trum of clinical manifestations of acute
coronary artery disease. These extend

from acute myocardial infarction through mini-
mal myocardial injury to unstable angina. This
spectrum shares common underlying patho-
physiological mechanisms. The central features
consist of fissuring or erosion of atheromatous
plaque with superimposed platelet aggregation
and thrombosis. This is complicated by micro-
fragmentation and distal embolisation with
alterations in vascular tone in aVected myocar-
dium. As a consequence, clinical manifesta-
tions are dependent upon the severity of
obstruction in the aVected coronary artery (fig
3.1), the presence or absence of collateral per-
fusion, and the volume and myocardial oxygen
demand within the aVected territory. Thus, the
spectrum extends from abrupt occlusion with
acute ischaemia leading to infarction, through

partial coronary obstruction and distal ischae-
mia with minor enzyme release (minimal myo-
cardial injury), to non-occlusive thrombosis
with normal cardiac enzymes (unstable angina)
(table 3.1).

The distinction between acute myocardial
infarction and minimal myocardial injury is of
immediate practical importance as emergency
reperfusion treatment is indicated for acute
infarction but not for the remainder of the
acute coronary syndromes.1 Acute infarction
patients are identified by the combination of a
typical clinical syndrome and electrocardio-
graphic changes of ST elevation, new bundle
branch block or posterior infarction. Such
patients usually evolve Q waves and the release
of cardiac enzymes with elevations to more
than twice the upper limit of normal. In
contrast, those with minimal myocardial injury
do not have sustained ST segment elevation or
the evolution of Q waves, and cardiac enzyme
release is no more than twice the upper limit of
normal. The terms “non-Q wave myocardial
infarction” and “subendocardial myocardial
infarction” refer to retrospective or pathologi-
cal features and they are of little value as a
guide to management in the acute clinical set-
ting. It is impossible to characterise infarctions
accurately into Q wave and non-Q wave at the
time of presentation. In contrast, those with
minimal myocardial injury/unstable angina can
be defined at presentation and include indi-
viduals with a spectrum of electrocardio-
graphic changes (table 3.1), but no features to
indicate the need for immediate reperfusion.
The management of such patients consists of
anti-ischaemic treatment (â blockers, nitrates,
calcium antagonists) in combination with
antiplatelet treatment (aspirin, adenosine di-
phosphate antagonists, glycoprotein IIb/IIIa
inhibitors) and antithrombin treatment
(heparin and low molecular weight heparin)
(fig 3.2).

The most frequently cited classification of
patients with unstable angina is that proposed
by Braunwald (table 3.2) and it describes the
time course and mode of presentation. Rela-
tions have been demonstrated between classifi-
cation categories and outcome, but this system
excludes ECG information and it pre-dates
modern enzymatic measures including tropon-
ins and the important prognostic information
that both measures convey. Furthermore, the
classification pre-dates current treatment
strategies and hence we lack an evidence base
upon which to diVerentiate management ac-
cording to the Braunwald classification.

An alternative is to separate patients into
high, intermediate, and low risk categories.
These categories are important for the choice
of pharmacological and interventional treat-
ment as the relations between risks and
outcome have been defined in trials. Risk status
requires regular review, and documentation, as
patients may change risk status as ECG,
haemodynamic, and enzyme findings evolve.
Specific prediction of cumulative risk can be
derived from registry and trial data (that is, the
six month risk of death/myocardial infarction
or death/myocardial infarction/refractory an-

3 Acute coronary syndromes:
presentation—clinical spectrum

and management

Keith A A Fox

Figure 3.1. Macroscopic view of ruptured coronary
plaque with intraplaque thrombosis and intraluminal
extension. Superficial platelet rich thrombus (pale
colour). This lesion would not produce flow limitation,
at rest, and may not be detectable on coronary
angiography.(High resolution colour slide; reproduced
with permission from Professor Michael Davies).

Table 3.1 Acute coronary syndromes

Clinical syndrome ECG features Enzyme features

+ Acute myocardial
infarction (MI)

ST elevation
New bundle branch block
ECG changes of posterior MI
Evolution of Q waves

> 2 × upper limit of CK-MB, CK
Troponins T > 0.2 ng/dl
Troponin I* > 1.0–1.5 ng/dl

+Minimal myocardial
injury

Aborted ST elevation MI
Transient ST elevation
ST depression
T inversion
Minor non-specific ECG changes

< 2 × elevation CK-MB, CK
Troponins T 0.01–0.2 ng/dl
Troponin I* 0.1 or 0.4 ng/dl to
1.0–1.5 ng/dl

+ Unstable angina Transient ST elevation
ST depression
T inversion
Minor non-specific ECG changes
Normal ECG

CK-MB, CK below upper limit of
normal
Troponins T < 0.01 ng/dl
Troponin I* < 0.1 or 0.4 ng/dl

*Troponin I cut oV values depend upon assay system
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gina), but for clinical purposes tertiles of risk
are more straightforward (see below) as they do
not require complex algorithms for their
derivation.

Outcome: unstable angina and
minimal myocardial injury

Previously, the hazards associated with unsta-
ble angina and minimal myocardial injury have
been underestimated. Imprecise definitions of
the syndrome and inconsistency in the need for
corroborative evidence of acute coronary
disease (enzyme markers and ECG change)
have led to the inclusion of patients with chest
pain and low prospective risk. For example,
applying the Braunwald criteria, various forms
of subacute rest pain, including that more than
48 hours previously, could classify the patient
as class 2 unstable angina. This could include
patients with entirely normal ECGs, normal
cardiac enzymes, and low risk subsequent
stress tests. Not surprisingly the outcome of
such a heterogeneous population is more
benign than for those with diagnostic features
of the syndrome.

Definition of the syndrome
Based upon trial data and prospective registries
the following features define patients with an
acute coronary syndrome:
x Ischaemic chest pain (discomfort) at rest or

on minimal exertion or emotion (2 × 5
minute episodes or 1 episode > 10
minutes).
and

x Evidence of underlying coronary artery
disease (at least one of the following):
– ECG: ST segment depression, T wave

inversion or transient ST elevation
– Enzyme elevation: troponin I or T,

creatine kinase (CK) or CK-MB
– Evidence of coronary artery disease on

angiography or perfusion scanning.
Patients with typical clinical features of

unstable angina but a normal ECG and no
prior documented coronary disease have a sus-
pected acute coronary syndrome until enzymes
and further ECGs confirm or refute the
diagnosis.

Those with persistent ST elevation have sus-
pected acute myocardial infarction and their
management is considered elsewhere.

Overall outcome in unstable angina/non-ST
elevation myocardial infarction
Based upon prospective international registry
data among 8000 patients in six countries, the
risk of death or myocardial infarction is
approximately 10% at six months and almost a
quarter of patients sustain these events or
acute refractory angina within six months of
initial presentation (OASIS registry).2 Overall,
half of these events occur within the first seven
days of presentation. Based on those included

Figure 3.2. Spectrum of acute coronary syndromes. Schematic of the relation between the extent of
myocardial necrosis, electrocardiographic markers, and cardiac enzymes (CK-MB and troponins). Troponins
provide a more sensitive indicator of myocardial injury with a lower threshold indicating adverse prognostic
outcome (troponin T 0.01 ng/dl, troponin I 0.1–0.4 ng/dl depending on assay system), than for myocardial
infarction (table 3.1).

Table 3.2 Braunwald classification of unstable angina

Classification

A. Secondary
unstable
angina

B. Primary
unstable
angina

C. Postinfarction
(< 2 weeks)
unstable angina

I New onset, severe or accelerated angina IA IB IC
II Subacute rest angina (> 48 hours ago) IIA IIB IIC
III Acute rest angina (within 48 hours) IIIA IIIB IIIC
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in clinical trials, and excluding those with nor-
mal ECGs, about 10% suVer death or
myocardial infarction at 30 days (GUSTO II
data).3 These events occur despite aspirin
treatment and antianginal medications. Re-
cent data from the PRAISE UK registry indi-
cate rates of death/myocardial infarction of
12.2% at six months.4

Identification of high risk and low risk
patients
There are two main components to the risk
carried by an individual patient: prior risk and
acute ischaemic risk.

Prior risk is determined by systemic risk fac-
tors such as age, diabetes, hypertension, smok-
ing, heart failure, and previous infarction. Such
factors influence the extent of underlying
coronary artery disease and left ventricular
dysfunction, and their impact may be revealed
by echocardiography, stress testing, perfusion
scanning or coronary angiography.

Acute ischaemic risk is determined by the
severity of impaired perfusion, the volume of
myocardium aVected, and the consequent
changes in mechanical and electrical function.
The distinction is important because a patient
with a minor ischaemic event may nevertheless
have extensive underlying coronary artery dis-
ease, and management strategies need to
address both aspects of care. The converse may
also occur.

The most powerful discriminators of acute
ischaemic risk are:
x refractory angina with electrocardiographic

evidence of ischaemia;
x ischaemia associated with haemodynamic

instability or arrhythmia;
x recurrent ST segment change with positive

troponin release;
x either positive troponin release or recurrent

ST segment change.
A detailed discussion of risk prediction in

acute coronary syndromes has been covered
elsewhere.5 The key factors predicting adverse
risk are summarised in the adjacent box. Read-
ily available clinical characteristics can be used
to separate patients into high, medium, and low
risk based upon independent predictors of
adverse outcome (prior risk characteristics and
ECG changes). In consequence, the rates of
death/myocardial infarction/stroke at six
months are 7.4%, 10.1%, and 17.9%, respec-
tively.2 Risk prediction is further improved by
inducing troponin/CK-MB data and ST analy-
sis.

Management of unstable angina and
minimal myocardial injury

Presentation and general measures
Patients with an acute coronary syndrome
may present de novo with new onset angina
CCS (Canadian Cardiovascular Society) class
III or IV, or following abrupt deterioration
of previously stable angina with more severe
and prolonged symptoms and diminished
responsiveness to glyceryl trinitrate. The

symptoms may be present at rest or may be
precipitated by minor exertion or emotion.
Where such symptoms develop within the
first two weeks following acute myocardial inf-
arction, there is an increased risk of acute
occlusion.

Patients with acute coronary syndromes
may present directly to emergency depart-
ments (especially with acute infarction or
severe ischaemia) but they may also present
to chest pain clinics, care of the elderly units
or to primary care physicians. On presentation
a 12 lead ECG should be performed
whenever possible during an episode of
pain. This provides valuable diagnostic infor-
mation.

Patients with diagnostic features of acute
infarction or those of acute ischaemia with
characteristic pain require emergency hospi-
talisation and management in a cardiac care
unit or high dependency unit with continuous
ECG monitoring. Repeat ECGs are required
in those with suspected evolving infarction but
in whom the initial features are non-
diagnostic. Those with a suspected acute cor-
onary syndrome should also be admitted
directly to hospital (emergency admissions
unit or chest pain assessment unit) to diVeren-
tiate low risk patients for early discharge and
intermediate/high risk patients for appropriate
treatment. In current practice recent registry
studies in the UK (PRAIS)4 and elsewhere
(ENACT)6 suggest that low and high risk
patients have similar lengths of stay; across
Europe these averaged eight days of
hospitalisation with approximately three
days of care in a high dependency area.6

Patients in whom cardiac enzymes remain
non-elevated at baseline and eight hours after
presentation are at very low risk of subsequent
cardiac events (99% remain free of cardiac
events, 95% confidence interval 96% to
100%). Additional tests did not improve
predictive accuracy.7

Predicting adverse risk in unstable
angina and minimal myocardial injury

(summary)

x Prior risk
– older age (> 65 years)
– prior myocardial infarction or heart

failure
– comorbidity: diabetes, hypertension
– impaired renal function

x Acute ischaemic risk
– refractory or recurrent ischaemic pain
– ECG: ST segment depression or

transient ST elevation during pain
– ECG: T wave inversion (lower risk

than ST segment depression or
transient ST elevation)

– impaired left ventricular function with
ischaemia

– release of cardiac enzymes: CK,
CK-MB, troponin T or troponin I

– raised C reactive protein (high
sensitivity assay)

ACUTE CORONARY SYNDROMES: PRESENTATION—CLINICAL SPECTRUM AND MANAGEMENT
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Antiplatelet treatment

Aspirin
The critical role of platelets and of thrombus
formation in the pathophysiology of this condi-
tion is discussed elsewhere.8 Although aspirin
is an irreversible inhibitor of platelet cyclo-
oxygenase, and can inhibit the formation of
thromboxane A2 and inhibit platelet aggrega-
tion, its eVects can be overcome in the presence
of potent thrombogenic stimuli. Nevertheless,
the benefits of aspirin are substantial and
clearly defined; the antiplatelet trialist collabo-
ration demonstrated a 36% reduction in death
or myocardial infarction with antiplatelet treat-
ment (predominantly aspirin) versus placebo
in unstable angina trials.9 Four key studies have
demonstrated that aspirin almost halves the
risk of cardiac death or non-fatal MI in patients
with unstable angina. Thus, aspirin treatment
is indicated in all patients with acute coronary

syndromes unless there is good evidence of
aspirin allergy. A starting dose of 300 mg
(chewed) and a maintenance dose of 75 mg
daily is recommended.

Adenosine diphosphate antagonists
The platelet adenosine diphosphate inhibitor
clopidogrel has been employed as an adjunctive
antiplatelet agent during coronary stenting. It
appears to oVer similar benefits to those of
ticlopidine but with a more favourable safety
profile (severe neutropenia as infrequent as
that of aspirin: 0.04% clopidogrel v 0.02%
aspirin). Chronic treatment with clopidogrel
oVers approximately a 9% risk reduction com-
pared with aspirin treatment and it is specifi-
cally indicated in those with aspirin intoler-
ance. The use of combination aspirin and
clopidogrel in acute coronary syndromes is
currently under evaluation.

Glycoprotein IIb/IIIa inhibitors
Despite the undoubted benefits of aspirin,
patients with acute coronary syndromes
nevertheless suVer important risks of subse-
quent cardiac events. In the presence of a
potent thrombogenic stimulus, like that which
follows rupture of an atheromatous plaque, the
eVects of aspirin may be overcome and platelet
aggregation ensues. Cross linking of platelets
occurs via the glycoprotein IIb/IIIa receptor,
with fibrinogen acting as the bridge.10

Large scale clinical trials have been conducted
with three glycoprotein IIb/IIIa inhibitors:
abciximab, tirofiban, and eptifibatide. More
than 32 000 patients have been randomised in
clinical trials of glycoprotein IIb/IIIa inhibitors
(16 trials) and a highly significant benefit is
observed for the combined end point of death or
myocardial infarction at 48 hours, 30 days, and
six months. Overall, there are approximately 20
fewer events per thousand patients treated.11 A
highly significant benefit is also observed on the
combined end point of death/myocardial infarc-
tion or revascularisation. The net impact on
mortality is modest and not observed at 30 days
and beyond, except in a pooled analysis of
abciximab trials. It is convenient to group glyco-
protein IIb/IIIa inhibitors together, and un-
doubtedly there is a class eVect, but there are
biological and pharmacological diVerences be-
tween the agents and important diVerences in
trial design when comparing studies. No direct
head to head trials have been conducted.

Studies have been performed on the use of
glycoprotein IIb/IIIa inhibitors in high risk
groups, including those undergoing percutane-
ous intervention; these studies reveal more
pronounced treatment eVects than seen for the
unstable angina population as a whole (27
fewer events per 1000 patients treated com-
pared with 13 fewer events per 1000 treated for
those studied where percutaneous intervention
was not mandatory). In addition, post-hoc
analyses have been conducted on the CAP-
TURE, PRISM PLUS, and PRISM studies
and these indicate that almost all of the benefit
is seen among patients with troponin release.

Thus, glycoprotein IIb/IIIa inhibitors are
indicated in patients with elevated troponins

Presentation and diagnosis of acute
coronary syndromes: summary

Ischaemic chest pain > 2 × 5 minutes or
> 10 minutes at rest or minimal exertion or
persistent symptoms of myocardial infarc-
tion (± autonomic features).

x Evolving acute myocardial infarction
– ECG: ST↑, bundle branch block,

posterior myocardial infarction
Manage for acute myocardial infarction

x Abnormal ECG
– transient ST↑, ST↓, T↓

Diagnosis: unstable angina/minimal
myocardial injury

– elevated troponin T/I or CK, CK-MB
Diagnosis: minimal myocardial injury

– enzymes not elevated
Troponin T < 0.2, troponin I < upper
limit for laboratory
CK, CK-MB < 2 × upper limit for lab
Diagnosis: unstable angina

ECG: persistence of previously
abnormal ECG (conduction defect, Q
waves, T↓)
Diagnosis: suspected acute coronary
syndrome
a) Repeat ECG, especially during pain
b) Troponin T/I, or CK, CK-MB
If (a) or (b) diagnostic: acute coronary
syndrome confirmed.
If neither (a) nor (b) diagnostic:
unstable angina or non-acute coronary
syndrome diagnosis. Requires stress test
± angiography to confirm or refute
diagnosis.

x Normal ECG
ECG normal at baseline and 8–12
hours after pain. Troponins normal at
8–12 hours after pain.
Diagnosis: low risk patient or
non-cardiac diagnosis
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and in whom percutaneous intervention is
scheduled. Irrespective of revascularisation
strategy, evidence supports the use of glycopro-
tein IIb/IIIa inhibitors in those with recurrent
or refractory ischaemia (despite heparin and
aspirin treatment) and in whom intervention is
delayed or contraindicated.

Antithrombin treatment

Unfractionated heparin is widely used in the
management of patients with unstable angina
or minimal myocardial injury, although the
evidence supporting its use in the absence of
aspirin treatment is less robust than in the
presence of aspirin. Maintaining accurate anti-
thrombin control with unfractionated heparin
is unpredictable because of plasma proteins
binding, including that induced by acute phase
proteins. There is reduced eVectiveness in the
presence of platelet rich and clot bound
thrombin. Nevertheless, unfractionated
heparin has formed the reference standard
against which other antithrombins have been
compared.

Low molecular weight heparins
The FRISC trial demonstrated that low
molecular weight heparin is superior to placebo
in aspirin treated patients.

Trials have also been conducted of low
molecular weight heparin versus unfraction-
ated heparin and two of these trials
(ESSENCE and TIMI 11b, both using enoxa-
parin) have indicated superiority, with an abso-
lute reduction of 30 events per 1000 patients
treated (death/myocardial infarction/refractory
angina). These benefits are seen without excess
major bleeding but with some increase in
minor bleeding including bruising at puncture
sites. Other trials of low molecular weight
heparins have not shown benefit over unfrac-
tionated heparin, but the overall conclusions
are as follows:
x low molecular weight heparin is superior to

placebo in aspirin treated patients;
x low molecular weight heparin is at least as

eVective as unfractionated heparin;
x low molecular weight heparin can be used

in place of unfractionated heparin and with
practical advantages.

x The use of low molecular weight heparin
with intervention and/or glycoprotein IIb/
IIIa inhibitors is still being defined.

Anti-ischaemic treatment

The aim of anti-ischaemic treatment is to
reduce myocardial oxygen demand and to
induce vasodilatation and hence reduce ischae-
mia. Both antithrombotic treatment and me-
chanical revascularisation may also reduce
ischaemia, and these treatments are considered
separately.

Nitrates
Nitrates act predominantly by venodilatation
and in higher doses by arteriolar dilatation;

hence they reduce preload and afterload,
thereby decreasing oxygen demand. Large out-
come trials have been conducted using nitrates
in acute myocardial infarction but not in the
remainder of acute coronary syndromes. Their
major limitation is the induction of tolerance,
and increased doses of nitrates may be required
with dose titration on the basis of the heart rate
and blood pressure response, and relief of
symptoms. Following the acute phase, patients
may be switched to oral nitrates, but if
tolerance has been induced such treatment
may have reduced eVectiveness.

Calcium entry blockers
Calcium antagonists act by inhibiting the slow
inward current induced by the entry of
extracellular calcium through the cell mem-
brane. They lower myocardial oxygen demand
and reduce arterial pressure and contractility.
Some agents induce a reflex tachycardia and
these are best administered in combination
with a â adrenoceptor antagonist. In contrast,
diltiazem and verapamil are suitable for
patients who cannot tolerate a â blocker
because they slow conduction through the
atrioventricular node and tend to cause brady-
cardia. Calcium entry blockers have been
shown to reduce the frequency of angina. A
meta-analysis of calcium entry blockers in
acute coronary syndromes indicates a non-
significant trend towards higher mortality
versus control patients (5.9% v 5.2% in 7551
patients). In individual trials, diltiazem has
been compared with propranolol and both
agents produced a similar reduction in anginal
episodes. In summary, patients unable to toler-
ate â blockers should have a heart rate slowing
calcium antagonist. Short acting dihydropyrid-
ines should not be used in isolation in acute
coronary syndromes.

Anti-ischaemic treatment: summary

The following conclusions are based upon
pharmacologic and clinical trial evidence of
anti-ischaemic treatment:

x Patients with suspected acute coronary
syndromes (without persistent ST
elevation) should be initiated on a â
blocker (unless contraindicated) and a
nitrate

x In those with contraindications to â
blockers, a heart rate slowing calcium
antagonist should be employed

x The combination of calcium antagonist
and â blocker is superior to either agent
alone

x In patients with recurrent ischaemia (with
ECG abnormalities) despite anti-ischaemic
treatment, urgent revascularisation should
be considered rather than the addition of a
third or fourth anti-ischaemic agent

ACUTE CORONARY SYNDROMES: PRESENTATION—CLINICAL SPECTRUM AND MANAGEMENT
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β Blockers
â Adrenoceptor antagonists reduce heart rate,
blood pressure, and myocardial contractility.
They are mainly used to reduce ischaemia, and
large scale outcome trials have not been
conducted in unstable angina. A meta-analysis
of five trials involving 4700 patients with
threatened myocardial infarction (treated with
intravenous â blockers followed by oral
therapy) resulted in approximately 13% reduc-
tion in the risk of myocardial infarction. In
summary, â blockers are the antianginal agents
of choice in those without contraindications.

Potassium channel activators
Potassium channel activators (for example,
nicorandil) have both arterial and venous dilat-
ing properties and do not exhibit the same tol-
erance as seen with nitrates. They have been
shown to be better than placebo in relieving
symptoms of angina, but little evidence exists
in comparison with other antianginal agents.
Nicorandil possesses both potassium channel
and nitrate like properties and may be consid-
ered as an alternative to nitrate administration.

Revascularisation

Revascularisation may be required in the acute
phase on account of refractory or recurrent
symptoms; it may also be required following
stabilisation in high risk patients (those with
troponin release and/or ST segment depres-
sion). In addition, non-high risk patients
should undergo stress testing during the recov-
ery phase in order to detect those with severe
underlying coronary artery disease. Such
patients may also require revascularisation for
prognostic indications (those with left main or
three vessel disease, or severe two vessel disease
and impaired left ventricular function). In
addition, revascularisation may be required for
the relief of symptoms in those in whom medi-
cal treatment proves inadequate.

Registry studies have demonstrated that
although consistency exists for some aspects of
management of patients with acute coronary
symptoms, wide discrepancies occur from hos-
pital to hospital and regionally with respect to
revascularisation.2 6 Prospective registry stud-
ies have demonstrated that countries or regions
with high revascularisation rates do not neces-
sarily have improved outcomes compared with
countries with lower revascularisation rates.2

Higher rates are associated with more peripro-
cedural complications including stroke and
bleeding. Counter-intuitively, most procedures
are performed in lower risk rather than higher
risk patients.

Limited randomised trial data exist. Trials in
the 1970s and 1980s of coronary artery bypass
surgery, in patients admitted with unstable
angina, produced inconclusive results, and one
of the two trials was non-randomised by
design. The TIMI IIIb trial conducted in the
early 1990s randomised 1473 patients to an
early invasive or an early conservative strategy.
However, it was rather underpowered and suf-

fered from high crossover rates from the
conservative to the invasive strategy (61%
revascularisation in the invasive arm versus
49% in the conservative arm). Death or
myocardial infarction occurred in 7.2% of
patients in the invasive arm versus 7.8% in the
conservative arm (six weeks) and the corre-
sponding rates at one year were 10.8% versus
12.2%, with both comparisons being non-
significant. The invasive strategy was associ-
ated with a lower rate of rehospitalisation.

In the VANQWISH trial there were 916
patients with evolving non-ST segment eleva-
tion myocardial infarction randomised to an
aggressive or a more conservative strategy.
These patients had a high prevalence of
comorbidity and the death/reinfarction rate
was 24% in the revascularisation group at one
year versus 19% in the medical group. The
excess mortality was primarily seen in those
randomised to surgical revascularisation, but a
substantial number of the deaths occurred in
patients in whom the procedure was not
performed. Nevertheless, the conclusions of
the study suggested a net hazard with more
aggressive surgical revascularisation.

In the FRISC II trial an eVective separation
of treatment strategies was achieved. Patients
were stabilised on low molecular weight
heparin for six days, and revascularisation per-
formed in 71% of those in the invasive arm and
only 9% in the non-invasive arm, within 10
days. At six months, death or myocardial
infarction occurred in 9.4% of the invasive
group compared to 12.1% of the non-invasive
group (a risk ratio of 0.78, p = 0.031), and the
results remained significant at one year. Great-
est benefits were demonstrated in those with
the most pronounced ST segment change.
However, the risk ratios were no greater for
those with troponin release than those without.

In conclusion, taking all the trial data, the
findings are not consistent. However, caution
must be exercised in comparing older trials
with more modern treatment strategies.
FRISC II does provide evidence of benefit with
revascularisation following an early period of
stabilisation, but the findings need confirma-
tion in other large trials (TACTICS and
RITA-3). FRISC II has not tested aggressive
early revascularisation (that is, within 72 hours)
and the results should not be interpreted as
such. Furthermore, the use of glycoprotein IIb/
IIIa inhibitors was low and adjunctive treat-
ment may further reduce complications.

Integrated approach to the
management of unstable angina,
minimal myocardial injury

There are three components:
x Identification of patients with suspected

acute coronary syndromes.
x Establishing the diagnosis and risk category.
x Management.

Patients with a suspected acute coronary
syndrome may present to their primary care
physician, a hospital based emergency receiv-
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ing unit (including care of the elderly) or an
acute cardiology unit. A clinical history of
ischaemic chest pain is central to establishing
the diagnosis. As a minimum, chest pain is
present for at least two, five minute episodes or
one, 10 minute episode at rest or on minimal
exertion or emotion. In those with evolving inf-
arction the pain may be persistent and accom-
panied by autonomic features.

Following identification of those with
suspected acute coronary syndrome, such
patients are further categorised on the basis
of their clinical syndrome plus the ECG
changes, cardiac enzyme markers, and
stress testing. This allows the identification
of those with evidence of evolving acute
infarction, those with suspected or confirmed
unstable angina/minimal myocardial injury,
and low risk patients, and those with non-
cardiac or non-acute coronary syndrome diag-
noses.

Conclusions

Previously, the hazards of acute coronary
syndromes (especially unstable angina or
minimal myocardial injury) have been under-
estimated. This is mainly because of inconsist-
encies in diagnosis and the inclusion of
patients with chest pain but without
confirmatory evidence of an acute coronary
syndrome.

Recent data from large scale clinical trials,
and from registry studies, demonstrate that
patients can be identified on the basis of the
clinical syndrome plus electrocardiographic
and enzyme criteria. These tools should be
available in all hospitals.

Characterisation of patients with acute
coronary syndromes firstly identifies those with
suspected evolving acute infarction, for reper-
fusion treatment. Among the remainder, those
with unstable angina or minimal myocardial
injury are identified on the basis of ECG

Management of unstable angina/minimal
myocardial injury

All patients: aspirin, antianginal treatment,
heparin/low molecular weight heparin, oxygen
if required, manage arrhythmic and mechani-
cal complications.

Highest risk

x Refractory angina with ischaemic ECG
changes

x Ischaemia with haemodynamic instability
or arrhythmia

x Recurrent ECG change and troponin
elevation

Management: Optimise anti-ischaemic
treatment. Heparin/IV glycoprotein IIb/IIIa
inhibitor. Heparin. Emergency
angiography/revascularisation unless
contraindicated or patient unfit to transfer

High risk

x Troponin elevation (or CK, CK-MB) but
no ST elevation nor new Q waves. ± ECG
change (ST↓ or T↓)

Management: Optimise anti-ischaemic
treatment. Heparin/low molecular weight
heparin. Consider glycoprotein IIb/IIIa
inhibitor
Clinically stable: pre-discharge angiography if
candidate for revascularisation
If recurrent symptoms or haemodynami-
cally unstable, see highest risk above

Intermediate or indeterminate risk

x Recurrent symptoms without ECG change
Consider alternative diagnoses
Stress testing or angiography

x Persistence of previously abnormal ECG

Management: stress test—perfusion/echo/exercise
tolerance test
– reversible perfusion defect/ischaemia:

consider revascularisation
– no defect: alternative diagnosis
– fixed defect: prior myocardial infarction

Low risk

x Clinically stable, normal ECG, normal
troponins (> 12 hours after pain)

Management: Discharge plus elective stress
test (pre- or postdischarge)

Trial acronyms
CAPTURE: Chimeric 7e3 AntiPlatelet
Therapy in Unstable angina Refractory to
standard treatment
ENACT: European Network for Acute
Coronary Treatment
ESSENCE: EYcacy and Safety of
Subcutaneous Enoxaparin in unstable
angina and Non-Q wave myocardial
infarction
FRISC: FRagmin during InStability in
Coronary artery disease
GUSTO: Global Use of Strategies To open
Occluded coronary arteries
OASIS: Organisation to Assess Strategies
for Ischaemia Syndromes
PRAIS: Prospective Registry of Acute
Ischaemic Syndromes
PRISM: Platelet Receptor Inhibition for
Ischaemic Syndrome Management
RITA: Randomised Intervention Treatment
of Angina Trial
TACTICS: Treat Angina with Aggrastat
(tirofiban) and determine Cost of Therapy
with Invasive or Conservative Strategy
TIMI: Thrombolysis In Myocardial
Infarction
VANQWISH: Veterans AVairs Non-Q Wave
Infarction Strategies in Hospital
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abnormalities or cardiac enzyme elevation, or
both. This strategy allows the separation of
high, intermediate, and low risk patients. Such
stratification permits the targeting of more
potent pharmacological treatment at those at
highest risk, and the identification of patients
with the most to gain from revascularisation
strategies. Registry studies across Europe
currently show that such stratification is not
systematically performed, and that it does not
currently guide management strategies. The
above strategy has the further advantage that it
allows the separation of low risk patients for
early discharge. Thus diagnostic and risk
stratification is based upon the underlying
pathophysiology of the syndrome, it is validated
in prospective clinical trials and registry
studies, and it provides a rational basis for
pharmacological and interventional treatment.

1. White HD. Unstable angina. In: Topol EJ, ed.
Comprehensive cardiovascular medicine. Philadelphia:
Lippincott-Raven, 1998.
• Comprehensive review of acute coronary syndromes.

2. Yusuf S, Flather M, Pogue, et al for the OASIS
Registry Investigators. Variations between countries in
invasive cardiac procedures and outcomes in patients with
suspected unstable angina or myocardial infarction without
initial ST elevation. Lancet 1998;352:507–14.
• OASIS registry study demonstrating risks of death,

myocardial infarction, and recurrent angina among patients
admitted with stable angina or non-ST elevation
myocardial infarction.

3. The Global Use of Strategies to Open Occluded
Coronary Arteries (GUSTO IIb) Investigators. A
comparison of recombinant hirudin with heparin for the
treatment of acute coronary syndromes. N Engl J Med
1996;335:775–82.
• Large scale trial comparing hirudin and heparin in acute

coronary syndromes and providing outcome data for this
population.

4. Collinson J, Flather MD, Fox KAA, et al for the
PRAIS-UK Investigators. Clinical outcomes, risk
stratification and practice patterns of unstable angina and

myocardial infarction without ST elevation: prospective
registry of acute ischaemic syndromes in the UK
(PRAIS-UK). Eur Heart J In press.
• Prospective UK registry of unstable angina and non-ST

elevation myocardial infarction. 12.2% rate of
death/myocardial infarction at six months and 30% rate of
death/myocardial infarction, refractory angina or
readmission for unstable angina.

5. Timmis A. Acute coronary syndromes: risk stratification.
Heart 2000;83:241–6.
• Education in Heart series article on risk stratification in

acute coronary syndromes.

6. Fox KAA, Cokkinos DV, Deckers JW, et al. The ENACT
study: a pan-European survey of acute coronary syndromes.
Eur Heart J In press.
• The first pan-European data on the management and

in-hospital events for patients admitted with the full
spectrum of acute coronary syndromes.

7. Hillis GS, Zhao N, Taggart P, et al. Utility of cardiac
troponin I, creatine kinase-MBmass, myosin light chain 1, and
myoglobin in the early in-hospital triage of “high risk” patients
with chest pain. Heart 1999;82:614–20.
• The role of specific cardiac enzymes in the triage of high

risk patients with chest pain.

8. Davies MJ. The pathophysiology of acute coronary
syndromes. Heart 2000;83:361–6.
• Education in Heart series on the pathophysiology of acute

coronary syndromes.

9. Anti-platelet Trialists Collaboration. Collaborative
overview of randomised trials of antiplatelet therapy - I:
prevention of death, myocardial infarction, and stroke by
prolonged antiplatelet therapy in various categories of
patients. BMJ 1994;308:81–106.
• Key combined analysis of all of the trials of antiplatelet

therapy up to 1994. Major impact of aspirin demonstrated.

10. Fox KAA. Comparing trials of glycoprotein IIb/IIIa
receptor antagonists. Eur Heart J 1999;1(suppl R):R10–17.
• Review of the trials of glycoprotein IIb/IIIa antagonists for

acute coronary syndromes.

11. Kong DF, Califf RM, Miller DP, et al. Clinical outcomes
of therapeutic agents that block the platelet glycoprotein
IIb/IIIa integrin in ischemic heart disease. Circulation
1998;98:2829–35.
• Pooled analysis of the trials of glycoprotein IIb/IIIa

inhibitors for acute coronary syndromes with or without
mandated intervention. Sustained impact on myocardial
infarctions, especially in those undergoing percutaneous
intervention.
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Risk stratification in acute coronary
syndromes aims to identify those
patients at greatest risk of recurrent

ischaemic events who might benefit prognosti-
cally from further investigation and treatment.
Unfortunately, however, none of the clinical or
investigative markers currently available has
suYcient diagnostic power to identify all high
risk patients while excluding those at negligible
risk. Moreover, for patients judged to be at high
risk, the value of specific treatment may be
poorly defined. Nevertheless, high event rates
and finite facilities for invasive management
emphasise the clinical and logistical
importance of risk stratification which should
play a central role in the management of acute
coronary syndromes.

What is the risk and when is it
greatest?

Our own database in east London shows that
about 30% of patients with acute myocardial
infarction and 20% with unstable angina
experience a major event (death or non-fatal
coronary syndrome) during the first year after
hospital admission. Risk, however, is not a lin-
ear function of time, and as fig 4.1 shows, 66%
of all major events during the first six months
after myocardial infarction occur in the first 30
days. Moreover, the determinants of risk may
change with time, acute phase arrhythmias
and myocardial rupture in the first 48 hours
giving way to reinfarction, heart failure, and
secondary arrhythmias later after presentation.
Thus assessment of risk, using strategies
tailored to address its changing determinants,
is an essential part of the management of acute
coronary syndromes and must be applied at an
early stage to identify successfully patients
with most to benefit. Recognition of this fact
has rendered obsolete old arguments about the
appropriate timing of stress testing and other
non-invasive tests which must be performed as
early as possible (certainly before discharge) to
be of significant value for risk stratification.

Determinants of risk

The major determinant of risk in the acute
phase of ischaemic syndromes is ventricular
fibrillation, which probably accounts for
> 80% of out of hospital deaths. For hospital
populations, risk is determined by the cumula-
tive impact of a variety of clinical, pathophysi-
ological, and coronary anatomical factors.

Most important are advanced age and ven-
tricular dysfunction (fig 4.2), with residual
myocardial ischaemia and cardiac arrhythmias
also contributing significantly.1 Thus, the mor-
tality risk within one year of acute myocardial
infarction is 14.8 times greater in men aged
> 70 years with heart failure than in men aged
< 60 years without heart failure.2 Clinical
factors variably related to advanced ventricular
dysfunction include diabetes, heart failure, Q
wave development, and bundle branch block,
while ongoing chest pain and fluctuating ST
segment change usually reflect important
residual ischaemia.

4 Acute coronary syndromes:
risk stratification

Adam Timmis

Figure 4.1. Recurrent ischaemic events in the first
six months after acute myocardial infarction
(unpublished data of 1829 patients on Newham
General Hospital database). Among 1829 patients
with acute myocardial infarction, recurrent ischaemic
events (death, non-fatal acute coronary syndromes)
occurred in 481 patients during the first six months.
Of these recurrent events, 66% occurred in the first
30 days.

Figure 4.2. Kaplan–Meier overall and event free
survival by age for 1225 patients with acute
myocardial infarction surviving to hospital discharge.
LVF, left ventricular failure. Reproduced from Barakat
et al2 with permission of The Lancet.
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Making risk assessments

Faced with these multiple determinants of risk,
the clinician must decide which to measure and
which to apply in the stratification process.
Clinical determinants are, of course, readily
available and are often suYcient to define risk
and management options without the need for
additional tests. Cardiac chest pain that fails to
settle, for example, indicates that the risk of
further ventricular injury is high and provides
clear indication for angiography with a view to
revascularisation. Similarly, intractable heart
failure confirms a high level of risk, and
additional tests aimed merely at refining risk
status will not always provide significant incre-
mental information. In many patients, how-
ever, particularly those who make an uncom-
plicated initial recovery, risk status is diYcult to
define based solely on clinical criteria and in
this group further tests are necessary. These
will usually include an evaluation of left
ventricular function, or residual myocardial
ischaemia, or both. Interpretation of these tests
should take account of clinical, electrocardio-
graphic, and biochemical data already avail-
able, recognising that risk stratification is an
incremental process and the predictive value of
non-invasive investigation is influenced impor-
tantly by the pretest assessment of risk.

Risk stratification in the acute phase
of coronary syndromes

Ventricular fibrillation, the major determinant
of risk in the acute phase, requires immediate
electrical cardioversion to avoid death. Because
it is largely unpredictable, electrocardiographic
monitoring and ready access to a defibrillator
are the most important management strategies
for saving lives in acute coronary syndromes.
Also important is antithrombotic treatment
which should be given to all patients acutely,
with daily aspirin continuing thereafter. In
other respects, management in the acute phase
of coronary syndromes is largely determined by
the perceived risk as judged by clinical, electro-
cardiographic, metabolic, and biochemical
factors.

Clinical factors
Severe hypertension in the acute phase that
does not respond promptly to opiate analgesia,
heightens risk by intensifying ischaemia and
predisposing to myocardial rupture. Intra-
venous â blockade may protect against rupture

and should be used in acute infarction if systo-
lic blood pressure is > 160 mm Hg. Heart fail-
ure also heightens risk and identifies a group
that may benefit prognostically from angio-
tensin converting enzyme inhibition and â
blockade. The risk is particularly high in
cardiogenic shock which remains the leading
cause of hospital death despite reperfusion
treatment; primary angioplasty does not ap-
pear to oVer any short term benefit but may
improve survival in the longer term. For most
patients, emergency cardiac catheterisation is
reserved for patients with ongoing or recurrent
chest pain, although this policy is largely prag-
matic and may be overly conservative, particu-
larly for patients with unstable angina.3

Electrocardiographic factors
When regional ischaemia is suYciently severe
to produce ST segment depression or eleva-
tion, risk increases significantly.4 Thus, in
unstable angina ST depression, particularly
when recurrent, identifies a group at risk of
infarction and provides indication for urgent
cardiac catheterisation.5 In myocardial infarc-
tion, ST elevation increases risk substantially
but its prompt resolution, either spontaneously
or in response to thrombolytic treatment and
aspirin (fig 4.3), may reflect successful reper-
fusion and is a good prognostic sign, particu-
larly if Q waves do not develop.6 Failure of ST
resolution, on the other hand, or recurrent epi-
sodes of ST elevation indicate failed reper-
fusion or coronary reocclusion, which increase
risk and may provide indication for urgent
angiography with a view to rescue angioplasty.
Risk also increases progressively with increas-
ing degrees of atrioventricular block, and is
particularly high when advanced bundle
branch block complicates anterior infarction,
probably reflecting the adverse consequences
of extensive myocardial injury. Primary ven-
tricular arrhythmias in the first 48 hours of
acute coronary syndromes do increase the risk
of hospital death although there is no evidence
that prophylactic antiarrhythmic treatment is
helpful. Secondary arrhythmias later after
admission are commonly associated with ad-
vanced left ventricular dysfunction and identify
a group at high risk of death in the first year. If
secondary arrhythmias fail to respond to treat-
ment cardiac catheterisation is recommended
to define revascularisation options, with elec-
trophysiological investigation in reserve for tai-
lored antiarrhythmic treatment or deployment
of an implantable defibrillator.

Metabolic factors
The heightened risk associated with diabetes
requires measurement of blood glucose con-
centration. Patients known to be diabetic or
with a blood glucose concentration
> 11 mmol/l should receive insulin and glucose
infusion during the acute phase which im-
proves prognosis in acute myocardial infarc-
tion, although whether similar benefit occurs in
unstable angina is not known. Hypercholes-
terolaemia also increases long term risk and
lipid profiles should be measured at the time of
admission, patients with a total cholesterol

Major determinants of risk in acute
coronary syndrome

x Electrical instability

x Advanced age

x Left ventricular dysfunction

x Residual ischaemia
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> 5.0 mmol/l benefiting from treatment with
statins.

Biochemical factors
Enzymes released from cardiac myocytes have
long been used as markers of injury to confirm
myocardial infarction in patients presenting
with acute coronary syndromes (fig 4.3). Crea-
tine kinase and its more specific MB fraction
remain widely used, but in recent years a
number of novel biochemical markers (my-
oglobin, troponin I and T) have been devel-
oped that are more sensitive and appear in the
blood earlier after the onset of symptoms.
Almost regardless of which biochemical
marker is used, increased concentrations are
associated with an increased risk of recurrent
ischaemic events. Myoglobin peaks particularly
early and is reliably detected within four hours
of injury, making it potentially useful for very
early diagnosis. However, myoglobin is rela-
tively non-specific and it is troponin I and T
(regulatory proteins with isoforms found only
in cardiac myocytes) that have emerged as the
most useful biochemical markers for diagnostic
and prognostic purposes. Raised concentra-
tions of troponins are reliably detected within
12 hours of injury, and are highly specific for
myocardial infarction and for the “minimal
myocardial damage” that may occur following
transient or subocclusive thrombus formation
in unstable angina.

Minimal damage of this type is now
recognised as a powerful predictor of subse-
quent ischaemic events. Troponins are there-

fore finding special application for risk stratifi-
cation in unstable angina.7 A recent study
found that troponin T > 0.10 µg/l in patients
with acute coronary syndromes was associated
with a 30 day mortality rate of 10.4%
compared with only 3.2% in troponin negative
patients.8 Similarly, troponin positivity in acute
myocardial infarction is associated with a sub-
stantially higher risk of future events. These
findings are consistent with those of other
investigators and have led to recommendations
for troponin based risk management in acute
coronary syndromes, with troponin positive
patients a target for more aggressive strategies.

Predischarge risk stratification

Many high risk patients with coronary syn-
dromes can be clearly identified in the acute
phase, but there remains a group that makes a
largely uncomplicated early recovery, some of
whom remain at high risk. This group, therefore,
should be a target for predischarge risk stratifica-
tion, although identification of high risk indi-
viduals may not be easy. Strategies for predis-
charge risk stratification include non-invasive
evaluation of left ventricular function, tests for
ongoing myocardial ischaemia (silent or stress
induced), and tests for electrical instability.

Left ventricular function
Left ventricular function is one of the major
determinants of long term risk. There is now
clear evidence that specific treatment with
angiotensin converting enzyme (ACE) inhibi-
tors (probably also â blockers) can reduce that
risk, and coronary bypass surgery may be
particularly beneficial when left ventricular dys-
function is associated with multivessel coronary
artery disease. For many patients clinical criteria
are suYcient to exclude significant left ventricu-
lar dysfunction, and an analysis of data from the
GUSTO 1 trial confirmed that in patients
presenting with a first infarct, absence of
anterior infarction, left bundle branch block, or
acute phase pulmonary oedema accurately

Figure 4.3. Kinetics of creatine kinase (CK) release (left) and ST resolution (right) in response to coronary
reperfusion. Sequential coronary arteriograms 90 minutes apart in 41 patients presenting with acute coronary
syndromes and ST elevation permitted identification of three groups: group 1—patency of infarct related artery
at first arteriogram before thrombolytic treatment (n = 12); group 2—early recanalisation of the infarct related
artery within 90 minutes of thrombolytic treatment (n = 10); group 3—persistent occlusion of infarct related
artery (n = 19). Serial CK analysis showed early peaking in groups with coronary recanalisation (groups 1 and
2). Cumulative CK release was considerably greater in patients with failed recanalisation (group 3). Serial
ECGs showed rapid resolution of ST segment elevation in patients in groups 1 and 2, while in those patients
with persistent coronary occlusion (group 3), ST elevation persisted considerably longer. Reproduced from
Timmis et al6 with permission of BMJ Publishing Group.

Electrocardiographic determinants of risk
in acute coronary syndromes

x ST elevation or depression

x Failure of prompt ST resolution in
response to treatment

x Q wave development

x Intraventricular conduction defects

x Secondary arrhythmias
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identified 94% of all patients with an ejection
fraction > 40%.9 For the remainder, non-
invasive evaluation of left ventricular function by
echocardiography or radionuclide angiography
is recommended in order to determine appro-
priate risk management.

Myocardial ischaemia
Stress testing
Patients with ongoing symptomatic ischaemia
early after acute coronary syndromes are usually
regarded as a high risk group requiring urgent
angiographic investigation. However, many pa-
tients who make an uncomplicated early recov-
ery have inducible ischaemia (with or without
symptoms) that is variably predictive of recur-
rent ischaemic events. Thus stress testing has a
time honoured role for predischarge risk stratifi-
cation, particularly in uncomplicated myocar-
dial infarction. A symptom limited test using the
Bruce protocol is recommended for most
patients although for some, particularly the eld-
erly, modified protocols may be more suitable.
An abnormal stress test with ST depression may
be predictive of recurrent ischaemic events and
provides grounds for coronary arteriography
with a view to revascularisation. Other markers
of risk include low exercise tolerance (< 7 mets),
failure of the blood pressure to rise normally
during exercise, and exertional arrhythmias.
Unfortunately, recent meta-analysis has shown
that inducible ischaemia during treadmill testing
has a low positive predictive value for death and
myocardial infarction in the first year (fig 4.4),
falling below 10% in patients who have received
thrombolytic treatment.10 Nevertheless, when
“non-ischaemic” risk criteria are considered, the
treadmill may provide added clinical value,
inability to perform a stress test and low exercise
tolerance both being independently predictive of
recurrent events.11 Moreover, the negative pre-
dictive accuracy of predischarge stress testing is
high, those with a normal test usually having a
good prognosis without the need for additional
investigation. Finally, it should be noted that the
diagnostic value of exertional ST depression and
reversible thallium perfusion defects is equival-
ent, making the treadmill a more cost eVective
strategy for risk stratification after myocardial
infarction than the gamma camera.10 Predis-
charge stress testing has also been recom-
mended in unstable angina, but although an
ischaemic response at low work load has been
associated with an increased risk, the positive
predictive value of an abnormal test is low.

Holter ST monitoring
Ambulatory ischaemia during predischarge
Holter monitoring also identifies patients at

risk of recurrent ischaemic events. In unstable
angina its use is well documented; although it
provides prognostic information additional to
that available from the admission ECG, its
incremental value relative to stress testing is not
clear. In myocardial infarction ischaemic ST
shift during predischarge Holter monitoring
has a positive predictive value for recurrent inf-
arction and death of 20%, and provides
prognostic information that is additional to and
independent of that obtained from stress
testing and clinical assessment.12 Preliminary
evidence suggests therefore that ambulatory
ischaemia during Holter monitoring may be
more useful than stress testing for risk stratifi-
cation in acute coronary syndromes. It can
certainly be applied earlier after admission
when risk is greatest, but it is unlikely to
become more widely used until further studies
are available defining its role.

Electrical instability
Patients at greatest risk of arrhythmic death in
the first year are those with extensive myocar-
dial injury evidenced by Q waves, anterior inf-
arction, left bundle branch block, or heart fail-
ure. Risk is further increased if late ventricular
arrhythmias (frequent ectopy, ventricular

Clinical criteria associated with an ejection
fraction > 40% in acute myocardial

infarction

x First myocardial infarction in the absence
of:

–anterior infarction
–left bundle branch block
–acute phase pulmonary oedema

Figure 4.4. Positive predictive value (PPV) of non-invasive tests in
non-thrombolytic and thrombolytic treated patients for cardiac death or
reinfarction rates, and rates of abnormal tests. EF, ejection fraction.
Reproduced from Shaw et al10 with permission.

Treadmill stress testing for predischarge
risk stratification

x Positive predictive accuracy of ST
depression < 10% after thrombolytic
treatment

x Inability to perform a stress test and low
exercise tolerance are most useful
predictors of recurrent events

x Negative predictive accuracy is high
x Diagnostic value of exertional ST

depression and thallium perfusion defects
are equivalent, making the treadmill more
cost eVective than the gamma camera
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tachyarrhythmia, ventricular fibrillation) occur
before discharge.13 Because there are no well
defined strategies for reducing the risk of
arrhythmic death, routine electrocardiographic
monitoring (Holter, telemetry) before dis-
charge is not recommended although patients
who declare themselves clinically with sus-
tained ventricular arrhythmias require investi-
gation to identify provocative factors (ischae-
mia, hypoxaemia, metabolic derangement).
Where possible â blockers should be pre-
scribed, based on evidence of eYcacy in

protecting against sudden death, but resistant
life threatening arrhythmias require cardiac
catheterisation to examine the potential for
revascularisation. Electrophysiological investi-
gation using programmed stimulation, though
recommended by certain investigators, has
proved unreliable for guiding treatment and
predicting mortality.

Heart rate variability analysis
Holter monitoring after myocardial infarction
permits analysis of autonomic function by

Figure 4.5. Algorithm for risk management in acute coronary syndromes. CCU, coronary care unit; LBBB, left
bundle branch block; LVEF, left ventricular ejection fraction; PTCA, percutaneous transluminal coronary
angioplasty; CABG, coronary artery bypass grafting; ASA, acetylsalicylic acid (aspirin); ACE, angiotensin
converting enzyme.
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measurement of heart rate variability. Sym-
pathovagal balance is usually reduced in the
postinfarction period, and the severity of the
derangement is predictive of outcome, particu-
larly arrhythmic and sudden death, but also all
cause mortality.14 At present, however, it is not
clear if heart rate variability analysis provides
incremental data for risk stratification, or what
the therapeutic implications of reduced heart
rate variability should be. Similar considera-
tions apply to unstable angina.

Signal averaged ECG
Ventricular late potentials detected by signal
averaging are predictive of arrhythmic events
late after myocardial infarction. Again, how-
ever, the therapeutic implications of ventricular
late potentials are not well defined and the role,
if any, in unstable angina is unknown.

Practical recommendations

In patients with acute coronary syndromes,
management should be risk based from the
time of arrival in the emergency room (fig 4.5).
An ECG and troponin assay should be
obtained immediately with repeat troponin
assay at 12 hours.15 Patients with regional ST
change (elevation or depression) or left bundle
branch block are a high risk group requiring
admission to the coronary care unit and appro-
priate antithrombotic treatment. Patients with
an ECG that is normal, or shows non-
diagnostic T wave changes, should be treated
similarly if troponin assay is positive, but if tro-
ponins are negative at 12 hours further
management should be guided by the results of
a stress test. An abnormal stress test requires
further cardiac investigation and treatment, but
if the stress test is normal then risk is very low,
permitting early discharge pending review of
the diagnosis.

If ST elevation or depression fails to respond
promptly to treatment or recurs after early
resolution, the risk of ongoing myocardial
injury is considerable and urgent cardiac cath-
eterisation is recommended with a view to
revascularisation. Similar considerations apply
to patients with unrelieved or recurrent cardiac
chest pain. Invasive management may also be
required for heart failure and late ventricular
arrhythmias, particularly if responses to initial
treatment are unsatisfactory or there is evi-
dence of residual ischaemia or stunning.

For patients in whom the hospital course is
uncomplicated, discharge at five days is usually
possible. If clinical criteria are insuYcient to
exclude significant left ventricular dysfunction,
a predischarge echocardiogram should be
obtained, those with an ejection fraction
< 40% representing a high risk group requir-
ing ACE inhibition and also cardiac catheteri-
sation if there is residual ischaemia on stress
testing. Those with well preserved left ventricu-
lar function are a low risk group in whom stress
testing is not usually helpful for risk assess-

ment. Nevertheless, for troponin positive pa-
tients with unstable angina or non-Q wave inf-
arction, risk is high and a predischarge stress
test is recommended.

Regardless of the hospital course, all patients
should receive secondary prevention with aspi-
rin and, when possible, â blockers. Aggressive
management of diabetes and dyslipidaemia is
essential and ACE inhibitors should be given to
patients who have had clinical evidence of heart
failure. A cardiac rehabilitation course should
be available for all patients recovering from
acute coronary syndromes.
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Infarction is the most intensively studied
medical intervention in the history of clini-
cal investigation, with more than 200 000

patients enrolled in large scale, worldwide
trials. The results of these trials have led to an
irrevocably altered approach, with routine use
of reperfusion treatment. Streptokinase, tissue
plasminogen activator (t-PA), and new plas-
minogen activators have been shown to reduce
mortality significantly, and the reduction is
inversely proportional to the time that treat-
ment is initiated from symptom onset. For
patients treated in the first 60 minutes of
symptom onset, the so called “golden hour”,
mortality is reduced by more than 50%. Even
frank prevention of the event can be assured in
many patients treated in this very early time
frame. Nevertheless, there are some major
obstacles to optimal reperfusion treatment that
have been increasingly recognised in recent
years, which new directions in this field will
hopefully circumvent. This paper will review
the substantive progress in the field, including
recognition of major pitfalls, and lay the
groundwork for future improvements in phar-
macologic myocardial reperfusion treatment.

“Patency centric” approaches

With the validation of intravenous thrombo-
lytic treatment versus placebo in the classic
GISSI 1 and ISIS 2 trials,1 2 the next step was
to determine whether a higher level of early
infarct vessel patency would result in improved
survival. This was the focus of the GUSTO 1
trial which showed that a significant increase in
patency at 90 minutes after treatment was ini-
tiated, from 30% with streptokinase to 54%
with accelerated t-PA, was associated with a
15% reduction in mortality (fig 5.1).3 The term
“patency” refers to brisk flow and clearance of
angiographic contrast dye through the aVected
epicardial artery.

More recently, trials of new plasminogen
activators have gone forward using accelerated
t-PA as the “gold” standard for comparison.
The new plasminogen activators are bioengi-
neered mutants of wild type t-PA. All have
longer half lives and are administered as a sin-
gle or double bolus. Three new agents,
reteplase (r-PA), tenectaplase (TNK), and lan-
etoplase (n-PA) have each been studied in trials
of 15 000 to 17 000 patients. None of these
trials have shown superior mortality outcomes
with the new plasminogen activators compared

with t-PA. For TNK, “equivalence” was
demonstrated with virtually the same mortality
for TNK as with t-PA,2 but for r-PA and n-PA
there were very small gaps in mortality
compared with t-PA (approximately 0.20
absolute per cent) that pre-empt an unequivo-
cal declaration of “equivalency”. Nevertheless,
the field of thrombolytics has widened greatly
from 1987 when the initial commercialisation
for acute myocardial infarction was granted
with the original choice of either streptokinase
or t-PA. r-PA is now registered for use in most
countries throughout the world and the
approval for TNK is imminent.

Although new plasminogen activators have
been shown to achieve more rapid or complete
infarct vessel patency than t-PA, this has not
resulted in an improvement in survival. Figure
5.2 shows data from the angiographic study
known as RAPID 2, which compared r-PA and
t-PA, juxtaposed with data from the GUSTO 3
mortality trial which also compared these two
agents.4 5. Even though RAPID 2 showed
better early patency for r-PA, there was not
even a trend for less mortality. This strongly
suggests that the relation of patency to survival
is not as direct and straightforward as had been
anticipated.

Unrecognised importance of the
microcirculation

A likely explanation for the discrepancy
between infarct vessel patency and survival lies
in microvascular obstruction. A large number

5 Acute myocardial infarction:
thrombolysis

Eric J Topol

Figure 5.1. (A) Mortality curves in GUSTO 1 by
thrombolytic strategy assignment. For streptokinase
(SK) the parentheses indicate the heparin strategy,
intravenous (iv) or subcutaneous (sc). (B) Patency of
the infarct vessel at 90 minutes of treatment in the
GUSTO 1 angiographic trial evaluating the four
thrombolytic strategies.
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of studies have shown that epicardial artery
patency does not assure microvascular flow.
Indeed, the classic study by Ito and colleagues
using contrast echocardiographic tissue imag-
ing showed that at least one in four patients
with TIMI 3 flow (brisk epicardial arterial
flow) do not have tissue level perfusion.6 Many
groups have independently confirmed these
findings and extended the significance of lack
of reflow at the tissue level. For example, Porter
and colleagues have shown that end systolic
cavity size and ejection fraction are impaired in
patients with TIMI 3 flow but without tissue
level perfusion.7

Beyond contrast echocardiography, other
investigators have used imaging modalities
such as magnetic resonance or intracoronary
Doppler flow velocity to assess microvascular
obstruction. During extended follow up of a
cohort of patients after myocardial reperfusion
treatment,8 the finding of microvascular ob-
struction carried a fourfold increase in adverse
events including death, reinfarction, or the
development of congestive heart failure. In a
randomised trial of 200 patients undergoing
primary stenting for acute myocardial infarc-
tion, Doppler assessment of the infarct vessel
showed a notable increase in peak velocity with
the use of abciximab, a potent platelet glyco-
protein IIb/IIIa inhibitor.9

These pivotal findings have revamped our
understanding of the reperfusion process.
Indeed, rather than achieve complete dissolu-
tion of the thrombus, our treatments are likely
achieving only partial clot dissolution and
potentiating embolisation of part of the throm-
bus into the microcirculation. This sets up the
backdrop for the “illusion” or false sense of

achieving reperfusion by improperly focusing
on the epicardial artery, when the critical sup-
plier of perfusion to the infarct territory may be
obstructed.

Beyond the partial clot dissolution, the con-
stituency of the thrombus is particularly
important. Underlying the coronary throm-
botic event is a fissured, eroded, or frank
atherosclerotic plaque rupture. This breach of
the vessel wall first sets up platelet thrombus
that is seen angioscopically as “white” throm-
bus. Quickly surrounding this nidus of platelet
aggregation is the “red” thrombus that is fibrin
rich. Accordingly, the approach of dissolving
the culprit coronary artery thrombus is pres-
ently focused on the “red” clot component.

Unfortunately, “thrombolytics” are not re-
ally thrombolytics because plasminogen activa-
tors are “fibrinolytics”—that is, rather than lys-
ing a coronary thrombus, fibrinolytics can only
achieve dissolution of the fibrin strands making
up the “red” thrombus (fig 5.3). This leaves
thrombin, previously enmeshed in the “red”
clot, exposed and leads to a prothrombotic
state. Not only can exposed, activated
thrombin beget its own formation via an auto-
catalytic loop in the extrinsic coagulation path-
way, but thrombin is the most potent platelet
proaggregatory biologic molecule. Thus, the
mainstay of our current approach to myocar-
dial reperfusion is narrowly directed to the
fibrin–thrombus component and, unfortu-
nately, induces a prothrombotic state.

Evidence for the untoward eVect of fibrino-
lytics may also explain part of the discrepancy
seen in the large scale mortality reduction
trials. In GUSTO 3, where r-PA failed to pro-
vide survival benefit compared with t-PA, r-PA
was shown to activate platelets more than
t-PA.10 This would counter the facilitation of

Figure 5.2. (A) Patency of the infarct vessel in two
angiographic comparative trials. (B) Mortality at 30
days for each thrombolytic strategy.

x ADMIRAL: Abciximab associateD with priMary
angIoplasty and stenting in acute myocaRdiAL
infarction

x CCF: Cleveland Clinic Foundation

x GISSI 1: Gruppo Italiano per lo Studio della
Streptochinasi nell’Infarto Miocardico

x GUSTO 1: Global Utilization of Streptokinase
and t-PA for Occluded coronary arteries

x INTRO: INTegrilin and Reduced dOse of
thrombolysis

x ISIS 2: Second International Study of Infarct
Survival

x Munich: See reference 9

x RAPID 2: Reteplase (r-PA) versus Alteplase
Patency Investigation During myocardial
infarction

x RAPPORT: ReoPro in Acute myocardial
infarction and Primary PTCA Organization and
Randomized Trial

x SPEED: Strategies for Patency Enhancement in
the Emergency Department

x TIMI 14: Thrombolysis in Myocardial
Infarction (with abciximab)
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infarct vessel patency of r-PA, and likely would
result in some higher proportion of microvas-
cular obstruction.

More comprehensive thrombolysis

A combined strategy of low dose fibrinolytic
and full dose platelet-lytic has been proposed.10

The advantages of this “fibrinoplatelet” lysis
approach would include the ability to reduce
the fibrinolytic dose, thereby potentially avoid-
ing the prothrombotic state and the risk of
intracerebral haemorrhage. Second, such a
strategy is more comprehensive in addressing
both the “red” and “white” components of the
coronary artery thrombus. Intravenous platelet
glycoprotein IIb/IIIa inhibitors are fully capa-
ble of rapid dissolution of platelet “white”
thrombus. Even though platelet activation is
inevitable with the use of a plasminogen activa-
tor, this eVect would potentially be overridden
by concomitant administration of a potent
antiplatelet inhibitor. Of course, a theoretical
limitation of the combination strategy is serious
bleeding complications, as these patients also
receive concurrent anticoagulation and are
thus “bombarded” with three diVerent classes
of agents simultaneously. Nevertheless, since
the early use of pharmacologic reperfusion
treatment patients have received combined
plasminogen activators, heparin, and aspirin.
So the proposed approach can be viewed as
refinement of each of the limbs of the
fundamental strategy.

Pilot studies have been especially encourag-
ing. Combined t-PA or r-PA with abciximab, or
eptifibatide, have yielded very high frequencies
of early infarct vessel patency. In fig 5.4, data at
60 minutes for three diVerent trials are
summarised and compared with full dose t-PA,
which is still considered to be the “gold” stand-
ard. These findings support a near 50%

improvement of epicardial infarct vessel pat-
ency for combined half dose fibrinolytic and
full dose of glycoprotein IIb/IIIa inhibitors.

Perhaps more important than patency of the
infarct vessel is the improvement of microvas-
cular perfusion. Although many new imaging
modalities may assess this in an elegant
fashion, the easiest and most accessible
method is to use a 12 lead ECG. A finding of
> 70% resolution of ST segment elevation
from baseline is highly indicative of restoration
of perfusion at the tissue level. Indeed, in the
TIMI 14 trial of t-PA and abciximab, there
was a more than 50% increase in resolution of
ECG ST segment elevation, reflecting relief of
microvascular obstruction. Even so, 90 min-
utes after treatment was initiated 30% of
patients with the combined strategy of low
dose t-PA and abciximab did not have > 70%
ST segment elevation resolution. These find-
ings have been replicated in other phase II
studies of combined lytic strategies, and
suggest that the combination should be
considered a significant step forward for relief
of microvascular obstruction but certainly not
viewed as a “be all and end all” treatment. The
fact that nearly a third of patients are not hav-
ing tissue level perfusion from a “comprehen-
sive” lytic strategy suggests the need for addi-
tional components of an ideal, futuristic
reperfusion approach.

Indeed, one of the most important and fun-
damental obstacles is time. The excessive time
that it typically takes for patients to present to
an emergency room, or for the healthcare team
to deliver rapid treatment, frequently is rela-
tively late for making a diVerence in salvaging
myocardial tissue. When there is extensive
damage, the myocardial oedema, leucostasis,
and inflammatory reaction in the subtended
myocardium may make tissue level perfusion
impossible or futile. No matter what strategy is
ultimately developed for improved myocardial
reperfusion, the issue of timeliness will cer-
tainly remain centre stage.

The longstanding feud with catheter
based reperfusion

The early trials of immediate coronary angio-
plasty following t-PA showed higher mortality

Figure 5.3. Prothrombotic effects of fibrinolytic treatment. Coronary thrombus is
composed of a platelet core with fibrin–thrombin admixture (“white” and “red”
clot). After fibrinolytic treatment, there is exposure of free thrombin, which
autocatalytically begets more thrombin and strongly promotes platelet aggregation
(note more platelet mass). Platelets themselves are resistant to fibrinolytic
treatment and furthermore secrete large amounts of plasminogen activator
inhibitor (PAI-1), which is a potent antagonist to fibrinolysis. Reproduced from
Topol EJ. Circulation 1998;97:211–18, with permission.

Figure 5.4. Angiographic patency (TIMI 3) of the
infarct vessel in four sets of patients using the same
core angiographic laboratory t-PA is compared with
three trials of combined half dose fibrinolysis and full
dose glycoprotein IIb/IIIa inhibition.
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and reinfarction rates, and the need for
emergency bypass surgery. This was not
expected at the time (late 1980s). It was known
that most patients have a significant underlying
atherosclerotic lesion after fibrinolytic treat-
ment. Furthermore, alleviation of the stenosis
early on in the course of treatment was
expected to be a more definitive strategy. On
the other hand, when primary balloon angio-
plasty was performed as sole treatment (no
antecedent lysis), the adverse events appeared
to be considerably less than when this proce-
dure followed intravenous t-PA. What was not
understood at the time was the pro-thrombotic
“dark” side of fibrinolytic treatment. A literal
“feud” was engendered between the “bal-
loonatics” and the “thrombolunatics” that has
persisted for more than a decade.

There is no reason for partitioning of the two
forms of reperfusion treatment now that we
have enhanced understanding of the biological
process. Intravenous platelet glycoprotein IIb/
IIIa treatment or placebo has been adminis-
tered on a double blind basis in three catheter
based reperfusion trials as summarised in fig
5.5.9 11 12 In all three trials there was a
pronounced reduction of the composite end
point of death, reinfarction, or urgent revascu-
larisation. Furthermore, we now know that
transcoronary intervention is almost always
accompanied by embolisation of atheroscle-
rotic debris, in addition to the dislodgement of
thrombotic material. Microvascular obstruc-
tion can result as a response to embolisation,
and potent platelet glycoprotein IIb/IIIa inhibi-
tor treatment would be expected to relieve or
pre-empt the process. The direct Doppler
demonstrations of improved microvascular
perfusion by Neumann and colleagues strongly
support this tenet.9

Yet the simple adjunctive use of a glycopro-
tein IIb/IIIa inhibitor is not taking advantage of
a pharmacologic strategy designed to achieve
early reperfusion and foster a successful

catheter based intervention. While intravenous
glycoprotein IIb/IIIa inhibition by itself can
achieve streptokinase like patency results, the
ideal situation would be to achieve “macro”
and “micro” vessel patency as quickly as possi-
ble. The average time from “door to balloon” is
nearly 120 minutes, such that a drug treatment
that restores patency long before entering the
cardiac catheterisation laboratory, in the high-
est proportion of patients, would be expected
to be of considerable value. In fact, fewer
patients have even required catheter interven-
tion in our early experience because of the lack
of a significant residual stenosis.

“Connecting the dots”

Many of the concepts described in this review
are theoretical, based on experimental models,
observational studies, or extrapolation. In
order to validate the use of a combined lytic
approach, and the implications of microvascu-
lar perfusion, data from large scale trials will be
necessary. One such trial that is currently
ongoing is GUSTO, a 17 000 patient trial
comparing r-PA (full dose) as a standard fibri-
nolytic approach with low dose r-PA (half the
usual dose) combined with abciximab. This
trial should be completed by the end of 2000
with the primary end point of 30 day mortality.
As the event rate for intracerebral haemorrhage
is very low (< 1%), only in controlled trials of
thousands of patients can the safety of the
experimental combined strategy be assured.
Substudies, such as the use of continuous 12
lead ECG and conventional ECG assessment
for resolution of ST segment elevation, will be
helpful to show the link between mortality
reduction and microvascular perfusion. Other
combination approaches of TNK or t-PA with
eptifibatide and TNK with tirofiban will incor-
porate mechanistic studies using contrast
echocardiography and magnetic resonance
imaging. Ultimately, in the next couple of years
we should have ample evidence that a new
standard of myocardial reperfusion has been
validated, and that a significant mechanism for
improving survival relates to better flow at the
tissue level. With acute myocardial infarction
as the number 1 killer, and awareness of the

Figure 5.5. Odds ratio and 95% confidence intervals (CI) for 30 day composite of
death, myocardial infarction, and urgent revascularisation in three trials of
catheter based reperfusion with abciximab or placebo.

Summary

x The relation of patency to survival is not as
direct and straightforward as had been
anticipated

x The finding of microvascular obstruction
carries a fourfold increase in adverse events
including death, reinfection, or the
development of congestive heart failure

x Considerable data are emerging to show
the ability of low dose fibrinolytics and
glycoprotein IIb/IIIa inhibition to relieve or
prevent microvascular obstruction

x No matter what strategy is ultimately
developed for improved reperfusion, the
issue of timeliness will certainly remain
centre stage

x In order to validate the use of a combined
lytic approach and the implications of
microvascular perfusion, data for large
scale trials will be necessary
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inadequacies of our current treatment, it is vital
to continue to refine our approach to the
desired goal—that no one with evolving myocar-
dial infarction actually suVers infarction. To that
end, we have quite a long way to go.
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The majority of readers of this article are
likely to be hospital based clinicians
whose experience of acute myocardial

infarction is necessarily limited to examination
of the survivors of a storm which has already
taken its major toll. As has always been the
case, most deaths from heart attack occur out-
side hospital and are medically unattended, as
are about one quarter of non-fatal infarctions
which are “silent” with no or atypical symp-
toms. For out-of-hospital deaths, even if a
necropsy is carried out, it is in the majority of
cases impossible to determine whether death
had been caused by a developing infarction or
by re-entrant ventricular fibrillation starting at
the borders of a myocardial scar. Finally, it is
impossible strictly speaking nowadays to speak
about “natural” history. The history is inevita-
bly “unnatural” in that it has in many cases
been modified by treatment.

Myocardial infarction outside hospital

In the most recent study performed in the
UK,1, 74% of 1589 deaths from acute coronary
heart attacks in people under 75 years of age
occurred outside hospital; the proportion of
out-of-hospital to total deaths varied inversely
with age from 91% at age < 55 years to 67% at
age 70–74 years (fig 6.1). Had the lives of 5%
of potential victims of out-of-hospital sudden
death not been saved by advanced life support
given by ambulance staV, the proportion of
out-of-hospital deaths to total deaths would
have been even higher. The finding of three
quarters rather than the previously quoted two

thirds of deaths outside hospital may reflect a
declining hospital fatality rate owing to better
treatment, with no or a lesser reduction in the
numbers of early sudden deaths.

Seventy five per cent of out-of-hospital
deaths in our study occurred in the home and
about 60% were witnessed. Advanced life sup-
port given by ambulance personnel was
attempted in a little over half the cases. Of the
25% of deaths which occurred away from
home, 16% happened in a public place, usually
the street, 3% in an ambulance, 3% in nursing
homes, 1% in doctors’ surgeries, and only 2%
at the place of work. Sudden death at mass
gatherings such as football stadia or railway
stations was unusual.

Pathology of out-of-hospital death
What proportion of out-of-hospital deaths are
caused by developing infarction, and what pro-
portion are caused by a re-entrant arrhythmia?
Sudden unexpected death in England must be
reported to a coroner unless the victim was
known to have coronary disease and had been
seen by a doctor within the last two weeks.
Depending on the practice of individual
coroners, the proportion of unexpected deaths
coming to necropsy is high. However, develop-
ing infarction cannot be recognised in most
cases of sudden death because the earliest his-
tological change (invasion by leucocytes) does
not develop until 12–24 hours after the onset.
Evidence must be sought by examination of the
coronary arteries.

Occlusion of the infarct related coronary
artery by thrombus is nearly always present in
patients with ST elevation myocardial infarc-
tion admitted early to hospital2; this is almost
certainly the event which causes the infarct, so
that the presence of occlusive thrombus at
necropsy is almost pathognomonic of develop-
ing infarction. In a consecutive series of 168
sudden coronary deaths (within six hours of
onset of symptoms)3 in which the coronary
arteries were examined by postmortem arteri-
ography and histology of sections made at
3 mm intervals, occlusive thrombus was
present in 30% of cases, and mural thrombus
in 43%. In 8% of cases plaque fissuring only
was present, and there was no acute lesion in

6 The natural history of acute
myocardial infarction

Robin M Norris

Figure 6.1. Total case fatality in the UK heart attack
study and case fatality outside hospital by age group.
Reproduced from Norris1 with permission of BMJ
Publishing Group.

Figure 6.2. Necropsy findings in 168 cases of
sudden coronary death in which the coronary arteries
were examined by post mortem arteriography and
histology of sections made at 3 mm intervals.
Reproduced from Davies3 with permission of the
American Heart Association.
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19% (fig 6.2). Thus from this series it appeared
that perhaps 30% of sudden cardiac deaths
were definitely caused by developing infarc-
tion, and in an additional 45% infarction was
highly likely (because the finding of intralumi-
nal thrombus is unusual in definite non-
coronary death). In the remaining 25% infarc-
tion was unlikely because plaque fissuring is
quite common in people who die from an
unrelated cause.3

Postmortem arteriography and serial sec-
tioning of the coronary arteries is not carried
out routinely by hospital pathologists who fre-
quently limit the procedure, as far as the heart
is concerned, to cursory section of the coronary
arteries. Histological examination is not rou-
tine, and in these circumstances neither
non-occlusive thrombus nor plaque fissuring
are often commented upon. In the UK heart
attack study (UKHAS)4 1037 (83%) of the
1247 out-of-hospital coronary deaths which we
recognised in people up to 75 years of age came
to necropsy. Occlusive thrombus was recog-
nised by hospital pathologists in 23% of cases,
recent myocardial infarction in 20%, and an
old myocardial scar in 56%. Stenoses of one or
more coronary arteries were present in all
cases.

CLINICOPATHOLOGICAL CORRELATIONS

In about half of the victims of out-of-hospital
coronary death in the UKHAS study we were
able to discover whether death had been truly
sudden or if there had been prodromal
symptoms (usually chest pain) before death. Of
particular interest was that necropsy evidence
of old infarction was more common and recent
infarction less common in 124 victims who
apparently had had no prodromal symptoms
before death (70% and 11%) than in the 386
who had had prodromal chest pain (45% and
29%) (p < 0.001). However, occlusive throm-
bus was no more common in people with
symptoms (26%) than in those without symp-
toms (29%). This latter finding is at variance
with that of Davies3 who was able to show a
much higher number of thrombi with serial
sectioning of the arteries. Of the 168 cases of
sudden cardiac death mentioned earlier, occlu-
sive thrombus was more common when
prodromal pain had been present than when it
had been absent. To summarise the evidence
from necropsies, it is impossible to give any
reliable estimate of the proportion of sudden
coronary deaths which were caused by devel-
oping infarction and what proportion were
caused by “electrical” death. However, both
the detailed anatomical studies of Davies3 and
our own larger series of routine necropsies do
support the existence of at least two separate
mechanisms for out-of-hospital coronary
death.

RESUSCITATION FROM OUT-OF-HOSPITAL ARREST

Further evidence does, however, come from
one of the earliest studies of patients resusci-
tated from out-of-hospital cardiac arrest.5 In
Seattle, Washington, between 1970 and 1973,
146 patients were resuscitated from out-of-
hospital ventricular fibrillation and were fol-

lowed for two years. The subsequent survival of
the 17% of patients whose arrest was caused by
Q wave infarction was significantly better
(p < 0.005) than the survival of the 83% who
did not develop new pathological Q waves (fig
6.3).5 It was this seminal observation that led to
the recognition of “electrical” coronary death
as a distinct pathological entity and its
consequent electrophysiological investigation
and treatment with implantable defibrillators.
The Seattle findings also suggested that the
majority of sudden deaths were “electrical”.
However, this conclusion, based on findings in
a subset of survivors, may be incorrect in view
of those from the detailed pathological exami-
nations described above. 3

EPIDEMIOLOGICAL STUDIES

The final arbiter of the classification of acute
coronary events, both fatal and non-fatal, is the
epidemiologist. Discussion of global diVer-
ences in incidence of new coronary events and
prevalence of the disease is not the purpose of
this article. However, methods used by the
World Health Organisation MONICA (moni-
toring trends and determinants in cardiovas-
cular disease) investigators6 highlight the diY-
culties in exact definition. MONICA
recognised both fatal and non-fatal events in
the two categories of “definite” and “prob-
able”, and constructed their main analyses of
incidence, mortality, and case fatality on “defi-
nite” only non-fatal events and “definite” plus
“probable” fatal events. A third category of
“unclassifiable” fatal events was also encoun-
tered; these were unexpected deaths in which
no necropsy had been carried out and cause of
death had been certified as coronary disease in
the absence of definite evidence for or against
the diagnosis. These deaths too were included
in the analyses. MONICA definitions are not in
dispute, but the problems in applying them to
diVering cultures with diVering legal require-
ments for death certification are immense.
From the epidemiologists’ perspective the
problem of “unclassifiable” deaths and the fre-
quent unreliability of death certificates, par-
ticularly in the elderly, is very real. DiVerent
counting methods used by clinicians and
epidemiologists yield diVering results; this
problem is discussed in a recent editorial.7 Of

Figure 6.3. Two year survival after resuscitation from
out-of-hospital arrest according to whether or not
new pathological Q waves developed. Reproduced
from Baum and colleagues5 with permission of the
American Heart Association.
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course no attempt at distinction between
infarction and electrical death is possible in
purely epidemiological studies.

Yet another problem in identification of the
natural history of acute myocardial infarction is
that fully 25% of non-fatal infarctions are
silent.8 Silent infarction can be detected only
when a subject is seen more than once at
annual intervals or longer, and an ECG
performed on the second occasion shows new
pathological Q waves. Most clinicians can
remember such cases, but an estimate of the
incidence can be made only when a cohort of
the population free from coronary heart disease
is followed for a number of years. This
happened in the Framingham study—a unique
and prestigious study which has taught us more
than any other about the changing pattern of
coronary heart disease during the latter half of
the 20th century.9

The declining mortality from coronary heart
disease
There is no doubt that mortality from coronary
heart disease is falling. Figure 6.410 shows that
age specific mortality for males aged 35–44
years during 1997 was about one third, and of
those aged 65–74 years about two thirds of the
figures for 1968 when the coronary epidemic
was at its height. Age groups 45–54 and 55–64
showed intermediate changes and the picture
was similar in women. Data in fig 4 stop at age
75, however. If evidence from death certificates
is to be believed, more than 60% of coronary
deaths occur in people aged > 75 years.10

Death is being postponed, not prevented; it has
been estimated that the global burden of
coronary heart disease will continue to increase
up to the year 2020.11 Although the incidence
of new events is falling, the prevalence of
coronary heart disease in the community is
increasing.10

How does the decline in mortality shown by
the demographers relate to the natural history

of acute myocardial infarction? Of course only
acute events rather than infarctions can be
monitored. However, the most recent evidence
from the MONICA study suggests that over a
10 year period in populations where mortality
decreased, reduction in coronary event rates
accounted for about two thirds of the decrease
while reduced case fatality accounted for about
one third.12

Acute myocardial infarction in hospital

For the hospital clinician there is much less
diYculty in the definition of acute myocardial
infarction. Most clinicians will accept that in-
farction should be diagnosed when at least two
of the following three conditions are present: a
typical or compatible clinical history; sequen-
tial electrocardiographic changes; and a rise in
cardiac enzyme activity to at least twice the
upper limit of normal for the hospital labora-
tory. For patients who die very soon after pres-
entation, a history of prolonged chest pain with
one ECG showing an infarct pattern is
suYcient for the diagnosis. However, even this
seemingly simple definition is open to diVering
interpretations. In a recent survey (unpub-
lished) of cases admitted to a district general
hospital we found a substantial overlap be-
tween diagnoses based on the above criteria
and those specified by clinical coding using the
International Classification of Diseases, 10th revi-
sion (ICD 10) codes. The most common
reason for disagreement was diVerentiation
between acute myocardial infarction and un-
stable angina. This of course reflects the
uncertainties described in epidemiological
studies.6

Prognosis of hospital treated infarction
Definitions aside, the prognosis of hospital
treated patients has improved considerably
over recent years although the factors deter-
mining survival have not changed. More than
30 years ago we constructed a coronary
prognostic index13 which was based on the age
of patients and the then available methods for
assessment of left ventricular function, namely
the chest radiograph and the systolic blood
pressure on admission to hospital. The index

Problems in defining the true natural
history of myocardial infarction

x Two thirds to three quarters of fatal events
occur outside hospital. Such deaths may be
caused by infarction or may be electrical.
Although it may be possible to diVerentiate
these mechanisms in some individual cases,
it is impossible to do this in the majority.

x Death certificates are unreliable; many
deaths certified as being caused by
coronary heart disease, particularly in the
elderly, are in truth unclassifiable.

x About 25% of non-fatal infarctions are
silent and medically unattended.

x These facts must be taken into account for
interpretation of all community and
epidemiological studies, and also for
interpretation of demographic data which
show geographical diVerences or secular
changes in mortality from coronary heart
disease.

Figure 6.4. Age specific death rates from coronary heart disease in men 1968 to
1997, plotted as a percentage of the rates in 1968. Reproduced from British
Heart Foundation Coronary Heart Disease Statistics 1999, with permission.
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has proved to be remarkably robust in predict-
ing relative although not absolute risk. This is
shown by a study of 830 patients treated
between 1995 and 199714 which showed that
hospital fatality had fallen by 50% or more
compared with 30 years previously (fig 6.5).
This decline was most striking in the high risk
patients (elderly patients with cardiac failure).
Data such as those in fig 6.5 also underline the
potential unreliability of crude figures for case
fatality as a performance indicator. Both case
mix and diVerences in definition of acute myo-
cardial infarction (see above) can influence
hospital fatality rates considerably.

The two major advances in treatment which
have changed the natural history of hospital
treated infarction over the last 30 years are
resuscitation from cardiac arrest and restora-
tion of flow to the infarct related coronary
artery by thrombolytic drugs or primary
angioplasty. It has been estimated that throm-
bolysis saves about 30 lives per thousand
patients treated,15 although the benefit may be
doubled for those treated within the “golden
hour” after the onset of symptoms.16 Reduction
in delay in giving thrombolytic treatment has
been a major goal for hospitals in recent years,
and various strategies for “fast track” adminis-
tration either in accident and emergency
departments or in coronary care units have
been proposed. Pre-hospital treatment on a
large scale has so far proved impracticable, and
emphasis is placed on reduction in patient
delay and use of ambulance paramedics rather
than medical practitioners in providing early
resuscitation and transport to hospital. Delay is
inevitable with this strategy, however; in a
recent hospital survey only 2% of patients had
thrombolytic treatment started within the
“golden hour”.17

Recent enthusiasm for improving delivery of
thrombolytic treatment has to a degree caused
clinicians and health administrators to lose
sight of the fact that resuscitation from cardiac
arrest has done much more than thrombolysis
to change the natural history of myocardial in-
farction for the better. Moreover reduction of
delay in coming under care saves more lives by
timely defibrillation than by early recanalisa-
tion of the infarct related coronary artery. This
is shown in fig 6.617 which examines the eVect

of delay on salvage of patients by resuscitation
and estimated salvage by thrombolytic treat-
ment, taking delay in its administration into
account.16 Altogether, 80% of the salvage was
attributable to resuscitation, and benefit from
the “golden hour” was greater for resuscitation
than for thrombolysis. Part of the reason for
this was, of course, that patients did not receive
thrombolytic treatment immediately after com-
ing under care.

Survival after recovery from myocardial
infarction
As for early survival, long term survival is most
closely related to age and to left ventricular
function. Function is traditionally described by
ejection fraction which is an arithmetical term
derived from the volumes of the ventricle at
end diastole and end systole. In a series of
patients under 60 years of age studied by left
ventriculography before the thrombolytic era,
we identified end systolic volume as the major
functional determinant of long term survival.18

For patients with an ejection fraction < 50%,
the five year fatality rate was more than twice as
great (36%) when end systolic volume was
above the median value of 110 ml as when it
was below the median (14%). Apart from age
and ventricular dilatation, electrical instability
as evidenced by occurrence of non-sustained
ventricular arrhythmias on Holter monitoring
and inducibility on electrophysiologic testing19

are powerful additional predictors of a poor
prognosis.

Conclusion: future prospects for
improving the natural history

Many years ago the Framingham investigators
concluded that the only road to substantial
reduction in premature mortality from coron-
ary heart disease lay in prevention of the
disease. Primary prevention in the UK by a
population strategy to encourage people to
reduce their dietary fat intake has had limited
success, although smoking has declined in the
coronary age group.10 Nevertheless, at least
some of the decline in mortality must presum-

Figure 6.5. Hospital fatality predicted by a coronary
prognostic index in patients treated in 1966-67 and
1995-97. Modified and reproduced from Christiansen
and Liang14 with permission of the publisher.

Figure 6.6. Thirty day fatality (red bars), lives saved
by resuscitation from cardiac arrest (green bars), and
lives estimated to have been saved by thrombolytic
treatment (yellow bars) according to delay in
presentation to the hospital. Numbers above the bars
refer to the numbers of patients in each group.
Reproduced from UK heart attack study17 with
permission of BMJ Publishing Group.
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ably be the result of primary prevention.12 Sec-
ondary prevention for patients with known
coronary disease has great potential for reduc-
ing mortality and has the attraction that poten-
tial methods for achieving it are soundly
evidence based. Recent evidence from the
USA20 suggests that the decline in mortality
between 1987 and 1994 may be largely caused
by improvements in secondary prevention.20

As far as the treatment of myocardial infarc-
tion is concerned, it is probably true to say that
better application of treatments already known
to be eVective in the year 2000 have more to
oVer than the development of new treatments.
Reduction of patient delay in calling for help
through public education on the symptoms of
heart attack and the importance of access to
emergency services, and improved response
time of ambulances, are of paramount
importance. The search for better thrombolytic
and antiplatelet agents continues, but is less
likely to improve the natural history than is
earlier delivery of drugs already known to be
eVective.
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The natural history of acute myocardial
infarction

x There are major diYculties in defining the
natural history because of:

–diVerentiation from “electrical” death.
–diYculties in pathological examination.
–unreliability of death certification.
–impossibility of recording silent non-

fatal infarcts.

x The decline in coronary mortality is
occurring among younger people and is
caused mainly by reduction in new events.

x The single most promising therapeutic
strategy is secondary prevention.
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Myocardial infarction (MI) is a major
cause of mortality and morbidity in
the western world. As MI is a life

threatening event it is hardly surprising that it
often causes distress and impairment of quality
of life for patients and their relatives, especially
partners. For a substantial minority of families
such consequences are profound.

Psychological factors

Most patients are clinically anxious on admis-
sion to hospital. This anxiety generally remits
over the next couple of days but rises again just
before discharge, when many patients may
again become clinically anxious. This distress is
often deliberately hidden from the staV and
other patients. Once home, a reduction in
mood—“home coming depression”—is almost
universal and patients and partners should be
warned that it is likely to happen, otherwise
they may worry that their “mind” has been
damaged as well as their heart. Patients should
be assured that this reaction is not unique to
surviving an MI but is common in survivors of
any natural disaster. In the majority of patients,
unless there are further acute events, anxiety
and depression slowly remit over the following
weeks. However, about a quarter of patients
may remain distressed at one year. It takes only
minutes to screen patients using the Hospital
Anxiety and Depression Scale, and as many
patients come back for an exercise test at 6–12
weeks postdischarge, this may be a good time
to identify those likely to have long term
adjustment problems and to refer them for
appropriate counselling/treatment.

In the first few months of recovery many
patients report a fear of resuming sex and,
unless this is dealt with, some will never resume
it. Partners share the same worries and their
fear is often the major factor in reduced sexual
activity and enjoyment. There is no evidence
that sex is in anyway dangerous, and patients
and their partners should be told so in an
unequivocal fashion. The exercise involved
may even be protective as regular moderate
exercise has a very significant protective eVect
in post-MI patients.

Some patients interpret the normal or expli-
cable feelings of fatigue or minor symptoms of
the anxiety they are suVering as relating to the
condition of their heart. This often leads to a
reduction in social and physical activity (in an

eVort to protect the heart) and further
preoccupation with symptoms. Reduced activ-
ity leads to physical deconditioning, often pro-
ducing more fatigue, more time to dwell on any
symptoms or bodily sensations, and therefore
generates further anxiety. Other patients be-
come trapped in a downward spiral of increas-
ing disability, and a very small number will
succumb to a restricted and fearful lifestyle that
has been labelled in many diVerent ways over
the years—for example “cardiac neurosis”,
“neurocirculatory asthenia” or “eVort syn-
drome”. These patients are currently described
as demonstrating “undue illness behaviour”.
They demonstrate high levels of anxiety, physi-
cal deconditioning, a dependent attitude to-
wards medical care, and often an almost obses-
sional preoccupation with the details of their
medical history.

Health beliefs

Patients’ beliefs and perceptions of their illness
are critically important in the recovery phase of
MI. Patients’ beliefs about whether their MI
was caused by stress or poor health habits act as
a clear starting point for them when deciding to
make changes in their personal health behav-
iours.

MI patients who hold negative models of
their illness are less likely to return to work and
to have lower levels of functioning regardless of
the severity of the MI.

The patients’ view of their MI is an
important factor in both rehabilitation attend-
ance and in how quickly they return to work.1

The attributions that patients make for the
cause of their MI may also have a major bear-
ing on their recovery. Surveys have shown that
the majority of patients blame the MI on
“stress”, “worry” or “overwork”. If a patient
believes that his job nearly killed him he may be
very reluctant to return. These faulty attribu-
tions are often compounded by poor medical
communication. Many patients view the heart
as “worn out” and fear and avoid activity,
thinking that this will further deplete their
energy reserves. These damaging beliefs are
often reinforced by the media, friends, and
family and sometimes by lifestyle advice
received from health care professionals.

Practical advice on managing
psychological factors

It is important to attend to psychological
factors because there is increasing evidence
that psychological distress following MI is an
independent risk factor for early mortality.2

There is also more limited evidence that initial
distress predicts outcome for return to work
and for some other aspects of quality of life
outcome,3 lifestyle changes,4 and compliance
with medical care.5

Structured advice and discussion of the fac-
tors known to aVect recovery is important.
Whenever possible it is important to elicit from

7 Management of the post-myocardial
infarction patient: rehabilitation and

cardiac neurosis
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patients what they think the main cause of the
heart attack was. Particular care should be
taken to avoid unintentionally reinforcing the
common cardiac misconceptions, especially
about stress and the value of rest, that many
patients have. Advice should be realistic, prac-
tical, and concrete (that is, specifying exactly
what should be done—for example, “eat five
portions of fresh fruit or vegetables every day”
instead of “try and eat more fruit”). Advice
should take account of social and cultural
needs. Every patient should be helped to
develop an individualised and concrete plan for
recovery to be carried out in the weeks follow-
ing the MI. The resumption of small amounts
of activity should be encouraged from the first
full day home. Vague advice such as “listen to
your body” or “do what you can manage” is
unhelpful. Patients and their families should be
warned about the common physical and
psychological sequelae. The primary physical
problems are unexpected weakness caused by
deconditioning, breathlessness on exercise, and
angina. Patients are often particularly fearful of
exercising to breathlessness and should be
advised that this is an important concomitant
of increasing cardiovascular fitness.

Common psychological reactions that
should be mentioned are:
x low mood;
x tearfulness;
x sleep disturbance;
x irritability;
x anxiety;
x acute awareness of minor somatic

sensations or pains;
x poor concentration and memory.

It should be explained that these symptoms
are normal, that they are universal, and are part
of the natural course of recovery following any
potentially life threatening event. Partners
should be advised to alter the family routines as
little as possible except for lifestyle changes,
such as smoking or diet, which should begin
immediately. They must be tactfully advised
against overprotecting the patient or, in a few
cases, usually with female patients, from
expecting the patient to resume doing all of the
housework immediately. The patient’s and
partner’s understanding of the advice should
be checked during the course and at the end of
each session, by asking them to summarise the
advice imparted.

As half of the advice in a five minute consul-
tation is forgotten within a further five minutes,
it is helpful if written or tape recorded advice
(the interview itself can be taped) is provided.
Written information should be produced
following the empirically determined guide-
lines for maximising comprehension and com-
pliance.

Cardiac rehabilitation

Early cardiac rehabilitation programmes cen-
tred upon physical restitution of middle aged
men who could be returned to work after pro-
longed bed rest. Modern cardiac rehabilitation

is an activity requiring a range of health skills to
bring together medical treatment, education,
counselling, exercise training, risk factor modi-
fication and secondary prevention, in order to
limit the harmful physical and psychological
eVects of heart disease, reduce the risk of death
or recurrence of the cardiac event, and enhance
the psychosocial and vocational state of pa-
tients.6

Cardiac rehabilitation has been defined by
the World Health Organization as: “ . . .the sum
of activities required to influence favourably
the underlying cause of the disease, as well as to
ensure that patients’ best possible physical,
mental and social conditions so that they may,
by their own eVorts, preserve, or resume when
lost, as normal a place as possible in the life of
the community.”7 The WHO definition is, of
course, all embracing but is endorsed by coun-
tries in Europe and beyond. In essence, cardiac
rehabilitation services are comprehensive pro-
grammes involving education, exercise, risk
factor modification and counselling, designed
to limit the physiological and psychological
eVects of heart disease, reduce the risk of death
or recurrence of the cardiac event, and enhance
the psychosocial and vocational state of pa-
tients. Thus, cardiac rehabilitation is a multi-
disciplinary and multifaceted intervention that
aims to restore wellbeing and retard disease
progression in patients with heart disease.

It has been recommended that every district
hospital which treats patients with heart
disease should provide a cardiac rehabilitation
service, and that individual programmes
should evaluate their outcome, and a standard
format of audit could be agreed nationally to
allow comparison.6 However, the provision of
cardiac rehabilitation is still a neglected topic in
some centres and it is likely that there is
considerable potential to improve the quality of
care and to reduce undesirable variations in
service provision. The new National Service
Framework for coronary heart disease,8 devel-
oped to improve the quality and consistency of
services in terms of prevention and treatment,
should be helpful in implementing change.

Cardiac rehabilitation:
general points

x For the majority of patients the best
predictors of rehabilitation outcome are
psychosocial not physiological.

x Psychological findings about adjustment to
MI and lifestyle change must be integrated
with routine care.

x Family members, especially the partner,
should be included in the rehabilitation
process.

x The greater part of any verbal interaction is
quickly forgotten, and should be backed up
with carefully constructed and empirically
evaluated written and taped material.
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Effectiveness
Although there is some scepticism regarding
the eVectiveness of cardiac rehabilitation, there
is strong evidence attesting to its benefits. Most
of the evidence pertains to patients who have
suVered an MI. Meta-analyses have suggested
a significant reduction in total and cardiac
mortality of at least 20%. These benefits are
likely to be greater for people with more severe
disease, and are only seen in trials using a com-
prehensive individualised approach to lifestyle
modification with education and psychological
input as well as exercise.

Systematic reviews9 10 have concluded that
there is suYcient evidence available to show
substantial benefits, including improvements in
exercise tolerance, symptoms, and blood lipid
concentrations, psychosocial wellbeing, and
reductions in stress and cigarette smoking.
Cardiac rehabilitation can promote recovery,
enable patients to achieve and maintain better
health, and reduce risk of death in people who
have heart disease. A combination of exercise,
psychological interventions, and education
appears to be the most eVective form of cardiac
rehabilitation. However, important questions
remain to be answered as to the optimal mix of
components.

Cost and cost-effectiveness
There is an urgent need to assemble infor-
mation on the cost and cost-eVectiveness of
cardiac rehabilitation. At present, little is
known about the economic aspects of these
services.

To date, there has been only one full cost-
eVectiveness study of cardiac rehabilitation, in
the USA.11 When extrapolated to the UK situ-
ation the results suggest a cost per quality
adjusted life year (QALY) of £6900, and a cost
per life year gained at three years of £15 700.12

Costs have not been calculated for more than

three years but it is likely that cardiac rehabili-
tation would be even more cost-eVective over
longer periods of time. In addition, two trials
(one in Sweden and one in the USA) examin-
ing the medium to long term implications of
cardiac rehabilitation have shown a significant
reduction in the costs of readmission to hospi-
tal and treatment coupled with savings accru-
ing from an earlier return to work.12

Clearly cardiac rehabilitation is not a homo-
geneous service and there is a range of factors
that influence the costs and cost-eVectiveness
of the process, including the scale of the
programme, location, components, intensity of
the process, the patient population, and
compliance.

Organisation of services
There is a paucity of research regarding the
optimal frequency, duration, and mode of
delivery of cardiac rehabilitation programmes.
Most programmes are organised on an out-
patient, hospital basis, usually of 6-12 weeks
duration and commencing six weeks after
discharge from hospital.

A six week, home based rehabilitation
programme, the Heart Manual, delivered by a
specially trained nurse has been found to be
eVective in reducing anxiety and depression,
visits to the general practitioner and hospital
readmissions up to six months after an MI.13

Other forms of home and community based
rehabilitation may be as eVective and as safe as
hospital based programmes, but more research
is needed.

Cardiac rehabilitation involves long term
maintenance of changed behaviour. This will
take place in the community and patients need
access to cardiac support groups and to appro-
priate cardiac review and follow up.

Access and uptake of services
Only a small proportion of patients with MI is
oVered or takes up cardiac rehabilitation.14

Although the overall number of programmes
and level have increased notably over the past
15 years, there is wide variation in practice and
in the organisation and management of serv-
ices, and many patients who might benefit do
not receive cardiac rehabilitation. Current
service provision fails to meet the standard set
in national guidelines.15 16 Most centres tend to
restrict access to young, male, white patients
who have suVered a (usually first, uncompli-
cated) MI. Indeed, the majority of cardiac
rehabilitation research has been conducted on
MI or coronary artery bypass surgery patients.
Little is known about the needs and experi-
ences of women, elderly people, and ethnic
minorities, who are rarely oVered rehabilitation
or, when they are, frequently fail to take up
services. In addition, very few patients with
heart failure or angina are oVered rehabilita-
tion, even though they are likely to have a large
potential for health gain. More research is
required to identify reasons for, and strategies
to improve, the current low levels of uptake in
these groups.

Early phase of rehabilitation

x Immediately after diagnosis of MI, or as
soon as is practical, patients should have
their beliefs and knowledge about the MI
and their lifestyle assessed and, where
necessary, receive counselling.

x Patients should be assessed for
psychological problems using validated
instruments, such as the Hospital Anxiety
and Depression Scale, and if necessary
have access to appropriate
counselling/treatment and to follow up
assessment.

x Counselling should be concrete, with
clearly defined and measurable goals, and
must take into account the patient’s own
beliefs about what has happened and what
should be done.

x Patients should be prepared for the
common physical and emotional sequelae
which often only become problematic after
discharge from hospital.
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Process of rehabilitation
National guidelines aim for cardiac rehabilita-
tion to be comprehensive, provide early help
for everyone likely to benefit, based on
individual assessment of need, and followed by
a later menu of options.15 It should be accom-
panied by audit and individual monitoring of
patient progress.

Ideally, the cardiac rehabilitation process
should start at, or even before, the time of hos-
pital admission, continue throughout hospital
stay, and hand over seamlessly to the commu-
nity.

The time course of cardiac rehabilitation can
be divided into four phases: in-hospital; early
postdischarge; later postdischarge; and long
term follow up. Spanning these phases are
three essential elements, which are inter-linked
and may be overlapping:
x the process of explanation and

understanding;
x specific rehabilitation interventions—

including where appropriate secondary
prevention, exercise training, and
psychological support—tailored to the
needs of the individual patient;

x the long term process of re-adaptation and
re-eduation.
A flexible approach to the later stages of

rehabilitation is essential, with the outcomes
(particularly physical activity, smoking cessa-
tion, dietary change) being more important
than rigid adherence to set procedures.

Involvement of family
Evidence is accumulating that the success of
rehabilitation may depend to a large extent
upon the involvement of the patient’s family,
particularly the partner. Arguments for includ-
ing the partner in the rehabilitation process are
both practical and therapeutic. The partner
can be incorporated in the programme with
little additional eVort or cost. It is likely that the
partner’s attitudes to the patient’s MI can aVect
recovery through, for example, being over con-
cerned and protective. Perhaps as important as
the potential health gains for patients are those
for partners. As one might expect, partners are
often distressed after an MI. Indeed, they often
report levels of anxiety and depression that are
at least as comparable to, and often higher
than, those of patients. Therefore, they may
well benefit from the support, information and
enhanced feeling of control that they are likely
to experience by being included in rehabilita-
tion.

The presence of the partner in rehabilitation
can improve confidence and morale in the
patient. It is frequently the partner that has the
major role in the patient’s readjustment during
convalescence, and his or her behaviour is an
important determinant of the rate and extent of
the patient’s recovery. Recent studies examin-
ing the impact on patients and partners of
in-hospital and extended rehabilitation have
resulted in less anxiety and depression and
more knowledge and satisfaction with care in
both patients and partners, with eVects endur-
ing up to one year.17

Partners are a valuable resource during the
rehabilitation process. They can support
patients during the adjustment phase and assist
and encourage them in making changes to their
lifestyle and promoting healthy behaviours.
The routine inclusion of partners in rehabilita-
tion programmes seems warranted.

It is worth acknowledging that the majority
of studies on rehabilitation have focused on
male patients and female partners and there
may be sex related factors that influence
partner involvement.

Methodological issues
Some of the methodological problems in trials
of rehabilitation have been reviewed.18 In
contrast to the “ideal” placebo controlled
evaluation of a single drug or procedure in a
homogeneous study group, cardiac rehabilita-
tion research is concerned with the eVects of
multiple interventions on several outcomes in,
by definition, a heterogeneous population. It is
important that research on robust and valid
ways of evaluating both the totality and
components of rehabilitation should continue.

Summary

All MI patients should be oVered access to car-
diac rehabilitation. This will involve the
systematic identification, assessment, treat-
ment, monitoring and evaluation of patients. In
order to facilitate this, organisations, facilities
and equipment for a comprehensive service
need to be developed. This will involve
inter-agency collaboration, including hospital,
community, voluntary and transport services.

As alluded to in an editorial in Heart,19 the
keys to improving cardiac rehabilitation are
individual assessment, careful formulation of
treatment, eVective delivery, and systematic
evaluation.
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Percutaneous transluminal coronary
angioplasty (PTCA) was introduced into
clinical practice more than 20 years ago.1

The breathtaking growth of percutaneous cor-
onary interventions (PCI) during the 1990s in
Europe (fig 8.1) reflects their widespread
acceptance for coronary revascularisation,
challenging coronary artery bypass grafting
(CABG). This review provides an overview of
current coronary interventional techniques
with emphasis on adjunctive pharmacologic
treatments and indications of PCI in patients
with chronic coronary artery disease.

Percutaneous coronary interventions

Balloon angioplasty
The balloon catheter is central not only to bal-
loon angioplasty, but serves also as a comple-
mentary instrument for other intracoronary
interventions such as delivery of stents or
radiation sources. There are three types of bal-
lon catheter (based on the relation between the
guidewire and balloon)— fixed wire, over the
wire, and Monorail balloon catheters—the lat-
ter being the most popular in Europe. There
are five possible mechanism by which balloon
angioplasty improves coronary haemodynam-
icsw1: (1) plaque compression; (2) plaque
fracture; (3) stretching of the plaque free wall
segment in eccentric lesions; (4) stretching of
the vessel wall without plaque compression;
and (5) medial dissection (fig 8.2). The most
important mechanisms for improved blood
flow appears to be the rupture and dehiscence

of the atherosclerotic plaque, resulting in
numerous fissures and sprouting of blood filled
channels. The individual procedural outcome
is a combination of diVerent degrees of the
above mechanisms, and the final luminal
geometry following balloon angioplasty is
determined by the ensuing remodelling of the
vessel wall.w2–4

Despite this crude mechanism of arterial
dilatation the initial success rate of balloon
angioplasty is > 90% in single lesions.w5-7 The
chief limitations to event free survival following
balloon angioplasty have been abrupt vessel
closure in the short term and restenosis in the
long term.2 w8 Abrupt vessel closure, defined as
the sudden occlusion of the target vessel during
or after angioplasty, has been reported in 4–8%
of cases.w9 w10 The pathophysiologic mecha-
nisms underlying abrupt vessel closure are dis-
section (80% of cases), thrombus formation
(20% of cases), and coronary artery spasm.w11

Abrupt vessel closure becomes apparent in
75% of cases while still in the catheterisation
laboratory, the remainder occurring within 24
hours of the procedure. Abrupt vessel closure
has been associated with death in 0–8% and
myocardial infarction (MI) in 11–54% of cases.
In the past > 20% of patients suVering abrupt
vessel closure were referred for emergency
CABG.w12 In the meantime coronary artery
stents have become the method of choice in
treating threatened or abrupt vessel closure,
with success rates in excess of 90%.

Restenosis, defined as > 50% diameter
stenosis at follow up angiography, has been the
most important long term limitation of balloon
angioplasty, with an incidence of 30–50% and
need for target vessel revascularisation in
20–30% of patients.w8 Most restenosis occurs
during the first four months following balloon
angioplasty, and patients who are free of
restenosis at six months are considered to be at
minimal further risk.

Today’s paradigm of PCI is an aggressive
approach to initial balloon angioplasty, so
called optimal balloon angioplasty, to optimise
luminal gain, with provisional stenting as a
safety net for suboptimal balloon results (fig
8.2 and 8.3).3 A stent like balloon angioplasty
result, arbitrarily defined in BENESTENT I as
a residual stenosis < 30%, resulted in a
minimal mean (SD) luminal diameter of 1.84
(0.52) mm (stent group 1.82 (0.64) mm), a
binary restenosis rate of 16% (stent group
22%) and a one year event free survival rate of
77% (stent group 77%).w13 Similarly, patients
in the DEBATE study undergoing balloon
angioplasty, whose results were assessed physi-
ologically by means of intracoronary Doppler
flow velocity measurement, were found to have
a favourable restenosis rate (16% v 41%,
p = 0.002) and target lesion revascularisation
rate (16% v 34%, p = 0.024), as well as
freedom from recurrent symptoms or ischae-
mia (23% v 47%, p = 0.005) at six months fol-
low up, if the coronary flow reserve was > 2.5
and the residual diameter stenosis < 35%.w14

A strategy of optimal balloon angioplasty
with “provisional” stenting in case of early
recoil was compared with coronary artery

8 Intervention in coronary artery
disease

Stephan Windecker, Bernhard Meier

Figure 8.1. Development of cardiac interventions during the 1990s in Europe.
Data are obtained from the coronary circulation working group of the European
Society of Cardiology and represent more than 30 European countries with a
population > 500 million people. Note the steady increase in the number of
PTCAs, coronary stent, and CABG procedures, in contrast to new devices.
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stenting in 116 patients in the OCBAS trial.w15

After randomisation to PTCA, 14% of patients
crossed over to stenting owing to early luminal
loss. Although acute gain was significantly
higher in patients implanted with coronary
artery stents, there was no diVerence in net
gain at six months between the two groups
(1.32 (0.3) mm v 1.24 (0.29) mm for PTCA,
p = ns). Furthermore, there was no diVerence
in the angiographic restenosis rate (19% v 16%
for PTCA, p = ns) and event free survival
(81% v 83% for PTCA, p = ns). The percent-
age of patients in whom an optimal result can
be achieved with balloon angioplasty alone is
not known from controlled studies, but prob-
ably is around 30–50%.

Coronary artery stents
Coronary artery stents have become an impor-
tant adjunct to conventional balloon angio-
plasty owing to their dual function of reducing
acute complications and the long term risk of
restenosis.4 w16–18 Various classification schemes
of coronary artery stents have been put
forward, including: type of delivery system (self
expanding, balloon expandable); type of basic
structure (mesh, slotted tube, coil, ring, and
multidesign); and composition (stainless steel,
tantalum, nitinol). More recently additional

stent designs, including bifurcation and side
branch stents, covered, coated, and radioactive
stents, have been introduced. According to
their design, coating, and composition stents
diVer with respect to radial force, flexibility,
profile, trackability, radio-opacity, biocompat-
ibility, thrombogenicity, and risk of in-stent
restenosis. However, the basic principle under-
lying the therapeutic value of stents are
independent of their design: increasing the
arterial lumen by scoVolding the vessel wall;
tagging of the intimal flaps between the stent
surface and the vessel wall; and sealing of
dissections.

Coronary artery stenting has been shown to
be successful in > 95% of patients undergoing
elective stent implantation in native vessels
(single vessel and multivessel stenting) and
saphenous vein grafts, and in > 90% of patients
undergoing bailout stenting or stenting in the
setting of acute MI.3 Stenting has proved useful
for two applications: (1) as a bailout device,
reducing acute ischaemic complications of
PTCA; and (2) as an anti-restenosis device
reducing the need for reinterventions in the
long term. Threatened or abrupt vessel closure
is the best indication for coronary artery stent-
ing, with a dramatic reduction in the immedi-
ate need for emergency CABG currently to
< 1%, and an improved angiographic outcome
with less residual stenosis and increased resto-
ration of TIMI III flow. The impact on death
and MI during bailout stenting is less well
established.

Elective coronary artery stenting has been
compared with balloon angioplasty in several
randomised trials, and proved eYcacious in:
(1) prevention of restenosis in native coronary
arteries with a diameter > 3.0 mm (BENEST-
ENT I and II, STRESS I and II),5 6 w19

especially in the case of isolated stenosis of the
left anterior descending coronary arteryw20; (2)
treatment of restenosis after initial balloon
angioplastyw21; (3) de novo lesions in saphenous
vein graftsw22; (4) acute MIw23; and (5) chronic
total occlusion.w24–26 In the BENESTENT I

Figure 8.2. Schematic diagram of the primary mechanisms of balloon angioplasty
and coronary artery stenting.

Figure 8.3. Flow diagram illustrating the concept of
provisional stenting with random patient numbers.
The use of coronary artery stents on a provisional
basis is associated with an excellent long term
outcome and a low restenosis rate at minimised cost.
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and STRESS I and II trials patients with
discrete de novo lesions in vessels > 3.0 mm
diameter were randomised to undergo balloon
angioplasty or stent implantation using the
Palmaz-Schatz stent. Both studies showed that
stents resulted in: (1) higher clinical success
rate (STRESS 99% v 96% for PTCA,
p = 0.04); (2) reduced angiographic restenosis
rate at six months (STRESS 30% v 46% for
PTCA, p < 0.01; BENESTENT 22% v 32%
for PTCA, p = 0.02); (3) reduced target lesion
revascularisation rate (STRESS 10% v 15% for
PTCA, p = 0.06; BENESTENT 14% v 23%
for PTCA, p < 0.01); and (4) reduced clinical
event rate at one year (BENESTENT 23% v
32% for PTCA, p = 0.04; STRESS 18% v
27% for PTCA, p < 0.01).5 6

Since its introduction stent implantation
posed a risk for subacute stent thrombosis with
its associated sequelae of MI and death. Two
recent modifications have substantially re-
duced the incidence of subacute stent throm-
bosis: optimised stent deployment and full
stent expansion with circumferential apposi-
tion to the vessel wall using routine high pres-
sure (> 10–14 atm) stent inflation;w27 and dual
antiplatelet treatment with aspirin and ticlopi-
dine or clopidogrel.w28 Intravascular ultrasound
assessment of coronary stent placement has
not been conclusively shown to improve
outcome and is largely omitted in clinical prac-
tice. Adoption of these principles led to current
subacute stent thrombosis rates of < 2% under
elective conditions (table 8.1), and a decrease
in bleeding and vascular access site complica-
tions and length of hospitalisation to the same
level as with conventional PTCA.

Although coronary artery stents serve as
antirestenosis devices and reduce target vessel
revascularisation requirements compared with
balloon angioplasty, they can themselves
become a source of in-stent restenosis in
20–30% of cases. While stents counteract
pathologic arterial shrinkage of the vessel wall,

they may fail to prevent neointimal prolifera-
tion, which culminates in in-stent restenosis.
Recently, Bauters and colleagues, studying 103
consecutive patients, reported a 98% proce-
dural success rate with repeat PCI (versus 85%
for PTCA) for treatment of in-stent restenosis,
and 22% angiographic restenosis and 17% tar-
get lesion revascularisation rate at six months’
follow up.w29 However, diVuse in-stent resteno-
sis was associated with significantly higher
restenosis rates compared with focal in-stent
restenosis (42% for diVuse versus 14% for
focal, p < 0.006).

In contrast to PTCA or other devices such as
atherectomy or laser angioplasty, coronary
artery stenting requires deployment of a
permanent prosthesis and therefore requires
long term evaluation with respect to potential
metal fatigue, stent migration, and inflamma-
tory responses.w30 Serial clinical and angio-
graphic follow up over a three year period in
143 patients implanted with a Palmaz-Schatz
stent revealed a favourable outcome with
respect to death (9% at three years), MI (6% at

Table 8.1 Coronary artery stents as antirestenosis devices—evidence from randomised trials and improved clinical
outcome with changes in antithrombotic adjunctive treatment

STRESS BENESTENT I BENESTENT II EPISTENT

Stent
(n=205)

PTCA
(n=202)

Stent
(n=259)

PTCA
(n=257)

Stent +
heparin
coating
(n=413)

PTCA
(n=410)

Stent +
abciximab
(n=794)

Stent +
placebo
(n=809)

End points % of patients
Early events (< 30 days)
Success 99.5 96.5* – – 96 95 – –
Stent thrombosis 3.5 2.7 3.4 1.5 0.2 1.7 0 0.7
Death 0 1.5 0 0 0 0.2 0.3 0.6
MI 5.4 5.0 3.5 3.1 2.7 3.2 4.4 9.4
CABG 2.4 4.0 3.1 1.5 0.7 0.5 0.8 1.2
Vascular access site

complications 7.3 4.0 13.5 3.1* 1.2 1.0 1.5† 2.2†
Hospital stay 5.8 2.8* 8.5 3.1* 2.8 2.3 – –
Events up to 6 months
Death 1.5 1.5 0.4 0.8 0.2 0.5 0.5 1.2
MI 6.3 6.9 4.3 4.7 3.2 3.6 5.2 10.3*
CABG 4.9 8.4 6.2 4.3 1.5 1.5 4.6 4.3
PCI 11.2 12.4 13.5 23.3* 8 13.7 7.5 9.3
Restenosis 31.6 42.1* 22 32* 16 31* – –
TVR 10.2 15.4 13.5 23* 9.2 13.8 8.7 10.6
Events up to 1 year
Death – – 1.2 0.8 1.0 1.0 2.4 1.0*
MI – – 5.4 5.1 3.4 4.4 – –
CABG – – 8.1 5.8 1.9 1.5 – –
PCI – – 17.8 26.8* 9.4 15.6* – –

*p < 0.05; †defined as major bleeding (minor bleeding episodes were 2.9% for stent + abciximab and 1.7 for stent + placebo).

Figure 8.4. Serial changes in mean (SD) minimal
luminal diameter of 72 lesions (blue circles) for which
sequential studies over a three year period were
completed, compared with a reference diameter (red
circles). Note the significant improvement in mean
minimal luminal diameter during the period from one
year to three years after implantation of the stent;
p < 0.001 for the comparison between the points
linked by brackets. Reproduced from Kimura T et al15

with permission of the Massachusetts Medical
Society.
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three years), and target lesion revascularisation
(17% at three years).7 Beside the expected ini-
tial loss of gain at six months of follow up owing
to intimal proliferation, a late improvement in
luminal diameter of the stented coronary artery
segments at three years was observed, suggest-
ing that restenosis was in fact prevented and
not simply delayed after coronary stenting and
indicating long term stabilisation of the lesion
(fig 8.4).

Directional atherectomy
The principle of directional atherectomy
(DCA) is removal of the atherosclerotic plaque
by a rotating blade.2 The DCA catheter
consists of a soft tapered nose cone which
serves as a waste basket for ablated tissue, a
cylindrical metal housing which contains a
coaxial rotating cup shaped blade, and a long
flexible shaft for delivery. The metal housing
has a window measuring between 9–16 mm on
one side and a non-compliant balloon on the
opposite side. Once the open window is
positioned within the stenosis, the eccentrically
positioned balloon is inflated at 2–3 atm for
protrusion of the plaque into the cutting
chamber. The cutter is connected via a drive
cable to a motor outside the patient and rotates
at approximately 2000 rpm. By advancing the
cutter the plaque material is shaved oV and
deposited within the nose cone. The balloon is
then deflated and the window of the metal
housing reoriented by slight rotation; the
cutting process is repeated several times to
achieve circumferential tissue ablation. Many
patients require adjunctive balloon angioplasty
for a satisfactory angiographic result.

Complications associated with DCA are side
branch occlusion (1–8%), perforation (1%),
coronary vasospasm (2%), abrupt vessel clo-
sure (1–8%), and distal embolisation (0–13%).
DCA has been compared with PTCA in four
multicentre randomised trials in native vessels
(CCAT, CAVEAT-I, BOAT)w31–33 as well as
saphenous vein grafts (CAVEAT II),w34 and
resulted in better immediate luminal gain and
higher procedural success at similar major
complication rates. However, the immediate
angiographic success failed to translate into
improved clinical outcome. While the BOAT
trial was the only study to demonstrate a
significant reduction in angiographic restenosis
rate,w33 the need for target lesion revascularisa-
tion and event free survival at six months and
one year were similar between DCA and
PTCA in all studies. Disconcertingly, patients
in the CAVEAT trial treated by DCA were
found to have higher rates of release of
creatinine kinase CK-MB after the procedure
(19% v 8% for PTCA), a higher one year mor-
tality rate (2.2% v 0.6% for PTCA, p < 0.05),
and a higher incidence of MI (7.6% v 4.4% for
PTCA; p < 0.01).w32 Developed initially to
reduce restenosis and to treat high grade
lesions in the proximal coronary artery tree,
DCA has been superceded by the more
eVective and easier to use coronary artery
stent. Owing to DCA’s unique feature of actu-
ally removing plaque material, its only indica-
tion may be the complex bifurcation lesion

with plaque shifting not suited for stent
implantation.

Rotational atherectomy
Rotational atherectomy is based on the concept
of debulking an atherosclerotic plaque by drill-
ing.2 The rotablator catheter consists of an
elliptical burr coated with 20–50 µm diamond
microparticles welded to a metal drive shaft
which tracks along a central coaxial 0.009 inch
guidewire. The drive shaft is connected to an
air turbine which generates between 160 000
and 200 000 rpm. The operator controls the
speed of rotation and advancement through the
atherosclerotic plaque. Multiple passes of the
rotablator are typically done with an initial
burr-to-artery ratio of 0.5–0.6:1.0 followed by
a second larger burr with a 0.75–0.8:1.0 burr-
to-artery ratio. Since typically the burr size is
only 80% of the vessel reference diameter the
residual stenosis is usually treated with adjunc-
tive PTCA. Rotational atherectomy by means
of its high speed spinning burr features
diVerential cutting. While the healthy, elastic
arterial wall deflects beneath the spinning burr,
hard, calcified and non-elastic atherosclerotic
plaque should be selectively ablated. The size
of the microparticles generated during rota-
tional atherectomy is usually < 5 µm and the
amount of microparticles is too small to result
in impairment of blood flow.w35 Complications
intrinsic to the rotablator are a potential for
heat injury, “slow or no reflow” owing to
embolisation of large microparticles or micro-
cavitation bubbles (1.8–6.1%),w36 w37 large
dissections (10–13%),w38 and perforation
(0–1.5%).

Acute procedural success has been high
(90–99%) even in high risk lesions. Rotablation
proved superior to PTCA (procedural success
89% v 80% for PTCA, p < 0.05; MACE 3.2%
v 3.1%, p = ns) in the ERBAC trial,8 a
randomised comparison of rotablation and
PTCA in complex lesions (American Heart
Association/American College of Cardiology
type B and C). However, rotablation failed to
improve six month angiographic restenosis
rates (57% v 47% for PTCA, p = 0.14), and
both target lesion revascularisation (42% v
32% for PTCA, p = 0.013) and ischaemic

Table 8.2 Results of the ERBAC trial, a randomised
comparison between balloon angioplasty, rotational
atherectomy, and excimer laser angioplasty

PTCA ELCA PTRA

Early complications (%) n=222 n=232 n=231
Death 0.9 0.9 0.9
CABG 0.5 2.2 0.9
MI 3.5 3.9 3.5
Q wave MI 1.8 1.3 1.3
Non-Q wave MI 1.7 2.6 2.2
Bailout stenting 3.6 3.0 1.7
Non-surgical reintervention 3.6 3.0 1.7

Results at one year follow up (%) n=191 n=211 n=205
Death 3.7 1.9 2.4
Q wave MI 2.6 2.4 2.4
CABG 6.3 7.1 7.3
Non-surgical reintervention 27.2 40.3* 36.6*
Target vessel revascularisation 31.9 46.0* 42.4*
Any event 36.6 47.9* 45.9*

ELCA, excimer laser coronary angioplasty; PTRA, percuta-
neous transluminal rotational atherectomy *p < 0.05
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complications (46% v 37% for PTCA,
p = 0.04) were more frequent in patients
undergoing rotablation (table 8.2). Rotational
atherectomy may still be of value in the
treatment of heavily calcified, non-dilatable
lesions. However, in long, calcified lesions the
advantage of rotational atherectomy levels oV

and comes at a price of increased complica-
tions.

Contraindications for the use of rotational
atherectomy are thrombus containing lesions,
degenerated saphenous vein grafts, and lesions
> 25 mm.

Laser angioplasty
Excimer laser coronary angioplasty (ELCA) is
the most thoroughly investigated laser technol-
ogy applied to coronary interventions. It uses a
high intensity, short duration (100–200 ns)
pulsed wave ultraviolet light (308 nm) gener-
ated in a xenon chloride medium with a
penetration depth of 100 µm.w39 The ultraviolet
light is transmitted via a fibreoptic bundle
arranged around the central lumen of a
polyethylene catheter which is available as an
over the wire or Monorail system. The laser
catheter is advanced over the coronary
guidewire to the lesion, and laser energy is
applied as the catheter is advanced through the
plaque. Excimer laser energy ablates tissue by a
combination of three mechanismsw40: (1) pho-
tomechanical energy resulting in acoustic
shockwaves as the principal modus of luminal
gain w41–43; (2) photothermal energy which
vapourises tissuew44 w45; and (3) photochemical
energy which is able to break directly the
intramolecular bonds.w46 To achieve an optimal
final result adjunctive balloon angioplasty is
required in almost all cases (> 95%).

ELCA has been compared with PTCA in the
ERBAC trial.8 There was no diVerence be-
tween PTCA and laser angioplasty with respect
to procedural success (77% v 80% for PTCA,
p = ns) and major in-hospital complications
(4.3% v 3.1% for PTCA, p = ns). However, at
six months’ follow up the angiographic rest-
enosis rate (59% v 47% for PTCA, p = 0.04),
target lesion revascularisation rate (46% v 32%
for PTCA, p = 0.01), and late ischaemic events
(48% v 37% for PTCA, p = 0.02) were signifi-
cantly more frequent in patients treated with
laser angioplasty (table 2).

Complications associated with excimer laser
angioplasty are perforations (1–3%) and a high
incidence of dissections (13–21%) caused by
the formation of intravascular vapour bubbles.
The only indication where laser angioplasty
may prove of some value is for revascularisation
of chronic total occlusions with a laser
guidewire. In the randomised TOTAL trial the
excimer laser wire increased the initial success
rate from around 50% to 60%.w47 However, this
eVect was largely confined to crossover cases,
and conventional guidewires but not specific
recanalisation systems or newer generation
hydrophilic wires were assessed.

Adjunctive pharmacologic treatment

The therapeutic eVect of arterial vessel en-
largement through PCI is accompanied by
various degrees of arterial injury with exposure
of thrombogenic components. Depending on
the degree of activation of the coagulation cas-
cade, as well as platelet adhesion and aggrega-
tion, this may result in intracoronary thrombus
formation and subsequent ischaemic sequelae.
Therefore, inhibition of platelets and the
coagulation system has always been central to
interventional investigations.

Anticoagulants during PCI
Heparin
Unfractionated heparin is a glycosaminoglycan
mixture composed of variable length polysac-
charides with molecular weights ranging from
3000 to 50 000 daltons.w48 Heparin exerts its
anticoagulant eVect by formation of the
heparin-antithrombin III complex, which in-
hibits thrombin and activated factors IX, X,
XI, and XII. Although there is general
agreement that patients undergoing PCI
should receive heparin before the intervention,
controversy surrounds the issue of optimal
heparin dosage and the need for prolonged
heparin infusion following PCI. Narins and
colleagues observed an inverse relation be-
tween the level of anticoagulation (measured
by activated clotting time (ACT)) and the
occurrence of acute ischaemic complica-
tions,w49 and the recommended adequate
threshold for anticoagulation is arbitrarily set at
an ACT of > 300 seconds. This contrasts with
several randomised and open prospective stud-
ies which established data on the safety and
eYcacy of routine low dose heparin (5000 IE)
in patients undergoing PCI independent of the
level of ACT,w50–52 and failed to demonstrate an
additional benefit of continuous heparin infu-
sion after PCI in low risk patients.w51 w53

Without increasing the risk for ischaemic com-
plications, the approach of routine low dose
heparin during PCI oVers the advantages of a
lower incidence of bleeding complications,
faster sheath removal, and shorter hospitalisa-
tion. In addition it does not preclude the
administration of unplanned, adjunctive glyco-
protein IIb/IIIa receptor inhibitors, which
would be preferable in case of ischaemic
complications.

Low molecular weight heparins, obtained by
chemical or enzymatic depolymerisation of the
polysaccharide chains of unfractionated
heparin, have a better bioavailability, result in
more reproducible anticoagulation without
need of monitoring, and induce less platelet
activation compared with unfractionated
heparins.w54 The REDUCE trial, a restenosis
study, randomly compared intravenous admin-
istration of the low molecular weight heparin
reviparin with unfractionated heparin during
PCI and revealed a significant reduction in
early major ischaemic events (first three days)
in favour of reviparin (reviparin 4% v heparin
8%, p = 0.03), but no long term clinical or
angiographic benefit at six months of follow
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up.w55 The role of low molecular weight
heparins in the prevention of bleeding and
ischaemic complications during PTCA and
coronary stenting is currently under investiga-
tion, and these agents may replace unfraction-
ated heparin as they have for other indications.

Direct thrombin inhibitors
In contrast to heparin direct thrombin inhibi-
tors such as hirudin, hirulog, argatroban, and
others do not require antithrombin III as a
cofactor, and inhibit both circulating and clot
bound thrombin. Three randomised trials with
over 6700 patients compared the eYcacy of
unfractionated heparin with hirudin (HEL-
VETICA, GUSTO IIb)w56 w57 and hirulog
(Hirulog angioplasty study)w58 during PCI.
Patients receiving direct thrombin inhibitors
had a lower incidence of bleeding complica-
tions; however, the therapeutic benefit was
modest at best with a reduction in ischaemic
complications limited to subgroups and acute
events only. In light of these results and the
availability of more potent glycoprotein IIb/IIIa
receptor antagonists, the role of direct
thrombin inhibitors will probably be reserved
for patients with adverse reactions to heparin,
for example, heparin induced thrombocyto-
penia.

Vitamin K antagonists
Coumarin derivatives were administered in
conjunction with full dose heparin, aspirin, and
dipyridamole as thromboprophylaxis early in
the coronary stent era. However, subsequent
clinical trials established the superiority of a
dual antiplatelet treatment over oral anticoagu-
lants in preventing both cardiac events and
bleeding complications after coronary artery
stenting.9 w28 w59 w60 This clinical benefit, coupled
with the salutary eVects of shorter hospitalisa-
tion time, reduced cost, and simplification of
the pharmacological regimen, no longer sup-
port the use of oral anticoagulants after stent
implantation.

Antiplatelet agents during PCI
Aspirin
The beneficial eVect of aspirin during PCI has
been shown in the Montreal heart study, in
which treatment with aspirin and dipyridamole
was superior to placebo in the prevention of
periprocedural Q wave MI (aspirin and dipyri-
damole 2% v placebo 7%, p = 0.01).w61 Dipyri-
damole has not been found to provide an addi-
tional benefit over aspirin alone in subsequent
studies.w62 Low dose aspirin (75–325 mg per
day) is recommended in patients undergoing
PCI, ideally administered at least one day
before the procedure and continued indefi-
nitely thereafter.

Thienopyridines
Ticlopidine and clopidogrel are thienopyridine
derivatives which inhibit platelet function
independent of aspirin by interference with the
platelet ADP receptor.w63 The interest in dual
antiplatelet treatment with aspirin and ticlopi-
dine in patients undergoing coronary stent
implantation stemmed from the pathophysi-
ological understanding that stent thrombosis
was predominantly mediated by platelets
rather than abnormalities of coagulation acti-
vation.w64 Furthermore, intensive anticoagula-
tion after stent placement was complicated by
excessive vascular access site problems, pro-
longed hospitalisation, and increased cost, seri-
ously limiting the benefits of coronary artery
stents. Several randomised clinical trials as-
sessed the eYcacy of dual antiplatelet treat-
ment with aspirin and ticlopidine compared
with aspirin alone and aspirin-anticoagulant
treatment after coronary stent implantation in
low (STARS),9 intermediate (ISAR, FANTAS-
TIC),w60 w65 and high risk (MATTIS)w59 patient
populations (fig 8.5). These trials showed that:
(1) dual antiplatelet treatment with aspirin and
ticlopidine is superior to both aspirin mono-
therapy and a combination of aspirin and oral
anticoagulation in the prevention of stent
thrombosis; (2) rates of bleeding and vascular
complications are less frequent; and (3) hospi-
talisation duration is shorter with antiplatetet
compared with anticoagulant treatment.

Moussa and colleaguesw66 recently compared
the safety and eYcacy of ticlopidine with clopi-
dogrel in a longitudinal uncontrolled study,
and found no diVerence in rates of stent
thrombosis or major adverse cardiac events at
one month follow up. In the CLASSICS trial

Figure 8.5. Summary of results of four randomised coronary artery stent
thromboprophylaxis trials. Dual antiplatelet treatment with aspirin and ticlopidine
was superior to oral anticoagulation and aspirin treatment in the prevention of
major adverse cardiac events in all trials. In the STARS trial dual antiplatelet
treatment was superior to aspirin alone.

Figure 8.6. Odds ratio and confidence interval (CI) concerning death, MI, or
additional coronary revascularisation at 30 days with glycoprotein IIb/IIIa receptor
antagonists compared with placebo. Reproduced with permission from Meier B.
Balloon angioplasty. In: Topol EJ, ed. Comprehensive cardiovascular medicine.
Philadelphia: Lippincott-Raven, 1998:2251–84.
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clopidogrel with and without a loading dose
was compared with ticlopidine in patients
undergoing coronary stenting. The findings of
the study at 28 days of follow up were: (1) a
superior safety profile of clopidogrel with a sig-
nificantly reduced combined end point of
major bleeding complications, neutropenia,
and thrombocytopenia (ticlopidine 9% v clopi-
dogrel 5%, p = 0.005); (2) a well tolerated
loading dose of clopidogrel without increased
bleeding complications; and (3) a comparable
eYcacy with respect to major adverse cardiac
events. Therefore, it is anticipated that clopi-
dogrel will replace ticlopidine as the thieno-
pyridine of choice.

Glycoprotein IIb/IIIa inhibitors
While platelets may be activated by numerous
agonists, platelet aggregation, the prerequisite
for thrombus formation, has one final common
pathway mediated by the platelet glycoprotein
IIb/IIIa receptor, a member of the integrin fam-
ily. Therefore, inhibition of the glycoprotein IIb/
IIIa receptor appealed as the therapeutic target
in the prevention of largely platelet mediated
ischaemic complications during PCI. Several
randomised trials have assessed the role of
glycoprotein IIb/IIIa receptor antagonists dur-
ing coronary interventions, including the mono-
clonal antibody abciximab (EPIC, EPILOG,
EPISTENT, CAPTURE, RAPPORT),10 w67–70

the peptide molecule eptifibatide (IMPACT
II),w71 and the non-peptide molecule tirofiban
(RESTORE)w72 in over 15 000 patients with
clinical presentations ranging from stable coron-
ary artery disease to unstable angina pectoris
and acute MI. All trials consistently demon-
strated benefits in the reduction of early death,
non-fatal MI, and urgent revascularisation (fig
8.6).11 While this eVect was maintained in
patients receiving abciximab during long term
follow up, the benefits have not been durable
with tirofiban and eptifibatide. Specifically,
abciximab is the only glycoprotein IIb/IIIa
receptor antagonist reported to reduce mortality
significantly in a subgroup of patients in the
EPIC trial admitted with an acute coronary syn-
drome (three year mortality reduction 60%,
p = 0.01),w73 and more recently in the EPIST-
ENT trial (one year mortality reduction of 50%,
p = 0.04).12 In summary glycoprotein IIb/IIIa
receptor antagonists administered during PCI
appear to: (1) reduce the incidence of death or
non-fatal MI complicating PCI (in case of

abciximab); (2) reduce the need for bailout
stenting during PCI; (3) provide benefit in all
patient subgroups, and (4) do not result in
excessive bleeding complications if weight ad-
justed lower doses of heparin are adhered to.

Indications for PCI in chronic coronary
artery disease

The indications for PCI have expanded during
the past two decades, and no absolute contrain-
dications remain (table 8.3). Single vessel cor-
onary artery disease (CAD) remains the
principal indication for PCI, with over 80%w74

of procedures performed in Europe and over
90% in the USA. This exponential growth of
PCI has been largely at the expense of medical
treatment rather than surgical revascularisa-
tion. Beside clinical and angiographic factors,
operator volume has been recognised as a
major determinant of outcome in several recent
studies.w75–78 There is no upper patient age limit
to the applicability of PCI; however, the
threshold is shifted in favour of PCI compared
with CABG in the very elderly owing to the
higher perioperative morbidity and mortality in
this patient population. Initial concerns of a sex
diVerence in the outcome of PCI with women,

Table 8.3 Indications and contraindications for PCI

Clinical indications Angiographic indications

Angina pectoris 1–4 lesions amenable to PCI
–de novo angina pectoris –not immediately life threatening
–stable angina pectoris –vessel diameter >2.5 mm
–unstable angina pectoris
–recurrent angina pectoris
–after PCI (restenosis)
–after CABG (graft attrition)

–lesion(s) subtending function, viable,
or collateral dependent myocardium

Angiographic contraindications (relative)
Left main stenosis (exceptions: protected

Angina equivalent
–arrhythmias, sudden death survivors
–dyspnoea
–dizziness

by graft or collaterals, ideal lesion,
inoperable patient\)

Left main equivalent stenoses
(exceptions: staged procedure, ideal
lesions, inoperable patient)

Lesion characteristics
Chronic total occusion

–no collaterals to distal artery
–long and old
–no stump
–extensive bridging collaterals

Thrombotic stenosis with
non-significant underlying lesions

DiVusely diseased, small calibre native
coronary artery

DiVusely diseased old venous vein graft

Myocardial infarction
–acute myocardial infarction (primary PCI)
–postinfarct angina pectoris
–rescue PTCA (failed thrombolysis, cardiogenic

shock)

Objective signs of reversible ischaemia
–resting ECG
–exercise induced ischaemia

Clinical contraindications
–rapidly terminal cardiac or other systemic

disease

Table 8.4 Randomised comparison of medical treatment with PCI in patients with stable CAD

ACME (6 months follow up) RITA-2 (32 months follow up) AVERT (18 months follow up)

Medical treatment
(antianginals)
(n=107)

PCI
(PTCA)
(n=105)

Medical treatment
(antianginals)
(n=514)

PCI
(PTCA)
(n=504)

Medical treatment
(atorvastatin)
(n=164)

PCI (PTCA,
stent)
(n=177)

End points % of patients
Death 0.9 0 1.4 2.2 0.6 0.6
MI 2.8 4.8 1.9 4.1 2.4 2.8
Death or MI 3.7 4.8 3.3 6.3† 3.0 3.4
Angina

Free 53.9 36.5** – – – –
Improved – – – –‡ 41 54*

CABG 0 7** 5.8 7.9 1.2 5.1
PTCA 9 16 17.1 11.1 11.0 11.9
Repeat hospitalisation – – – – 6.7 14.1

*p < 0.05; †p < 0.02; **p < 0.01; ‡17% excess of grade 2+ angina in the medical group 3 months after randomisation.
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felt to be at higher risk for acute ischaemic
complications, did not find confirmation in
more recent registries and clinical trials. While
acute thrombotic coronary occlusion, even of
the left main stem, represents no major hurdle
for performing PCI, chronic total occlusion is
the single most important reason not to
attempt PCI. The following comparison of PCI
with alternative treatments is limited to pa-
tients with chronic coronary artery disease.

PCI versus medical treatment
PCI has been compared with medical treat-
ment in patients with CAD in several ran-
domised clinical trials (table 8.4). In the
ACME trial13 involving patients with sympto-
matic single vessel CAD, the group allocated to
PTCA had earlier and more complete relief of
angina and better exercise performance during
follow up. However, patients undergoing
PTCA had an increased risk of undergoing
emergency CABG because of procedural com-
plications, although there were no diVerences
with respect to death and infarction. Similar
findings were reported in the RITA-2 trial14

comparing PTCA with medical treatment in
symptomatic patients with single and double

vessel disease. Patients undergoing PTCA fea-
tured greater relief of angina and better
exercise performance at an increased risk of
death and MI (6% PTCA group v 3%
medically treated group, p = 0.02), largely
because of enzyme elevations at the time of the
procedure.

In the recently reported AVERT trial a strat-
egy of aggressive lipid lowering treatment with
atorvastatin was compared with PCI in mini-
mally symptomatic (Canadian Cardiovascular
Society class I–II), mostly single vessel CAD
patients.w79 There was a non-significant trend
towards a reduction in the composite end point
of death, MI, revascularisation, and worsening
angina in patients allocated to atorvastatin
(13% atorvastatin group v 21% PCI group,
p = ns), but the diVerences in favour of atorv-
astatin treatment were exclusively limited to a
decreased revascularisation and rehospitalisa-
tion rate. As in previous trials patients under-
going PCI in AVERT had significantly im-
proved symptoms compared with medically
treated patients, and one wonders why the
interventionally treated patients had adequate
cholesterol control withheld despite estab-
lished evidence of their beneficial eVect in sec-
ondary prevention. All the above studies com-
paring PCI with medical treatment do not
reflect current practice of interventional cardi-
ology with widespread utilisation of coronary
stents and glycoprotein IIb/IIIa inhibitors,
which contributed significantly to a decrease in
major adverse cardiac events and target vessel
revascularisation. In summary, PTCA eVec-
tively relieves symptoms and improves exercise
performance at the cost of a small incidence of
MI and a need for reinterventions because of
restenosis in patients with single vessel CAD.

PCI versus bypass surgery
PTCA has been compared with left internal
mammary artery (LIMA) grafting in 134
patients with isolated proximal left anterior
descending artery (LAD) stenosis in the
randomised Lausanne study (table 8.5).w80 At
five years of follow up there were no diVerences
between patients allocated to PTCA and
LIMA grafting with respect to death, Q wave
MI, functional status, and antianginal drug
treatment. However, patients allocated to
PTCA had more frequent non-Q wave infarc-
tion related to abrupt closure or unstable
angina related to restenosis, and required addi-

Table 8.5 Randomised comparison of CABG with PCI

Lausanne (proximal LAD,
follow up 5 years)

SIMA (proximal LAD,
follow up 2.4 years)

BARI (multivessel CAD
follow up 5 years)

ARTS (multivessel CAD
follow up 1 year)

CABG
(n=66)

PTCA
(n=68)

CABG
(n=54)

Stent
(n=67)

CABG
(n=914)

PTCA
(n=915)

CABG
(n=605)

Stent
(n=600)

End points % of patients
Death 3 9 – – 10.7 13.7 2.8 2.5
Q wave MI 6 3 – – – – 4.0 5.3
Death or MI 9 12 7 7 19.6 22.3 6.8 7.8
CABG 0 5 – – 1 31 0.5 4.7
PCI 9 33 – – 7 23 3 12.2
CABG or PTCA 9 38* 0 21.0* 8.0 54.0* 3.5* 17.0*

*p < 0.05.
There are no diVerences in death or myocardial infarction between patients undergoing PCI compared with CABG. Patients undergoing PCI have to undergo signifi-
cantly more often a second revascularisation procedure than their surgical counterparts. Note the decrease in repeat revascularisation between patients undergoing
only PTCA (Lausanne study, BARI) compared with coronary artery stenting (SIMA, ARTS) by approximately one half.

Figure 8.7. (A) Risk ratio and 95% confidence intervals for death or MI after
CABG or PTCA for multivessel CAD at one, three, and five years in six
randomised trials. (B) Risk ratio and 95% confidence intervals for reintervention
after an initial strategy of CABG or PTCA for multivessel CAD at one year of
follow up in six randomised trials. Reproduced with permission from Meier B.
Balloon angioplasty. In: Topol EJ, ed. Comprehensive cardiovascular medicine.
Philadelphia: Lippincott-Raven, 1998:2251–84.
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tional revascularisation procedures more often
compared with surgically revascularised pa-
tients. The same investigators initiated a
randomised trial in 123 patients with isolated
proximal LAD stenosis comparing coronary
stenting with LIMA grafting. There were no
diVerences in the incidence of in-hospital death
and MI, with low rates in both groups. During
follow up the combined end point of death and
MI was equal; however, 21% of stented
patients required additional revascularisation
compared with no patients in the surgical
group.

Several randomised trials compared PTCA
with CABG in patients with multivessel
CAD.15 16 w81–85 The results of these trials have
been remarkably consistent (fig 8.7) and
revealed that an initial strategy of PTCA and
CABG in selected patients with multivessel
CAD results in: (1) similar survival and
freedom from MI 1–7 years after the proce-
dure; (2) a better relief of angina in CABG
patients at least during the first year after the
intervention; (3) an increased need for further
coronary interventions in patients allocated to
PTCA mostly during the first year after the
intervention; and (4) similar long term costs
during a follow up period of 5–8 years. An
important issue raised in the BARI trial56 was
that the subgroup of treated diabetic patients
had significantly better survival rates with
CABG (66% PTCA v 81% CABG,
p = 0.003).

The advent of coronary stents has signifi-
cantly reduced the need for target lesion revas-
cularisation and therefore trials have been
initiated comparing stent supported PTCA
with CABG in patients with multivessel CAD
(ARTS, SOS, ERACI-II). The one year follow
up results of ARTS have recently been reported
(P Serruys, European Society of Cardiology,
Barcelona, 1999) and revealed: (1) a similar
incidence of death, MI and stroke; (2) an
increased need for additional revascularisation
procedures in patients initially treated by
coronary stenting, and (3) a cost saving of 4278
Euros during the initial hospitalisation and of
2965 Euros at one year follow up in favour of
coronary stenting. The most important finding
of ARTS is the reduction by more than half in
the need for additional revascularisation proce-
dures in patients undergoing coronary stenting
(17%) as compared with the previous PTCA/
CABG trials featuring revascularisation rates
of 30–40% at one year follow up, confirming
the hypothesis that stents improve long term
outcome (table 8.5). An even further improve-
ment of PCI can be predicted by the addition
of glycoprotein IIb/IIIa inhibitors to coronary
stenting as indicated by the complementary
benefit of abciximab and coronary stenting in
the EPISTENT trial12 (table 8.1). Compared
with coronary stenting alone, the addition of
abciximab resulted in improved survival at one
year follow up (2.4% stent alone v 1.0% stent
plus abciximab, p = 0.04) and an 18% reduc-
tion in target vessel revascularisation (10.6%
stent alone v 8.7% stent plus abciximab,
p = 0.2), which became significant in diabetic

patients (16.6% stent alone v 8.1% stent plus
abciximab, p = 0.02).

In summary, since there are no major diVer-
ences in prognosis between the two treatment
modalities, in non-diabetic patients with multi-
vessel disease and maintained left ventricular
function amenable to both PCI and CABG, the
choice of revascularisation method rests on
weighing the more invasive nature of CABG
against the increased need of additional revas-
cularisation after PCI.
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SECTION II: HEART FAILURE





Heart failure is now recognised as a
major and escalating public health
problem in industrialised countries

with ageing populations. Any attempt to
describe the epidemiology, aetiology, and
prognosis of heart failure, however, must take
account of the diYculty in defining exactly
what heart failure is. Though the focus of this
article is the symptomatic syndrome it must be
remembered that as many patients again may
have asymptomatic disease that might be
legitimately labelled “heart failure”—for exam-
ple, asymptomatic left ventricular systolic dys-
function. More comprehensive reviews of the
epidemiology and associated burden of heart
failure have been published by McMurray and
colleagues1 and more recently by Cowie and
colleagues.2

Data relating to the aetiology, epidemiology
and prognostic implications of heart failure are
principally available from five types of studies:
x Cross sectional and longitudinal follow up

surveys of well defined populations. These
have almost exclusively focused on those
individuals with clinical signs and symptoms
indicative of chronic heart failure.

x Cross sectional surveys of individuals who
have been medically treated for signs and
symptoms of heart failure within a well
defined region.

x Echocardiographic surveys of individuals
within a well defined population to
determine the presence of left ventricular
systolic dysfunction.

x Nation wide studies of annual trends in
heart failure related hospitalisation
identified on the basis of diagnostic coding
at discharge.

x Comprehensive clinical registries collected
in conjunction with clinical trials. These
include a large proportion of individuals
who were identified on the basis of having
both impaired left ventricular systolic
dysfunction and signs and symptoms of
heart failure.
Within the context of the specific limitations

of the type of data available from these studies,
the current understanding of the aetiology, epi-
demiology, and prognostic implications of
chronic heart failure are discussed here.

Epidemiology of heart failure

Prevalence
Table 9.1 summarises the reported prevalence
of heart failure according to whether this was
estimated from a survey of individuals requir-
ing medical treatment from a general prac-
titioner or from population screening. Despite
the wide variation in the reported prevalence of
heart failure (undoubtedly caused by diVering
research methods, in addition to inherent
diVerences in the sociodemographic and risk
factor profiles of study cohorts), overall these
data demonstrate that the prevalence of
clinically overt heart failure increases consider-
ably with age. These data also suggest that the
prevalence of heart failure has increased over
the past few decades.

Studies of patients visiting a general practitioner
There have been several large studies examin-
ing the number of patients being treated for
signs and symptoms of chronic heart failure by
a general practitioner, undertaken in the UK
over the past 40 years. Only some of the more
recent of these can be reviewed here. For
example, Paramshwar and colleaguesw1 exam-
ined the clinical records of diuretic treated
patients in three general practices in northwest
London in 1992 to identify possible cases of
heart failure. From a total of 30 204 patients, a
clinical diagnosis of heart failure was made in
117 cases (46 male and 71 female), giving an
overall prevalence of 3.9 cases/1000. Preva-
lence of heart failure increased considerably
with age—in those aged under 65 years the
prevalence rate was 0.6 cases/1000 compared

9 Epidemiology, aetiology, and
prognosis of heart failure

John J McMurray, Simon Stewart

Table 9.1 Reported prevalence of heart failure1 2

Study Location Overall prevalence rate
Prevalence rate in older age
group

Surveys of treated patients
RCGP (1958) UK national data 3/1000 –
Gibson et al (1966) Rural cohort, USA 9-10/1000 65/1000 (>65 years)
RCGP (1986) UK national data 11/1000 –
Parameshwar et al (1992) London, UK 4/1000 28/1000 (> 65 years)
RodeheVer (1993) Rochester, UK 3/1000 (< 75 years) –
Mair et al (1994) Liverpool, UK 15/1000 80/1000 (> 65 years)
RCGP (1995) UK national data 9/1000 74/1000 (65–74 years)
Clarke et al (1995) Nottinghamshire, UK 8-16/1000 40–60/1000 (> 70 years)

Population screening
Droller and Pemberton (1953) SheYeld, UK – 30-50/1000 (> 62 years)
Garrison et al (1966) Georgia, USA 21/1000 (45–74 years) 35/1000 (65–74 years)
Framingham (1971) Framingham, USA 3/1000 (< 63 years) 23/1000 (60-79 years)
Landahl et al (1984) Sweden (males only) 3/1000 (< 75 years) 80–170/1000 (> 67 years)
Eriksson et al (1989) Gothenburg, Sweden – 130/1000 (> 67 years)
NHANES (1992) USA national data 20/1000 80/1000 (> 65 years)
Cardiovascular health study (1993) USA national data 20/1000 80/1000 (> 65 years)
RCGP (1995) UK national data 9/1000 (25–74 years) 74/1000 (65–74 years)
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to 28 cases/1000 in those aged over 65 years.
However, objective investigation of left ven-
tricular function had been undertaken in less
than one third of these patients. Using similar
methods, Mair and colleaguesw2 identified a
total of 266 cases of heart failure from 17 400
patients within two general practices in Liver-
pool. Undertaken in 1994, the overall preva-
lence rate was 15 cases/1000 patients with 80
cases/1000 in those aged > 65 years.

More recently, Clarke and colleaguesw3

reported an even larger survey of heart failure
based on similar methods and including analy-
sis of prescription of loop diuretics for all resi-
dents of the English county of Nottingham-
shire. They estimated that between 13 017 and
26 214 patients had been prescribed frusemide
(furosemide) in this region of central England.
Case note review of a random sample of those
patients receiving such treatment found that
56% were being treated for heart failure. On
this basis they calculated an overall prevalence
rate of 8–16 cases/1000. Once again, heart fail-
ure prevalence increased with advancing age
with the rate increasing to between 40–60
cases/1000 among those aged > 70 years.

Population studies based on clinical criteria.
There are now many population studies of
heart failure and only some can be reviewed
here. At entry into the Framingham study, 17
of 5209 persons (3 cases/1000) screened for
heart failure on the basis of clinical criteria
were thought to have heart failure; all were less
that 63 years of age.w4 After 34 years follow up,
prevalence rates increased as the cohort aged.
The estimated prevalence of heart failure in the
age groups 50–59, 60–69, 70–79, and > 80
years was 8, 23, 49, and 91 cases/1000 persons
respectively.3 NHANES-1 (national health and
nutrition examination survey) reported the
heart failure prevalence rate within the US
population. Based on self reporting, and a
clinical scoring system, this study screened
14 407 persons of both sexes, aged 25–47
years, between 1971 and 1975, with detailed
evaluation of only 6913 subjects and reported a
prevalence rate of 20 cases/1000.w5 The study
of men born in 1913 examined the prevalence
of heart failure in a cohort of 855 Swedish men
at ages 50, 54, 57, and 67 years.w6 The
prevalence rate of “manifest” heart failure rose
dramatically from 21 cases/1000 at age 50
years to 130 cases/1000 at age 67 years.

Prevalence of left ventricular systolic dysfunction
In only a few of the two types of prevalence
study described above was objective evidence
of cardiac dysfunction obtained. Consequently,
it is unclear whether all patients really had
heart failure and, if they did, what the cause of
heart failure was. There have, however, been
four recent estimates of the population preva-
lence of left ventricular systolic dysfunction as
determined by echocardiography emanating
from Scotland,4 the Netherlands, England, and
Finland.

The Scottish study targeted a representative
cohort of 2000 persons aged 25–74 years living
north of the River Clyde in Glasgow. Of those

selected 1640 (83%) underwent a detailed
assessment of their cardiovascular status and
underwent echocardiography. Left ventricular
systolic dysfunction was defined as a left
ventricular ejection fraction (LVEF) < 30%.
The overall prevalence of left ventricular systo-
lic dysfunction using this criterion was 2.9%.
Concurrent symptoms of heart failure were
found in 1.5% of the cohort, while the remain-
ing 1.4% were asymptomatic. Prevalence was
both greater in men and increased with age: in
men aged 65–74 years it was 6.4% and in age
matched women 4.9%.

The Rotterdam study in the Netherlands,
though examining individuals aged 55–74
years, reported similar findings. Overall the
prevalence of left ventricular systolic dysfunc-
tion, defined in this case as fractional shorten-
ing of < 25%, was 5.5% in men and 2.2% in
women.w7

The Helsinki ageing study describes clinical
and echocardiographic findings in 501 subjects
(367 female) aged 75-86 years.w8 The preva-
lence of heart failure, based on clinical criteria,
was 8.2% overall (41 of 501) and 6.8%, 10%,
and 8.1% in those aged 75, 80, and 85 years,
respectively. These individuals had a high
prevalence of moderate or severe mitral or aor-
tic valve disease (51%), ischaemic heart disease
(54%), and hypertension (54%). However, of
the 41 subjects with “heart failure” only 11
(28%) had significant left ventricular systolic
dysfunction (diagnosed by the combined pres-
ence of fractional shortening < 25% and left
ventricular dilation), and in 20 cases no
echocardiographic abnormality was identified.
Of the 460 without symptoms of heart failure
43 (9%) also had left ventricular systolic
dysfunction. The overall prevalence of left ven-
tricular systolic dysfunction was therefore
10.8% (95% confidence interval (CI) 8.2% to
13.8%).

More recently, Morgan and colleaguesw9

studied 817 individuals aged 70–84 years
selected from two general practices in South-
ampton, England. Left ventricular function
was assessed qualitatively as normal, mild,
moderate or severe systolic dysfunction. The
overall prevalence of all grades of dysfunction
was 7.5% (95% CI 5.8% to 9.5%). Prevalence
of left ventricular dysfunction doubled between
the ages of 70–74 years and > 80 years.

Preserved left ventricular systolic function
One of the most controversial issues pertaining
to the subject of heart failure at present is the
occurrence of the syndrome in patients with
preserved left ventricular systolic function (and
no other obvious cause, such as valve disease).
A full discussion of this topic is beyond the
scope of this article. There are, however, two
recent studies of this type of heart failure. The
Olmsted county study, Minnesota, found that
43% of patients with chronic heart failure had
an LVEF > 50%.5 Similarly, the Framingham
investigators found that 51% of their cohort
with heart failure had an LVEF of > 50% (see
also Helsinki ageing study above).6
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Incidence
There is much less known about the incidence
than the prevalence of heart failure. Table 9.2
shows reported incidence rates from the largest
population based studies. The most detailed
incidence data emanate from the Framingham
heart study.3 Like other population based
prevalence studies heart failure was defined
according to a clinical scoring system. The only
“cardiac” investigation was chest radiography.
At 34 years follow up, the incidence of heart
failure was approximately 2 new cases/1000 in
persons aged 45–54 years, increasing to 40 new
cases/1000 in men aged 85–94 years. Using
similar criteria, the study of men born in 1913
reported incidence rates of “manifest” heart
failure of 1.5, 4.3, and 10.2 new cases/1000 in
men aged 50–54, 55–60, and 61–67 years,
respectively.w6 The Rochester epidemiology
project also reported the incidence of heart
failure in a US population during 1981 in per-
sons aged 0–74 years.w10 The annual incidence
was 1.1 new cases/1000. Once again incidence
was higher in men compared to women (1.57 v
0.71 cases/1000, respectively). It also increased
with age, the rate of new cases increasing from
0.76/1000 in men aged 45–49 years to
1.6/1000 in men aged 65–69 years.

The most recent incidence study was re-
ported by Cowie and colleagues from the Hil-
lingdon district of London with a population of
approximately 150 000.7 In a 15 month period,
122 patients were referred to a special heart
failure clinic. This represented an annual refer-
ral rate of 6.5/1000 population. Using a broad
definition of heart failure, only 29% of these
patients were clearly diagnosed as having heart
failure (annual incidence 1.85/1000 popula-
tion).

Heart failure admissions
A diVerent type of epidemiological information
comes from reports of heart failure related
hospital admissions on a country to country
basis; however, these also need to be inter-
preted with some caution because of their ret-
rospective nature and variations in coding
practices and changing admission thresholds
over time. Figure 9.1 shows the reported
hospitalisation rates from Scotland,8 Spain, the
USA, Sweden, New Zealand, and the Nether-
lands for the period 1978 to 1993. As such,
hospitalisation for heart failure appears to be a
growing problem on a global scale. For
example, studies undertaken in the UK suggest
that in the early 1990s 0.2% of the population
were hospitalised for heart failure per annum
and that such admissions accounted for more
than 5% of adult general medicine and geriat-
ric hospital admissions—outnumbering those
associated with acute myocardial infarction.8 In
the USA heart failure continues to be the most
common cause of hospitalisation in people over
the age of 65 years.9

An admission for heart failure is frequently
prolonged and in many cases followed by
readmission within a short period of time. For
example, in the UK the mean length of stay for
a heart failure related admission in 1990 was
11.4 days on acute medical wards and 28.5
days on acute geriatric wards. Within the UK
about one third of patients are readmitted
within 12 months of discharge, while the same
proportion are reportedly readmitted within six
months in the USA.8 9 Such readmission rates
are usually higher than the other major causes
of hospitalisation, including stroke, hip frac-
ture, and respiratory disease. Moreover, al-
though there is evidence to suggest that an
increasing number of heart failure patients are
surviving a heart failure related hospital admis-
sion, there is a parallel decrease in the number
of patients who are discharged on an independ-
ent basis to their own homes. On a sex specific
basis, men tend to be younger than women
when admitted for the first time with heart fail-
ure, but because of greater female longevity, the
number of male and female admissions are
roughly equal.

Cost of heart failure
In any health care system, hospital admissions
represent a disproportionate component of
total health care expenditure. Not surprisingly,
considering the high rates of hospitalisation for
heart failure and the ongoing treatment and
care it requires, the overall management of
heart failure requires a significant amount of
health care expenditure in industrialised na-
tions. Figure 9.2 shows that heart failure is
reported to consume 1–2% of health care
expenditure in a number of industrialised
countries.1 Moreover, considering the increas-
ing rates of hospitalisation it is likely that these
reported estimates fall short of the current
burden of heart failure.

Table 9.2 Reported incidence of heart failure.1 2

Study Location
Incidence rate
(whole population)

Incidence rate in older
age groups

Eriksson et al (1989) Sweden (men born in
1913)

– 10/1000 (61–67 years)

Remes et al (1992) Eastern Finland 1–4/1000 (45–74 years) 8/1000 (> 65 years)
Ho et al (1993) Framingham, USA 2/1000 –
RodeheVer et al (1993) Rochester, USA 1/1000 (< 75 years) 16/1000 (> 65 years)
Cowie et al (1999) London, UK 1/1000 12/1000 (> 85 years)

Figure 9.1. Comparison of heart failure admissions rates per annum (recorded
hospital admissions/10 000 population at risk) in western developed countries
1978 to 1993. Adapted from data in McMurray et al.1
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Aetiology of heart failure

In western developed countries, coronary
artery disease, either alone or in combination
with hypertension, seems to be the most com-
mon cause of heart failure. It is, however, very
diYcult to be certain what is the primary aeti-
ology of heart failure in a patient with multiple
potential causes (for example, coronary artery
disease, hypertension, diabetes mellitus, atrial
fibrillation, etc). Furthermore, even the ab-
sence of overt hypertension in a patient
presenting with heart failure does not rule out
an important aetiological role in the past, with
normalisation of blood pressure as the patient
develops pump failure. Even in those with sus-
pected coronary artery disease the diagnosis is
not always correct and in the absence of coron-
ary angiography must remain presumed rather
than confirmed. In this context, even coronary
angiography has its limitations in identifying
atherosclerotic disease.

The initial cohort of the Framingham heart
study was monitored until 1965; hypertension
appeared to be the most common cause of heart
failure, being identified as the primary cause in
30% of men and 20% of women and a cofactor
in a further 33% and 25%, respectively. Moreo-
ver, electrocardiographic evidence of left ven-
tricular hypertrophy in the presence of hyper-
tension carried an approximate 15 fold
increased risk of developing heart failure. In the
subsequent years of follow up, however, coron-
ary heart disease became increasingly prevalent
before the development of heart failure and, as
the identified cause of new cases of heart
failure, increased from 22% in the 1950s to
almost 70% in the 1970s.w11 During this period,
the relative contribution of hypertension and
valvar heart disease declined dramatically.
Figure 9.3 is a summary of the changing associ-
ation of coronary artery disease, hypertension,
diabetes, and valvar heart disease with the sub-

sequent development of heart failure over the
period 1950 to 1987.10 As such there was an
approximate 5% and 30% decline in the preva-
lence per decade of hypertension during this
period among men and women, respectively.
The declining contribution of hypertension
most probably reflects the introduction of anti-
hypertensive treatment; the parallel decline in
the prevalence of left ventricular hypertrophy
supports this supposition. It is also probable
that during this same period, progressively
greater accuracy in determining the presence of
coronary heart disease contributed to its
increasing importance in this regard.

As noted above, however, any interpretation
of the Framingham data has to consider the fact
that heart failure was identified on clinical crite-
ria alone and undoubtedly included individuals
without associated left ventricular systolic dys-
function. Conversely, the large scale clinical
trials have largely recruited patients who have
reduced left ventricular ejection fractions and
applied an extensive list of exclusion criteria.
Table 9.3 is a summary of the most commonly
attributed causes and associates of heart failure
in a number of clinical trials and registries.11–17

As such it demonstrates that coronary artery
disease appears to be the most common under-
lying cause of heart failure, consistent with the
more recent Framingham experience.

Figure 9.2. Cost of chronic heart failure compared with the total health
expenditure in Sweden, the UK, France, the USA, the Netherlands, and New
Zealand. The figures represent the component of hospital costs contributing to
total expenditure quoted in the local currency and (in parentheses) as a
proportion of total health care expenditure for that country. Adapted from data in
McMurray et al.1

Common precursors of chronic heart
failure

x Coronary artery disease (for example,
consequent upon acute myocardial
infarction)

x Chronic hypertension

x Cardiomyopathy (for example, dilated,
hypertrophic, alcoholic, and idiopathic)

x Valve dysfunction (for example, diseases of
the aortic and mitral valve)

x Cardiac arrhythmias/conduction
disturbance (for example, heart block and
atrial fibrillation)

x Pericardial disease (for example,
constrictive pericarditis)

x Infection (for example, rheumatic fever,
Chagas disease, viral myocarditis, and
HIV) Figure 9.3. Change in causal factors for heart failure in the Framingham heart

study during the period 1950 to 1987. Adapted from data reported by Kannel WB
et al.10
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In the study of left ventricular function in
North Glasgow,4 95% v 71% of symptomatic
and asymptomatic individuals with definite
left ventricular systolic dysfunction had evi-
dence of coronary artery disease (p = 0.04).
Those individuals with symptomatic heart
failure were also more likely to have a past
myocardial infarction (50% v 14%; p = 0.01)
and concurrent angina (62% v 43%;
p = 0.02). Hypertension (80%) and valvar
heart disease (25%) were also more prevalent
in those individuals with both clinical and
echocardiographically determined heart
failure compared to the remainder of the
cohort, including those with asymptomatic
left ventricular dysfunction (67% and
0%, respectively).4 One recent study,
however, reports an unknown aetiology for
heart failure in a disturbingly high proportion
of cases.7

Therefore, the aetiological importance of
many of the associated causes of heart failure
will depend on both the age cohorts examined
and the type of criteria used to determine the
presence of heart failure.

Prognosis

Heart failure, irrespective of whether it has
been detected on the basis of being actively
treated (for example, during a hospital admis-
sion) or in otherwise asymptomatic individuals,
is a lethal condition.

There are some data to suggest that
heart failure related mortality is comparable
to that of cancer. For example, in the original
and subsequent Framingham cohort, the
probability of someone with a diagnosis of
heart failure dying within five years was
62% and 75% in men and 38% and 42% in
women, respectively.18 In comparison, five year
survival for all cancers among men and women
in the US during the same period was
approximately 50%. The general applicability
of these data is, however, limited by the few
events recorded overall, the relative homoge-
neity of the Framingham population, and the
exclusion of older individuals. The Rochester

epidemiology project has also described the
prognosis in 107 patients presenting to associ-
ated hospitals with new onset heart failure in
1981, and 141 patients presenting in 1991.
The median follow up in these cohorts was
1061 and 1233 days, respectively. The mean
age of the 1981 patients was 75 years rising to
77 years in 1991. The one year and five year
mortality was, respectively, 28% and 66% in
the 1981 cohort and 23% and 67% in the
1991 cohort.w12 In other words, though the
same diagnostic criteria used in the Framing-
ham study were used in the Rochester project,
the prognosis was somewhat better in the
latter.

The only other large, representative, epide-
miological study reporting long term outcome
in patients with heart failure is the NHANES-
I.w5 The initial programme evaluated 14 407
adults aged 25 and 74 years in the USA
between 1971 and 1975. Follow up studies
were carried out in 1982-84 and again in 1986
(for those aged > 55 years and alive during the
1982-84 review). The estimated 10 year mor-
tality in subjects aged 25–74 years with self
reported heart failure was 42.8% (49.8% in
men and 36% in women). Mortality in those
aged 65–74 years was 65.4% (71.8% and
59.5% in men and women, respectively).
These mortality rates are considerably lower
than those observed in Framingham. The
patients in NHANES-I were non-
institutionalised and their heart failure was self
reported. Follow up was incomplete.
NHANES-I was also carried out in a more
recent time period than Framingham when
prognosis in heart failure patients may have
improved. Framingham investigators in 1993
looked at patients developing heart failure in
the period 1948 to 1988 and the Rochester
investigators in the period 1981 to 1991. In
both of these studies no temporal change in
prognosis was identified.

All three of these studies describe a
mixed population of patients, some of whom
had systolic left ventricular dysfunction and
others who did not. The true contribution of
heart failure to overall mortality or coronary
artery disease related mortality is almost

Table 9.3 Aetiology of heart failure in clinical trials and registers.11–17

Clinical trials Registers

SOLVD
1991

DIG Study
1997

MERIT-HF
1999

ATLAS
1999

RALES
1999

SOLVD
1992

SPICE
1999

Size of cohort 2569 6800 3991 3192 1663 6273 9580
Mean age 61 64 64 64 65 62 66
Male (%) 80 78 78 79 73 74 74
Aetiology of heart failure

Ischaemic 71% 70% 66% 64% 54% 69% 63%
Non-ischaemic – 29% 34% 35% 46% 31% –
Hypertensive – (9%) – (20%) – 7% 4%
IDCM 18% (15%) – (28%) – 13% 17%
Valvar – – – (6%) – – 5%
Other – 6% – – – 11% –
Unknown – – – – – 6%

Comorbidity
Hypertension 42% – 44% 46% – 43% 27%
Diabetes 26% – 25% 29% – 23% –
Atrial fibrillation 10% – 17% – – 14% –
Current angina 37% – – 27% – –
Respiratory disease 26% – – – – 15% –
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certainly underestimated. Although heart
failure is highly prevalent among the elderly,
representing the terminal manifestation of a
number of cardiovascular disease states, and
has been shown to be associated with ex-
tremely poor survival rates, oYcial statistics
continue to attribute only a small proportion
of deaths to this syndrome. This reflects a
common policy of coding the cause of death as
the underlying aetiology (for example, coron-
ary artery disease rather than heart failure
itself).

Future burden of heart failure

Despite a decline in age adjusted mortality
from coronary heart disease (CHD) in
developed countries overall, the number of
patients with chronic CHD is increasing. This
is principally the result of two separate trends.
Firstly, the proportion of elderly in the
population is increasing rapidly and these
subjects have the highest incidence of CHD
and hypertension. Secondly, survival in those
with coronary artery disease is improving. In
particular, it has been shown that survival after
acute myocardial infarction has increased
notably over the past decade, at least in part
because of better medical treatment.19 As cor-
onary artery disease is the most powerful risk
factor for heart failure (and its most important
precursor) it is likely that the aforementioned
trends will lead to an increase its future preva-
lence. Chronic heart failure may, therefore,
become a more common manifestation of
chronic heart disease and contribute to many
more deaths. Two formal projections of
the future burden of heart failure have
been undertaken in respect to the Nether-
lands20 and Australia.w13 For example, an
analysis of demographic trends in the Nether-
lands has predicted that the prevalence of
heart failure caused by coronary heart disease
will rise by approximately 70% from 1985 to
2010.
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Summary

x Heart failure represents a major and
escalating public health problem.
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heart failure is estimated to be 3–20
cases/1000 population, but rises to > 100
cases/1000 population in those aged >65
years.

x Prevalence of confirmed left ventricular
systolic dysfunction also increases with age
and is more common in men. However,
these rates are far less than reported for the
syndrome of heart failure.

x The overall annual incidence of clinically
overt heart failure in middle aged men and
women is approximately 0.1–0.2%.
However, with each additional decade of
life there is an approximate doubling of this
rate and the incidence of heart failure in
those aged > 85 years is approximately
2–3%.

x Although reported incidence rates are higher
in men than women, greater longevity in
women tends to balance overall prevalence
rates on a sex specific basis.

x Heart failure admission rates appear to be
steadily increasing in all industrialised
countries, especially among older
individuals. Overall, annual admission rates
for 1990 ranged from 10–40
admissions/10 000 population and
increased to > 75 admissions/10 000
population in those aged > 65 years.

x The cost of managing heart failure in the
early 1990s was estimated to be 1–2% of
total health care expenditure. Because
hospital care consumes a significant
proportion of this expenditure, and rates of
heart failure related hospitalisation have
probably risen, this may be an
underestimate of the current cost of heart
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x Heart failure is associated with an
approximately 60% mortality rate within
five years of diagnosis.

x The combination of increasing survival
post acute myocardial infarction and
increased longevity in western developed
nations is likely to lead to an increase in the
overall prevalence of heart failure.
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Heart failure is a diYcult disease to
define. It is easy to recognise heart
failure in its moderate/severe version

where the patient has pronounced symptoms
and signs accompanied by echocardiographic
evidence of left ventricular (LV) systolic
dysfunction.1 However, the problem of defin-
ing heart failure arises in its milder forms
where patients may complain of dyspnoea but
do not have echocardiographic evidence of LV
systolic dysfunction. The complexities of what
represents heart failure are illustrated in fig
10.1 but space precludes a detailed discussion
of the definition of heart failure.

To overcome the various diYculties in defin-
ing heart failure, the European Society of Car-
diology (ESC) has developed guidelines for the
diagnosis of heart failure.2 However, like all
statements which are meant to define the
undefinable, there is a certain deliberate
vagueness about them. For example, they do
not specify what they mean by cardiac
dysfunction. Does an elderly lady whose
echocardiogram meets criteria for “diastolic
dysfunction” and who has swollen ankles have
heart failure, even if she has no breathlessness
or fatigue? Despite this caveat, the ESC guide-
lines have clarified the situation, even if one can
still point to isolated patients who remain
ambiguous with the ESC definition.

At a more pragmatic level, the clinician who
is faced with a patient with suspected heart
failure should try to answer two major
questions:
1. Are the patient’s symptoms cardiac in

origin?

2. If so, what kind of cardiac disease is
producing these symptoms?

In order to answer these questions, the clini-
cian goes through the standard process of
assessing the patient’s symptoms, then the
patient’s signs, and finally arranging appropri-
ate investigations. Obtaining the answer to the
above questions is much more complex than it
is with some other disease. For example, abso-
lute levels of blood glucose make or break the
diagnosis of diabetes mellitus. Similarly, abso-
lute levels of blood pressure decide whether a
patient has hypertension or not (even if the
cutoV values for blood pressure and blood glu-
cose do change repeatedly). Heart failure is
much more diYcult because it is not definable
by an absolute level of any one parameter. Even
if one could define a set of echocardiographic
criteria to make the diagnosis, experts would
never agree on the cutoV values and, even if
they did, echocardiography is much more sub-
ject to interobserver bias than is a blood
glucose. In order to set the scene, it is also
worth saying how poor clinicians are at
diagnosing mild heart failure using purely
symptoms and signs. This information comes
from the many open access echo services which
have been set up throughout the country. In
these, general practitioners are asked to send
up all patients whom they suspect may have
heart failure. To the surprise of many, it was
found that only 25% of those sent up had LV
systolic dysfunction on their echocardiogram—
that is, 75% had normal LV systolic function.3 4

This is not to criticise doctor’s skills. Rather
this says how non-specific are the symptoms
and signs which classically lead us to suspect
heart failure (table 10.1).5

Clinical history

The most classic symptom of heart failure is
exertional dyspnoea. Unfortunately, exertional
dyspnoea is also a common symptom in the
general population. Indeed, with suYcient
exercise, normal individuals will experience
dyspnoea. Furthermore, in the general popula-
tion, an individual patients’ level of “fitness”
will determine at what stage during exercise he
or she experiences dyspnoea. Another problem
is that there are a whole host of other
non-cardiac diseases which also produce dys-
pnoea. Obvious examples are respiratory dis-

10 The diagnosis of heart failure

Allan D Struthers

Figure 10.1. The various subcategories of heart failure.

European Society of Cardiology guidelines
for the diagnosis of heart failure

x Essential features
1. Symptoms of heart failure (for example,

breathlessness, fatigue, ankle swelling)
and
2. Objective evidence of cardiac

dysfunction (at rest)

x Non-essential features
In cases where the diagnosis is in doubt,

there is a response to treatment directed
towards heart failure
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eases, anaemia, and simple obesity. All these
factors make exertional dyspnoea a very
non-specific symptom.

There are more extreme versions of dys-
pnoea which are more useful diagnostically.
Orthopnoea is certainly more specific since it
does not occur in normal individuals and
probably not in respiratory disease. However,
heart failure patients have to be quite severe
before orthopnoea occurs, and diuretics are
usually instituted long before orthopnoea
becomes a problem. Indeed, if orthopnoea
occurs, it is likely that premonitory symptoms
have been ignored (either by the patient or the
doctor). Thus, orthopnoea is a specific symp-
tom but it has low sensitivity. Another extreme
version of dyspnoea is paroxysmal nocturnal
dyspnoea (PND). This results from nocturnal
fluid redistribution which causes an increased
LV filling pressure. Like orthopnoea, PND is a
specific but insensitive symptom because again
it signifies fairly severe heart failure which
should have been noted and treated before-
hand. Another small practical point is that in
some patients, a very careful history is required
to diVerentiate the PND of heart failure from
the nocturnal dyspnoea and wheezing of
asthma.

Fatigue and lethargy are common problems
in heart failure, but they are probably even
harder to define and assess than dyspnoea.
Fatigue is an intermittent symptom in normal
individuals as well as being a recognised symp-
tom of nearly every disease that exists. Fatigue
is therefore so unspecific as a symptom as to
render it virtually worthless in guiding you to a
diagnosis of heart failure or not.

A history of ankle oedema is another
common presenting feature, but there are
many alternative causes for it. Cor pulmonale
(right heart failure caused by lung disease)
also causes ankle oedema although the lung
disease is usually so extreme as to be clinically
obvious. Ankle oedema is much more helpful
in diagnosing heart failure in men than in
women. Elderly ladies commonly have ankle
oedema which is not caused by heart failure:
its precise cause is unknown although venous
insuYciency accompanied by pelvic obstruc-
tion to venous blood flow are commonly
blamed. In fact, it is elderly ladies with swollen
ankles who most commonly cause the “false
positives” which are seen in open access echo
referrals.

Perhaps the best clue from the history is not
a symptom which the patient complains of, but

a past history of a previous myocardial
infarction. Less useful but also worth noting is
a past history of hypertension. It should be
noted, however, that many elderly patients
experience clinically “silent” myocardial in-
farctions. Other useful features in the history
are excessive alcohol intake, a past history of
rheumatic fever making valve disease possible,
and the use of a drug such as a non-steroidal
anti-inflammatory (NSAID) which might pre-
cipitate heart failure.

Physical signs

As with the symptoms, the physical signs fall
into two categories. Firstly, there are physical
signs which occur in so many other diseases
that they are non-specific and hence of low
predictive value. These are tachycardia, pulmo-
nary crepitations, and peripheral oedema. On
the other hand, there are physical signs which
are relatively specific to heart failure but they
are also insensitive because they only occur
once heart failure has become quite severe.
These latter physical signs are elevation of the
jugular venous pressure, gallop rhythm, and
displacement of the apex beat. There is a
further problem with these latter physical signs
in that the ability of doctors to detect these
more specific signs is variable.

Thus, it can be seen that few symptoms or
signs are valuable on their own. However, clini-
cal medicine is not about using single para-
meters to make diagnoses. As a clinician, one
assesses the overall probability of a diagnosis
based on the whole history and examination.
When one does that, it becomes clear that heart
failure is not as hard to diagnose correctly as the
above discussion would imply. For example, a
man with a past history of a myocardial
infarction who now develops ankle oedema is
very likely to have heart failure. On the other
hand, heart failure is unlikely in a patient who
complains of fatigue with no relevant past
history and no other symptoms/signs of heart
failure.

Investigations

The main purpose of investigations is to
confirm or refute the diagnosis of heart failure
and to define the precise underlying cardiac
cause. The latter is especially important as
treatment is based on the underlying cause and
not simply on the existence of heart failure. For
example, heart failure can be caused by valve
disease, where the correct treatment may be
surgery, or by LV systolic dysfunction, where
the correct treatment will be diuretics, angio-
tensin converting enzyme (ACE) inhibitors,
â blockers, and spironolactone.

Blood analysis
It goes without saying that all patients with sus-
pected heart failure should have blood sent for
haematological and biochemical analysis (in-
cluding thyroid function and cholesterol). These

Table 10.1 Predictive values of clinical features5

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Past history of myocardial infarction 59 86 44 92
Ingesting diuretic 73 41 19 89
Dyspnoea on exertion 100 17 18 100
Orthopnoea 22 74 14 83
Paroxysmal nocturnal dyspnoea 39 80 27 87
Oedema in history 49 47 15 83
Jugular venous pressure distension 17 98 64 86
Crackles 29 77 19 85
Gallop rhythm 24 99 77 87
Oedema on examination 20 86 21 85

PPV, positive predictive value; NPV, negative predictive value.
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tests will not only exclude anaemia and hypo-
thyroidism but will also detect other entities
which might need treatment, such as choles-
terol.

Chest x ray
The chest x ray is routinely performed and can
produce useful information. Cardiac enlarge-
ment (cardiothoracic ratio > 50%) implies
cardiomegaly and if this is present it is a good
guide to heart failure. However, many heart fail-
ure patients will not exhibit cardiomegaly so that
it tends to be a specific but insensitive test which
identifies severe heart failure only. The other
helpful findings at chest x ray are pulmonary
oedema (bat’s wing appearance), upper lobe
diversion, fluid in the horizontal fissures, and
Kerley B lines in the costophrenic angles. In
extreme cases, pleural eVusions may be present
although clearly there are alternative explana-
tions for pleural eVusions such as bronchial car-
cinoma, pneumonia or pulmonary emboli.
Clearly the chest x ray can also reveal other clues
as to non-cardiac disease which might cause the
dyspnoea. A lung tumour might be obvious, and
emphysema might also be present. Nevertheless,
the chest x ray should be seen as a whole—for
example, the finding of cardiomegaly plus bilat-
eral pleural eVusions with no other parenchymal
lung disease makes heart failure extremely likely
(although it should still be confirmed by
echocardiography).

Electrocardiogram
The 12 lead ECG should be routinely
performed. The situation with the ECG is very
diVerent for heart failure than it is for angina—
that is, a completely normal resting ECG does
not by any means exclude the diagnosis of
angina whereas it does virtually exclude the
presence of heart failure. Put another way, LV
systolic dysfunction is rare in the presence of a
completely normal 12 lead ECG. In practice,
what this means is that if a patient has
dyspnoea and a completely normal ECG, then
the doctor should first consider alternative
diagnoses for the patient’s dyspnoea, rather
than heart failure. On the other hand, an
abnormal resting ECG will often occur in the
absence of LV systolic dysfunction.6 Overall
therefore, an abnormal resting ECG is sensitive
(94%) with excellent negative predictive value
(98%) but it is much less specific (61%) and
has poor positive predictive value (35%).
Although most studies support this finding, in
general, there are contrary data including one
paper where 27% of cases were missed with
this approach.7 Therefore, if in a certain area
the availability of echocardiography is limited,
then a possible strategy is to limit echocardio-
graphy to those with abnormal ECGs as well as
those with cardiac murmurs.

Echocardiography
The real gold standard investigation in sus-
pected heart failure is echocardiography. It is
clearly the most valuable single investigation. A
qualitative assessment can be made to decide
whether LV systolic function is normal or
impaired (hypokinetic). This may well be all

that is necessary in routine clinical use.
However, it can be quantified by measuring
various parameters—for example, fractional
shortening, LV ejection fraction (LVEF) or
wall motion index. Fractional shortening is the
quickest and, for clinical purposes, is usually
suYcient. When it comes to research, more
accurate quantification is preferable which is
why the LVEF or the wall motion index are
more usually used in research studies. Another
useful measure is whether the left ventricle is
dilated or not. Again, this can be described
qualitatively or quantitatively by LV diameters
or LV volume indices. LV dilatation and LV
systolic dysfunction usually accompany each
other, but occasionally the left ventricle is
dilated even although its systolic function is
normal. LV dilatation implies impending LV
systolic dysfunction and should probably be
treated as such.

In true systolic dysfunction, secondary
mitral incompetence is often seen—that is, the
mitral ring becomes stretched owing to LV
dilatation. It is crucial to distinguish this from
primary mitral valve disease, where surgery is
the treatment of choice. In secondary mitral
incompetence caused by LV systolic dysfunc-
tion, surgery used not to be indicated since
optimised medical treatment reduces the LV
dilatation and can hence reduce the secondary
mitral incompetence. However, this situation
may be changing as mitral valve replacement is
now thought to be of benefit in selected cases of
secondary mitral incompetence.

Clearly, echocardiography will also be able to
assess valve structure and function and identify
patients with aortic stenosis, etc, who would
benefit from surgery.

Echocardiography will also be able to assess
diastolic function although this is a contentious
issue. The problem is that the left ventricle (like
the aorta) becomes stiVer as it ages and it is dif-
ficult to define when this stiV left ventricle con-
stitutes diastolic dysfunction. No echocardio-
graphic criteria are fully accepted as measures of
diastolic dysfunction. It should be recognised,
however, that there is one extreme version of
diastolic dysfunction which can cause severe
pulmonary oedema. This is when the left ventri-
cle is so stiV that left atrial pressure increases and
leads to fast atrial fibrillation with profound dys-
pnoea. The short term treatment here is to
reverse the abnormal rhythm, but longer term
strategies to prevent LV stiVness which leads to
atrial fibrillation should be explored. As yet, no
established treatment exists for diastolic dys-
function per se.

Ability of a normal ECG to exclude LV
systolic dysfunction?6

x Sensitivity 94%

x Specificity 61%

x Positive predictive value 35%

x Negative predictive value 98%
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In a small proportion of patients, echocar-
diographic windows are poor and in that situa-
tion radionuclide ventriculography is often
used instead to assess LV systolic function.
Although it does so very reliably, unfortunately
it does not give useful structural information
about valves or LV mass.

Open access echocardiography

Because of the key role of echocardiography in
assessing such patients, the concept of direct
access or open access echocardiography has
arisen. Francis and colleagues showed the true
value of such a service.4 Among the referred
patients who were already being treated for heart
failure, only 36% of men and 18% of women
had definitely impaired LV systolic function. In
fact, the echo result led to a change in treatment
for 70% of those patients who were already tak-
ing diuretics for suspected heart failure—this
change was often the cessation of unnecessary
treatment. However, open access echocardio-
graphy is not without its problems. These prob-
lems relate to guidelines on whom to refer,
interpretation of the results, and on the mainte-
nance of echocardiographic standards. General
practitioners should ideally receive guidelines on
whom to refer. In addition, echocardiography
can be diYcult to interpret in some cases
without a fuller assessment of the individual
patient. The main diYculty here is that many
symptomatic patients will not have systolic dys-
function but may have “diastolic dysfunction”.
Whether such diastolic dysfunction seen on an
echocardiogram is the cause of the patient’s
symptoms or not is often a diYcult judgement
even for an experienced cardiologist. Hence the
lack of systolic dysfunction in an open access
echo service could be falsely reassuring to the
general practitioner. In fact it may be better
referring this kind of diYcult patient to a hospi-
tal consultant who can then assess the echo
result as part of the whole clinical picture.

Despite this important caveat, open access
echo services continue to flourish and expand.
Dialogue between referring general practition-
ers and consultants should help to iron out dif-

ficulties and to identify two separate groups:
those patients who only need a factual echo
report, and those who require further
interpretation of the echo with knowledge of
the whole clinical picture.

Natriuretic peptides for prescreening
patients for echocardiography

General practitioners would still like more
guidance as to whom to refer for echocardio-
graphy, especially since they are aware that only

Value of BNP as a screening tool in two
important situations

x Ability of a high BNP concentration to
identify heart failure in symptomatic
patients in primary care8

Sensitivity 97%
Specificity 84%
Positive predictive value 70%
Negative predictive value 98%

x Ability of BNP to identify LV systolic
dysfunction in a cross section of the
community9

Sensitivity 76%
Specificity 87%
Positive predictive value 16%
Negative predictive value 98%

Figure 10.2. Diagnosing heart failure in practice.
CXR, chest x ray; BNP, B-type natriuretic peptide.
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25% of those referred for echo turn out to have
LV systolic dysfunction. They are aware that a
completely normal ECG can be used to select
patients for echocardiography, although this
does miss some cases of LV systolic dysfunc-
tion. In addition, general practitioners are
unsure about their ability to diVerentiate
between ECGs with minor abnormalities and
totally normal ECGs. Therefore, there arose
the idea that plasma concentrations of natri-
uretic peptides could help identify who to refer
for echocardiography. The best measures are
B-type natriuretic peptide (BNP) or
N-terminal BNP (N-BNP). Although many
papers have addressed this question, most of
them were based on hospital patients and suVer
from the weakness that the blood was taken
from patients already on diuretics, which
distort the relation between BNP and LV func-
tion since they reduce the BNP concentration
but do not alter the echo. In one study set in
general practice, BNP was 97% sensitive and
84% specific at identifying heart failure.8 In
another study set in the community, BNP was
76% sensitive and 87% specific in identifying
LV systolic dysfunction.9

Despite most of the data being very positive,
the use of BNP or N-BNP has not yet entered
routine clinical practice. The reasons for this
are that there are virtually no studies yet of
general practitioners using BNP/N-BNP in
routine practice and before diuretic treatment
or referral; in addition, the cost-eVectiveness of
such a strategy still needs to be established.
Future studies should clarify these important
issues which may lead to general practitioners
using BNP/N-BNP to preselect symptomatic
patients for echocardiography.

Conclusions

The diagnosis of heart failure has three stages
(fig 10.2). Firstly, the clinical history and
examination have many pointers, none of
which should be used in isolation, but when
put together lead to a relatively accurate
assessment of the likelihood of the patient hav-
ing heart failure. The next stages are the
preliminary investigations of chest x ray, ECG,
and in the future perhaps BNP.10 This second
stage is mainly to preselect patients for the next
stage which is the gold standard investigation
of echocardiography—that is, if the second
stage excludes heart failure then echocardio-
graphy would then become unnecessary and
alternatively diagnosis should be considered.
The third stage is the definitive investigation of
echocardiography which would not only con-
firm heart failure definitely but even more
importantly classify the cause of the heart fail-
ure into systolic dysfunction, diastolic dysfunc-
tion or valve disease. This diVerentiation is
essential since the treatment is very diVerent
for each subcategory of heart failure.
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Summary

x Symptoms which suggest heart failure tend
to be either sensitive (for example,
dyspnoea) or specific (PND, orthopnoea),
but no symptom is both.

x Physical signs which suggest heart failure
tend to be specific (raised jugular venous
pressure, gallop rhythm), but none of them
are sensitive.

x Echocardiography is essential to diagnose
heart failure in suspected cases. Open
access echo services seem popular.

x The ECG can be used as a prescreen to
select patients for echocardiography, but
some cases of LV systolic dysfunction
(2–27% in diVerent reports) are missed by
this approach.

x Measurement of natriuretic peptides (BNP
and N-BNP) might become an alternative
way to prescreen suspected patients for
echocardiography, but more work is
required to establish feasibility and
accuracy.
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Thrombolysis and PTCA save lives dur-
ing acute myocardial infarction, but
incomplete or delayed reperfusion re-

sults in akinesia or dyskinesia. If more than
20% of the left ventricular circumference is
dyskinetic, the remaining contractile cavity
dilates to increase stroke volume. When more
than 50% of the myocardium is impaired,
increased wall tension (LaPlace’s law) triggers
progressive left ventricular failure with
regression to myocyte fetal genetics and apop-
tosis.1 2 In Britain, most heart failure is caused
by coronary artery disease, particularly in
patients over 60 years old. There are now hun-
dreds of thousands of patients with debilitating
symptoms despite maximal medical treatment.
Less than 300 cardiac transplants per year are
undertaken in a labour intensive way by 10
separate units. In a short time, more palliated
young patients with congenital heart disease
will require these organs. Consequently, the
treatment of older patients with coronary
disease and idiopathic dilated cardiomyopathy
requires a radical rethink.

The following account of current and
emerging surgical strategies for heart failure
concentrates on those patients with left ven-
tricular ejection fraction (LVEF) < 30%, mean
pulmonary artery pressure > 25 mm Hg, left
ventricular circumferential akinesia or dyski-
nesia > 60%, and left ventricular end diastolic
volume (LVEDV) > 250 ml (LVEDV index
(LVEDVI) > 140 ml). Most of these patients
are New York Heart Association (NYHA)
functional class III or IV with medical
treatment. In coronary disease the relation
between infarct size and mortality has been
well defined (table 11.1).3 From the coronary
artery surgery study registry, five year survival
for patients with LVEF < 25% was 41% with
medical treatment and 62% with surgery.4 For
patients with dilated cardiomyopathy, mor-
tality untreated is directly related to the sever-
ity of systolic dysfunction. Increased chamber
sphericity and the presence of mitral regurgita-
tion are markers of worse prognosis (one year
mortality 54–70%). In the failing heart, mitral
regurgitation occurs secondary to annular dila-
tation, altered left ventricular geometry or pap-
illary muscle dysfunction (fig 11.1). Volume
overload causes progressive left ventricular and
annular dilatation, worsened mitral regurgita-
tion, and decreased survival.

Coronary revascularisation in heart
failure patients

High risk coronary bypass is the most frequent
conventional operation in heart failure pa-
tients. Incomplete myocardial infarction leaves
viable but ischaemic myocardium within in-
volved segments (flow/metabolism mismatch).
Hibernating myocardium is an unstable sub-
strate for postinfarction dysrhythmic events
and mortality, independent of age or LVEF
(event rate 43% v 8% for scar).5 Hibernating
myocardium will recover contractile perform-
ance with reduced risk of dysrhythmia after
coronary revascularisation, but for global
improvement in left ventricular function, suY-
cient reversibly ischaemic territory must be
present. DiVerentiation between reversible
ischaemia and infarction is made on clinical
grounds (angina which responds to sublingual
nitrates) and objectively by positron emission
tomography (PET) scan or dobutamine stress
echocardiography.6 Heart failure patients with-
out reversible ischaemia do not have an
improved outlook with coronary bypass, and
LVEF alone is a poor predictor of surgical

11 Non-transplant surgery for heart
failure

Stephen Westaby

Table 11.1 Relation between infarct size and mortality3

Three year
mortality (%) p Value

Myocardial infarction or scar > 23% 43 0.014
Myocardial infarction or scar < 23% 5

EF < 43% 38 0.029
EF > 43% 6

EF < 43% without viable myocardium 63 0.059
EF < 43% with viable myocardium* 13

*For all patients with viable myocardium the three year
mortality rate was 8% (80% had CABG). For patients with only
fixed scar > 23% mortality rate was 50% (p = 0.018). Only 40%
had CABG with no diVerence in mortality with or without
CABG. EF, ejection fraction.

Figure 11.1. Progressive left ventricular dilatation causes mitral regurgitation and
volume overload.

x Cardiac transplantation is a very rare
commodity.

x All transplant candidates with coronary
disease should be assessed for hibernating
myocardium then revascularisation.

x Those candidates with dilated
cardiomyopathy should be considered for
mitral repair.
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outcome when compared with the extent of
reversible ischaemia.3 7 In fact, survival benefit
from coronary bypass increases as LVEF
decreases. Other contraindications to high risk
coronary surgery are poor target vessels, a pul-
monary artery pressure > 60 mm Hg, and sig-
nificantly impaired right ventricular function.

The ethos for revascularisation of the failing
ventricle can be summarised as simplicity,
safety, and speed. The intra-aortic balloon
pump is employed preoperatively. Only good
target vessels to documented reversibly ischae-
mic myocardium are grafted to keep the cross
clamp time short. Moderate and severe mitral
regurgitation are corrected and full thickness
scar excised where feasible. Those with access
to left ventricular assist devices (LVADs)
employ these to keep the perioperative mor-
tality below 10–15%.8 Non-cardiac risk factors
for death include great age, female sex, a
history of hypertension or chronic obstructive
airways disease, and the presence of peripheral
vascular disease or renal impairment. In
selected patients with hibernating myocardium
but poor target vessels to some areas, concomi-
tant transmyocardial laser revascularisation has
been shown to improve survival.9

Useful data regarding patient selection and
outcome for high risk revascularisation have
emerged from transplant centres where end
stage heart failure patients were selected out for
myocardial revascularisation. Hausmann and
colleagues in Berlin compared 225 revascular-
ised transplant candidates with 231 others who
received a donor organ.10 The important
diVerences between the groups were the longer
duration of symptoms, the presence of right
heart failure, and a greater incidence of

previous revascularisation in the heart trans-
plant recipients. Operative risk in the coronary
bypass group was significantly higher for those
with a greatly increased left ventricular end
diastolic pressure (LVEDP) (> 24 mm Hg), a
low preoperative cardiac output (< 2.0 l/min/
m2), and for patients in NYHA class IV. Hospi-
tal mortality was 7.1% for the coronary artery
bypass graft (CABG) patients versus 18.2% in
the transplant group. There was no significant
diVerence in hospital mortality in patients with
LVEF between 10–20% versus those between
20–30%. Survival for the CABG group was
78.9% after six years versus 68.9% in the
transplant group. Reinvestigation of CABG
patients showed a significant decrease in mean
(SD) pulmonary artery pressure from 28.2
(4.7) mm Hg to 21.2 (3.9) mm Hg (p < 0.01).
Pulmonary capillary wedge pressure fell from
19.2 (4.3) mm Hg to 13.1 (2.8) mm Hg
(p < 0.01). Left ventricular ejection fraction
improved from a mean of 0.24 (0.03) to 0.39
(0.06) (p < 0.0001). Others have reported
similar findings.11 12 Table 11.2 provides guide-
lines suggesting coronary bypass in preference
to cardiac transplantation for patients with end
stage coronary disease. Table 11.3 summarises
the surgical treatment options in end stage
ischaemic heart disease.

Left ventricular restoration

Patients with large left ventricular aneurysms
gain symptomatic relief from simple linear
aneurysmectomy. So called “ventricular resto-
ration” has recently extended from scarred
paradoxical segments to akinetic areas which
were not previously thought suitable for
surgery.13 The goal of surgical reversal of
remodelling is to exclude the infarcted septum
and free wall and reshape the left ventricle from
globular to elliptical without critically reducing

x Left anterior descending coronary
occlusion causes muscle loss in the apex,
septum and anterolateral free wall.

x In 20% of patients cardiac failure occurs
within 15 months when the normal
elliptical left ventricle loses its apex and
becomes spherical.

x The non-infarcted myocardium
progressively dilates and further impairs
function.

x When more than 50% of the circumference
is asynergic surgical left ventricle
restoration reduces left ventricular end
systolic volume index (LVESVI) to
< 80 ml/m2 and avoids progressive failure.

x High risk (5–15% mortality)
revascularisation is the treatment of choice
for patients with ejection fraction < 20%,
reversible ischaemic cardiomyopathy and
graftable target vessels.

x Contraindications to coronary bypass are
pulmonary artery pressure > 60 mm Hg,
right heart failure, and poor target vessels.

Table 11.2 Guidelines for coronary bypass versus
transplantation in end stage coronary artery disease10

CABG Transplant

Prevailing hibernation Prevailing scar
Short duration of heart

failure
Prolonged heart failure

Low dose diuretics High dose diuretics
No right ventricular failure Chronic right ventricular

failure
Stable cardiac output Progressively lower output
Cardia index > 2.0 l/min/m2 Cardiac index < 2.0 l/min/m2

LVEDP < 24 mm Hg LVEDP > 24 mm Hg
Good target vessels Poor vessels
First operation Previous revascularisation

LVEDP, left ventricular end diastolic pressure.

Table 11.3 Decision making in the surgery of end stage ischaemic heart disease

Condition Intervention

Reversible ischaemia LVESVI < 60ml/m2 CABG alone
Full thickness scar and left ventricular aneurysm Linear resection ± CABG
Akinetic/dyskinetic left ventricle LVESVI > 60

ml/m2 Reversible ischaemia
Surgical remodelling ± CABG

Class III/IV mitral regurgitation Mitral repair ± CABG
No reversible ischaemia LVESVI > 100 ml/m2

Pulmonary hypertension (PAP > 70 mm Hg)
Right ventricular failure

Left ventricular assist device or
transplantation (no conservative option)

LVESVI, left lentricular end systolic volume index (normal is < 30 ml/m2); CABG, coronary artery
bypass grafting; PAP, pulmonary artery pressure.
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cavity volume. This improves global function
and arrests progression of left ventricular
failure. Ventricular dysrhythmias and mitral
regurgitation are addressed during the same
procedure.

In the Dor procedure, or the Buckberg
modification, the left ventricle is opened
through scar and subtotal endocardectomy (fig
11.2), performed over the septum and poste-
rior wall.14 In the event of recurrent ventricular
arrhythmias, cryotherapy is applied at the lim-
its of the resection. The boundary between
normal endocardium and scar is defined and a
circumferential endoventricular (Fontan) cir-
cular suture passed between 1–2 cm outside
the limit of healthy muscle. This circular
constricting suture is tied to reduce the size of
the left ventricle around a balloon inflated
within the cavity to a diastolic volume of
50–70 ml/m2. The residual apical defect is then
closed with a Dacron patch cut according to
the circumference of the circular suture after
removing the balloon. The technique restores
an elliptical shape (fig 11.3) with improved
function over the globular failing ventricle.
Intraoperative echocardiography has shown a
decrease in LVEDV from a mean of 194 ml to
128 ml (p = 0.001) and an improvement in
LVEF from a mean of 29% to 41%
(p = 0.003).The operation can be performed
in patients with very low LVEF (< 20%) and
pulmonary hypertension with a hospital mor-
tality of 12–18%. This compares with a 3%
mortality for those with ejection fraction
> 30%. Most patients improve to NYHA I or
II, but 10% of survivors are not improved and
about 25% have persistently raised pulmonary
artery pressure through impaired diastolic
compliance.

Linear left ventricular aneurysm resection
and the Dor procedure both improve remote
myocardial function secondary to a reduction
in wall tension. This “LaPlace” concept was
expanded by Batista in his partial left ventri-
culectomy operation.15 The much hyped proce-
dure was devised to reduce left ventricular vol-
ume and wall stress, thereby improving LVEF
and symptomatic status.16 It was widely
adopted as an alternative to transplantation
without adequate guidelines or convincing
information on sustainability or survival. The
technique itself consists of a wedge resection of
posterolateral left ventricular wall either be-
tween or including the papillary muscles. The
incision begins at the apex of the ventricle and
extends to within 2–3 cm of the mitral annulus
(fig 11.4). Full thickness myocardial excision
proceeds irrespective of the coronary anatomy
and usually removes the obtuse marginal
branches in the circumflex territory. The cavity
is then reconstituted along its long axis with a
continuous suture.

There is surprisingly little information on the
amount of myocardium excised. The Cleve-
land Clinic group weighed the resected speci-
men, which ranged from 30–290 g (mean
96 g).17 The San Paolo group removed a poste-
rolateral segment measuring 10.9 (2) cm × 5
(0.8) cm, equivalent to about 20% of the left
ventricular circumference.18 When the resec-
tion includes the base of one or both papillary
muscles (88% of cases), the valve is either
replaced with a prosthesis or the papillary
muscles are reimplanted with transfixion su-
tures at the margins of the ventriculotomy (fig
11.5). If the mitral subvalvar apparatus is pre-
served, the free margins of the anterior and
posterior leaflets are sewn together to produce

Figure 11.2. Left ventricular restoration by
endoventricular patch repair (the Dor procedure) as
opposed to simple linear aneurysmectomy.

Linear
repair

Endoventricular
repair

Figure 11.3. The Dor procedure restores an elliptical
shape from the globular failing left ventricle (courtesy
of Dr Vincent Dor).
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a double channelled mitral valve (Alfieri
method)19 (fig 11.6). Even published hospital
mortality has been prohibitive, ranging from
1.9–27% with an average of 17.4%.20 Low hos-
pital mortality has been achieved only with the
aid of long term LVAD support (20% of
patients), and cardiac transplantation.

In survivors, there is a significant decrease in
both end diastolic and end systolic volume
indices. While LVEF initially improves, restudy
at 12 months fails to show significant diVer-
ences between preoperative LVEF (17.7 (4.6))
and late LVEF (23.7 (6)) in matched patients.
The suggested mechanism for improvement in
LVEF is reduction of systolic wall stress rather
than a change in contractility. There is an
inverse relation between the decrease of
circumferential end systolic stress and increase
in LVEF. In McCarthy’s series, mean LVEF
improved from 13% to 21% and peak oxygen
consumption from 11 ml/kg/min to 16 ml/kg/
min at 12 months.17 Twelve month survival at
the Cleveland Clinic was 80% though LVADs
were required for bridge to transplantation in
16% of patients. However, freedom from heart
failure of any cause (relisting for transplant,
death or class IV symptoms) was only 50% by
12 months and 38% at two years.

Though the reduced ventricular geometric
dimensions may be sustained up to 12 months
(fig 11.7), pump function begins to deteriorate
after six months. The first sign is a rise in left
atrial pressure. The discrepancy between ge-
ometry and sustainability of mechanical func-
tion is attributed to the fact that mass reduction
causes changes in diastolic compliance.

Though late data are scarce, we defined a
16% mortality from all reported series through
progressive heart failure (38%), sudden or
arrhythmic death (38%), stroke, transplant
heart failure, sepsis or hepatic failure.20 The
procedure has been abandoned in ischaemic
cardiomyopathy through a prohibitive inci-
dence of fatal dysrhythmias caused by stretch-

ing of the scar tissue.21 In reality, most centres
who enthusiastically embraced partial left ven-
triculectomy have now radically cut back oper-
ating only on highly selected dilated cardiomy-
opathy patients. With emerging alternatives the
Batista operation is destined to join skeletal
muscle cardiomyoplasty in the dustbin of heart
failure operations.

Management of mitral regurgitation in
heart failure patients

As the failing left ventricle dilates the papillary
muscles are displaced, the coaptation of the
mitral valve leaflets is decreased, and a central
jet of mitral regurgitation appears (fig 11.1).
Mitral regurgitation leads to more volume

Figure 11.4. Partial left ventriculectomy (the Batista operation).

Figure 11.5. Diagrammatic and echocardiographic illustration of the partial left
ventriculectomy operation. The mitral subvalvar apparatus is preserved by
reimplanting the papillary muscles at the margins of the ventriculotomy.

PDA

LV

RV
LAD

x The goal of left ventricular restoration
surgery (Dor procedure) is to reshape
(from globular to elliptical) and reorganise
the ventricle, not to reduce the volume.
Reversible ischaemia, mitral regurgitation,
and dysrhythmias should be addressed at
the same time.

x Left ventricular end systolic volume index
(LVESVI) is a strong predictor of death in
heart failure (LVESVI > 60 ml/m2 carries a
one year mortality of 33%).

x Patients with a good outcome from the Dor
operation have an LVESVI > 40 ml/2.

x Coronary bypass alone improves ejection
fraction only if the preoperative LVESVI is
< 100 ml/m2.

x Linear left ventricular remodelling (the
Batista operation) is unpredictable with an
unacceptable early failure rate and late
mortality.

Figure 11.6. The Alfieri suture for mitral regurgitation.
This creates a double channel mitral orifice.
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overload of the already dilated left ventricle.
Reports of prohibitive operative mortality for
mitral valve replacement in dilated cardiomy-
opathy patients in the early 1980s suggested
that the failing ventricle deteriorates further, if
the “blow oV” into the left atrium is removed.
However, new information shows that mitral
valve repair (or replacement) with preservation
of the subvalvar apparatus carries low peri-
operative mortality, good medium term sur-
vival, and symptomatic relief through improve-
ment in cardiac index.22

There are now a number of clinical situa-
tions where mitral valve repair with or without
revascularisation improves outlook for the
heart failure patient.

These include:
x Ischaemia manifest by angina and variable

mitral regurgitation which becomes
significantly worse during an acute ischemic
episode, causing dyspnoea at rest or left
ventricular failure with pulmonary oedema.

x Acute myocardial ischaemia or infarction
located inferobasally (right coronary or
dominant circumflex distribution) which
causes sudden posteromedial papillary
muscle dysfunction and mitral
regurgitation.

x Acute catastrophic pulmonary oedema
caused by papillary muscle rupture
(inferobasal in 75% of cases) several days
after acute myocardial infarction.

x Chronic progressive dyspnoea (NYHA III
or IV) associated with previous myocardial
infarction, an enlarged dysfunctional left

ventricle, and varying degrees of pulmonary
hypertension. This comprises the largest
group.

x Patients with idiopathic dilated
cardiomyopathy and annular dilatation
producing moderate to severe mitral
regurgitation through inadequate leaflet
coaptation.
The recommended threshold for mitral

repair in ischaemic regurgitation is a left
ventricular end systolic volume index > 80 ml/
m2 or a calculated regurgitant fraction > 50%
of the forward LVEF. Patients with angina,
good target vessels, mild to moderate mitral
regurgitation, and reversible ischaemia poste-
rolaterally on the PET scan can be treated by
revascularisation alone. Should valve replace-
ment prove necessary, as much of the subvalvar
apparatus as possible should be conserved to
maintain left ventricular geometry and func-
tion. Division of all chordae tendonae is
accompanied by a 47% reduction in LVEmax.

Ischaemic mitral regurgitation is a functional
problem of unsuccessful coordination of the
entire mitral apparatus rather than simple fail-
ure of a single papillary muscle. Two tech-
niques have provided symptomatic improve-
ment in this condition. Firstly, mitral
annuloplasty with significant undersizing of the
valve ring greatly increases leaflet coaptation.23

Systolic anterior motion (SAM) is avoided
because of widening of the aortomitral angle
and increased left ventricular size. The under-
sized valve ring acutely remodels the base of the
myopathic heart, helping to re-establish an
ellipsoid shape to the left ventricle. Second,
and simpler, is the Alfieri stitch. This can be
performed either centrally (fig 11.6) or towards
the side of the ischaemic papillary muscle.

Bolling has shown the important eVect of
mitral repair in patients with end stage dilated
cardiomyopathy.22 All had severe left ventricu-
lar systolic dysfunction with preoperative
LVEF ranging from 8–25% (mean 16 (3)%).
The average duration of cardiomyopathy was 4
(6) years (range 0–16). All patients underwent
remodelling ring annuloplasty with an under-
sized flexible ring. Half had tricuspid annulo-
plasty. Hospital mortality was < 2% while 12
and 24 month survival were 82% and 72%. All
patients were restored to NYHA class I or II
with mean postoperative LVEF of 26%. Peak
exercise VO2 max rose from a mean of 14.5 to
18.6 ml/kg/min. Echocardiography at two
years showed a pronounced reduction in
sphericity, regurgitant volume, and regurgitant
fraction. LVEF, end diastolic and end systolic
volumes were all improved (table 11.4).

Mechanical blood pumps

Ideal treatment for chronic refractory heart
failure should be reliable, cost eVective, easy to
implement, and capable of providing a physi-
ological level of circulatory support. Existing
cardiac support devices such as the pacemaker
and implantable defibrillator are already widely
accepted for patients of all ages. Within the

Figure 11.7. One dimensional (M mode) echocardiography showing dramatically
improved left ventricular function in an infant six months after partial left
ventriculectomy for ischaemic cardiomyopathy in anomalous left coronary artery
from the pulmonary artery.

Table 11.4 Mitral valve repair in dilated cardiomyopathy. Left ventricular function and
flow before and after annuloplasty

Variable Preoperatively Postoperatively % change* p Value

End diastolic volume (ml) 335 (107) 307 (103) 18 (9) 0.06
End systolic volume (ml) 227 (101) 237 (98) −15 (14) 0.03
Stroke volume (ml) 58 (13) 70 (21) +12 (10) 0.02
Ejection fraction (%) 18 (5) 24 (10) +31 (24) 0.03
Mitral inflow (l/mm) 12.4 (5.3) 5.4 (0.5) −49 (22) 0.02
Forward cardiac output (l/min) 3.2 (1.0) 4.7 (0.9) +52 (38) 0.01
Regurgitant volume (l/min) 9.2 (5.4) 0.8 (0.6) 88.6 (10.1) 0.01
Regurgitant fraction (%) 70 (14) 15 (11) −79 (15) <0.001

Values are mean (SD). *Percentage change from preoperative study at 4–6 months postoperatively.
NYHA class fell significantly from 3.9 (0.4) to 1.8 (0.5) (p < 0.001).
Reproduced from Bolling et al. J Thorac Cardiovasc Surg 1998;115: 381-8. with permission of the
publisher.
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next 10 years a user friendly miniaturised
LVAD is destined to become the treatment of
choice to relieve symptoms and prolong life in
older heart failure patients.

Total heart replacement became virtually
redundant when it was clear that more than
90% of patients could be sustained with left
ventricular support alone. Only those with
advanced right ventricular pathology or fixed
pulmonary hypertension require biventricular
support. Those LVADs currently used for
bridge to transplantation have their origins in
the 1970s and can be regarded as first genera-
tion blood pumps. The Novacor (Baxter
Health Care, California, USA) and Thermo-
Cardio Systems (Woburn, Massachusetts,
USA) LVADs consist of a blood sac in series
with the native left ventricle and compressed by
a pusherplate mechanism, either electrically or
pneumatically driven.24 25 Bioprosthetic heart
valves dictate the direction of flow. This mech-
anism mimics the native left ventricle by
providing pulsatile stroke volume with either
variable or fixed pump rate. The patients own
left ventricle is completely oZoaded so that the
aortic valve does not open. While large external
pneumatic consoles have been replaced by
implantable electric systems with portable
control and power source, the serious problem
of LVAD size, noise, driveline infection, and
thromboembolism persist. These devices are
unsuitably large for most female patients or
children. Nevertheless, some bridge to trans-
plant patients have survived with acceptable
quality of life for up to four years.26

The new axial flow impeller pumps are the
next generation of artificial hearts.27 In animal
studies these compact, silent, non-pulsatile
blood pumps provide up to 6 litres flow per
minute, without significant haemolysis or
thromboembolism. The thumb sized Jarvik
2000 heart fits within the apex of the failing left
ventricle and pumps blood to the descending
thoracic aorta (fig 11.8).28 The impeller sup-
ported by blood immersed microceramic bear-
ings revolves at up to 18 000 rpm accelerating
blood so rapidly through a narrow channel that
the cellular components remain undamaged.
The controller and batteries are the size of a
portable telephone and fit easily onto a normal
belt. While transcutaneous power induction is
under development, we have devised an infec-
tion resistant skull mounted percutaneous tita-
nium pedestal for the first human implants.29

The extracardiac NASA/de Bakey axial flow
pump has already been tested for bridge to
transplantation in humans with mixed results
owing to mechanical problems.

Other ingenious blood pumps with magneti-
cally suspended rotors (without bearings) are
under development. These next generation,
fully implantable miniature artificial hearts
greatly increase the future scope of circulatory
support, but mechanical reliability and free-
dom from complications remains to be estab-
lished. We must also define the eVects of
chronic non-pulsatile blood flow, though the
recovering native heart will transmit a pulse
through the device. We anticipate that the cost
of a blood pump will be less than that of multi-

ple hospital admissions for stabilisation during
the last year of the patient’s life. The device will
replace most drug treatment and require only a
maintenance dose of warfarin.

Reversal of remodelling with an LVAD

One of the revelations of the past five years is
the eVect of chronic left ventricular oZoading
on the remodelled left ventricle.30 Reduction in
cardiac workload by strict prolonged bed rest is
known to result in functional and symptomatic
improvement, though the benefits are limited
by the adverse eVects of inactivity on the skel-
etal muscles, vascular tone, and autonomic
nervous system. However, when myocardial
rest is accompanied by whole body exercise
training the combined benefits become appar-
ent. These are the conditions achieved during
long term bridge to transplantation with the
Thermocardio Systems and Novacor LVADs.
The improved systemic blood flow reverses

Figure 11.8. The intraventricular “Jarvik 2000 Heart”,
an axial flow impeller pump which rotates at between
8000 and 18 000 rpm without damaging the blood.

x A realistic blood pump for long term
circulatory support must be unobtrusive,
silent, mechanically reliable with economic
energy consumption, non-thrombogenic,
free from constant infection risk and able
to provide between 3–10 litres flow per
minute without haemolysis. Such devices
are now available for human implant.

x In the next 10 years blood pumps will be
used for heart failure in the same way that
pacemakers and implantable defibrillators
are used for dysrhythmia.
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multisystem organ failure and enables resumed
physical activity, while the left ventricle is com-
pletely oZoaded. Renal and hepatic failure
improve whereas serum aldosterone concentra-
tions, plasmin renin activity, atrial natriuretic
peptide, and norepinephrine concentrations
revert to normal.31 In dilated cardiomyopathy
patients bridged to transplantation, left ven-
tricular size regresses with normalisation of
pressure volume relations, resolution of left
ventricular hypertrophy, and decreased myocy-
tolysis, fibrosis, and apoptosis.32 Comparison of
myocardial biopsies taken at the time of LVAD
implantation, then later during transplanta-
tion, show regression of myocyte hypertrophy
with normalisation of calcium, phospholipid,
and fatty acid metabolism. Realisation that
recovering hearts were being discarded by
transplantation, together with the incontrovert-
ible shortage of organ donors, led to the
concept of bridge to myocardial recovery.33

Although the scope for bridge to recovery is
obvious, there are certain requirements before
this strategy has a chance for success. The first
is a user friendly LVAD for patients of all sizes.
This must be simple to implant and remove
without the risk of driveline infection and easy
for the patient to control. The axial flow pumps
with a skull mounted percutaneous pedestal or
transcutaneous power induction are promising
in this respect. Second, the LVAD should be
employed before diVuse fibrosis renders re-
versal of ventricular remodelling unachiev-
able.34 Strategies to promote myocardial recov-
ery with drugs, growth factors, gene therapy,
and inhibitors of apoptosis are under investiga-
tion and markers for sustainability of recovery
explored.35 In this respect, the Berlin group has
used the disappearance from the serum of the
autoantibody against the â2 adrenergic recep-
tor, suggesting that this reflects abatement of
the immune process causing functional impair-
ment.36

Clinical reports of bridge to recovery dem-
onstrates the importance of myocardial pathol-
ogy. Patients with acute myocarditis who are in
terminal decline can be supported with an
LVAD or BIVAD until resolution of the
inflammatory process. Even those who require
external cardiac massage and conventional
cardiopulmonary bypass to sustain life during
LVAD implantation can be restored to near
normal cardiac function.

In a study of weaning of dilated cardiomy-
opathy patients from chronic left ventricular
support, Muller compared factors which dis-
tinguished those with well sustained recovery
from others who slipped back into heart
failure.35 Patients with long lasting recovery
were younger, had a shorter history of heart
failure, had a more rapid improvement in
cardiac performance, and needed a shorter
duration of LVAD support before cardiac indi-
ces justified device removal. The duration over
which the autoantibodies disappeared from the
serum was shorter (8.8 (2.3) weeks v 9.7 (3.3)
weeks, p = 0.0027) in patients with sustainable
recovery. Not diVerent were mean age (41.5
(9.9) years v 50.3 (11.2)), mean LVED
diameter at the time of device placement (75.2

(7.9) mm v 78.7 (4.8) mm), LVEF (14.8
(2.9)% v 17.0 (2.3)%), and mean LVED
diameter two months after LVAD placement
(53.7 (6.2) mm v 55.6 (7.2) mm). The Berlin
group concluded that an LVAD oZoading
period of between 8–10 weeks was optimum in
patients destined for sustainable recovery, and
that longer support could lead to myocyte
atrophy. Others have reservations about this
limited duration and report success for much
longer periods.1

Summary

The scope of heart failure surgery is developing
rapidly but relies increasingly upon expensive
diagnostic techniques and mechanical circula-
tory support. The major issues are not ethical
but economic. New miniature axial flow and
centrifugal blood pumps are emerging from
bioengineering laboratories and will eventually
be used as frequently for heart failure as is the
pacemaker for rhythm problems. In the future,
new drugs, gene therapy, and autogenous myo-
cyte culture will promote left ventricular repair
during circulatory support, thereby freeing the
limited number of donor organs for younger
complex congenital hearts.
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SECTION III: CARDIOMYOPATHY





The recent revision (table 12.1) of the
definition of a cardiomyopathy by the
World Health Organization1 recognises

that ventricular dysfunction can result from a
failure to correct volume or pressure overload
in valve disease or to control hypertension.
Loss of myocardium caused by coronary
artery disease also leads to severe ventricular
dysfunction. All of these end stage conditions
are categorised as specific cardiomyopathies.
The second form of cardiomyopathy is caused
by intrinsic disorders of the myocardium itself
and is subdivided on the basis of the
pathophysiology. Such a functional rather than
an aetiological classification has drawbacks
but reflects our current state of knowledge.
The diVerent functional abnormalities pro-
duce characteristic changes in ventricular
shape easily recognised in short axis echocar-
diographic planes and by pathologists (fig
12.1).

Dilated cardiomyopathy

The pathophysiological entity dilated cardio-
myopathy (DCM) is heterogeneous with re-
gard both to its pathogenesis and its morphol-
ogy. Common to the whole group is a poorly
contracting dilated left ventricle with a normal
or reduced left ventricular wall thickness. The
lack of an increase in left ventricular wall thick-
ness tends to mask a significant increase in left
ventricular mass. In the terminal stages throm-
bus may develop in the apices of both
ventricles. The histological changes within the
myocardium are listed above. The individual
myocytes are increased in length rather than in
width and lose the normal number of intra-
cellular contractile myofibrils, and thus appear
empty and vacuolated on histology (fig 12.2).
The degree of this histological change closely
correlates with declining left ventricular func-
tion. The myocyte nuclei increase in size
because of the synthesis of DNA and become
polyploid. Death of individual myocytes occurs
both by apoptosis and necrosis. Fibrosis
characteristically is interstitial and begins to
surround and isolate individual myocytes. The
number of macrophages and T lymphocytes in
the interstitial spaces is often increased com-
pared with normal hearts. All of these histo-
logical changes vary widely in degree and type
from case to case and give no information on
causation.

Pathogenesis of dilated
cardiomyopathy

In most cases of DCM no definite cause is
identifiable. Some known causes, and some
hypotheses, exist. The most prevalent toxic
cause of DCM is alcohol. A wide range of
structural abnormalities in the myocardium
has been associated with high alcohol intake,
and it is diYcult to define the exact point at
which these abnormalities can be called DCM.
There is an excess of sudden death in alcohol-
ics with large fatty livers even when the heart
appears structurally normal. The spectrum
continues through an isolated increase in left
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Table 12.1 The cardiomyopathies, as defined by the World Health Organization1

Specific (secondary to external processes) Intrinsic to myocardium

Hypertensive cardiomyopathy Dilated cardiomyopathy (DCM)
Valvar cardiomyopathy Hypertrophic cardiomyopathy (HCM)
Ischaemic cardiomyopathy
Cardiomyopathy secondary to systemic disease
Inflammatory cardiomyopathy

Arrhythmogenic right ventricular dysplasia
(ARVD)
Obliterative cardiomyopathy (OCM)

Figure 12.1. The morphological expression of the intrinsic cardiomyopathies as
seen in short axis cuts across the right and left ventricle at mid septal level.
Hypertrophic cardiomyopathy may be symmetric or asymmetric. HCM,
hypertrophic cardiomyopathy; DCM, dilated cardiomyopathy; RCM, restrictive
cardiomyopathy; ARVD, arrhythmogenic right ventricular dysplasia; EMF,
endomyocardial fibrosis; OCM, obliterative cardiomyopathy,

Structural changes in dilated
cardiomyopathy

x Increased left ventricular mass

x Normal or reduced left ventricular wall
thickness

x Increased left ventricular cavity size

x Histology
–myocyte nuclear size increase
–myofibrillary loss within myocyte
–focal myocyte death
–increase in interstitial T

lymphocytes/macrophages
–interstitial fibrosis
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ventricular mass, followed by left ventricular
hypertrophy with interstitial fibrosis and fatty
change or myofibrillary loss in myocytes, and
culminating in fully developed DCM. There
are no specific morphological features indicat-
ing alcohol as a cause of DCM; the best
evidence may come from the results of totally
withdrawing alcohol.

Single gene mutations in either the structural
proteins of the myocyte, such as dystrophin,
metavinculin, and lamin, or of mitochondrial
DNA are recognised causes of DCM.2 The
majority of the skeletal muscle dystrophies,
including the Duchene and Becker types, may
have cardiac involvement. In some families
cardiac involvement may be dominant and
present first.3 Knowledge of the genes capable
of causing DCM is far less well established
than in hypertrophic cardiomyopathy (HCM),
but the frequency of familial DCM is increas-
ingly recognised as being far higher than
initially realised. As many as 30% of index
cases of DCM will have other family members
with evidence of left ventricular dysfunction or
enlargement on echocardiography.4

One view gaining ground is that DCM can
be split into groups—one has histological
evidence of chronic myocarditis while another
group has evidence of viral persistence by
polymerase chain reaction (PCR) analysis of
myocardial tissue myocardium. Yet another
group has neither myocarditis nor viral car-
riage. The definition of chronic myocarditis5 is
based on an increase in the number of activated
chronic inflammatory cells in the interstitial
tissues. The cells have to be positively identified
by immunohistochemistry as T cells or acti-
vated macrophages. More than 14 per square
millimetre of myocardium is regarded as
positive, particularly when associated with
increased expression of class II major histo-
compatibility complex (MHC) antigens on
endothelial and other cells. The hypothesis, as
yet unproven by trials, is that each subgroup of
DCM needs tailored treatment—that is, inter-
feron, immunosuppression, etc—to improve
prognosis. The diVerentiation of the four
possible permutations—viral presence or ab-
sence, myocarditis presence or absence—takes
sophisticated technology by the laboratory and
would not be feasible to carry out in centres
taking an occasional cardiac biopsy.

Hand in hand with the concept of chronic
myocarditis is the idea that there is evidence of
enhanced immune damage in some cases of
DCM. Many cases show increased expression
of class II antigens in the myocardium, and cir-
culating autoantibodies to a wide range of
components of the myocyte are present. Given
that in DCM myocyte loss is occurring, the
unanswered question is whether these antibod-
ies are the cause of myocyte death or are noth-
ing more than a secondary phenomenon.

Some forms of cardiomyopathy which are
diYcult to classify may also belong in the
DCM group. Patients may present with very
mild symptoms and a left ventricle which is
dilated. These cases may be early forms of
DCM and their frequency is increased in
asymptomatic family members of index DCM
cases. Myocardial fibrosis may occur without
any clear cause, such as coronary disease, and
be associated with ventricular arrhythmias
rather than left ventricular dilatation and heart
failure. Such cases have been equated in the
past with healed myocarditis but are increas-
ingly being recognised as familial, although the
genes are not identified.

Hypertrophic cardiomyopathy

The heart of a patient with archetypal HCM
has an asymmetric or a symmetric increase in
left ventricular wall thickness (fig 12.1) with a
left ventricular cavity which is reduced in size.
A high proportion of cases are now recognised
to be caused by mutations in genes coding for
myofibrillary proteins. At least nine individual
genes coding for diVerent myofibrillary pro-
teins have been identified.6 AVected individuals
are heterozygous and produce a mixture of the
normal (known by geneticists as the wild form)
protein and abnormal (mutant) protein. The
abnormal protein interferes with the organis-
ation or function of the myofibrils within the
myocyte producing the histological feature of
myocyte disarray (fig 12.3). The unexplained
feature is that while some cases appear to have
the whole of the left ventricle involved, in oth-
ers it is confined to a specific region, the most
common being anteroseptal close to the left
ventricular outflow tract. Other distributions
include the posteroseptal region, lateral region,

Figure 12.2. Dilated cardiomyopathy. (A) Normal cardiac biopsy, with the myocytes in cross section. Each
myocyte has a uniform pink cytoplasm owing to the majority of the cell being filled by myofibrils. (B) Biopsy
from a case of DCM. The myocytes have lost myofibrils and empty spaces have appeared within the
cytoplasm.
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and the apex of the left ventricle. Right
ventricular involvement is present in at least a
third of cases.

Where the upper interventricular septum is
involved encroachment of myocardial muscle
on the left ventricular outflow tract occurs; this,
combined with systolic anterior movement of
the mitral valve, leads to contact between the
septal endocardium and the anterior cusp.
Endocardial thickening develops on the sep-
tum as a mirror image of the anterior cusp.
This band of severe endocardial thickening,
which may be up to 1 cm thick, is removed in
subaortic surgical resections. The anterior cusp
of the mitral valve develops fibrosis caused by
mechanical trauma and incurs a risk of
bacterial endocarditis. The genes which cause
HCM can be associated with dysplastic
changes in the small intramyocardial arteries,
significantly reducing the lumen size. These
changes may play a role in causing angina and
are associated with increasing fibrosis which,
over the years, may alter the ventricular shape
from HCM to become more like DCM.

An unexplained feature of HCM is the vari-
ation in the appearances of the heart (pheno-
type), even within a family in which all the
members have the same gene mutation. The
exact mutation does cause some variation in
the phenotype. Of the genes so far identified as
being responsible for HCM, left ventricular
outflow obstruction is a feature of â heavy
chain myosin gene mutations while symmetric,
rather modest left ventricular wall thickening is
found in troponin T mutations. Onset in late
adult life is characteristic of myosin binding
protein C mutations. The rapid expansion of
knowledge concerning the phenotype of the
myofibrillary genes creates semantic problems.
In troponin T families the left ventricular mass
may not be raised and the left ventricular wall
thickness may be normal, yet there is myocyte
disarray and a risk of sudden death. Thus there
is HCM without hypertrophy.

The potential natural history (fig 12.4) of
HCM caused by the myofibrillary genes is well
known, but it is not easy to predict which path
an individual will follow or indeed the fre-
quency of each path in the general community.

HCM is compatible with long life but there
is a constant risk of sudden death. Sudden
deaths in HCM can occur at any age, from
childhood to over 90 years, in subjects who
have been asymptomatic all their life. The
characteristic morphological changes in ven-
tricular shape in HCM do not develop until
early adolescence, making it impossible to
identify gene carriers with certainty by echo-
cardiography alone in children.

It is now recognised that cases exist in which
there is an increase in left ventricular mass,
with striking symmetric or asymmetric left
ventricular wall thickening, yet disarray is
absent and mutations in the myofibrillary
genes are not found. These cases indicate that
other genes outside the sarcomeric complex
can produce thick walled left ventricles.
Mitochondrial gene disorders, glycogen stor-
age disease, and Fabry’s disease are among the
known causes of the phenomenon.

Figure 12.3. Hypertrophic cardiomyopathy. In
sections stained to show the myofibrillary structure
blue (PTAH stain) in the normal myocardium (A), the
myocytes are arranged in parallel, and within the
myocyte myofibrils are parallel in the long axis of the
cell. Regular cross striations are seen. (B) Myocyte
disarray in a case of HCM, with the cells arranged in
whorls around foci of connective tissue. (C) Higher
power magnification shows the myofibrils within the
cell also criss cross and have lost their normal
parallel arrangement.

Figure 12.4. The range of natural histories
encountered in subjects with HCM caused by
myofibrillary gene mutations.CCF, chronic cardiac
failure; LV, left ventricular.
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Restrictive cardiomyopathy

Restrictive cardiomyopathy (RCM), in which
the left ventricle is nearly normal in shape but
there is a failure of the myocardium to relax in
diastole, is one form of cardiomyopathy where
cardiac biopsy may help. The most common
form is myocardial amyloid. It is usually easy to
recognise amyloid on histology by its character-
istic green colour under polarised light after
staining with Sirius red dye. Amyloid is not,
however, evenly distributed in the ventricle and
false negatives occur. Some cases develop a
florid myocardial fibrotic response masking the
amyloid. For these reasons electron micros-
copy studies of the biopsy may improve the
sensitivity. Other causes of restriction include
diVuse perimyocyte fibrosis. This pattern of
fibrosis is seen to a degree in many cases of
DCM, but when in a uniform distribution it
appears to cause predominant restriction. The
pathogenesis of this form is unknown. Another
form of RCM is familial and associated with
myocyte disarray on biopsy, but without other
clinical or morphological features of HCM.
The gene(s) responsible have not yet been
identified.

Arrhythmogenic right ventricular
dysplasia

First recognised in young subjects with normal
exercise tolerance who died suddenly, arrhyth-
mogenic right ventricular dysplasia (ARVD) is
characterised by areas in the right ventricle
where there is transmural replacement of the
myocytes largely by adipose tissue, but with
some fibrosis leading to focal areas of aneurys-
mal dilatation. The first cases recognised were
at the extreme end of the spectrum, but family
studies7 and wider clinical studies using
magnetic resonance imaging in subjects with
unexplained ventricular tachycardia revealed
that the areas of abnormality may be small—no
more than 1–2 cm across. About a third of
cases have concomitant left ventricular involve-
ment with fibrofatty replacement of myocytes,
often subpericardial and maximal on the
posterior wall. In most but not all cases the
myocardial involvement, while acting as a sub-
strate for arrhythmias, does not significantly
reduce right or left ventricular contractile
function.

In patients with a known family history or
with clear ECG and echocardiographic changes
suggesting ARVD, cardiac biopsy is a useful
confirmatory investigation but is rarely diagnos-
tic in its own right. The focal nature of the
disease means false negatives are common, while
simple adipose infiltration into the right ven-
tricular myocardium without replacement of
myocytes or fibrosis is a common finding in nor-
mal subjects, particular women. Biopsy findings
of fat in the right ventricular wall can be
overinterpreted and lead to false positives. The
diagnosis of ARVD has to be based on the con-
cordance of clinical and pathological features.

ARVD is genetic and several sites of
candidate genes have been identified on diVer-
ent chromosomes. At present what these genes
control or produce is unknown. The histologi-
cal changes are diVerent from those in DCM
because although myocytes are being lost in
both conditions, in ARVD there is a predomi-
nant replacement by adipose tissue. One
suggestion is that in ARVD myocytes are being
lost by apoptosis which does not invoke
replacement fibrosis. In many cases of ARVD
there is an inflammatory cell infiltrate in the
abnormal areas of myocardium. This has been
interpreted as a myocarditic component but
could be a secondary rather than a primary
change. Once the candidate genes are identi-
fied it may become clear how the phenotype is
produced.

The frequency of ARVD is impossible to
establish accurately at present because the less
striking cases are underdiagnosed both in life
and after death. It appears to be a major cause
of sudden death in young people in northern
Italy, while in the UK HCM remains numeri-
cally more important as a cause of sudden
death.

Obliterative cardiomyopathy

In this condition thrombus develops on the
endocardium of the apex and inflow segments
of one or both ventricles. The ventricular cavity
begins to be obliterated and the tricuspid and
mitral valves are involved. The thrombus
undergoes conversion to fibrous tissue as the
disease progresses. The ultimate expression is
of a small ventricular cavity with massive endo-
cardial thickening by fibrosis leading to the
condition known as endomyocardial fibrosis. In
temperate climates the disease is caused by
endocardial damage resulting from the release
of cationic proteins from activated eosinophils
in the circulation.8 In many cases the thrombus
is infiltrated by eosinophils but this is not a
prerequisite for the condition. Any cause of
systemic hypereosinophilia, including eosi-
nophilic leukaemia, Churg Strauss syndrome,
Bechet’s syndrome, and idiopathic hypereosi-
nophilia, can cause endomyocardial fibrosis.
While hypereosinophilia persists and degranu-
lated eosinophils are present in the circulation
the deposition of thrombus continues. Cases in
which the eosinophilia occurred in a single epi-
sode in the past may present at the end stage of
the disease, with massive endocardial fibrosis
restricting both ventricular contraction and
cavity volume. Recognition of the cause can
only be made by a history of previous disease
likely to be associated with increased eosino-
phil activation. Decortication of the thick layer
of fibrous tissue, with replacement of the mitral
or tricuspid valves, may be needed. In tropical
countries in Asia, Africa, and South America
an identical end stage cardiac disease occurs,
but the link to previous hypereosinophilia is
less well established, and other factors such as
nutritional deficiency or ingestion of unknown
toxins are widely debated as causes.
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Inflammatory cardiomyopathy
(myocarditis)

The clinical picture of acute myocarditis is
characterised by the rapid onset of cardiac fail-
ure or arrhythmias, or both, with fever, malaise,
myalgia, and sometimes pericarditis; it has a
morphological counterpart (Dallas criteria)9 of
myocyte necrosis, usually in a multifocal but
sometimes regional distribution, with a heavy
interstitial infiltrate of T lymphocytes (fig
12.5). In practice the characteristic morphol-
ogy occurs only in fatal and severe cases, and
biopsy of the myocardium often shows no evi-
dence of the typical tissue changes despite a
confident clinical diagnosis of acute myocardi-
tis. The reported positivity rate varies from
centre to centre but is usually no more than
10%. In biopsy positive cases of myocarditis
there is no clear evidence that immunosuppres-
sion is beneficial with regard to outcome. The
biopsy negative but clinically positive cases
create a diagnostic challenge and are likely to
be heterogeneous in origin. Some may be
genuine cases of myocarditis, but the biopsy is
taken after the T lymphocyte infiltrate has
cleared. Other cases may reflect the limitations
of cardiac biopsy because with a focal disease
the sample taken may come from an area of
normal myocardium.

A significant number of cases of clinically
suspected myocarditis prove to have interstitial
fibrosis and therefore represent longstanding
disease. A factor such as viral infection may
have precipitated non-specifically the onset of
symptoms as the first presentation of DCM. In
the absence of any current evidence that treat-
ment other than supportive therapy for cardiac
failure will improve prognosis, it is not clear
whether myocardial biopsy will give any data of
value for treating individual subjects. Centres
carrying out large numbers of cardiac biopsies
to elucidate the mechanisms of cardiac disease
for the future have more justification for biopsy.

Viral infection and acute myocarditis

The major cause of acute myocarditis is
perceived to be viral, involving in particular the
coxsackie group of viruses. This is based on
very well established links between viruses and

acute myocarditis in animals such as mice
(coxsackie) and dogs (parvovirus). What oc-
curs in other animals is likely to occur in man.
Coxsackie genomic material is found in about a
third of human cases of acute myocarditis using
PCR technology on myocardial tissue. The
younger the subject the more likely is virus to
be found. One facet of viral myocarditis in
experimental animals is that viral replication
ceases before the myocyte damage occurs. It is
therefore rarely possible to culture replicating
virus from the heart. The same is true of
human acute myocarditis, and diagnosis has to
be based on PCR on cardiac tissue and rising
titres in sequential serology.

It is probable that human myocarditis can be
caused by viruses other than those from the
coxsackie group, and the adeno group is begin-
ning to be seen as potentially cardiotoxic. A
very wide range of viruses such as those
responsible for chicken pox, measles, rubella,
and mumps often cause a minor degree of what
is taken to be myocarditis based on ECG
changes. A small subgroup of myocarditis may
be caused by non-viral organisms, such as the
spirochaete Borrelia burgdorferi in Lyme dis-
ease, toxoplasma, and leptospira, while in
South America Trypanosoma cruzi is by far the
most common cause of the acute myocarditis
of Chagas’ disease.

Patients with biopsy positive or negative
myocarditis may die in the acute phase or
recover. Recovery is usually complete although
there are a few reported cases of slow progres-
sion into DCM. Trials are underway to investi-
gate the possibility that cases in which virus can
be detected by PCR on biopsy tissue have a
diVerent pattern of behaviour and prognosis,
and should be treated with interferon.

The Dallas criteria for acute myocarditis on
cardiac biopsy defined the need for severe
myocyte damage plus a T lymphocyte intersti-
tial inflammatory cell infiltrate. A form of myo-
carditis occurs in which myocyte damage is
mild or absent but there is a florid interstitial
inflammatory cell infiltrate of a more pleomor-
phic type containing plasma cells and eosi-
nophils. This form of chronic myocarditis may
be associated with ventricular arrhythmias
rather than cardiac failure. Its pathogenesis is
unknown but drug hypersensitivity has been
implicated in some cases.

Giant cell myocarditis

Myocardial involvement by sarcoid has a range
of patterns.10 There may be a diVuse distribu-
tion of giant cell granulomas or a single
regional mass of sarcoid tissue which is initially
expanded in volume, but as fibrosis develops
the mass shrinks and may develop into a
ventricular aneurysm. Cardiac biopsy to diag-
nose myocardial sarcoid in a subject with
chronic arrhythmias can give a specific positive
diagnosis but the false negative rate is high.

A diVerent form of idiopathic giant cell
myocarditis11 occurs as an acute onset disease
with very severe cardiac failure leading to death

Figure 12.5. Acute myocarditis. There is a heavy but
focal increase of lymphocytic cells in the interstitial
tissues of the myocardium.
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within a week unless cardiac transplantation is
available. There are irregular areas of myocar-
dial necrosis, at the margins of which are large
giant cells but no organised granulomas such as
occur in sarcoid. No virus has been implicated.
The only known association is with auto-
immune disease and thymomas, although the
majority of cases occur suddenly in subjects
who have no other pre-existing disease. Recur-
rence of the giant cell myocarditis in donor
hearts can occur.
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Dilated cardiomyopathy is a heart mus-
cle disorder defined by the presence of
a dilated and poorly functioning left

ventricle in the absence of abnormal loading
conditions (hypertension, valve disease) or
ischaemic heart disease suYcient to cause glo-
bal systolic impairment. A large number of
cardiac and systemic diseases can cause systo-
lic impairment and left ventricular dilatation,
but in the majority of patients no identifiable
cause is found—hence the term “idiopathic”
dilated cardiomyopathy (IDC). There are
experimental and clinical data in animals and
humans suggesting that genetic, viral, and
immune factors contribute to the pathophysi-
ology of IDC.

Diagnosis

Clinical presentation
The first presentation of IDC may be with
systemic embolism or sudden death, but
patients more typically present with signs and
symptoms of pulmonary congestion and/or
low cardiac output, often on a background of
exertional symptoms and fatigue for many
months or years before their diagnosis. Inter-
current illness or the development of arrhyth-
mia, in particular atrial fibrillation, may
precipitate acute decompensation in such
individuals. Increasingly, IDC is diagnosed
incidentally in asymptomatic individuals
during routine medical screening or family
evaluation of patients with established
diagnosis.

A careful family history facilitates diagnosis
of inherited causes of IDC by characterising
the family phenotype, and also defines the
scope of family screening.1 At least 25% of
patients have evidence for familial disease with
predominantly autosomal dominant inherit-
ance. Clinically, familial disease is defined by
the presence of two or more aVected indivi-
duals in a single family and should also be
suspected in all patients with IDC and a family
history of premature cardiac death or conduc-
tion system disease. A further 20% of relatives
have isolated left ventricular enlargement that
can progress to IDC in a minority of cases.
Dilated cardiomyopathy can occur in a
number of X linked diseases such as Becker’s
and Duchenne’s muscular dystrophies and X
linked IDC. It may also occur in patients with
mitochondrial DNA mutations and inherited
metabolic disorders. Thus when taking a

family history, specific attention should be
given to a history of muscular dystrophy,
features of mitochondrial disease (for exam-
ple, familial diabetes, deafness, epilepsy, ma-
ternal inheritance), and signs and symptoms
of other inherited metabolic diseases. Inborn
errors of metabolism usually present in
infancy and childhood, but some may present
in adulthood, in particular haemochromatosis.
Nutritional deficiencies and endocrine abnor-
malities may produce heart failure, and a
complete drug history is essential, both in
relation to the administration of cardiotoxic
drugs such as anthracyclines and with respect
to the use of illegal substances. Cocaine abuse,
in particular, can produce a chronic IDC
picture as well as an acute cardiomyopathy.
Exposure to HIV and other infectious agents
such as hepatitis C may be relevant in some
patients.

13 Diagnosis and management of
dilated cardiomyopathy

Perry Elliott

Causes of dilated cardiomyopathy

Young

x Myocarditis (infective/toxic/immune)

x Carnitine deficiency

x Selenium deficiency

x Anomalous coronary arteries

x Arteriovenous malformations

x Kawasaki disease

x Endocardial fibroelastosis

x Non-compacted myocardium

x Calcium deficiency

x Familial IDC

x Barth syndrome

Adolescent/adults

x Familial IDC

x X linked

x Alcohol

x Myocarditis (infective/toxic/immune)

x Tachycardiomyopathy

x Mitochondrial

x Arrhythmogenic right ventricular
cardiomyopathy

x Eosinophilic (Churg Strauss syndrome)

x Drugs—anthracyclines

x Peripartum

x Endocrine

x Nutritional—thiamine, carnitine
deficiency, hypophosphataemia,
hypocalcaemia
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Electrocardiography
The ECG in patients with IDC may be
remarkably normal, but abnormalities ranging
from isolated T wave changes to septal Q waves
in patients with extensive left ventricular fibro-
sis, prolongation of atrioventricular (AV) con-
duction, and bundle branch block may be
observed. Sinus tachycardia and supraven-
tricular arrhythmias are common, in particular
atrial fibrillation. Approximately 20–30% of
patients have non-sustained ventricular tachy-
cardia and a small number present with
sustained ventricular tachycardia.

Echocardiography
An echocardiogram is essential for the diagno-
sis of IDC (fig 13.1). In patients with poor echo
windows other imaging modalities such as
radionuclide scans and magnetic resonance
may be useful. Recently suggested echocardio-
graphic criteria for IDC are shown in the adja-
cent box. When making the diagnosis of IDC it
is important to take into account sex and body
size. The most widely applied criteria in family
studies are based on the Henry formulae, with
a left ventricular cavity dimension of > 112%
of predicted normal values used to define left
ventricular enlargement and a shortening frac-
tion of < 25% defining abnormal systolic func-
tion. These criteria have some limitations, in
particular the use of only short axis dimensions
and a relatively low specificity in young
patients, but they are practical and reproduc-
ible. Recent European guidelines have sug-
gested that when screening family members a
more conservative cut oV of > 117% of
predicted values (2 SD plus 5%) should be
used in order to increase specificity.1

Exercise testing
Symptom limited upright exercise testing is of
considerable value when assessing functional
limitation in patients with IDC, particularly
when combined with respiratory gas analysis.
Metabolic exercise testing provides an objec-
tive measure of exercise capacity, facilitates
assessment of disease progression, helps assess
prognosis, and is useful in selecting patients for
cardiac transplantation. Metabolic exercise
testing may also provide diagnostic infor-
mation in patients with left ventricular impair-
ment caused by primary metabolic abnormali-
ties such as mitochondrial disease, by detecting
severe acidaemia.

Viral serology
In children and adults with acute myocarditis,
viral culture and serology may be useful in
establishing a diagnosis of viral myocarditis by
demonstrating rising titres of neutralising anti-
bodies, or virus specific IgM class antibodies to
enteroviruses indicative of recent infection. In
adults with IDC the relation between viral
infection and disease is more uncertain. Many
studies purporting to demonstrate a positive
association between viral infection and IDC are
very small, and have failed to control for cross
contamination with laboratory controls.2 The
source of disease and control populations is
also important as the most commonly impli-

cated enterovirus, coxsackie B, is ubiquitous in
most communities and causes small subclinical
epidemics. At present, the detection of viral
antibodies in patients with stable chronic IDC
has little impact on management, but viral
studies may become more important in the
future if current trials suggest a role for
immunosuppressive/modulatory treatments in
IDC.

Endomyocardial biopsy
Although endomyocardial biopsy can be used
to diagnose a wide range of myocardial
diseases, most are rare causes of IDC and can
often be diagnosed by other means. Even the
detection of an inflammatory cardiomyopathy
is of limited use, given the uncertainties and
inconsistencies surrounding its diagnosis using
conventional light microscope criteria. Endo-
myocardial biopsy may be of use in selected
patients—for example, those with suspected
cardiac haemochromatosis and other infiltra-
tive or malignant diseases—but in general it
should be confined to carefully conducted
clinical trials. A number of immunohistological
studies have already demonstrated increased
numbers of T cells and increased expression of
endothelial and interstitial MHC (major histo-

Diagnostic criteria for IDC
Ejection fraction < 0.45 and/or a fractional
shortening of < 25%, and a left ventricular end
diastolic dimension of > 112% predicted value
corrected for age and body surface area.

Exclusion criteria:

x Absence of systemic hypertension
(> 160/100 mm Hg)

x Coronary artery disease (> 50% in one or
more major branches)

x Chronic excess alcohol (> 40 g/day female,
> 80 g/day male for more than five years
after six month abstinence

x Systemic disease known to cause IDC

x Pericardial diseases

x Congenital heart disease

x Cor pulmonale

Key
The criteria for left ventricular enlargement
are based on data of Henry et al (Circulation
1980;62:1054–61). A value of > 112% of pre-
dicted represents 2 SDs from the mean
corrected for body surface area and age given
by the formula:
(45.3 × (body surface area)1/3 − (0.03 × age)
− 7.2) ±12%.
Mestroni et al have suggested a more conserva-
tive cut oV of > 117% (2 SDs + 5%) in order
to increase specificity for family studies.1

However, a value of 112% is probably just as
predictive of disease if systolic function is also
abnormal.

EDUCATION IN HEART

86



compatibility complex) antigens and cell
adhesion molecules in IDC hearts, consistent
with previous observations of immune
activity in IDC (fig 13.2).3 As our understand-
ing of the clinical significance of immunohisto-
chemical markers improves, it is likely that
endomyocardial biopsy will become more
important in guiding immunomodulatory
treatment.

Treatment

Specific treatments are not available for most
patients with IDC. Therefore, the primary
aims of treatment are to control symptoms and
to prevent disease progression and complica-
tions such as progressive heart failure, sudden
death, and thromboembolism. Diuretics re-
main central to the management of congestive
symptoms, but they should not be used as
monotherapy as they exacerbate neurohumoral
activation and may contribute to disease
progression unless administered concomitantly
with neurohumoral antagonists.

Angiotensin converting enzyme inhibitors
Activation of the renin–angiotensin–
aldosterone system (RAAS) is central to the
pathophysiology of heart failure of whatever
underlying aetiology. For this reason, angio-
tensin converting enzyme (ACE) inhibitors are
the mainstays of treatment in patients with
IDC, irrespective of the severity of heart
failure.4 ACE inhibitors improve dyspnoea and
exercise tolerance, reduce hospitalisation rates,

Figure 13.1. Parasternal long axis (A) and apical four chamber (B) cross
sectional (two dimensional) echocardiograms in a 23 year old patient with IDC.

Figure 13.2. Myocardial section from a patient with
IDC stained for the intercellular adhesion molecule 1
(ICAM-1) (green) and factor VIII (red). Dual staining
in yellow indicates the presence of endothelial ICAM
activity, indicative of chronic low grade inflammation.
Reproduced with permission from Professor Michael
Davies.

Recommended tests in adult patients
with IDC

x Erythrocyte sedimentation rate (ESR)

x Creatine kinase (CK)

x Viral serology (if acute presentation)

x Renal function

x Liver function tests/calcium

x Serum ferritin/iron/transferrin

x Thyroid function tests

Only in specific indications:

x Coronary angiography

x Blood
– autoantibodies
– carnitine
– lactate/pyruvate
– selenium
– pyruvate
– acylcarnitine profile
– drug screen
– red cell transketolase (beri beri)
– infective screen (HIV/hepatitis C,

enteroviruses)

x Urine
– organic acid/amino acids

x Skeletal muscle biopsy

x Endomyocardial biopsy
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and reduce cardiovascular mortality. They also
prevent or slow disease progression in asymp-
tomatic patients. A substantial proportion of
patients who are given ACE inhibitors fail to
reach the target doses reported in randomised
studies. Recent evidence from the ATLAS
study5 suggests that maximum recommended
doses of lisinopril (32.5–35 mg) are as well tol-
erated as low doses (2.5–5 mg), and are associ-
ated with a 12% greater reduction in the com-
bined risk of death or hospitalisation. Although
the comparative benefit of intermediate doses
is still uncertain, it seems prudent to try to
achieve recommended target doses in most
patients.

Significant side eVects are uncommon dur-
ing ACE inhibitor treatment, the most frequent
being hypotension, cough, and deterioration of
renal function. Mild impairment of renal func-
tion (creatinine up to 265 µmol/l) in the
absence of renal artery stenosis is not, however,
an absolute contraindication for ACE inhibi-
tion. Similarly, a resting systolic pressure of
80–90 mm Hg during treatment is acceptable
in the absence of postural symptoms. When
side eVects are problematic, the first step is to
consider reducing the dose of other medica-
tions. In particular, diuretic doses can often be
reduced in patients who no longer have
congestive symptoms. When ACE inhibitors
have to be discontinued, hydralazine–nitrate
combination can be useful in treating conges-
tive symptoms.

Angiotensin II receptor antagonists
Angiotensin II (AII) receptor antagonists have
recently attracted much interest and contro-
versy with regard to their place in the heart
failure therapeutic armoury. AII receptor
antagonists have haemodynamic eVects
broadly similar to those of ACE inhibitors, but
may be slightly better tolerated and at least
theoretically overcome the “escape” of angio-
tensin system blockade observed in some
patients on ACE inhibitors. However, unlike
ACE inhibitors, AII receptor antagonists do
not inhibit bradykinin metabolism and thus
lack a potentially beneficial vasodilatory eVect.
The ELITE-1 study6 suggested that losartan
may have a greater eVect on mortality than
captopril in elderly patients with mild to mod-
erate heart failure. Preliminary data from the
follow up to this study have failed to demon-
strate a superior eVect of losartan over
captopril, but the study was not powered to
detect equivalence between the two drugs. The
recent RESOLVD study7 has suggested that
combination treatment with an ACE inhibitor
and an AII antagonist may be more beneficial
in reducing neurohumoral activation and in
preventing ventricular remodelling than either
drug alone. A number of trials (VALHEFT,
CHARM) are currently addressing these and
other issues regarding AII receptor treatment.

β Blockers
In spite of ACE inhibitor treatment, mortality
continues to be high in patients with heart fail-
ure. This is perhaps not surprising given that
ACE inhibitors act on only one aspect of the

neurohumoral cascade (RAAS) that contrib-
utes to progressive left ventricular dysfunction.
It has been recognised for some time that
excess sympathetic activity contributes to the
clinical syndrome of heart failure, but it was
only recently that use of â blockers in heart
failure patients gained widespread acceptance.
Three recent multicentre placebo controlled
studies, the US carvedilol studies,8 CIBIS II
(bisoprolol),9 and MERIT-HF (metoprolol),10

have demonstrated substantial reductions in
sudden death and death from progressive heart
failure in patients with predominantly New
York Heart Association (NYHA) class II and
III symptoms treated with â blockers. In CIBIS
II and MERIT-HF, but not the US carvedilol
study, subgroup analysis suggested a greater
eVect in patients with ischaemic heart failure
compared to “non-ischaemic” heart failure.
Nevertheless, when taken together with earlier
studies, these data suggest that it is advisable to
consider â blockers in IDC patients with mild
to moderate symptoms in spite of maximal
treatment with ACE inhibitors. Patients should
not be started on â blockers if they have signs
or symptoms of decompensated heart failure,
and initial doses should be low (carvedilol
3.125 mg twice daily, bisoprolol 1.25 mg once
daily, metoprolol SR 12.5 mg once daily).
Doses should be increased gradually every 2–4
weeks, monitoring closely for hypotension,
bradycardia or worsening heart failure until the
target dose is achieved or side eVects occur.

Spironolactone
High plasma concentrations of aldosterone are
frequent in patients with moderate to severe
heart failure and contribute to sodium reten-
tion, potassium loss, sympathetic activation,
myocardial fibrosis, and baroreceptor dysfunc-
tion. ACE inhibition usually results in only a
transient decrease in aldosterone concentra-
tions, probably because a major source of
aldosterone is reduced hepatic clearance rather
than angiotensin dependent adrenal secretion.
The recent RALES study11 has shown that the
addition of 25 mg of spironolactone to conven-
tional treatment in patients with an ejection
fraction < 35% and a history of NYHA class IV
heart failure is associated with a 30% reduction
in the overall risk of death. Hospitalisation rates
for cardiac causes and functional status also
improved, and serious hyperkalaemia was
infrequent in patients with a serum creatinine
< 221 µmol/l. The drug should be considered
in all patients presenting with moderate to
severe heart failure symptoms.

Novel potential pharmacological
treatments

Natriuretic peptides
Atrial natriuretic peptide (ANP) is released
from atrial myocytes in response to stretch, and
induces diuresis, naturesis, vasodilatation, and
suppression of the renin–angiotensin system.
Circulating concentrations of ANP are in-
creased in congestive cardiac failure and corre-
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late with NYHA functional class and progno-
sis. Both ANP and brain natriuretic peptide are
potent vasodilators and diuretics, but clinical
trials have shown that tolerance frequently
develops during intravenous ANP administra-
tion. This problem may be overcome by the
development of drugs that inhibit neutral
endopeptidase, the enzyme responsible for
breakdown of natriuretic peptides.

Cytokine antagonists
Tumour necrosis factor á (TNFá) or cachectin
is a proinflammatory cytokine released from
activated macrophages, T cells, and failing
myocardium. It circulates at high concentra-
tions in patients with congestive cardiac failure
and in experimental models causes pulmonary
oedema, cardiomyopathy, cachexia, and re-
duced peripheral blood flow. Raised plasma
concentrations of TNFá and other proinflam-
matory cytokines such as interleukin 6 have
been interpreted as epiphenomena of heart
failure, but it is increasingly thought that
cytokines may promote heart failure progres-
sion. The experience with TNFá antagonists in
heart failure is limited, but there are intriguing
data on pentoxyfilline, a xanthine derivative
that suppresses TNFá production,12 and
etanercept, a soluble P75 tumour necrosis
factor receptor that binds irreversibly
with TNFá.13 Etanercept is currently being
evaluated in two large multicentre studies
(RENAISSANCE and RECOVER).

Endothelins are another family of locally
acting peptides with profound vasoconstrictor
eVects found in high plasma concentrations in
patients with heart failure. Experimental data
using the endothelin antagonist bosentan have
shown favourable haemodynamic eVects in
heart failure patients, although the drug is
associated with dose related hepatic dysfunc-
tion, prompting the investigation of more
selective endothelin antagonists.

Anticoagulants
Although the annual risk of thromboembolism
in patients with IDC is relatively low, many
patients are young and are exposed to an
appreciable cumulative risk of systemic emboli-
sation. At present there are no trial data to
guide anticoagulant treatment in IDC, but
warfarin is advised in patients with a history of
thromboembolism or evidence of intracardiac
thrombus. Patients with more than moderate
ventricular dilatation and moderate to severe
systolic dysfunction should also be advised to
take warfarin.

Management of arrhythmia in IDC

There are substantial limitations to most
currently available antiarrhythmic drugs in
IDC, in particular their negative inotropic and
proarrhythmic eVects. Evidence from studies
showing increased mortality in patients with
advanced heart failure treated with class I
agents suggest that these drugs should not be
used to prevent arrhythmias of any origin in

IDC except in an emergency. Two large scale
trials have evaluated amiodarone in IDC, but
only one, GESICA,14 has demonstrated an
improvement in overall prognosis. The second
study, CHF-STAT,15 did not demonstrate an
improvement in overall survival, but there was
a non-significant trend towards improved
survival in patients with “non-ischaemic”
cardiomyopathy. Dofetilide,16 a more recently
developed class III agent, has a neutral eVect
on overall survival but does reduce the
incidence of atrial fibrillation. These data sug-
gest that class III agents can be safely used to
treat or prevent symptomatic supraventricular
arrhythmias in IDC, but they cannot be
recommended for sudden death prophylaxis.
There are as yet no large scale randomised data
of implantable cardioverter defribrillator
(ICD) treatment in IDC, but it is reasonable to
consider ICDs in patients with sustained
haemodynamically unstable ventricular
tachycardia/fibrillation. The role of ICDs in
patients without symptomatic ventricular
arrhythmia will hopefully be answered by
ongoing trials (for example, SCD-HEFT).

Non-pharmacological treatment of
advanced heart failure

Heterotopic heart transplantation is still the
cornerstone of advanced heart failure manage-
ment in patients with intractable heart failure
symptoms and end stage disease. However,
transplantation remains limited by the scarcity
of suitable organs and the development of graft
vasculopathy. In response to this dilemma sev-
eral novel approaches are being evaluated.

Partial left ventriculectomy (“Batista”
procedure)
Partial left ventriculectomy is based on the
hypothesis that as wall tension is related to left
ventricular diameter (Laplace’s law), reducing
the left ventricular size by excision of a portion
of its circumference should reduce wall stress
and improve ventricular haemodynamics. In
the best centres results from this intervention
were initially remarkably good given the nature
of the procedure. It is clear, however, that even
with careful patient selection many patients
survive only with the benefit of left ventricular
assist devices and subsequent transplantation.17

Late sudden death is also described in a
proportion of survivors. The diYculties associ-
ated with patient selection and subsequent
postoperative care suggest that, at best, this
form of treatment will be confined to a very
small number of experienced centres.

Left ventricular assist devices
Left ventricular assist devices (LVADs) have
recently received approval from the US Food
and Drug Administration for use in patients
with end stage heart failure as a bridge to car-
diac transplantation. Experience in patients
with IDC suggests that LVAD treatment can
result in an apparent improvement in left ven-
tricular function that may persist when the
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device is removed. However, there are as yet no
reliable markers that distinguish the minority
of patients that sustain useful recovery from the
majority that deteriorate following explanta-
tion of the device. Technical advances in LVAD
design now raise the possibility of using these
devices as an alternative to transplantation in
patients who are not transplant candidates.
This mode of treatment is currently being
evaluated in the REMATCH study,18 which if
positive will have substantial clinical and
resource implications for centres managing
advanced heart failure.

Multisite ventricular pacing
Many patients with advanced IDC have abnor-
mal left ventricular activation that in turn
results in prolonged and incoordinate ventricu-
lar relaxation. In some patients ventricular
conduction delay is also associated with
prolongation of atrioventricular conduction,
resulting in a loss of atrioventricular synchrony
and a predisposition to prolonged functional
mitral regurgitation. Dual chamber pacing has
been advocated as a method for restoring AV
synchrony and improving left ventricular coor-
dination in patients with severe congestive
heart failure. Although initially favourable
haemodynamic results using conventional right
ventricular pacing were not confirmed by later
studies, there has been a more consistent
response in studies that have used biventricular
pacing, the outcome depending critically on
the native QRS duration and the paced AV
delay.19 Patients should be considered for
biventricular pacing if they have QRS duration
greater than 150 ms, PR interval prolongation,
and symptoms refractory to conventional
medical treatment.

Immunomodulation/immunosuppression

While there is considerable evidence to suggest
that autoimmunity plays a significant role in
the pathophysiology of IDC, there has been lit-
tle evidence to suggest that immunosuppres-
sive treatment is of any benefit. This lack of
response is, perhaps, not that surprising given
the limitations of criteria used to select patients
for treatment in immunosuppresive studies and
the heterogeneity of the underlying aetiology of
the condition. Immunosuppression is also a
rather indiscriminate weapon, as it may sup-
press potentially beneficial immune responses
such as neutralising antibody production in
patients with chronic viral myocarditis. New
approaches to the diagnosis of chronic myocar-
ditis and the treatment of inflammatory
cardiomyopathy should improve this situation.
There are already interesting preliminary data
suggesting that high dose immunoglobulin20

and immunoadsorption may result in short
term improvement in left ventricular perform-
ance in patients with dilated and peripartum
cardiomyopathy.

The future

IDC is a disease of diverse causes and
pathophysiology. Among the many challenges
facing clinicians treating patients with the
disorder are the detection of early disease, the
identification of the predominant mechanism
of left ventricular dysfunction, and the develop-
ment of treatments that target the initiating
mechanism of disease. Nevertheless, there have
been major advances in our understanding of
the genetic and immunological basis of IDC,
and recent advances in the pharmacotherapy of
heart failure have substantially improved the
outlook for many patients. The rapid pace of
current research and the development of new
treatments for the management of both early
and late disease augur well for the future.
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Arrhythmogenic right ventricular cardio-
myopathy (ARVC) is a myocardial
disease, often familial, that is character-

ised pathologically by fibrofatty replacement of
the right ventricular myocardium, and clini-
cally by ventricular arrhythmias of right
ventricular origin which may lead to sudden
death, mostly in young people and athletes.1–5

The term “dysplasia” was originally used to
describe an entity that was considered to be the
result of a developmental defect of the right
ventricular myocardium.1 A better understand-
ing of clinical manifestations as well as
morphologic findings does not support the
theory of a congenital absence of the myocar-
dium, but is in keeping with a non-ischaemic,
ongoing atrophy of the right ventricular
myocardium, most likely genetically deter-
mined, which becomes symptomatic in adoles-
cents and young adults.2–4 On the basis of its
nature of progressive heart muscle disease of
unknown aetiology, ARVC has been more
appropriately included among the cardiomy-
opathies in the recent classification proposed
by the task force of the World Health
Organization/International Society and Fed-
eration of Cardiology. Although several theo-
ries have been advanced, the aetiopathogenesis
of ARVC is still unknown.5

Pathologic features

The most striking pathologic feature of ARVC
is the diVuse or segmental loss of the
myocardium of the right ventricular free wall
and its replacement by fibrofatty tissue (fig 1);
it is frequently transmural and accounts for
aneurysmal dilations of the diaphragmatic, api-
cal, and infundibular regions (so called “trian-
gle of dysplasia”) in nearly 50% of the cases in
the necropsy series.2–4 A wave front progression
of the pathological process occurs from the
subepicardium to the endocardium, so that
residual myocardium is confined to the inner
subendocardial layer and to the trabeculae of
the right ventricle, where islands of surviving
myocardial cells are scattered throughout the
fibrofatty tissue. Patchy acute myocarditis with
myocyte death and round cell (mostly T
lymphocytes) inflammatory infiltrates are
present in nearly two thirds of the cases.

Two morphological variants of ARVC have
been reported.2 The fatty form is exclusively
confined to the right ventricle and involves
predominantly the apical and infundibular

regions. It is characterised by partial or almost
complete substitution of the myocardium by
fatty tissue without wall thinning (4–5 mm).
There is evidence of myocardial degeneration
and death in about half of the cases, in the
absence of significant fibrous tissue and
inflammatory infiltrates. The left ventricle and
the interventricular septum are typically
spared. In the fibrofatty variant the adipose
infiltration is associated with significant re-
placement type fibrosis, thinning of the right
ventricular wall (< 3 mm) (fig 14.1A), aneu-
rysmal dilatation, and inflammatory infiltrates.
There is usually involvement of the diaphrag-
matic wall underneath the posterior leaflet of
the tricuspid valve; the left ventricle and, more
rarely, the ventricular septum may be involved
to a lesser extent.

The replacement of the right ventricular
myocardium by fibrofatty tissue has been
related to three basic mechanisms3:
x Apoptosis or programmed cell death;
x Inflammatory heart disease with a spectrum

of clinical presentations ranging from acute
myocarditis to fibrous healing, which in
severe forms may involve both right and left
ventricles and may lead to congestive heart
failure mimicking dilated cardiomyopathy;

x Myocardial dystrophy which might reflect a
genetically determined atrophy.
In this setting, a genetic propensity to infec-

tious and/or immune reaction may explain the
occurrence of myocarditis.

Clinical diagnosis

The most common clinical manifestations of
ARVC consists of ventricular arrhythmias with
left bundle branch block (LBBB) morphology,
ECG depolarisation/repolarisation changes
mostly localised to right precordial leads, and
global and/or regional dysfunction and struc-
tural alterations of the right ventricle.1–6 How-
ever, patients with a clinical diagnosis of ARVC
based on typical findings, such as right precor-
dial ECG changes, right ventricular arrhyth-
mias, and structural and functional right
ventricular abnormalities, represent only one
extreme of the disease spectrum. A number of
cases are not recognised because they are
asymptomatic until the first presentation with
cardiac arrest or are diYcult to diagnose
through conventional non-invasive methods. In
this regard, a prospective investigation on sud-
den death in the young in the Veneto region of
Italy showed that nearly 20% of fatal events in
young people and athletes were caused by con-
cealed ARVC. At the other extreme of the
spectrum are patients in whom the diagnosis of
ARVC was not recognised at the onset of their
symptoms, who present in later years with con-
gestive heart failure with or without ventricular
arrhythmias, and are often misdiagnosed as
having dilated cardiomyopathy.4

Standardised diagnostic criteria have been
proposed by the study group on ARVC of the
working group on myocardial and pericardial
disease of the European Society of Cardiology
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and of the scientific council on cardiomyopa-
thies of the International Society and Federa-
tion of Cardiology.6 This task force was estab-
lished because it was realised that the diagnosis
of ARVC may be diYcult because of several
problems with the specificity of the ECG
abnormalities, the diVerent potential aetiolo-
gies of ventricular arrhythmias with an LBBB
morphology, with the assessment of the right
ventricular structure and function, and with
the interpretation of endomyocardial biopsy
findings. According to the task force guidelines,
the diagnosis of ARVC is based on the presence
of major and minor criteria encompassing
genetic, electrocardiographic, arrhythmic,
morphofunctional, and histopathologic factors
(table 14.1). Based on this classification the
diagnosis of ARVC would be fulfilled in the
presence of two major criteria or one major
plus two minor or four minor criteria from dif-
ferent groups. Although these guidelines repre-
sent a useful clinical approach to ARVC
diagnosis, optimal assessment of diagnostic

criteria requires a prospective evaluation from
a large patient population.

Genetics
A familial background have been demonstrated
in nearly 50% of ARVC cases, with an
autosomal dominant pattern of inheritance.5 7

The involved genes and the molecular defects
causing the disease are still unknown. How-
ever, seven ARVC loci have been identified so
far, two of which are in close proximity of
chromosome 14 (14q23-q24 and 14q12-q22),8

and the others on chromosome 1 (1q42-q43),
chromosome 2 (2q32.1-q32.2), chromosome 3
(3p23), and chromosome 10 (p12-p14). An
autosomal recessive variant of ARVC that is
associated with palmoplantar keratosis and
woolly hair (so called “Naxos disease”) has
been mapped on chromosome 17. Genes
encoding for actinin and keratin have been
considered as potential candidates for the
dominant and recessive variant of ARVC,
respectively. It is noteworthy that in the Padua
experience about 50% of the ARVC families
undergoing clinical and genetic screening did
not show linkage with any of the known
chromosomal loci. Therefore, further genetic
heterogeneity can be postulated. Although a
preclinical diagnosis of ARVC by DNA charac-
terisation is warranted, at the present time a
genetic test for screening is not currently avail-
able.

Depolarisation/repolarisation abnormalities
ECG abnormalites are detected in up to 90%
of ARVC patients.5 The most common abnor-
mality consists of T wave inversion in the pre-
cordial leads exploring the right ventricle (V1–
V3) (fig 14.2). Inversion of T waves is often
associated with a slight ST segment elevation
(< 0.1 mV). These repolarisation changes are
not specific and are considered only minor
diagnostic criteria because they may be a
normal variant in females and in children aged
less than 12 years, or may be secondary to a
right bundle branch block, either isolated or in
the setting of a congenital heart disease
accounting for a right ventricular overload.

The wide spectrum of ECG abnormalities
reflecting a delayed right ventricular activation
includes complete or incomplete right bundle
branch block, prolongation of right precordial
QRS duration, and postexcitation epsilon
waves—that is, small amplitude potentials
occurring after the QRS complex at the begin-
ning of the ST segment. Correlation between
surface ECG and epicardial mapping has
shown that these ECG changes reflect an
intraventricular myocardial (“parietal block”)
defect rather than a specialised conduction
system (“septal block”) conduction defect.9

Both right precordial QRS prolongation and
epsilon waves are deemed major diagnostic cri-
teria. Localised prolongation of QRS complex
in V1–V3 to more than 110 ms is a relatively
sensitive and specific diagnostic marker; it
mostly accounts for the QT dispersion across
the 12 leads which has been reported to relate
to the risk of sudden death. Epsilon waves are
uncommon on standard 12 lead ECGs but can

Figure 14.1. Morphologic features in a 25 year old man who died suddenly from
arrhythmogenic right ventricular cardiomyopathy. (A) Four chamber view cut of
the heart specimen showing the transmural fatty replacement of the right
ventricular free wall and the translucent infundibulum. (B) Panoramic histologic
view of the same heart confirming that the myocardial atrophy is confined to the
right ventricle and substantially spares the interventricular septum as well as the
left ventricular free wall (trichrome Heidenhain × 3). Reproduced from Basso C,
Corrado D, Rossi L, et al. Morbid anatomy. In: Nava A, Rossi L, Thiene G, eds.
Arrhythmogenic right ventricular cardiomyopathy—dysplasia. Elsevier, Amsterdam
1997, pp 71-86, with permission of the publisher.
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be detected in over 30% of ARVC patients in
the form of late potentials by high resolution
ECG and signal averaging techniques. Late
potentials are fragmented low amplitude po-
tentials in the terminal portion of the QRS
complex. They reflect areas of slow intraven-
tricular conduction which may predispose to
re-entrant ventricular arrhythmias. The under-
lying substrate consists of islands of surviving
myocardium interspersed with fatty and
fibrous tissue, accounting for fragmentation of
the electrical activation of the ventricular myo-
cardium. In ARVC, late potentials are not spe-
cific for re-entrant ventricular arrhythmias and
are better correlated with the extension of right
ventricular involvement and with the disease
progression over the time. Recently, a relation
between late potentials, amount of
replacement-type fibrous tissue, and degree
of right ventricular dysfunction has been
reported. Less common ECG abnormalities
include P waves exceeding 2.5 mV in ampli-
tude, low voltage QRS complex in peripheral
leads, and T wave inversion in the inferior
leads.

Ventricular arrhythmias
Although there are some asymptomatic ARVC
patients who are recognised by chance or in the
setting of a family screening, the most usual
clinical presentation of the disease is as
symptomatic ventricular arrhythmias of right
ventricular origin, which characteristically
occur during exercise. Related symptoms con-
sist of palpitations, presyncope, and syncope.
Ventricular arrhythmias range from isolated
premature ventricular beats (fig 14.2) to
sustained ventricular tachycardia (VT) with an
LBBB morphology, or ventricular fibrillation
(VF) leading to sudden cardiac arrest. The
QRS morphology and the mean QRS axis dur-
ing VT reflects its site of origin: an LBBB with
inferior axis suggests the right ventricular out-
flow tract, while an LBBB with superior axis
suggests the right ventricular inferior wall. It is
not uncommon for patients with advanced
ARVC to show several morphologies of VT,
suggesting multiple right ventricular arrhyth-
mogenic foci. VTs with LBBB pattern are not
specific for ARVC.

In the presence of right ventricular tachycar-
dias, the following structural heart disease
characterised by right ventricular involvement
should be ruled out before considering the
diagnosis of ARVC: congenital heart disease,
such as repaired tetralogy of Fallot, Ebstein
anomaly, atrial septal defect, and partial
anomalous venous return; acquired disease
such as tricuspid valve disease, pulmonary
hypertension, and right ventricular infarction;
and bundle branch re-entry complicating a
dilated cardiomyopathy. Once underlying
structural right ventricular disease is excluded,
the diVerential diagnosis should include a
Mahaim pre-excitated atrioventricular re-entry
tachycardia or an idiopathic right ventricular
outflow tract tachycardia. It is often diYcult to
diVerentiate ARVC from the latter condition,
which is usually benign and non-familial. It is
still debated whether right ventricular outflow

tract tachycardia represents a minor form of
ARVC, as suggested by the right ventricular
structural abnormalities often detected by
magnetic resonance imaging (MRI).

The true incidence of VF leading to sudden
cardiac arrest in patients with ARVC remains
unknown because many cases are discovered
only at post mortem. VF is relatively rare in
patients with known ARVC undergoing medi-
cal treatment of symptomatic ventricular
tachycardia, although some cases of rapid,
haemodynamically unstable or prolonged VT
may degenerate into VF. On the other hand,
abrupt VF is the most likely mechanism of
instantaneous sudden death in previously
asymptomatic young people and athletes with
concealed ARVC.10 Whether VF in this subset

Table 14.1 Criteria for diagnosis of arrhythmogenic right ventricular cardiomyopathy
(ARVC)6

I. Family history
Major

Familial disease confirmed at necropsy or surgery
Minor

Family history of premature sudden death (< 35 years) caused by suspected ARVC
Family history (clinical diagnosis based on present criteria)

II. ECG depolarisation/conduction abnormalities
Major

Epsilon waves or localised prolongation (> 110 ms) of the QRS complex in the right
precordial leads (V1–V3)
Minor

Late potentials seen on signal averaged ECG

III. ECG repolarisation abnormalities
Minor

Inverted T waves in right precordial leads (V2 and V3) in people >12 years and in the
absence of right bundle branch block

IV. Arrhythmias
Minor

Sustained or non-sustained left bundle branch block type ventricular tachycardia
documented on the ECG, Holter monitoring or during exercise testing

Frequent ventricular extrasystoles (more than 1000/24 hours on Holter monitoring)

V. Global and/or regional dysfunction and structural alterations*
Major

Severe dilatation and reduction of right ventricular ejection fraction with no (or only mild)
left ventricular involvement

Localised right ventricular aneurysms (akinetic or dyskinetic areas with diastolic bulgings)
Severe segmental dilatation of the right ventricle

Minor
Mild global right ventricular dilatation and/or ejection fraction reduction with normal left

ventricle
Mild segmental dilatation of the right ventricle
Regional right ventricular hypokinesia

VI. Tissue characteristics of walls
Major

Fibrofatty replacement of myocardium on endomyocardial biopsy

*Detected by echocardiography, angiography, magnetic resonance imaging, or radionuclide
scintigraphy.

Figure 14.2. Twelve lead ECG obtained at preparticipation screening in a 19 year
old football player who subsequently died from ARVC during a competitive game.
Note the typical abnormalities consisting of inverted T waves from V1 to V4 and
isolated premature ventricular beats with an LBBB morphology.
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of patients is related to an acute phase of
disease progression, either because of myocyte
necrosis–apoptosis or inflammation, remains to
be established.

Imaging of right ventricular morphofunctional
abnormalities
Demonstration of right ventricular morpho-
functional abnormalities by echocardiography,
angiography, and MRI is a major criterion for
diagnosing ARVC.5 Functional and structural
abnormalities consist of global right ventricular
dilatation with or without ejection fraction
reduction and left ventricular involvement;
segmental right ventricular dilatation with or
without dyskinesia (aneurysms and bulgings);
and wall motion abnormalities such as ipo-
akinesia or dyskinesia.

All the imaging techniques are associated
with significant limitations in the diagnostic
accuracy for detecting right ventricular
changes. Right ventricular angiography is usu-
ally regarded as the gold standard for the diag-
nosis of ARVC. Angiographic evidence of aki-
netic or dyskinetic bulgings localised in
infundibular, apical, and subtricuspidal regions
has a high diagnostic specificity (over 90%).11

Large areas of dilatation akinesia with an
irregular and “mamillated” aspect, most often
involving the inferior right ventricular wall, are
also significantly associated with the diagnosis
of ARVC. However, considerable interobserver
variability regarding the visual assessment of
right ventricular wall motion abnormalities by
contrast angiography have been reported.

Compared with right ventricular angio-
graphy, echocardiography is a non-invasive and
widely used technique, and represents the first
line imaging approach in evaluating patients
with suspected ARVC or in screening family
members. Echocardiography also allows serial
examinations aimed to assess the disease
progression during the follow up of aVected
patients. Furthermore, echocardiography is a
reliable technique for diVerential diagnosis of
ARVC by easily ruling out other right ventricu-

lar diseases such as Ebstein anomaly, atrial
septal defect, etc. Other than a visual assess-
ment of wall motion and structural abnormali-
ties, a quantitative echocardiographic evalua-
tion of the right ventricle, including
measurements of end diastolic cavity dimen-
sions (inlet, outlet, and mean ventricular
body), wall thickness, volume, and function, is
mandatory in order to enhance the diagnostic
accuracy. In the presence of the typical
echocardiographic features, contrast angio-
graphy or MRI may be avoided, whereas
borderline or apparently normal findings in
patients with suspected disease requires further
examination.

MRI is an attractive imaging method be-
cause it is non-invasive and has the unique
ability to characterise tissue, specifically by dif-
ferentiating fat from muscle.12 Recent studies
have shown several limitations and a high
degree of interobserver variability in the MRI
assessment of free wall thinning and fatty
deposition that are the most characteristic
structural changes (fig 14.3). The right ven-
tricular free wall is only 4–5 mm thick and the
motion artifacts often result in insuYcient
quality/spectral resolution to quantify right
ventricular wall thickness accurately. The
normal presence of epicardial and pericardial
fat also makes identification of true intramyo-
cardial fat diYcult. Some areas—such as the
subtricuspidal region—are not easily dis-
tinguished from the atrioventricular sulcus
which is rich in fat. There has been recent
emphasis on functional methods such as right
ventricular volume estimation with cine MRI.
This approach also permits accurate assess-
ment of right ventricular wall motion abnor-
malities and focal areas of dilatation with or
without dyskinesia. In conclusion, although
MRI is a promising technique for delineating
right ventricular anatomy and function, as well
as for characterising the composition of the
right ventricular wall, its diagnostic sensitivity
and specificity still need to be defined since the
quality of images detected are, at the present
time, largely subject to individual interpret-
ation.

Radionuclide angiography is also an accurate
non-invasive imaging technique for detection
of global right ventricular dysfunction and
regional wall motion abnormalities; its diag-
nostic concordance with right ventricular
angiography is nearly 90%.

The diagnosis of ARVC at its early stages or
in its concealed variants remains a clinical chal-
lenge by all imaging methods. Although these
techniques appear to be accurate in detecting
right ventricular structural and functional
abnormalities in overt forms of ARVC, they are
less sensitive in detecting subtle lesions.

Endomyocardial biopsy
A definitive diagnosis of ARVC relies on the
histological demonstration of full thickness
substitution of the right ventricular myocar-
dium by fatty or fibrofatty tissue at postmortem
examination. Transvenous endomyocardial bi-
opsy has the potential for an “in vivo”
demonstration of typical fibrofatty replacement

Figure 14.3. MRI findings in a 22 year old woman with a history of dizziness and
sustained ventricular tachycardia with an LBBB pattern. Short axis view showing
a dilated right ventricle with a brighter signal from a thin anterior free wall.
Reproduced from Menghetti L, Basso C, Nava A, et al. Spin-echo nuclear
magnetic resonance for tissue characterisation in arrhythmogenic right ventricular
cardiomyopathy. Heart 1996;76:467–70, with permission of the publisher.
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of the right ventricular muscle and may increase
the accuracy for the clinical diagnosis of ARVC,
even though it has several diagnostic limita-
tions. The sensitivity of endomyocardial biopsy
is low owing to the segmental nature of the
ARVC lesions and because the samples are
usually taken from the septum for safety
reasons, a region uncommonly involved by the
disease. On the other hand, there is diYculty in
diVerentiating ARVC from other causes of fatty
infiltration of the right ventricular myocardium.
In healthy subjects, particularly in the elderly,
there is a normal amount of subepicardial
adipose tissue which reflects the physiologic
process of progressive involution of the right
ventricle. Pathologic conditions which have
been associated with fatty infiltration include
chronic consummation of alcohol and inherited
myopathies such as Duschenne/Backer muscu-
lar dystrophy. On the other hand, fibrosis can be
observed in many cardiomyopathic and non-
cardiomyopathic conditions. Histomorphomet-
ric criteria have been advanced in order to
enhance the specificity of histopathologic diag-
nosis of ARVC at endomyocardial biopsy. A
percentage of fat > 3% and of fibrous tissue
> 40% with amounts of myocytes < 45% was
considered a clear cut diagnostic border be-
tween ARVC and normal hearts or dilated car-
diomyopathy.13 Although biopsy cannot be rou-
tinely recommended, it represents a histologic
validation of clinical findings and may improve
the diagnostic accuracy by excluding other car-
diomyopathy or myocarditis conditions, both
idiopathic and specific.

Prognosis

Natural history
The natural history of ARVC is predominantly
related to the ventricular electrical instability
which can precipitate arrhythmic cardiac arrest
at any time during the disease course. Moreover,
there is clinical and pathological evidence that
ARVC is a progressive heart muscle disease.
Long term follow up data from clinical studies
indicate that the right ventricle may become
more diVusely involved with time.14 Later in the
natural history, the left ventricle may be
progressively aVected with subsequent biven-
tricular failure. Recently a multicentred clinico-
pathologic investigation was carried out to
define further the anatomoclinical profile of
ARVC, with special reference to disease progres-
sion and left ventricular involvement.4 By exam-
ining 42 aVected whole hearts, including those
removed at transplant, and correlating patho-
logic findings with the patient’s clinical history,
the study demonstrated that at least in this sub-
group, representing an extreme of the disease
spectrum, ARVC can no longer be regarded as
an isolated disease of the right ventricle. Macro-
scopic or histologic involvement of the left ven-
tricle was found in 76% of hearts with ARVC; it
was age dependent, more common in patients
with longstanding clinical history, and it was
progressive as evaluated by serial echocardio-
graphic examinations. Moreover, left ventricular

lesions were associated with clinical arrhythmic
events, more severe cardiomegaly, inflammatory
infiltrates, and heart failure.

At present, there is limited information
about the clinical outcome of ARVC patients
with overt disease and significant ventricular
arrhythmias, and even less on asymptomatic
aVected family members. The following clin-
icopathologic phases can be considered5:
x “Concealed” phase characterised by subtle

right ventricular structural changes, with or
without minor ventricular arrhythmias,
during which sudden death may occasionally
be the first manifestation of the disease,
mostly in young people during competitive
sports or intense physical exercise.

x “Overt electrical disorder” in which
symptomatic right ventricular arrhythmias
possibly leading to sudden cardiac arrest
are associated with overt right ventricular
functional and structural abnormalities.

x “Right ventricular failure” caused by the
progression and extension of right
ventricular muscle disease that provokes
global right ventricular dysfunction with a
relatively preserved left ventricular function.

x Final stage of “biventricular pump failure”
caused by pronounced left ventricular
involvement. At this stage, ARVC mimics
biventricular dilated cardiomyopathy of other
causes leading to congestive heart failure and
related complications such as atrial
fibrillation and thromboembolic events.

Risk stratification
The main objective of management strategy is
to prevent arrhythmic sudden death. However,
there are no prospective and controlled studies
assessing clinical markers which can predict the
occurrence of life threatening ventricular
arrhythmias. It has been established that
sudden death may be the first manifestation of
the disease, mostly in previously asymptomatic
young subjects and athletes. Therefore all
identified or suspected patients are at risk of
sudden death even in the absence of symptoms
or ventricular arrhythmias. The most challeng-
ing clinical dilemma is not whether to treat
patients who already experienced malignant
ventricular arrhythmias (secondary preven-
tion), but to consider prophylactic treatment in
patients with no or only minor symptoms in
whom the disease has been diagnosed during
family screening or by chance (primary preven-
tion). Furthermore, ARVC is a progressive dis-
ease and the patient’s risk of sudden death may
increase with time.

The risk profile which emerges from retro-
spective analysis of clinical and pathologic
series, including fatal cases, is characterised by
young age, competitive sport activity, malignant
familial background, extensive right ventricular
disease with ejection fraction reduction and left
ventricular involvement, syncope, and episodes
of complex ventricular arrhythmias or VT.2–4 10

The baseline clinical study for assessment of the
risk of sudden death consists of non-invasive
routine clinical study including detailed clinical
history (mostly addressing familial background
and previous syncope), 12 lead ECG, 24 hour
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Holter monitoring, exercise stress testing, and
signal averaged ECG. All aVected patients,
either symptomatic or asymptomatic, should
undergo this first line evaluation, even if its posi-
tive predictive value for subsequent malignant
ventricular arrhythmias remains to be estab-
lished. Invasive, intracardiac electrophysiologic
study with programmed ventricular stimulation
should be reserved for patients symptomatic for
sustained VT or VF, patients with syncopal epi-
sodes in whom non-invasive evaluation was
negative, and asymptomatic patients with
strongly positive findings such as history of pre-
mature sudden death, non-sustained ventricular
tachycardia, and depressed right ventricular
function. The major aims of electrophysiologic
study are: (1) to assess the disease’s arrhyth-
mogenic potential by induction of VT or VF
during the basic pacing protocol or after isopro-
terenol; (2) to evaluate haemodynamic conse-
quences of sustained VT and its propensity to
degenerate into VF; and (3) to establish the sus-
ceptibility of VT to be interrupted by antitachy-
cardia stimulation, and its reinducibility in view
of serial electropharmacologic studies or im-
plantation of an automatic defibrillator. The
value of electrophysiologic study in arrhythmic
risk stratification of patients with ARVC remains
to be validated by prospective investigations.

Treatment

Since the assessment of sudden death risk in
patients with ARVC is still not well established,
there are no precise guidelines to determine
which are the patients who need to be treated
and which is the best management approach.5

The therapeutic options include â blockers,
antiarrhythmic drugs, catheter ablation, and
implantable cardioverter defibrillator (ICD).
At the present time, it is unclear how to best
predict the eYcacy of both pharmacological
and non-pharmacological treatment in patients
with ARVC; management of patients with

ARVC is individualised and the strategies are
based on the local experience of the diVerent
centres. Pharmacologic therapy is the first
choice treatment of patients with well tolerated
and non-life threatening ventricular arrhyth-
mias. This subset of patients is usually treated
empirically by â blockers and class I and III
antiarrhythmic drugs. The evidence available
suggests that either sotalol or amiodarone
(alone or in combination with â blockers) are
the most eVective drugs with a relatively low
proarrhythmic risk. The evaluation of eYcacy
of antiarrhythmic treatment may be based on
symptom improvement, though a more reliable
approach involves guiding treatment by serial
24 hour Holter monitoring and/or stress testing
by demonstrating reduction in arrhythmic
events.

In patients with sustained VT or VF,
antiarrhythmic drug treatment guided by
programmed ventricular stimulation with serial
drug testing is the most eVective therapeutic
strategy, although its ability to prevent sudden
death has not been proven. Non-
pharmacological treatment is reserved for
those patients with life threatening ventricular
arrhythmias in whom drug treatment either is
ineVective, is not applicable because of the
inability to induce the clinical ventricular
arrhythmias during electrophysiologic study, or
is associated with serious side eVects. Figure
14.4 is a flow chart outlining the management
of ARVC patients with VT or VF. Patients with
inducible VT during programmed ventricular
stimulation undergo drug testing (mostly class
I and III antiarrhythmic drugs) guided by serial
electrophysiologic study. If a drug regimen can
be found that prevents the induction of VT, the
patient is discharged on the eVective drug.
Patients who remain inducible on diVerent
antiarrhythmic drugs are treated non-
pharmacologically by an ICD (fig 14.5), except
for rare cases with localised disease in whom
catheter ablation of the VT may be an alterna-
tive option. Among patients with non-
inducible VT, those who experienced sponta-
neous, haemodynamically well tolerated VT
may be treated empirically by antiarrhythmic
drug treatment, which is subsequently tested
by serial 24 hour Holter monitoring and exer-
cise stress testing. In case of no drug response,
pace mapping directed catheter ablation may
be attempted before implanting a prophylactic
defibrillator. In patients with previous syncope
or cardiac arrest and no inducible VT, the
automatic cardioverter defibrillator represents
the first option.

Sotalol has been reported to be the most
eVective antiarrhythmic drug in the treatment
of both inducible and non-inducible VT in
ARVC, with overall eYcacy rates of more than
68% and 82%, respectively.15 However, its eY-
cacy in preventing sudden death remains to be
established.

Catheter ablation
Although acute success rates of 60–90% have
been reported with catheter ablation, VT
recurrences are common (up to 60% of the
cases) and may lead to sudden arrhythmic

Figure 14.4. Treatment strategy in ARVC complicated by VT/VF.
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death. The progressive nature of the underlying
disease which predisposes to the occurrence of
new arrhythmogenic foci over time may explain
this discrepancy between acute and long term
follow up success rates. In this regard,
recurring VTs usually show a QRS morphol-
ogy other than that previously ablated. There-
fore, catheter ablation should be reserved for
particular clinical conditions such as drug
refractory incessant VT or frequent recur-
rences of VT after defibrillator implantation.
Haemodynamically stable and well tolerated
VT, which is not inducible or is not suppressed
by electrophysiologic study directed pharma-
cologic treatment, may represent a further
indication, in the presence of very localised
cardiomyopathic changes and a still preserved
right ventricular function.

Implantable cardioverter defibrillator
The ICD is the most eVective safeguard against
arrhythmic sudden death. However, its precise
role in changing the natural history of ARVC
by preventing sudden and non-sudden death
needs to be evaluated by a prospective study of
a large series of patients. The implantable defi-
brillator is the treatment of choice in patients
resuscitated from a cardiac arrest caused by
rapid VT or VF. Other indications include:
patients with symptomatic VT non-inducible
at electrophysiologic study; patients in whom
electrophysiologic study guided drug treatment
is ineVective or is associated with severe side
eVects; patients with severe right ventricular
involvement and poor tolerance of VT; and
sudden death of a close family member.
Although ICD may confer a survival benefit of

up to 50% in patients with ARVC, there are
potential complications associated with the
device implantation which are related to the
distinctive pathologic changes of the right ven-
tricular wall. The very thin free wall predis-
poses to right ventricular perforation by the
transvenous lead. The loss of the right
ventricular myocardium with fibrofatty re-
placement underlies the diYculty in obtaining
adequate R waves and pacing thresholds at the
time of implantation (fig 14.5B). Moreover,
undersensing or pacing exit block may occur
during the follow up as a consequence of the
progression of the myopathic process, leading
to right ventricular myocardial disappearance.
Finally, inappropriate treatment owing to sinus
tachycardia and lead dislodgement has been
described in more active young patients under-
going implantation of the device.

Heart failure
In patients in whom ARVC has progressed to
severe right ventricular or biventricular systolic
dysfunction with risk of thromboembolic com-
plications, treatment consists of current
therapy for heart failure, including diuretics,
angiotensin converting enzyme inhibitors, and
digitalis, as well as anticoagulants. In case of
refractory congestive heart failure, the patients
may become candidates for heart transplanta-
tion.
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Figure 14.5. A 24 year old man affected by ARVC complicated by severe ventricular arrhythmias, with a recent family history of sudden
death. (A) Twelve lead ECG during programmed ventricular stimulation: the first two beats at sinus rhythm show a low voltage QRS
complex in the peripheral leads and T wave inversion in right precordial leads. After a drive of five paced ventricular beats, three
extrastimuli induce a sustained ventricular tachycardia with an LBBB pattern and a cycle length of 250 ms, which was promptly interrupted
by DC shock caused by the rapid haemodynamic deterioration. Serial antiarrhythmic drug testing, including sotalol, failed to identify any
effective drug. (B) Chest radiography (60° left anterior oblique) of the same patient after implantation of a transvenous prophylactic
automatic cardioverter defibrillator. Besides the atrial lead (a) and the double coil ventricular lead (b) for cardioversion, a third lead (c) was
screwed onto the mid septum to assure a reliable sensing and pacing function.
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SECTION IV: VALVE DISEASE





Valvar heart disease is a paradigm of the
changing aetiology of human disease. In
particular, we have witnessed dramatic

changes in the incidence of rheumatic heart
disease (fig 15.1); such changes have been lim-
ited mostly to industrialised countries, high-
lighting the role of factors other than microor-
ganisms in this disease. Interestingly, the
frequency of valvar heart disease is still high in
industrialised countries, as new types of valve
disease become increasingly prevalent (fig
15.2). The most important of them is degen-
erative valve disease, which relates directly to
the increased lifespan of people living in indus-
trialised countries compared to those in devel-
oping countries. On the other hand, aetiologies
related to the relative wealth of industrialised
countries have also appeared, the most dra-
matic example being valve disease related to
appetite suppressant drugs.

Rheumatic valve disease

Although rheumatic fever was thought to be
nearly eradicated from developed countries, it
continues to be a challenge because of its high
prevalence in the developing world. In addi-
tion, new aspects have emerged and are a cause
of concern, as indicated by the recent out-
breaks in industrial countries.

A variety of epidemiologic studies have
shown that the incidence of rheumatic fever
and the prevalence of rheumatic heart disease
have declined dramatically over the last dec-
ades in the developed countries. A number of
reasons (table 15.1) have been postulated to
explain such a decrease: improvement in living
standards, better access to medical care, wider
use of antibiotics, as well as natural changes in
the streptococcal strains.

In the USA, in the mid 1980s the medical
community was surprised by the resurgence of
a disease that had been considered to have vir-
tually disappeared. Although the first outbreak
was documented in the Intermountain area,1 a
nationwide survey of paediatric cardiologists
indicated that a definite increase in rheumatic
valve disease had occurred in 24 states. The
resurgence was very intense in certain areas,
where the incidence was similar to that occur-
ring in the early 1960s. After the outbreak, a
general decline in new cases was observed, but
the disease did not totally disappear. Some dis-
turbing features of the outbreak were that in
the majority of cases there was not the
antecedent of a sore throat, and that in some
patients who had the typical symptomatology,

they had taken the recommended treatment for
streptococcal pharyngitis (oral penicillin for 10
days). In contrast with what might be expected,
the resurgence was not restricted to socioeco-
nomically deprived groups. The unresolved
questions are whether the disease returned
because of an emergence of modified strains, a
breakdown of immunity, or simply a slackening
of public health vigilance. The most likely
explanation for the outbreak is that highly
rheumatogenic strains of group A streptococci
accounted for local increases in acute rheu-
matic fever.2 Viewed now in retrospect, through
the enormous publicity that accompanied the
outbreak, a nationwide survey of all children’s
hospitals and general hospitals of more than
600 beds in the USA revealed that rheumatic
fever was no more common than Kawasaki
disease, with approximately 5000 cases of each
occurring over four years (from 1984 to 1987),
and with no increasing trend.

In the developing countries, the situation is
similar to that of industrialised nations in the
early 20th century, when rheumatic fever was
still one of the leading causes of death and dis-
ability in young people. An accurate evaluation
of trends of rheumatic fever in these countries
is not possible because of a lack of reliable
health statistics, but there is overwhelming evi-
dence that the disease continues unabated. The
existing information indicates that the magni-
tude of the problem may not have changed
during the last years or may have actually
increased in the last 50–60 years. Worldwide
estimates of chronic rheumatic heart disease in
school age children and young adults range
from 4.9 to 30 million.3 Hospital statistics from
most developing nations reveal that about
10–35% of all cardiac admissions are for
patients with rheumatic fever or chronic rheu-
matic heart disease (table 15.2). Accordingly,
valve replacement accounts for the majority of
cardiac surgery in these countries.

Unfortunately, the notion that rheumatic
fever is a disease of the poor and the
underprivileged is still true at the beginning of
the new millennium. The absence of factors
that account for the sharp decline of the disease
in the industrialised countries explains its per-
sistence in the developing world. The diYcul-
ties in accessing health care rapidly may explain
why streptococcal sore throat (the most impor-
tant primary cause of this disease) is not
treated adequately. A report from Costa Rica
shows that a single dose of penicillin benza-
thine administered to all patients with sore
throat could reduce significantly the incidence
of rheumatic fever.4 Another additional prob-
lem is that secondary prophylaxis is rarely
done, and recurrences are frequent. Changes in
the standard of living in these countries, with
crowding in urban areas with poor living status
(slum areas), has accelerated the propagation
of the disease, since streptococcal infection
spreads in these type of conditions. At the
present time, prevalence of rheumatic heart
disease is higher among the urban poor than
the rural poor population.

Fortunately, group A streptococcus remains
sensitive to penicillin, but it may be only a mat-
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ter of time before it becomes resistant (resist-
ance to erythromycin, the second drug of
choice, is common and seems to be increasing).
Recently, important progress towards the
development of an eVective vaccine to protect
against streptococcal nasopharyngeal infection
opens up the possibility of better control of
rheumatic fever.5

Degenerative valve disease

Although there has been a dramatic reduction
in rheumatic valve disease in the industrialised
countries over the past 30 years, there has not
been a similar reduction in valve surgery. This
is because the types of patients being referred
for surgery have changed. The significant
increase in life expectancy in developed
countries partly accounts for this change in
aetiology, especially in aortic valve disease. In
one surgical series over a five year period (from
1981 to 1985), it was found that while the pro-
portion of patients with congenitally bicuspid
aortic stenosis remained stable (from 37% to
33%), postinflammatory valve disease de-
creased from 30% to 18% while degenerative
valve disease increased from 30% to 46%.6

Although the incidence of degenerative valve
disease increases with age, aging does not seem
to be the only factor, as valve disease is not
present universally in the elderly (25–45% of
octogenarians do not have aortic calcification).
Moreover, and most intriguing, the initial
lesion of calcific aortic valve disease appears to
involve an active process with some similarities
to atherosclerosis, including lipid deposition
(apo B, apo(a), and apo E), macrophage
infiltration, and production of osteopontin and
other proteins.7–9 In the Cardiovascular Health
Study7 the relation between aortic sclerosis or
aortic stenosis and clinical risk factors for
atherosclerosis was evaluated in 5201 subjects
aged 65 years or more; aortic valve sclerosis
was found in 26% and aortic stenosis in 2% of
the entire cohort. Independent clinical factors
associated with both types of degenerative valve
disease included age (twofold increased risk for
each 10 year increase in age), male sex (two
fold excess risk), and a history of hypertension
(20% increase in risk); other significant factors
included high lipoprotein Lp (a) and low den-
sity lipoprotein (LDL) cholesterol concentra-
tions.

Another study found an association between
atherosclerotic risk factors and mitral annulus
calcification, and stenotic and non-stenotic
aortic valve calcification.8 The analysis was
done from a prospective database of 8160 con-
secutive patients and showed that age (odds
ratio (OR) varying from 5.78 to 10.4, depend-
ing on age class), hypertension (OR 2.38),
diabetes mellitus (OR 2.85), and hypercholes-
terolaemia (OR 2.95) were strongly and
significantly associated with aortic valve calcifi-
cation, as were age (OR varying from 8.82 to
67, depending on age class), hypertension (OR
2.72), diabetes mellitus (OR 2.49), and hyper-
cholesterolaemia (OR 2.86) with mitral annu-

lar calcification. The most important conse-
quence of this process is aortic calcification
and/or aortic stenosis, but the same calcific
deposits may be located in the undersurface of
the posterior mitral leaflet and, if extensive
enough, can cause mitral incompetence and,
more rarely, mitral stenosis.

The results of these studies suggest that
degenerative valve disease does not have to be
regarded as an inevitable consequence of
aging, and that these findings might be
translated to preventive measures. Taking into
consideration that atherosclerotic heart dis-
ease, at least coronary heart disease, is to a cer-
tain extent a preventable condition, in which
eVorts have to be made to modify the natural
(or unnatural course), the same principles
would apply to degenerative valve disease.
Accordingly, early forms of aortic stenosis and,
probably, of aortic sclerosis and mitral annulus
calcification should be considered as indicators
to implement measures generally used to treat
atherosclerotic vascular disease, including diet
modification, tobacco consumption cessation,
plasma lipid determinations, and blood pres-
sure control.

The prevalence of degenerative valve disease
is not known in underdeveloped countries.
Presumably, it is low as life expectancy is much
shorter and atherosclerotic heart disease is
much less prevalent than in industrialised
countries.

Emerging valve disease

During the last 20 years, the medical commu-
nity has witnessed the appearance of new forms
of cardiac valve disease. There are three main
sources of these “modern” types of valve
involvement: (a) new infectious diseases such
as AIDS; (b) drug related diseases resulting
from the overuse of drugs that, in many cases,
are specifically linked to problems only found
in developed countries (for example, appetite
suppressant drugs); and (c) new types of

Figure 15.1. Changes in the incidence of rheumatic fever. Rheumatic fever
increased during the period of the industrial revolution, possibly because of
overcrowding in urban areas. Later on, it reached a steady state as living
standards began to improve. Finally, in the postindustrial period, the decline in
incidence was associated with an easier access to medical care, widespread use
of antibiotics, and reduced overcrowding. At the present time, when the disease
is considered to be nearly eradicated, isolated outbreaks continue to occur.
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idiopathic diseases (for example, the antiphos-
pholipid syndrome).

Infectious diseases: AIDS
Cardiac disease is not a common complication
of AIDS, but the incidence of AIDS related
heart involvement will increase as this infection
becomes more prevalent and patients live
longer.10 11 Valve involvement is less common
than myocardial or pericardial disease in AIDS
patients, unless a predisposing factor such as
intravenous drug abuse exists.12 In these cases,
endocarditis is caused by Staphylococcus aureus
or Streptococcus pneumoniae, but can also be
caused by fungi or HACEK (Haemophilus spe-
cies, Actinobacillus actinomycetencomitans, Car-
diobacterium hominis, Eikenella corrodens, and
Kingella species). It has been reported that the
degree of immunosupression caused by the
HIV infection increases the severity of valve
disease and the resulting mortality.13

The other type of valve involvement is
non-bacterial thrombotic or marantic endocar-
ditis, in a manner similar to other wasting dis-
eases such as cancer. The incidence ranges
from 4–7% in necropsy series. Vegetations are
composed of sterile verrucae attached to coap-
tation points of the valves and comprise fibrin–
platelet masses. When vegetations reach a size

greater than 2 mm they can be detected and
the condition diagnosed by means of echo-
cardiography. Any valve can be involved and,
from a clinical viewpoint, the most common
phenomena are embolic. There is no specific
treatment.

Drug related diseases
Ergot alkaloid heart disease
Methysergide and ergotamine are two classical
drugs that are used in the prophylaxis and
treatment of migraine headaches. Ergotamine
is believed to relieve migraine by inducing
vasoconstriction of the cerebrovascular bed,
while methysergide achieves a similar eVect by
its antiserotoninergic properties. They are
ergot alkaloid derivatives, and both share a
common chemical structure to the neurohor-
mone serotonin. Serotonin is the agent respon-
sible for valve disease in the carcinoid syn-
drome, involving endocardial fibrosis.

It has been reported that chronic ingestion of
methysergide or ergotamine can induce endo-
cardial thickening that results in valve dysfunc-
tion.14 The endocardial involvement comprises
a fibrotic reaction that coats valves, chordae,
papillary muscles, and all the endomyocardial
surface. Fibrosis causes valve and chordae
retraction that results in either stenosis or
regurgitation. The process is similar to that
described in the carcinoid syndrome, but while
carcinoid associated valve disease is restricted
to the right sided valves (except in the case of
bronchial carcinoid), in ergot alkaloid associ-
ated valve disease, although all four valves can
be involved, the aortic and mitral valves are
most often damaged.

The pathophysiologic underlying mech-
anism that explains why these lesions develop
after the chronic ingestion of these drugs is
unknown. Ergot alkaloid valve heart lesions
only occur after very prolonged exposure: all
patients diagnosed had received this treatment
for a minimum of six years (usually 20 years).
The incidence and importance of cardiac
lesions are directly correlated to doses and time
of exposure.

The incidence of this type of valve disease is
unknown because no studies have evaluated
large numbers of ergot alkaloid consumers, just
sporadic cases. Thus, there are no reports on
the natural history of the condition. A small
series from the Mayo Clinic included five
patients symptomatic enough to require valve
surgery.14 All the patients developed symptoms
after long periods of drug consumption but,
once the symptomatology was established, its
progression was rapid, to the point of requiring
valve replacement within six months to four
years. One patient that continued using ergot
alkaloid suppositories after mitral and aortic
surgery developed severe tricuspid involvement
shortly after, which was not present preopera-
tively.

The treatment of ergot alkaloid valve disease
is very simple. The most important measure is,
of course, to stop the drug treatment. Occa-
sionally, the interruption of therapy may be
followed by diminution of the murmurs associ-
ated with the valve disease, but this has not

Figure 15.2. Evolution of different types of valve
disease in the developed world. Rheumatic valve
disease has witnessed an abrupt decline, which has
been matched in part by an increase in degenerative
valve disease, related to aging. Meanwhile, new
types of valve disease have emerged, although they
account for a minority of all cases in comparison with
the old incidence of rheumatic valve disease or the
current incidence of degenerative valve disease.

Table 15.1 Suggested reasons for the decline of rheumatic fever in industrialised nations2

Reasons Possible mechanism of benefit Evidence

Improved standards of living + Less overcrowding
+ Improved nutrition

+ Declining incidence of RF
before the antibiotic era

Greater access to health care
and widespread use of
antibiotics

+ Prompt treatment of
symptomatic streptococcal
infections
+ Reduced occurrence of
epidemics of streptococcal
sore throat
+ Prevention of recurrence of
RF through secondary
prophylaxis

+ Studies examining the eVect
of improved health care
availability in poor urban areas
+ Fourfold decline in reported
national mortality from RF
after introduction of penicillin

Diminished streptococcal
virulence and fewer
“rheumatogenic” subtypes

+ Less rapid spread of
streptococcal infections
+ Reduced prevalence of
specific “rheumatogenic”
strains

+ No direct evidence,
diminishing incidence of RF
in the face of unchanged
prevalence of streptococcal
infection

RF, rheumatic fever.
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been confirmed by echocardiography. These
patients have to be managed conventionally,
with appropriate medical and surgical inter-
ventions as used to treat rheumatic or degen-
erative valve disease.

Appetite suppressants drugs and cardiac valve
disease
Reports on the eYcacy of the combination of
fenfluramine and phentermine in the treatment
of obesity appeared in 1992. Dexfenfluramine,
the d-isomer of fenfluramine, was approved by
the US Food and Drug Administration (FDA)
in 1996. These drugs were very successful, and
by 1997 approximately 14 million prescrip-
tions had been written (although a concern was
raised on their association with pulmonary
hypertension). However, in July 1997, Con-
nolly and colleagues reported a series of 24
patients who had taken the fenfluramine-
phentermine combination for an average of 11
months, and found a high incidence of cardiac
valve regurgitation; five patients in the study
need valve surgery, with findings similar to
those occurring in serotonin related carcinoid
syndrome (although in these patients they were
left sided).15 Immediately afterwards, a series of
retrospective echocardiographic studies found
that the prevalence of aortic or mitral regurgi-
tations in patients treated with these drugs
ranged from 20–30%, and as a result the drugs
were withdrawn from the market.

Three reports published simultaneously in
the New England Journal of Medicine confirmed
the association between the cardiac valve
disease and the drugs, although the reports dif-
fered in the estimate of risk magnitude.16–18 The
prevalence of echocardiographic valvar regur-
gitation (FDA criteria) varied from 6.9–25%,
depending on the study, the type of appetite
suppressant drug, and the duration of treat-
ment. The incidence of clinically detected car-
diac valve disease was much lower (reflecting
the insensitivity of clinical evaluation in diag-
nosing mild to moderate valve regurgitation).
Other conclusions were that the probability of
developing valve disease was related to longer
times of exposure and higher doses.

The lesson in this case is similar to that
learned with ergot alkaloid cardiac valve
disease. Drugs that act via the serotonin path-
ways are potentially dangerous. Phentermine,

which acts via the catecholamine pathway, has
escaped incrimination as a cause of valve dam-
age when given alone. The main diVerence
between what happened with the appetite sup-
pressant drugs and the ergot alkaloid drugs was
that in the former the valve damage occurred
after only a few months of treatment, while in
the latter the valvar involvement was described
only after years of treatment.

Cardiac valve disease associated with the
antiphospholipid syndrome
The antiphospholipid (aPL) syndrome is an
entity characterised by vascular thrombosis
with frequent heart involvement, particularly
valvar lesions.19 The syndrome is caused by the
appearance of circulating aPL antibodies,
which are spontaneously acquired circulating
immunoglobulins directed against negatively
charged phospholipids. aPL antibodies were
initially found in sera of patients with systemic
lupus erythematosus. They have since been
found occasionally in other connective tissue
diseases, as well as in drug induced, malignant,
and infectious disorders. In addition, they have
been found in subjects without any underlying
disorder.

aPL antibodies are associated with an
intriguing eVect on blood coagulation. In vitro
they act as an anticoagulant that prolongs the
whole blood clotting time, although no specific
deficiency of the clotting factors is detectable.
Despite its anticoagulant behaviour in vitro, the
paradox comes from the clinical manifestations
associated with the aPL phenomenon, as these
patients present with a high incidence of
arterial and venous thrombosis. The combina-
tion of a laboratory finding— that is, the pres-
ence of aPL antibodies—and of a clinical
finding—that is, the presence of either arterial
or venous occlusive events—has been termed
the antiphospholipid syndrome.

aPL antibodies are associated with a wide
variety of clinical manifestations, but the vast
majority of them share in common the charac-
teristic of being part of the hypercoagulopathic
state. The most frequent features are thrombo-
sis either in the venous or in the arterial bed as
deep vein thrombosis, commonly multiple and
bilateral, pulmonary embolism, secondary pul-
monary chronic hypertension, stroke, transient
ischemic attacks, multiple visceral arterial
occlusions, and other large vessel occlusions—
for example, of the subclavian artery. No
portion of the vasculature is spared from
thrombotic events.

Cardiac involvement is frequently seen
under the broad umbrella of the aPL syn-
drome, and it can be present in many diverse
ways.20 Initially, aPL antibodies were signifi-
cantly associated with the finding of valve
lesions in lupus patients. Nevertheless, sys-
temic lupus is a complex disease in which mul-
tiple inflammatory, thrombotic, and degenera-
tive phenomena are involved. Thus, the best
model to determine whether aPL antibodies
and valve lesions are related is the primary
antiphospholipid syndrome, namely, those pa-
tients with antibodies to phospholipids, throm-
botic manifestations, but no other disease that

Table 15.2 Hospital admissions for rheumatic heart
disease.2

Country
Admissions as percentage
of all cardiac admissions

Asia
Bangladesh 34.0
Burma 30.0
India 16.5–50.6
Mongolia 30.0
Pakistan 23.0
Thailand 34.0

Africa
Ethiopia 34.8
Ghana 20.6
Malawi 23.0
Nigeria 18.1–23.0
South Africa 25.0
Tanzania 9.7
Uganda 24.7
Zambia 18.2
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may account for the antibodies. Subsequently,
valvar involvement has been demonstrated in
patients with the primary aPL syndrome.20

Lesions are found by means of Doppler
echocardiography in 38% of patients, involving
the mitral and the aortic valve; they are regur-
gitant, and in some cases the valvar regurgita-
tion is so severe as to require surgery. The
lesions appear as irregular, localised valve
thickenings, not vegetative. The pathogenesis
of these endocardial lesions is as yet unknown.
Some investigators have found thrombi over
the involved valves. In order to link the throm-
botic occlusions of the vessel and the valve
involvement in these patients, it could be
hypothesised that the initial valve lesions are
thrombi deposits that subsequently promote an
unspecific anti-inflammatory response and
ultimately become organised.

The isolated finding of aPL antibodies in the
absence of clinical manifestations does not
require treatment, but patients with thrombotic
manifestations have to be fully anticoagulated.
It is unknown whether the finding of valve
heart disease should be treated, but the
tendency is not to give specific therapy to
asymptomatic subjects. Nevertheless, these
patients should probably receive infective
endocarditis prophylaxis.
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The timing of aortic valve surgery is
described for patients presenting with
two conditions: aortic stenosis and

chronic aortic regurgitation.

Aortic stenosis

Aortic stenosis may be caused by rheumatic
disease, a congenital bicuspid valve or calcifica-
tion of a trileaflet valve. In Europe and North
America, the aetiology of aortic stenosis most
often is increased leaflet stiVness, without
commissural fusion, caused by lipo-calcific
deposits on the aortic side of the valve leaflets.
This active disease process aVects both con-
genitally bicuspid and normal trileaflet aortic
valves and represents the extreme of a spec-
trum of disease that includes both aortic
sclerosis without outflow obstruction and
severe valvar aortic stenosis. Aortic valve
sclerosis and stenosis are the most common
valve diseases in Europe and North America,
with sclerosis present in about 25% of all peo-
ple over age 65 years and stenosis present in
2–7% of this population.1 Significant outflow
obstruction tends to occur at a younger age in
patients with a bicuspid valve, possibly related
to increased mechanical stress on the valve
leaflets.

At the tissue level, aortic valve stenosis is
characterised by focal areas of displacement of
the subendothelial elastic lamina on the aortic
side of the leaflet; there is protein and lipopro-
tein deposition and an inflammatory cell
infiltrate with macrophages, T lymphocytes,
and production of proteins, such as osteopon-
tin, that are associated with tissue calcification.
Ongoing studies of this active disease process
will further clarify mechanisms of disease.

Aortic sclerosis
The initial phase of the disease process leading
to aortic stenosis is mild leaflet thickening
without obstruction to ventricular outflow,
defined as aortic sclerosis. Although these
patients do not have cardiac symptoms, they
still are at increased risk for adverse cardiovas-
cular outcomes. In the population based
Cardiovascular Health Study, subjects with
aortic sclerosis on echocardiography and no
known cardiovascular disease had an approxi-
mately 50% increased risk of myocardial
infarction and cardiovascular death over an
average follow up of 5.5 years.2 Clearly, valve
surgery is not indicated in these subjects as
there is no outflow obstruction. Although there
have been no studies of medical treatment to
decrease cardiovascular risk in these subjects,

the prudent physician will evaluate and treat
conventional coronary risk factors.

Haemodynamic progression
Once mild aortic stenosis is present (defined as
an aortic jet velocity > 2.5 m/s), a gradual
increase in the severity of outflow obstruction
is seen in most patients (fig 16.1). Overall, the
average annual rate of increase in aortic jet
velocity is 0.3 m/s per year, with an increase in
mean transaortic pressure gradient of
7 mm Hg per year and a decrease in valve area
of 0.1 cm2 per year.3 However, there is wide
individual variability in the rate of haemody-
namic progression. Some patients have little
change in the degree of outflow obstruction
over several years, while others have a relatively
rapid rate of disease progression. Factors that
predict the rate of haemodynamic progression
in an individual patient have not yet been iden-
tified.

Symptom onset
At some point, the degree of outflow obstruc-
tion prevents an adequate increase in cardiac
output with exertion, and the patient becomes
symptomatic. Interestingly, some patients de-
velop clear symptoms with obstruction that
traditionally has not been considered “criti-
cal”, while others remain asymptomatic with
apparently severe obstruction. We now recog-
nise that there is substantial overlap in haemo-
dynamic severity between symptomatic and
asymptomatic patients, even though clinical
outcome is most dependent on the presence or
absence of symptoms. Thus, a diYcult clinical
problem is the patient who has symptoms
compatible with aortic stenosis but has outflow
obstruction that traditionally would be consid-
ered only moderate. In this situation it can be
diYcult to separate symptoms caused by
outflow obstruction from symptoms caused by
other comorbidity. Exercise testing can be
helpful in providing an objective measure of
exercise tolerance and in documenting the
haemodynamic response to exercise in these
patients. However, it is incumbent on the phy-
sician to assume that symptoms are caused by
aortic stenosis unless other explanations are
evident or the degree of stenosis is so mild that

16 Timing of aortic valve surgery

Catherine M Otto

Figure 16.1. Continuous wave Doppler recording of
aortic jet velocity in an elderly patient with severe
aortic stenosis. Non-invasive Doppler evaluation of
jet velocity, mean pressure gradient, and valve area
are key to the evaluation and management of adults
with aortic stenosis.
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valve replacement would not improve haemo-
dynamics.

There is widespread agreement that valve
replacement is indicated for symptomatic
severe aortic stenosis. Both historical series
before the availability of valve surgery and
more recent series of patients who refused
intervention for severe symptomatic aortic ste-
nosis show that outcome is extremely poor,
with survival rates as low as 50% at two years
and 20% at five years after symptom onset.

The three classical symptoms of aortic
stenosis are angina, heart failure, and syncope.
However, in patients followed prospectively,
symptom onset is insidious and may not be
recognised by the patient or physician unless a
careful, directed history is performed. Specifi-
cally, the physician needs to ask what activities
the patient is doing now compared to 1–3 years
ago. If there has been any decrease in physical
activity, the possibility of symptom onset
should be considered. Patients often ascribe
their decrease in activity to “the flu” or “getting
old”, rather than recognising the subtle symp-
toms that led to their change in lifestyle.

The most common initial symptom in adults
followed prospectively is a decrease in exercise
tolerance or dyspnoea on exertion. Angina also
is common but may not be recognised as such
unless the physician has educated the patient
about the significance of chest “discomfort” or
“heaviness”. When severe aortic stenosis is
present on echocardiography, surgical inter-
vention should be performed promptly once
even these minor symptoms occur. Symptoms
of pulmonary oedema and syncope are late
manifestations of the disease process, most
often occurring in patients without appropriate
access to medical care or who have ignored
earlier symptoms. If the symptom status of the
patient is unclear, exercise testing is helpful to
determine exercise duration and the haemody-
namic response to exercise. A fall or only mini-
mal rise in blood pressure indicates sympto-
matic disease.

Valve replacement for symptomatic aortic
stenosis
Aortic valve replacement remains the definitive
treatment for symptomatic aortic stenosis. In
recent surgical series, operative mortality aver-
ages 2–9 % with long term survival rate of 80%
at three years (table 16.1). Aortic stenosis in
adults is rarely amenable to repair although
commissurotomy may be an option in carefully
selected young adults with non-calcified valves.
Alternative procedures, such as balloon aortic
valvuloplasty and surgical or ultrasonic valve
debridement have not been successful. The
choice of valve substitute in an individual patient
is based on the balance between the durability of
a mechanical valve compared to a tissue valve
versus the need for long term anticoagulation.
Newer, stentless tissue valves oVer improved
haemodynamics and the promise of increased
longevity without the need for anticoagulation,
although long term outcome data are not yet
available. Other options include an aortic hom-
ograft in young women desiring pregnancy and
the pulmonic autograft procedure in carefully
selected younger patients at some experienced
centres.

Indications for surgery in valvar aortic
stenosis

x Definite indications:
– symptoms caused by aortic stenosis

(even if mild)
– asymptomatic severe aortic stenosis

with left ventricular systolic
dysfunction

– severe aortic stenosis at the time of
other cardiac surgery

x Selected patients:
– asymptomatic patients with severe

stenosis and anticipated high levels of
exertion, plans for pregnancy, poor
access to medical care, etc

– patients with moderate aortic stenosis
undergoing coronary bypass surgery

x Not accepted:
– prevention of sudden death in

asymptomatic patients

Table 16.1 Aortic valve replacement for aortic stenosis in the elderly and in those with impaired left ventricular function
(selected series)

Series n
30 day operative
mortality Event free survival

Culliford 1991 Age > 80 years AVR 35 5.7% 93.3% at 1 year
AVR+CABG 36 19.4% 80.4% at 3 years

Azariades 1991 Age > 80 years AVR±CABG 88 16% 5 years 64 (7)%

Olsson1992 Age > 80 years AVR±CABG 44 14% 2 years 73%
Age 65–75years AVR±CABG 83 4% 2 years 90%

Elayda1993 Age > 80 years AVR 77 5.2% 1 year 90.8%
AVR+CABG 75 24% 5 years 76%

Logeais1994 Age > 75 years AVR±CABG 675 12.4%

Connolly 1997 EF < 35% AVR±CABG 154 9% EF improved in 76%

AVR, aortic valve replacement; CABG, coronary artery bypass graft; MI, myocardial infarction; EF, ejection fraction.
Sources: Culliford AT, et al. Am J Cardiol 1991;67:1256–60; Azariades M, et al. Eur J Cardiothorac Surg 1991;5:373–7; Olsson M,
et al. J Am Coll Cardiol 1992;20:1512-16; Elayda MA, et al. Circulation 1993;88:II-1–6; Logeais Y, et al. Circulation 1994;90:2891–8;
Connolly HM. Circulation 1997;95:2395–400.
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Aortic stenosis in the elderly
Aortic valve replacement is indicated for symp-
tomatic severe aortic stenosis, regardless of age.
In comparison with outcome on medical treat-
ments, operative mortality rates are acceptable
even in octogenarians (5–15%). Comorbid
conditions are common in the elderly and some
patients have strong preferences regarding sur-
gical intervention—both are factors that need
to be taken into account in decision making in
this patient group. On the other hand, the rate
of calcification of tissue valves decreases with
age so that long term anticoagulation usually
can be avoided by using a tissue valve with an
expected longevity greater than the patient’s
expected survival.

Despite the compelling evidence that aortic
valve replacement is both appropriate and fea-
sible in the elderly, recent studies have
highlighted its underuse. Elderly adults with
severe symptomatic aortic stenosis often are
not referred for surgical consideration because
of misconceptions about the risks and benefits
of valve replacement. Many primary care phy-
sicians are unaware that elderly patients with
aortic stenosis and heart failure are the most
likely to benefit from relief of outflow obstruc-
tion. It also is important to review tables of
expected longevity for the patient’s current age,
as many patients (and physicians) are not
aware of the expected further life span. For
example, an 80 year old woman can expect to
live an additional 10 years. Quality of life also is
improved, even when operative mortality and
morbidity are considered.

Aortic stenosis with left ventricular systolic
dysfunction
Another diYcult clinical situation is the patient
with aortic stenosis and left ventricular systolic
dysfunction. When stenosis is severe and there
is a high pressure gradient across the aortic
valve (maximum gradient > 50 mm Hg), sur-
gery is indicated regardless of the degree of left
ventricular systolic dysfunction. In the series
from the Mayo clinic of 154 patients with an
ejection fraction < 35%, operative mortality
was only 9% and overall survival was 69% at
five years in those with coexisting coronary
artery disease, compared to 77% in those with
isolated aortic stenosis (fig 16.2).4 Since left
ventricular afterload is increased when aortic
stenosis is present, with relief of obstruction,
ventricular function improved in 76% of
patients, with an increase in mean (SD)
ejection fraction from 27 (6)% to 39 (14)%.

Aortic stenosis with a low pressure gradient
and left ventricular dysfunction is even more
problematic. If the low pressure gradient is
associated with severe stenosis resulting in left
ventricular dysfunction and a low transaortic
volume flow rate, the patient will improve after
aortic valve replacement. However, if the pres-
sure gradient is low because of moderate aortic
stenosis with concurrent primary myocardial
dysfunction, valve replacement is less likely to
be beneficial. Distinguishing these two groups
of patients is not easy as both have a small cal-
culated valve area since, in both cases, valve
opening is impaired. Dobutamine stress echo-

cardiography, with measurement of pressure
gradient and valve area at baseline and at an
increased flow rate (typically with 10 µg/min/kg
of dobutamine), has been advocated for evalu-
ation of these patients. If there is an increase in
valve area with an increase in stroke volume,
the valve leaflets are flexible and stenosis is not
severe. Conversely, if valve area remains fixed
despite an increase in flow rate, severe stenosis
is present. However, this approach has not yet
been validated on the basis of clinical outcome.
In addition, if stroke volume fails to increase, it
remains unclear whether the primary problem
is increased valve stiVness or myocardial
dysfunction.

A pragmatic approach in this patient group is
to look at the degree of valve calcification,
either by transthoracic or transoesophageal
echocardiography or by fluoroscopy. Severe
valve calcification is consistent with severe ste-
nosis. Focal areas of thickening or only mild
calcification suggest that valve surgery is not
indicated. Unfortunately, patients with low
gradient aortic stenosis have a poor outcome
with both medical and surgical treatment.
Given this prognosis, my bias is to err on the
side of surgical intervention, in the hope that
ventricular function will improve at least to the
extent that afterload is reduced.

Figure 16.2. Kaplan–Meier survival curves for patients with aortic stenosis and
reduced left ventricular function with and without significant coronary artery
disease (two vessel disease or greater or left main coronary disease) in
comparison with expected survival. Number of patients alive at each point is
shown on the x axis. CAD, coronary artery disease. Reproduced with permission
from Connolly HM, et al. Circulation 1997;95:2395–400.

Evaluation of the patient with aortic
stenosis and left ventricular dysfunction

x Calculate standard measures of stenosis
severity and left ventricular ejection
fraction

x Look at the severity of aortic valve
calcification

x Consider the risk:benefit ratio of valve
replacement in this patient

x Undertake dobutamine stress
echocardiography to assess leaflet flexibility
in selected cases
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Mild to moderate aortic stenosis in patients
undergoing coronary artery bypass surgery
Recent prospective studies have demonstrated
that about 75% of patients with initially asymp-
tomatic aortic stenosis develop symptoms re-
quiring valve replacement within the next five
years. This observation has led to the suggestion
that valve replacement be performed at the time
of coronary artery bypass surgery when mild to
moderate stenosis is present to preclude the
need for repeat surgery in the next few years.
Surgical mortality rates for repeat surgery for
aortic valve replacement are high (14–30%),
further supporting the suggestion that “prophy-
lactic” valve replacement be considered. How-
ever, we need to be cautious in applying this
approach without consideration of the clinical
factors in each patient. The likelihood of
progression to symptoms is strongly correlated
with the baseline aortic jet velocity. Those with a
velocity < 3.0 m/s have a five year event free sur-
vival of 84 (16)% suggesting that valve replace-
ment is not necessary, while those with a jet
velocity > 4.0 m/s have a five year freedom from
valve replacement of only 21 (18)%, suggesting
that valve replacement is appropriate (fig 16.3).
The decision about valve replacement in those
patients with intermediate jet velocities (3–4 m/
s) should be individualised, based on the risk of
valve surgery, expected prosthetic valve haemo-
dynamics and longevity, the extent of valve
calcification, and patient preferences. In the
future, it is possible that aggressive medical
treatment to slow disease progression will
provide an alternative to valve replacement in
this patient group.

Rationale for surgery before symptom onset
There clearly are a few situations in which aor-
tic valve replacement is appropriate in asymp-
tomatic patients. Examples include patients
with evidence of left ventricular systolic
dysfunction caused by aortic stenosis, young
women with severe stenosis who desire preg-
nancy, patients with asymptomatic severe
disease who plan activities that involve severe
exertion or who live in areas remote from
medical care, and adults with very severe

stenosis, in whom symptom onset is inevitable
in the short term and in whom an elective pro-
cedure is preferred.

However, some investigators have suggested
that valve replacement be performed in patients
with severe aortic stenosis before symptom onset
in order to prevent irreversible left ventricular
hypertrophy and left ventricular systolic and
diastolic dysfunction, and to decrease the risk of
sudden death. There are little convincing data to
support this approach. The most important pre-
dictor of postoperative left ventricular systolic
function is preoperative systolic function, and
most patients with aortic stenosis show an
increase in ejection fraction after valve replace-
ment. It is clear that diastolic dysfunction
persists for years after aortic valve surgery, with
histologic studies showing persistence of in-
creased myocardial fibrosis.5 However, it is
unclear how early the intervention would need
to be performed in order to prevent these
changes, and there have been no trials demon-
strating clinical benefit of early intervention.
The risk of sudden death in the absence of ante-
cedent symptoms is extremely low in adults with
aortic stenosis and certainly is lower than the
operative mortality of valve replacement surgery.

At this time, it is diYcult to advocate routine
early surgery in asymptomatic adults with
severe aortic stenosis. This issue is further con-
fused by our changing understanding of the
definition of severe stenosis. Some patients
develop symptoms at a pressure gradient and
valve area that traditionally have been consid-
ered moderate, while other patients with
apparent severe stenosis remain asymptomatic.
Thus, it is problematic to define a specific
numerical measure of stenosis severity that
could be used to justify earlier surgical
intervention. Of course, the other side of the
risk-benefit equation in the timing of aortic
valve replacement includes operative mortality
and morbidity and the suboptimal haemody-
namics and longevity of prosthetic valves. As
surgical techniques improve and better valve
substitutes are developed the argument for
early surgery may become more persuasive.

Chronic aortic regurgitation

Chronic aortic regurgitation may be caused by
abnormalities of the valve leaflets, most often a
congenitally bicuspid valve, or by enlargement
of the aortic root (fig 16.4). When aortic root
disease is the cause of aortic regurgitation, tim-
ing of surgical intervention is more dependent
on aortic root pathology than on the severity of
aortic regurgitation. For example, in a patient
with Marfan syndrome, the extent and rate of
aortic root dilation are the primary determi-
nants of the timing of aortic root and valve
replacement. Acute aortic regurgitation diVers
from chronic disease both in clinical presenta-
tion and management. Acute aortic regurgita-
tion may be caused by leaflet destruction (for
example, endocarditis) or by lack of commis-
sural support (for example, aortic dissection).
Acute aortic regurgitation caused by aortic dis-

Figure 16.3. Cox regression analysis showing event free survival in 123 initially
asymptomatic adults with valvar aortic stenosis, defined by aortic jet velocity at
entry (p < 0.001 by log rank test). Reproduced with permission from Otto CM, et
al. Circulation 1997;95:2262–70.
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section is a surgical emergency. Severe aortic
regurgitation caused by endocarditis also
should be treated promptly with surgical inter-
vention as outcome with medical treatment
alone is poor.

Symptom onset
Patients with chronic aortic regurgitation may
remain asymptomatic for many years despite
haemodynamically significant backflow across
the valve. The increased volume load on the left
ventricle leads to a gradual increase in left ven-
tricular dimension so that a normal forward
stroke volume is maintained. Most patients
eventually develop symptoms as a result of aor-
tic regurgitation, with an average rate of symp-
tom onset of 5–6% per year in prospective
studies.6 7 The most common initial symptom
is dyspnoea on exertion or a decrease in
exercise tolerance. In previously asymptomatic
patients with severe aortic regurgitation, there
is a small risk of sudden death occurring in
2–4% of patients over 7–8 years of follow up,
typically in patients with severe left ventricular
dilation.

Echocardiography provides a useful non-
invasive approach to risk stratification in adults
with chronic aortic regurgitation since the rate
of symptom onset is directly related to the
extent of left ventricular dilation. In one study,
patients with an initial end systolic dimension
< 40 mm had an annual rate of symptom onset
of 0%, compared to 6% in those with an end
systolic dimension of 40–49 mm and 19% in
those with an end systolic dimension
> 50 mm.6 In another study, the strongest pre-
dictor of clinical outcome in chronic aortic
regurgitation was the change in left ventricular
ejection fraction from rest to exercise, normal-
ised for the exercise change in end systolic wall
stress.7 However, measurement of this para-
meter is diYcult and cumbersome in the clini-
cal setting, as it requires both echocardio-
graphic and radionuclide data acquisition

during exercise testing. The simpler measure of
the exercise left ventricular ejection fraction is
also strongly predictive of clinical outcome,
with an exercise ejection fraction > 56%
indicating a low rate of symptom onset (0% per
year) compared to those with an exercise ejec-
tion fraction < 50% in whom symptoms
occurred at a rate of 8.8% per year.

There have been no prospective studies
showing that quantitative evaluation of the
severity of regurgitation is predictive of clinical
outcome. Of course, these studies only in-
cluded patients with “severe” regurgitation as
defined by clinical and echocardiographic
criteria. As with aortic stenosis, the availability
of non-invasive quantitative measures of valve
disease is changing our understanding of the
relation between regurgitant severity and clini-
cal outcome. Many patients with “severe” aor-
tic regurgitation remain asymptomatic with lit-
tle change in ventricular size or function for
many years. Thus, severe chronic aortic regur-
gitation should be defined as the degree of
backflow across the aortic valve that results in
progressive left ventricular dilation in associ-
ation with adverse clinical outcomes. Doppler
criteria alone should not be used to define
severity until prospective studies are available
that show the value of these quantitative meas-
ures in predicting clinical outcome.

On the other hand, Doppler measures of
aortic regurgitant severity are extremely helpful
when the degree of left ventricular dilation
seems out of proportion to the severity of
regurgitation. Quantitative measurements may
then allow distinction between severe aortic
regurgitation resulting in left ventricular dila-
tion and mild to moderate aortic regurgitation
with concurrent primary myocardial dysfunc-
tion caused, for example, by myocarditis or
ischaemic disease. When clinical and Doppler
data are discordant, evaluation of aortic regur-
gitation in the catheterisation laboratory also
can be helpful.

Figure 16.4. Colour flow Doppler image showing
severe aortic regurgitation with a broad regurgitant
jet and dilated left ventricle in a patient with a
bicuspid aortic valve. Doppler measures of
regurgitant severity are most helpful in identifying
patients in whom periodic evaluation of left
ventricular size and systolic function is warranted.

Figure 16.5. Cumulative actuarial incidence of progression to aortic valve
replacement in 143 initially asymptomatic patients with severe aortic regurgitation
randomised to treatment with digoxin 0.25 mg daily or nifedipine 20 mg twice a
day. Reproduced with permission from Scognamiglio et al.8
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Medical treatment
Medical treatment has been shown to be eVec-
tive in slowing the rate of left ventricular
dilation and delaying the timing of surgical
intervention in adults with chronic aortic
regurgitation. Aortic regurgitation represents
both a volume and pressure overload state of
the left ventricle as the increased stroke volume
is ejected into the high resistance aorta. Thus,
it makes physiologic sense that afterload
reduction might decrease the severity of regur-
gitation and prevent progressive ventricular
dilation. Several small studies have shown that
angiotensin converting enzyme (ACE) inhibi-
tors can slow the rate of left ventricular
dilation. Further, in a randomised study of
adults with severe aortic regurgitation and left
ventricular dilation, treatment with nifedipine
was associated with a six year event free
survival rate of 85% compared to 65% in those
treated with digoxin (fig 16.5).8 Afterload
reduction treatment now is standard in patients
with severe aortic regurgitation and evidence of
left ventricular dilation.

Asymptomatic ventricular systolic
dysfunction
In patients with chronic aortic regurgitation,
valve replacement is indicated at symptom

onset. However, a small number of patients
develop irreversible left ventricular systolic
dysfunction in the absence of symptoms. The
ideal measure of left ventricular systolic
function would reflect contractility and be
relatively independent of loading conditions,
such as the end systolic pressure-volume
relation or elastance. However, measurement
of contractility is an elusive goal and measures
that approximate this goal are impractical in
the clinical setting. Thus, clinical decision
making is based on parameters that have been
shown to be predictive of postoperative out-
come in series of patients undergoing valve
replacement.

In studies of symptomatic patients who
underwent valve replacement for severe aortic
regurgitation, baseline predictors of postopera-
tive left ventricular dysfunction include: (1)
increased left ventricular size at end systole,
defined either as end systolic dimension or end
systolic volume index; (2) the duration of left
ventricular dysfunction; (3) end systolic wall
stress; and (4) ejection fraction. In a smaller
number of studies that prospectively followed
asymptomatic patients with chronic aortic
regurgitation, the same factors (ventricular size
and contractile function) were found to predict

Table 16.2 Timing of valve replacement in chronic aortic regurgitation

Study n
Symptoms at
entry

Mean (range) age
(years) Conclusions

Henry 1980 49 Yes 46 (19–68) Pre-op ESD > 55 mm and FS < 25% were associated
with poor outcome post AVR

Henry 1980 37 No 35 (17–64) ESD and FS predicted which patients became
symptomatic and required AVR

Bonow 1983 77 No 37 (16–67) AVR is not needed until symptoms or LV dysfunction
occurs

Bonow 1984 37 Yes 41 (20–46) Duration of pre-op LV dysfunction is an important
predictor of reversibility of LV function

Taniguchi 1987 62 Yes 43 (18–64) Pre-op LV-ES volume index was most important
predictor of subsequent cardiac death

Bonow 1988 61 Yes 43 (19–72) Long term improvement in LV function is related to early
reduction in EDD post-op

Siemienczuk 1989 50 No 48 (16)* Patients can be risk stratified for “early progression to
AVR” based on measurement of LV size and function

Taniguchi 1990 35 Yes 43 (15–60) The post-op increase in EF correlated with the decrease
in ESS. Contractile dysfunction persisted

Bonow 1991 104 No 36 (17–67) Multivariate predictors of outcome (death, ventricular
dysfunction or symptoms) were age, initial ESD, and rate
of change in ESD and rest EF

Pirwitz 1994 27 Yes (18–72) The peak systolic pressure to ESV ratio was the strongest
predictor of postoperative (post-op) functional class

Klodas 1996 31 Yes 50 (15)* Pre-op EF (not EDD) predicted late survival and post-op
EF. Severe LV dilation is not a contraindication to
surgery

Borer 1997 104 No 46 (15)* Change in EF from rest to exercise (normalise to the
change in wall stress) was the strongest predictor of
outcome

Dujardin 1999 264 No 56 (19)* Predictors of outcome were age, functional class,
comorbidity, AF, and ESD

AF, atrial fibrillation; AVR, aortic valve replacement; EF, ejection fraction; EDD, end diastolic dimension; ESD, end systolic dimen-
sion; ESS, end systolic stress; ESV, end systolic volume; FS, functional shortening; LV, left ventricular; *SD.
Sources: Henry WL, et al. Circulation 1980;61:71–483; Henry WL, et al. Circulation 1980;61:484–92; Bonow RO. Circulation
1983;68:509–17; Taniguchi K, et al. J Am Coll Cardiol 1987;10:510–18; Bonow RO. Circulation 1988;78(II):108–20; Siemienczuk
D, et al. Ann Intern Med 1989;110:587–92; Taniguchi K, et al. Circulation 1990;82:798–807; Bonow RO. Circulation 1991;84:1625–
35; Pirwitz MJ, et al. J Am Coll Cardiol 1994;24:1672–7; Klodas E, et al. J Am Coll Cardiol 1996;27:670–7; Borer JS, et al. Circulation
1997; 97: 525–34; Dujardin KS, et al. Circulation 1999; 99:1851–7.
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the onset of symptoms or left ventricular
dysfunction (table 16.2). Other predictors of
outcome after valve replacement for aortic
regurgitation include age, severity of symp-
toms, exercise tolerance, evidence of left
ventricular hypertrophy on electrocardiogra-
phy, an elevated left ventricular end diastolic
pressure, and the ratio of wall thickness to
chamber dimensions.9

Taken together, all these studies indicate that
excessive ventricular dilation, particularly at
end systole, is a marker of incipient systolic
dysfunction. When ventricular end systolic
dimension exceeds 55 mm or the end systolic
volume index exceeds 60 ml/m2, surgical inter-
vention should be considered. Of course, it is
important to verify the accuracy of these meas-
urements and, in most cases, it is prudent to
repeat the study after an appropriate time
interval to confirm the degree and progression
of ventricular dilation. Other clinical para-
meters that may be helpful in clinical decision
making include overt evidence of systolic
dysfunction (an ejection fraction < 50%),
diastolic ventricular dilation (an end diastolic
dimension > 80 mm), or an elevated end
diastolic pressure (> 20 mm Hg).

Surgical outcomes and effect on left
ventricular function
Operative mortality for elective aortic valve
replacement in chronic aortic regurgitation is
4–10% with five year survival rates of 70–85%
in recent series, and is similar in women and
men. Most patients experience a decrease in
cardiac symptoms and an improved functional
capacity postoperatively. Predictors of opera-
tive mortality include severe symptoms, renal
failure, and atrial fibrillation.

If surgery is performed before the onset of
irreversible left ventricular dysfunction, relief
of the chronic volume overload leads to
decreased ventricular volumes and mass. Ven-
tricular volumes and myocardial mass decrease
postoperatively by 30–35%, but this decrease
occurs over a prolonged time period. Ventricu-
lar volumes decrease to near normal within 1–2
years, while ventricular mass continues to
decrease up to eight years postoperatively.
Thus, after valve replacement for aortic regur-
gitation, left ventricular geometry is character-
ised by concentric hypertrophy caused by the
diVering rates of decrease in ventricular
volumes and mass. The early postoperative
decrease in muscle mass is caused by
regression of myocardial cell hypertrophy and a
decrease in myocardial fibrous content, with
the later decrease in myocardial mass caused by
a continued decrease in fibrous tissue content.

Even in patients with excessive left ventricu-
lar dilation or a reduced ejection fraction at the
time of initial diagnosis of aortic regurgitation,
there is an improvement in ventricular function
after valve replacement in most patients. In one
study of 31 patients with chronic aortic regur-
gitation and a preoperative end systolic dimen-
sion > 80 mm, operative mortality was low and
there was an improvement in ejection fraction
postoperatively (from 43 (12)% to 53 (11)%,
p < 0.0001).10 Ejection fraction also continues

to improve over a long time period postopera-
tively, reaching a stable value only after 4–6
years.

Conclusions

It is clear that aortic valve replacement
improves survival and quality of life in sympto-
matic patients with severe aortic stenosis or
regurgitation. Surgery is deferred only if there
is severe comorbidity limiting longevity or
increasing surgical risk to an unacceptable
degree. Even when left ventricular systolic dys-
function is present preoperatively, patients with
both aortic stenosis and regurgitation show an
improvement in systolic function after valve
replacement; thus it is never “too late” to con-
sider surgical intervention. Aortic valve surgery
in the asymptomatic patient with aortic steno-
sis remains controversial except in patients
with severe stenosis undergoing other cardiac
surgical procedures. In patients with chronic
aortic regurgitation, periodic echocardio-
graphy is indicated to identify the small
number of patients who develop evidence of
left ventricular dysfunction before symptom
onset. If surgery is performed soon after the
onset of ventricular dysfunction, left ventricu-
lar size and ejection fraction are likely to return
to normal postoperatively.

Our understanding of the disease process in
chronic valve disease is changing. New insights
into the pathophysiology of calcific aortic
stenosis may lead to medical treatments to pre-
vent disease progression. In patients with
chronic aortic regurgitation, afterload reduc-
tion treatment delays, and may prevent, the
need for valve surgery.
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Timing of surgery for chronic aortic
regurgitation

x Definite indications:
– symptomatic severe aortic

regurgitation
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with evidence of early left ventricular
systolic dysfunction (ejection fraction
< 50%, left ventricular end systolic
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– symptomatic severe aortic
regurgitation with left ventricular
systolic dysfunction

x Not accepted:
– asymptomatic aortic regurgitation

without significant left ventricular
dilation or systolic dysfunction
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As the human lifespan increases and
healthcare quality improves, more peo-
ple are reaching an advanced age only to

present with cardiac disorders that are usually
treated uneventfully in young patients. The
balance between enhanced initial risks and
reduced eventual benefits in the elderly has
often led to diYcult medical decisions, and at
times painful ethical and economical consid-
erations.

Although there may be, on an individual
basis, a substantial discrepancy between
chronological and physiological age, the ability
of elderly patients to withstand a major
physiological insult such as cardiac surgery is
reduced because of associated comorbidities,
limited functional reserve of vital organs, and
diminished defence and adaptation capacities.
In the 1970s, an increase in mortality after car-
diac surgery was apparent in patients older
than 70 years. With the development of less
traumatic heart–lung machines, more eVective
myocardial protection strategies, and improved
perioperative care, mortality in the more robust
patients—that is, the septuagenarians—
dropped to levels of younger age groups.1

Nowadays, the range of benefit of cardiac sur-
gery remains narrow in patients 80 years of age
or older, the age group discussed here.

Epidemiology

In the early 1990s, 7.4 million people (3% of
the population) in the USA were older than 80
years. With a current life expectancy of 6.9
years for octogenarian men and 8.7 years for
women, the number of octogenarians is
expected to exceed 10 million (4.3 % of the
population) by the year 2000. In England, the
number will be 2 million. It is estimated that
40% of octogenarians have serious sympto-
matic heart disease. The number of elderly
patients undergoing open heart surgery is
increasing in all institutions. Because women
outlive men by 6.9 years the ratio of women to
men undergoing surgery increases and comes
close to 1:1 in the older groups.

General considerations

Frailty of the elderly
Elderly patients with valve disease present with
associated comorbidities (table 17.1) as well as
reduced defence and adaptation capabilities.
The aging process and atherosclerosis have

undermined the reserve of many organs that
are bound for postoperative dysfunction, or
have already induced altered function. Further-
more, atherosclerosis frequently involves the
aorta. Any manipulation of the aorta (cannula-
tion for arterial inflow during cardiopulmonary
bypass, cross clamping, and placement of a
de-airing vent) may fragment a plaque and
induce embolisation. Intraoperative tran-
soesophageal and/or epiaortic echocardio-
graphy, which should routinely complement
palpation of the aorta in the elderly, has shown
that 20% of patients older than 75 years have
protruding, sometimes mobile, atheromatous
plaques in the ascending aorta and aortic arch.2

The risk of embolisation can be reduced by
avoiding cross clamping of the aorta and
performing the operation (sometimes with
endarterectomy or resection of the ascending
aorta and aortic arch) during a period of deep
hypothermic circulatory arrest. This formida-
ble undertaking is, however, inappropriate in
an old patient, and gentle manipulation of the
aorta remains the sole practical preventive
measure.

Malperfusion of the brain is another compli-
cation of diVuse atherosclerosis that may occur
during cardiopulmonary bypass. The lack of
pulsatility of the bypass flow, uneven distribu-
tion of blood because of atherosclerosis, and
impaired cerebral autoregulation may result in
global or local underperfusion of the brain.
Delayed awakening, agitation, and incomplete
return of cognitive function are possible conse-
quences of poor global brain perfusion. To-
gether, diVuse and focal neurological deficits
may aVect 15–20% of elderly patients after
heart surgery and are particularly devastating;
they initiate a protracted postoperative course
which often turns out to be fatal or leads to
permanent institutionalisation.

Surgical risk:benefit ratio in the elderly
The true influence of age on early mortality
after cardiac surgery is diYcult to estimate,
because of the high prevalence of other
confounding factors. Although age appears in
all scoring systems as an incremental risk factor

17 Cardiac valve surgery in the
octogenarian

René Prêtre, Marko I Turina

Principles of cardiac surgery in
octogenarians

x Consider only symptomatic patients

x Liberal indications for independent and
motivated patients

x Select the simplest operation and accept
incomplete repair

Table 17.1 Prevalence of comorbidities in octogenarians
with cardiac valve disease

Coronary artery disease 40–60%
Obstructive lung disease 15–25%
Renal insuYciency 5–10%
Peripheral vascular disease 2–10%
Cerebrovascular disease 5–25%
Hypertension 20–50%
Diabetes 10–20%
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for postoperative mortality, some studies found
that it had no or only a marginal influence in
relatively simple operations like isolated aortic
valve replacement.3 Most scoring systems in
open heart surgery have shown that mortality
increases logarithmically with the progression
of the risk score. Figure 17.1, which is derived
from the French score,1 represents the mor-
tality of mitral and aortic valve surgery in rela-
tion to the risk score. Age over 80 years shifts
the patient to the right, where the steep rise in
mortality starts. Without the addition of
another risk factor, the operative risk of an
octogenarian seems acceptable for almost any
cardiac operation. The addition of one single
moderate risk factor (with a score of 2 in fig
17.1) doubles the mortality rate of the cardiac
operation. The addition of two moderate or
one serious risk factor (with a score of 5) more
than triples the rate and should warn against
surgery.

The expected benefit of an intervention
should not be viewed in terms of prolonging
life, but of improving the quality of life; octoge-
narians seek surgery only to preserve their fad-
ing activity, threatened independence, or both.
Therefore, only symptomatic and motivated
patients should be considered for surgery, and
the increase in wellbeing must be substantial to
justify the operative risk. Obviously, conditions
such as dementia or protracted depression that
prevent an improvement in quality of life, and
disorders such as advanced cancer or organ
failure that reduce length of survival, make
even low risk cardiac surgery inappropriate.
Likewise, prophylactic operations or operations
that yield a benefit only after a long survival,
such as the “Maze” operation for chronic atrial
fibrillation or the Ross procedure for aortic
valve disease, should never be considered in the
elderly. Not only does the addition of any
comorbidity lead to a steep increase in the
operative risk, it also reduces survival prospects
in the elderly. In such a situation, the surgeon is
well advised to opt for a technically and physi-
ologically less demanding operation, even at
the cost of an incomplete repair, with reduced
mid-term benefit. Acceptance of a residual
aortic stenosis in case of a small aortic annulus,
mild mitral regurgitation (with or without
repair) or revascularisation limited to the major
coronary arteries are examples of incomplete
yet appropriate management in the sick elderly.

A fair and objective discussion regarding
operative risk and subsequent improvement in
quality of life will allow most elderly patients,
their family and doctor to reach a decision
regarding further treatment. The decision will,
however, be diYcult to reach in the case of
acute cardiac failure, because the patient may
no longer be able to assess critically his or her
needs and wishes.

Preoperative investigations
A decision regarding the necessity for valve
repair or replacement can be based on clinical
and echocardiographic findings alone. Athero-
sclerosis is, however, so conspicuous in the eld-
erly that coronary angiography is appropriate
in almost every patient. The risk of this exam-
ination, although increased, is not overwhelm-
ing (procedural mortality and morbidity are
around 0.5% and 5%, respectively) and the
benefit of appropriate coronary revascularisa-
tion is undisputable. Likewise, to reduce the
high rate of postoperative stroke, a Doppler
ultrasound of the carotid artery bifurcation
should be obtained in every patient. Carotid
endarterectomy before or at the time of heart
surgery should be considered for symptomatic
or bilateral high grade stenosis. The presence
of an asymptomatic carotid stenosis or occlu-
sion should lead the surgeon to work with

Figure 17.1. Mortality rates of aortic and mitral valve surgery according to the cumulated risk score. Critical
situations include urgent operations (acute aortic dissection, postinfarction ventricular septal defect or papillary
muscle avulsion) and necessity to operate within 48 hours after myocardial infarction. AVR, aortic valve
replacement; MVR, mitral valve replacement; CABG, coronary artery bypass graft; LV, left ventricular.
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Comorbidities advising against
valve surgery

x Coronary artery disease and left ventricular
ejection fraction < 30%

x Creatinine concentration > 200 µmol/l

x Chronic obstructive pulmonary disease
with FEV1 < 800 ml

x Neurological deficit restricting patient’s
independence, outside activity, or both

x Debilitating psychiatric disorders (dementia,
protracted depression)

x Cancer reducing quality of life, survival, or
both

FEV1, forced expiratory volume in 1 second
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higher perfusion pressures, some will add some
degree of systemic hypothermia, during the
period of cardiopulmonary bypass.

Aortic valve disease

Aortic valve stenosis
Indication for surgery
Calcific aortic stenosis is the most common
valve disorder encountered in octogenarians,
and accounts for 60–70% of the valve surgery
caseload.4 5 In a population based study,
significant aortic stenosis was found in 2.9% of
randomly selected people aged 75–86 years,
half of whom had symptoms. This figure
predicts a yearly potential need for 3500 aortic
valve replacements in octogenarians in a coun-
try like England.

Replacement of a stenotic aortic valve (and
myocardial revascularisation limited to major
coronary trunks) in elderly patients should be
considered when symptoms occur. Most sur-
geons, however, will also consider valve re-
placement for only moderate stenosis (with a
transvalvar gradient between 20–30 mm Hg
and a valve orifice surface between 1–1.2 cm2)
in patients undergoing coronary revascularisa-
tion. This prophylactic replacement seems
warranted on the grounds that the replacement
only marginally increases the operative risk and
progression of an aortic stenosis in an elderly
person can be rapid, quickly negating the ben-
efit of isolated bypass surgery.

Choice of prosthesis
Because the life expectancy of an octogenarian
is shorter than the expected functional time of
a biological prosthesis, most surgeons select a
tissue valve for aortic valve replacement. Even
if the thromboembolic risk of a mechanical
valve in the aortic position can be controlled
with a low anticoagulation dosage, the risk of
bleeding remains a concern in the elderly
patient. A few surgeons argue that the risk is
extremely low and warrants implantation of
mechanical prostheses in small aortic annuli.
These prostheses have a smaller transvalvar
gradient than bioprostheses and provide better
haemodynamics and unloading of the left ven-
tricle in annuli smaller than 21 mm in
diameter.6 In this situation, however, most sur-
geons accept the higher residual gradient of a
bioprosthesis, or choose to enlarge the aortic
annulus with a patch to accommodate a larger
biological valve, or implant a stentless biologi-
cal valve. The stentless valves are devoid of a
sewing ring and, therefore, oVer the largest
opening surface and smallest transvalvar
gradient. They are, however, more diYcult to
implant (they require two separate suture lines)
and require longer cross clamp and cardiopul-
monary bypass times. Furthermore, the sutur-
ing of the commissures of the prosthetic valve
may be dangerous on a calcified aortic root, as
is often encountered in old patients.

Results of surgery
The majority of patients with aortic stenosis
have a preserved left ventricular function and

half have normal coronary arteries. Postopera-
tive mortality rates of 5–10% (only slightly
higher than the rates of 2–3% for younger
populations) are regularly reported for isolated
valve replacement in this age group.3–5 7 Associ-
ated coronary artery disease requiring coron-
ary grafting raises the mortality rate to
15–20%. Although these good operative results
were achieved on a selected population of fit
elderly patients, it must also be acknowledged
that the great majority were operated on at an
advanced stage of valve disease, and a signifi-
cant proportion had congestive heart failure, a
condition known to increase operative mor-
tality.4 5 After successful surgery, survival is
similar to a control population with rates of
95%, 80%, and 70% at one, three, and five
years, respectively (fig 17.2).7 The great major-
ity of patients (up to 90%) return to their
homes and lead an independent life, and those
not limited by other comorbidities are able to
perform moderate to vigorous activity.8 These
excellent results contrast with the grim natural
history of symptomatic aortic stenosis. The
survival rate of a matched population of
patients who refused surgery (not of patients to
whom surgery was not oVered) was 57%, 37%,
and 25% at one, two, and three years,
respectively, and their quality of life was
severely reduced.9

Percutaneous balloon angioplasty
Percutaneous balloon angioplasty has been
proposed to relieve aortic stenosis in the elderly
patient. Yet stenotic aortic valves in octogenar-
ians exhibit rock hard calcification of the
leaflets with no discernible commissures, and
are the least suitable valves for dilatation. The
results of balloon dilatation in this age group
are disappointing with a significant rate of seri-
ous complications, including death, stroke,
aortic rupture, and aortic insuYciency, and a
high prevalence of residual or early recurrent
severe stenosis.10 Persistence of stenosis ac-
counts for the lack of improvement in survival

Appropriateness of valve operations in octogenarians

x Aortic valve replacement for severe stenosis +++

x Mitral valve repair or replacement for severe insuYciency ++

x Aortic valve replacement for moderate stenosis during CABG ++

x Mitral valve repair for moderate insuYciency during CABG +

x Percutaneous balloon valvoplasty of the mitral valve +

x Mitral valve replacement for moderate insuYciency during CABG 0

x Combined aortic and mitral valve replacement 0

x Percutaneous balloon valvoplasty of the aortic valve 0

x Composite graft or homograft replacement of the aortic root −

x Ross procedure (pulmonary autograft) −−

+++ highly recommended; ++ recommended; + acceptable; 0 not
recommended; − should be avoided; −− has no indication.
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rates. That the results of valve replacement
after failed percutaneous valvoplasty are also
good (according to the US registry, the opera-
tive and two year survival rates after failed val-
voplasty were 88% and 71%, respectively11)
suggest that the reluctance to operate on aortic
stenosis in the elderly is often exaggerated and
the counselling for treatment options too often
slanted towards valvoplasty. Valvoplasty might
be considered as an initial step to alleviate ste-
nosis in patients presenting with acute decom-
pensation and progressive renal, hepatic, and
respiratory failure. Although it is unclear
whether this bridging valvoplasty is more eVec-
tive than urgent surgery, it has the advantage of
postponing major surgery until the patient can
give a considered decision about his or her des-
tiny.

Aortic valve regurgitation
Aortic valve insuYciency is rare in this age
group and represents only 3–5% of the valve
surgery caseload.5 Chronic forms are found in
patients with longstanding hypertension, in
patients with progressive dilatation of the
ascending aorta, and in patients who previously
received an aortic bioprosthesis that has
degenerated. Medical treatment, centred on
the administration of vasodilators, often suc-
ceeds in stabilising or slowing progression of
regurgitation. While surgery is advised prophyl-
actically in young patients for echocardio-
graphic signs of early ventricular deterioration
or for when the diameter of the ascending aorta
exceeds 6 cm, it should be deferred in octoge-
narians to when symptoms occur. In case of
dilatation of the ascending aorta, a reduction
plasty of the aorta reinforced with a synthetic
mesh combined with the aortic valve replace-
ment is a valuable alternative to the more radi-
cal but also more dangerous composite graft
replacement. Acute forms of aortic valve insuf-
ficiency occur with endocarditis and aortic dis-
section. Emergency replacement of the aortic
root with a valve homograft (with reimplanta-
tion of the coronary arteries) is the procedure
of choice in endocarditis not responding to
medical treatment in young persons. The mag-
nitude of the operation, however, is excessive
for the ill prepared and septic elderly. Debride-
ment of the annulus and replacement of the

valve with a prosthesis can be a better alterna-
tive, even if the risk of persistent or recurrent
endocarditis is higher. Aortic insuYciency in
aortic dissection is caused by the loss of
commissural support of the valve and can usu-
ally be corrected by appropriate resuspension
of the commissures. Resection of the dissected
aorta should be limited to the ascending aorta
in octogenarians; deep hypothermic circulatory
arrest for simultaneous aortic arch replacement
should be avoided if the aortic arch does not
threaten to rupture.

Mitral valve disease

Mitral valve regurgitation
Indication for surgery
Chronic mitral valve insuYciency is the second
most common operated valve disorder in the
elderly, and represents 30–35% of the valvular
surgery caseload.4 5 Although chronic regurgi-
tation causes damage to the left ventricle before
symptoms occur, surgery in octogenarians
should not be considered in asymptomatic
patients. Chronic regurgitation is usually
caused by myxomatous degeneration of the
valve or by ischaemic dysfunction of the left
ventricle.12 With time, the mitral annulus
dilates and regurgitation worsens. Degenera-
tive regurgitation is typically caused by pro-
lapse of the leaflets and ischaemic regurgitation
by restricted motion of the leaflets. The
distinction is, however, at times diYcult; mild
degrees of myxomatous degeneration and cor-
onary artery disease frequently coexist in this
age group. The distinction is not relevant when
the valve needs be repaired or replaced on
because the same surgical techniques are used.
It is, however, important in patients operated
on primarily for coronary artery disease and
presenting mild to moderate degrees of regur-
gitation. Regurgitation may regress with im-
proved myocardial perfusion and contractility.
In these patients, intraoperative transoesopha-
geal echocardiography provides a convenient
way to assess the valve. If regurgitation is mild

Figure 17.2. Survival rates of octogenarians with aortic valve stenosis. AV, aortic
valve; R, replacement; CABG: coronary artery bypass graft.

Aortic valve stenosis in octogenarians

x Aortic valve replacement is well tolerated

x Only severe associated comorbidities
should contraindicate surgery

x Calcification of the ascending aorta
produces cerebral embolisation in 10% of
patients

x Tissue valves are best

x Postoperative survival is similar to a control
population

x Survival without operation in symptomatic
patients is extremely short

x Indications for percutaneous balloon
dilatation are limited
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after induction of anaesthesia, it should be left
untouched and later handled with vasodilators
if systemic afterload is increased. If it is moder-
ate, some surgeons will opt for the same
conservative management while others will
choose to implant an annuloplastic ring. If it is
severe, correction is required.

Repair or replacement of the mitral valve
Repair of mitral insuYciency caused by myxo-
matous degeneration can often be achieved by
application of simple and reliable techniques.
Resection of the part of the leaflets that
prolapses (with readaptation of the leaflet) and
remodelling the annulus with a ring are often
successful. The ring reduces the increased
anteroposterior diameter of the mitral valve
and brings the two leaflets closer together and
improves their coaptation. Replacement of the
mitral valve can be performed with preserva-
tion of the subvalvar apparatus in cases of
myxomatous degeneration, but frequently re-
quires its sacrifice in ischaemic regurgitation
(and in mitral stenosis). Preservation of the
subvalvar apparatus prevents the unfavourable
globular remodelling of the left ventricle. This
remodelling and fixation of the posterobasal
part of the ventricle to the valve acutely dimin-
ishes ventricular systolic function.

The choice of prosthesis in the mitral
position is debatable. Many surgeons select a
biological prosthesis, which allows avoidance of
anticoagulation or maintenance of anticoagula-
tion at a low level when atrial fibrillation and
massive dilatation of the atria coexist. Implan-
tation of these prostheses is, however, more
diYcult than implantation of mechanical ones.
For this reason (and especially in case of atrial
fibrillation) some surgeons opt for a mechani-
cal prosthesis. Finally, the stented commissures
of a bioprosthesis protrude into the left
ventricular outflow tract after implantation,
and may create a subaortic obstruction when
the left ventricle is not dilated. In the case of a
small left ventricle, as occurs in acute forms of
mitral regurgitation and in pure mitral stenosis,
implantation of a low profile mechanical valve
is a safer alternative.

Repair or replacement of the mitral valve can
be technically challenging when the annulus is
heavily calcified. The calcifications often ex-
tend to the epicardium of the atrioventricular
groove. Overzealous decalcification can result
in a non-repairable atrioventricular disconnec-
tion or in a delayed rupture of the left ventricle,
which typically occurs a few hours after vigor-
ous ventricular contraction. Partial decalcifica-
tion of the annulus may lead to paraprosthetic
leaks caused by the poor adaptation of the
prosthesis ring to the rugged annulus.

Results of surgery
Mitral valve repair for regurgitation usually
yields excellent results and should be at-
tempted in the majority of elderly patients,
even if only a less than perfect repair can be
achieved. In a series of 100 patients older than
65 years, operative mortality was 4% and
survival rate at one year was 90% after mitral
valve repair.12 The impact of valve repair on

survival and quality of life in octogenarians is
currently unknown because of the small
number of patients reported. Replacement of
the mitral valve is not so well tolerated. The
mortality rate in octogenarians fluctuates
between 10–20%, and subsequent survival
rates are 80%, 64%, and 41% at one, three, and
five years, respectively.13 14

Mitral valve stenosis
Mitral valve stenosis is rare in octogenarians
(1% of the valve surgery caseload), but still
prevalent in septuagenarians. Valvar morphol-
ogy is often not favourable for repair because of
extensive calcification, rigidity, and retraction
of all the valve components. Again, surgery is
best recommended to patients with disabling
symptoms only. Percutaneous balloon commis-
surotomy has been proposed as an alternative
to surgery in high risk patients. In experienced
hands, the procedural mortality in patients
older than 70 years was 5% and improved
transvalvar haemodynamics (mitral valve open-
ing area > 1.5 cm2 with mitral regurgitation
< 2+) was achieved immediately in 50% of
patients and persisted for three years in 30%.15

Surgery, however, with an increased mortality
to 20%, was necessary in 50% of patients
within three years. Although better than on the
aortic valve, the haemodynamic improvement
after mitral valvoplasty vanishes rapidly and
can be considered only as a palliative, often
temporary measure.
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Mitral valve regurgitation in octogenarians

x Surgery only in symptomatic patients

x Functional regurgitation in ischaemic cardiomyopathy often regresses
with myocardial revascularisation

x Repair is often obtained with simple manoeuvres and provides more
superior results than replacement

x Mild residual regurgitation after repair should be accepted

x Severe annular calcification is an additional risk for valve replacement

x Bioprostheses are more diYcult to implant and their superiority over
mechanical prostheses is marginal
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The indications for oral anticoagulant
treatment have been extended over the
last 10 years. The detection of new

congenital thrombophilic risk factors, the stud-
ies on non-valvar atrial fibrillation, and the
increase in valvar heart surgery have all led to a
rise in the number of patients being treated. In
1997, 64 000 valve operations were performed
across Europe; in two thirds of these operations
mechanical prostheses were used, subsequently
requiring lifelong oral anticoagulant treat-
ment.w1

New developments in anticoagulation

Several recent developments in the manage-
ment of anticoagulation with vitamin K
antagonists can potentially improve the eYcacy
and safety of this treatment.
x The introduction of the international

normalised ratio (INR) as a measure of the
intensity of anticoagulation has provided a
reliable parameter for monitoring oral
anticoagulant treatment, independent of the
responsiveness of the thromboplastin
used.1 w2 w3 All the expert committees have
recommended the use of the INR instead of
prothrombin time, although its acceptance
has varied from country to country.

x The development of the concept of risk
factor adjusted, prosthesis specific intensity
of anticoagulation2 w4 has influenced the
management of patients with mechanical
valve prosthesis and valvar heart disease in
general, allowing risk stratification and
lower anticoagulation intensities in certain
lower risk groups of patients.

x The results of prospective, randomised
studies evaluating the eVect of diVerent
intensities of anticoagulation on
thromboembolic and haemorrhagic events
allow a more targeted approach.3 4 w5 w6

x The development of simple anticoagulation
monitors has dramatically improved the
quality of anticoagulation control.5 6

x The guidelines developed by the working
group on valvar heart disease of the
European Society of Cardiology on the
management of antithrombotic treatment in
heart valve disease,2 together with the
guidelines of the British Society of
Haematology1 and the American Heart
Association/American College of
Cardiology (AHA/ACC),7 have provided
the basis for the following discussion.

Indication for oral anticoagulant
treatment

The indications for lifelong anticoagulation are
listed in table 18.1. Anticoagulation is indicated
for the first three months after valve replace-
ment with bioprostheses, even when sinus
rhythm is present. This also applies to mitral
valve repair. Oral anticoagulation is indicated
3–4 weeks before and after cardioversion.

Concept of risk factor adjusted, prosthesis
specific intensity of anticoagulation
The concept of risk factor adjusted, prosthesis
specific intensity of anticoagulation was first
proposed by Butchartw4 in regard to mechani-
cal valve prosthesis, and was included in the
recommendations by the working group on
valvar heart disease.2 Within certain limits the
degree of reduction in thromboembolic events
is higher with increasing intensity of anticoagu-
lation, yet at the expense of an exponential rise
in bleeding risk with increasing intensity.

There is only a narrow range of intensity of
anticoagulation in which the reduction in
thromboembolic events is as pronounced as
possible and the bleeding risk is as low as pos-
sible. This optimal range of INR or target INR
varies from patient to patient, and can be illus-
trated by comparing two patients at the
extreme ends of thromboembolic risk:
x A young man with a valve prosthesis of low

thrombogenicity such as the St Jude
Medical valve or the Medtronic Hall valve
in aortic position, in sinus rhythm, with
normal left ventricular function and size,
without heart failure and other risk factors,
has a thromboembolic risk of about 1% per
year with moderate anticoagulation
intensity.1 3 8

x A 70 year old patient with a first generation
Starr-Edwards prosthesis in the mitral
position, with atrial fibrillation, large left
atrium, and congestive heart failure, has a
thromboembolic risk of about 5% per year.8

w4 Thus the intensity of anticoagulation
used in this latter patient should be higher
than in the former.

Three major groups of risk factors for
thromboembolic events and strokes should be
taken into account when defining the intensity
of oral anticoagulant treatment in valvar heart
disease. These risk factors are related to the

18 Anticoagulation in valvar heart
disease: new aspects and management

during non-cardiac surgery

Christa Gohlke-Bärwolf

Table 18.1 Absolute indication for lifelong oral
anticoagulation

All patients with:
+Mechanical prostheses
+ Chronic or intermittent atrial fibrillation in the presence of

– native valve disease
– bioprostheses
– valve repair
– valvuloplasty

+ Native valve disease and previous emboli
+Mitral valve stenosis, independent of rhythm, with

– high valve gradients
– thrombus in left atrium
– spontaneous echo contrast in left atrium
– large left atrium > 50 mm
– low cardiac output
– congestive heart failure
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general and cardiac status of the patient, to the
prosthesis being used, and to the time interval
from the operation.

Patient related risk factors
The incidence of stroke and systemic embolism
rises with increasing age, smoking, hyper-
tension, diabetes, hyperlipidaemia, increasing
fibrinogen, and acquired or congenital abnor-
malities of the coagulation system.

The type and severity of the underlying valve
disease are important risk factors. Patients with
the highest risk for thromboembolism are
patients with mitral stenosis, particularly those
who develop atrial fibrillation. In these patients
the risk of thromboembolism increases to 20%
per year. Atrial fibrillation is a very potent risk
factor for thromboembolic events, particularly
in patients with heart valve disease and after
valve replacement. Whereas atrial fibrillation
without associated heart disease is associated
with a minimal increase in thromboembolic
risk to 0.5% per year, the association with other
cardiovascular diseases such as hypertension
increases the risk of stroke to about 4–6% per
year. Atrial fibrillation associated with mitral
valve disease leads to an 18 fold increase in
embolic risk.

Decreased ventricular function, low cardiac
output, and congestive heart failure, as well as
left atrial enlargement, are risk factors for
thromboembolic events; even loss of atrial con-
traction in the presence of electrophysiologi-
cally normal sinus rhythm carries an increased
risk. The degree of mitral stenosis is an impor-
tant determinant of embolic risk. Patients with
severe mitral stenosis are prone to thromboem-
bolism even in sinus rhythm. A history of pre-
vious peripheral emboli is associated with a
20% recurrence rate within the first year.

Prothesis related risk factors
Prosthesis related risk factors are defined by
the type and localisation of the prosthesis.
While bioprostheses in general have a lower
thromboembolic risk than mechanical prosthe-
ses, a further diVerentiation can be made on
the basis of localisation and design. Prostheses
in the aortic position have a lower thrombo-
embolic risk than in the mitral position.

Furthermore, first generation prostheses like
the Starr-Edwards, the older Björk-Shiley
standard, and the Omniscience prostheses have
a higher thromboembolic risk than the second
generation protheses such as the St Jude Medi-
cal or the Medtronic Hall valves.

With anticoagulation, generally most second
generation prostheses have a thromboembolic
risk of 0.5–2.2% per year in the aortic position
and 2–3% per year in the mitral position.7–9

Of further importance is the time interval
from the operation. The thromboembolic rate
is highest in the first three months following
surgery. Twenty per cent of all thromboembolic
complications occur during the first month,9

when a pronounced hypercoagulable state is
present which decreases with time. The
endothelialisation process of a newly implanted
valve takes several weeks. The valve ring with
the sutures are prone to platelet deposition and
thrombus formation. This is the basis for the
recommendation to anticoagulate patients with
bioprostheses during the first three months
after surgery.

Intensity of anticoagulation, therapeutic
range of INR, target INR
Among the most recent recommendations for
anticoagulation in patients with mechanical
valves, opinions diVer in regard to the desired
intensity of anticoagulation.

On the basis of the concept of risk factor and
prostheses adjusted oral anticoagulation, the
European Society of Cardiology2 recommends
intense anticoagulation with an INR of 3.0–4.5
in patients with the older first generation pros-
theses such as the Starr-Edwards (table 18.2).
However, the British Society of Haematology1

considers a target INR of 3.5 to be suYcient for
all mechanical valves, as does the AHA/ACC
although the addition of aspirin 80–100 mg is
suggested.7 Only for high risk patients who
cannot tolerate additional aspirin does the
AHA/ACC recommend an INR of 3.5–4.5.7

Whether an INR > 3.5 is indeed required in
high risk patients with first generation mitral
valves or other high risk patients has not been
investigated prospectively. Such a decision

Table 18.2 Intensity of anticoagulation

European Society of
Cardiology 19952

INR range

British Society of
Haematology1

target INR
AHA/ACC 19987

INR range

Mechanical valve: first generation (eg.
Starr-Edwards, Björk-Shiley standard);
second generation (St Jude Medical,
Medtronic Hall, BS Monostrut)

3.0–4.5 3.5 in all patients with
mechanical prostheses

2.5–3.5

Aortic position 2.5–3.0 2.0–3.0*
Mitral position 3.0–3.5 2.5–3.5

Bioprostheses sinus rhythm
Aortic position 2.5–3.0 Aspirin 80–100 mg
Mitral position 3.0–3.5 2.5 Aspirin 80–100 mg

No AC after 3 months No AC after 3 months No AC after 3 months
Bioprostheses and atrial fibrillation 3.0–4.5 2.5 AVR + RF 2.0–3.0

MVR + RF 2.5–3.5
Rheumatic valvar heart disease and atrial

fibrillation
3.0–4.5 2.5

Patients with recurrent emboli under adequate
anticoagulation

3.0–4.5 + 100 mg aspirin

Non-valvar atrial fibrillation with risk factors 2.0–3.0 2.5

*With RF 2.5–3.5; AC, anticoagulation; AVR, aortic valve replacement; MVR, mitral valve replacement; RF, risk factors
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should be taken on an individual basis,
particularly in view of the increased bleeding
risk.

Patients with the St Jude Medical valve, the
Medtronic Hall valve, and the Monostrut valve
need less intense anticoagulation. The Euro-
pean guidelines2 recommend a target INR of
3.0–3.5 in the mitral position and 2.5–3.0 in
the aortic position. This may need to be
adjusted if other underlying risk factors for
thromboembolism and stroke are present.

The AREVA study3 compared two diVerent
intensities of oral anticoagulation (INR 2.0–3.0
v 3.0–4.5) in low risk patients with aortic valve
replacement, mostly with the St Jude Medical
valve. A mean INR of 2.7 was achieved in the
first group and 3.2 in the second group. The
moderate anticoagulation group with an INR
of 2–3 had a significantly lower haemorrhagic
event rate (11.2 per 100 patient years) than the
group with an INR of 3–4.5 (20.5 per 100
patient years). This was not associated with an
increased rate of thromboembolic events
(3.1% v 2.4%). Since the median INR for each
patient was between 2.5 and 3.5 in 72% of all
patients, this study may not support an INR
target level of < 2.5 in patients with low risk
aortic valve prostheses.

A retrospective analysis revealed that if the
INR falls below 2.5 in patients with mechanical
heart valves a rather pronounced rise in the
thromboembolic rate occurs.10

The importance of risk factors for determin-
ing the intensity of anticoagulation is also
addressed in patients with bioprostheses. As
long as patients remain in sinus rhythm, they
only need anticoagulation for three months and
none thereafter. The AHA/ACC guidelines
recommend lifelong low dose aspirin.7

Whether this is necessary in patients without
associated coronary artery disease and only
aortic valve bioprosthesis is still undecided.

Yet when atrial fibrillation occurs, patients
with bioprostheses also require anticoagula-
tion. In the mitral position an INR of 3.0–4.5 is
recommended by the European guidelines2; in
the aortic position an INR of 2.5–3.5 is recom-
mended. Generally, in those patients with atrial
fibrillation as a risk factor for thromboembolic
events, the intensity of anticoagulation should
be adjusted according to the underlying patho-
logical condition and the risk associated with it.

If atrial fibrillation occurs in patients with
rheumatic mitral valve disease, particularly in
severe mitral stenosis, the risk for stroke and
other thromboembolic complications is
high—at least 5% per year—thus an INR of
3.0–4.5 is recommended. In aortic valve
disease the risk is less, thus an INR of 2.5–3.5
can be considered suYcient. In patients with
non-valvar atrial fibrillation and risk factors, an
even less intense anticoagulation with an INR
of 2–3 is suYcient.

In patients with previous emboli despite
adequate anticoagulation the risk of recurrent
thromboembolism is higher. Therefore for
these patients an INR of 3.0–4.5, in addition to
aspirin 100 mg daily, is recommended if no
other cause for the recurrent emboli can be
identified. Most of these patients with recur-

rent emboli have, however, inadequate antico-
agulation. Furthermore, other risk factors for
thromboembolic events—such as hyperlipidae-
mia, smoking, hypertension, diabetes—are fre-
quently present which also need to be better
controlled. Many studies have shown that lipid
lowering in patients with coronary artery
disease leads to a reduction in stroke rate by
30%.11 Cardiologists have universally accepted
that risk factor modification is an established
part of the treatment of coronary patients.
However, there are no studies in patients with
valvar heart disease or mechanical protheses.
This concept can at least be applied to patients
with valve disease and associated coronary
artery disease. Because of the profound eVects
of atherosclerotic risk factors on the coagula-
tion system, leading to a hypercoagulable
state,w7 it seems logical to implement a strict
risk factor modification programme for all
patients with valvar heart disease or mechanical
prostheses in order to reduce the likelihood of
stroke and general thromboembolic events in
these patients.

Modification of anticoagulant
treatment for specific procedures

Patients receiving anticoagulant treatment re-
quire adjustments in their anticoagulation
when undergoing diVerent types of non-
cardiac surgery or diagnostic procedures. This
most commonly arises when patients undergo
dental procedures, but anticoagulant adjust-
ment is also required for ophthalmic and minor
or major surgical procedures, either on an elec-
tive or emergency basis. Patients may need to
undergo interventional cardiac procedures
such cardiac catheterisation, coronary angio-
plasty, and the implantation of pacemakers or
defibrillators, which also necessitate alteration
in anticoagulation. Adjustment is also needed
in the event of conditions such as cerebral
haemorrhage and certain gastrointestinal dis-
orders such as bleeding ulcer. Randomised
studies are not available for most of these situ-
ations,w8 and there are only a few prospective
observational studiesw9 to guide management.
Much of the available information comes from
retrospective analyses, and opinions diVer over
what is felt to be the safest level of anticoagula-
tion for various procedures9 w10–12 and on the
estimation of the thromboembolic risk that
exists.w13

In studies concerning non-cardiac surgery in
patients with mechanical valves the incidence
of thromboembolic events varied between
0–2% in patients with aortic valve replacement
and 11–20% in patients with mitral valve
replacement.7 8 12 w9 w14

Thus the risk to be anticipated in case of
interruption of anticoagulation during non-
cardiac surgery may be appreciably higher than
calculated, depending upon the individual risk
factors for thromboembolic events, which are
related to patients, protheses, procedures, and
pathology (table 18.3).
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DiVerent management strategies have been
suggested, including:
x discontinuation of oral anticoagulation until

normalisation of the INR without heparin
replacement;

x discontinuation of oral anticoagulation until
normalisation of the INR with heparin
replacement as soon as the INR is < 2.0;

x lowering the intensity of anticoagulation
while oral anticoagulation is maintained;

x continuing a therapeutic level of
anticoagulation.

The choice of which regimen should be
followed should be based on the individual risk
for thromboembolic events, the time interval
required to be oV or at low anticoagulation lev-
els, and the risk of haemorrhage determined by
the procedure.

Thus the concept of risk factor adjusted
intensity of anticoagulation can also be used to
determine the most appropriate and safest
strategy.

Patient related risk factors (table 18.3)
increase thromboembolic risk by a factor of
5–20. Also prosthesis design and position have
to be taken into account. Discontinuation of
anticoagulation for one week leads to a signifi-
cant thromboembolic risk in patients with
mitral valve replacement varying between
10–20%, whereas the incidence of throm-
boembolism in patients with aortic valve
replacement is 0–2%.12 w9 w14

The prothrombotic state of the surgical pro-
cedure itself may increase the risk for thrombo-
embolic events.

All stages of haemostasis can be altered dur-
ing and after surgery—with increased platelet
aggregation and activation, conversion of
fibrinogen to fibrin, and depressed fibrinolysis
by decreased activators and increased
inactivators—thus potentially increasing the
thromboembolic risk of the prosthetic valve
patient. The level of hypercoagulable changes
correlates with the magnitude and duration of
surgery, and postoperative changes and com-
plications such as infection. The underlying
disease which first led to the surgical
procedure—such as a tumour—is a further risk

factor. In a large general surgical population
68% (11/16) of thromboembolic events oc-
curred among patients who were operated on
because of a tumour.12

The time interval necessary to discontinue
anticoagulation before non-cardiac surgical
procedures depends on: the half life of the oral
anticoagulant used; the actual INR; the desired
INR for the specific procedure; and the
individual vitamin K pool.13

If warfarin is used, the guidelines of the
AHA/ACC7 and the British Society of Haema-
tology1 suggest discontinuation for 72 hours
before routine non-cardiac surgical proce-
dures. The INR should be closely monitored,
because the decrease in INR may vary greatly
among diVerent patients.

Dental surgery
Dental surgery is one of the procedures with
the lowest risk for thromboembolic complica-
tions. A recent literature review14 covering 2014
dental surgical procedures and 1964 extrac-
tions showed that thromboembolic complica-
tions occurred in five (0.9%) of 493 patients in
whom anticoagulation was discontinued. How-
ever, four of the five thromboembolic compli-
cations were lethal. In contrast, continuation of
anticoagulation in 774 patients was not associ-
ated with any thromboembolic events. Bleed-
ing complications occurred in 1.6% patients,
and none were fatal. All bleedings occurred
with an INR > 4.5.14

Thus dental surgical procedures do not
require major changes in the intensity of
anticoagulation. Continuation of anticoagula-
tion at an INR of 2.0–2.5 is the safest approach
for dental surgery; even full mouth extractions
have a low risk for bleeding, which can easily be
treated with local measures (table 18.4).2 w15 w16

Heparin, as suggested by Peutenw17 is not nec-
essary.

Interventional cardiac procedures
For left heart catheterisation by the brachial
route, the INR should be < 2.5, and by the
femoral route it should be < 1.8.2 w15

Surgical procedures
Minor surgical procedures can be performed
while the INR is just < 2 and oral anticoagula-
tion can be resumed on the day of surgery.
Robinsonw10 and Bartleyw11 suggested it was not
necessary to discontinue oral anticoagulation
before cataract extractions and other oculo-
plastic surgical procedures, provided the INR
was not above the therapeutic range.

Table 18.3 Risk assessment for non-cardiac surgical
procedures

According to risk factors related to:
Low
risk

High
risk

Patients
Atrial fibrillation +
Previous thromboembolism +
Hypercoagulable congenital or

acquired conditions
+

Left ventricular dysfunction +
Heart failure +

Prostheses design
Ball valve +
Tilting disk +
Bileaflet +

Prostheses position
Aortic +
Mitral +

Procedures
Dental, ophthalmic +
Skin +
Gastrointestinal +

Pathology
Tumour +
Infection +

Table 18.4 Anticoagulation before diagnostic and surgical
procedures (European Society of Cardiology)2

INR

Left heart catheterisation (Sones) < 2.5
Left heart catheterisation (Judkins) < 1.8
Tooth extraction < 2.5
Minor surgical procedure < 2.0
Major surgical procedure < 1.5
Replace with heparin when INR: < 2.5 in high risk

patients
Replace with heparin when INR: < 2.0 in average risk

patients
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Major surgical procedures require lowering
of the INR to < 1.5. In these cases anticoagula-
tion needs to be maintained with heparin.
Heparin should be started when the INR is
< 2.5 in high risk patients (for example, in
patients with mitral mechanical valves) and
< 2.0 in patients with aortic mechanical valves.
The activated partial thromboplastin time
(aPTT) should be prolonged to 1.5–2.0 of the
control value. Heparin should be continued
until six hours before surgery and resumed
6–12 hours after surgery, when surgically feasi-
ble. It should be continued until INR is > 2.
Oral anticoagulation can be resumed 1–2 days
after surgery.1 2 7

Management before emergency surgery
In the event of emergency surgery, oral antico-
agulation needs to be neutralised by infusion of
prothrombin complex concentrate or fresh fro-
zen plasma, the dose of which needs to be indi-
vidualised. Additional repeat small doses of
vitamin K may be given intravenously or
orally.15 16 Complete reversal of oral anticoagu-
lants with vitamin K in large doses may lead to
prolonged resistance to oral anticoagulants and
the possibility of valve thrombosis and throm-
boemboli.

Low molecular weight heparin

Recently it has been suggested that low
molecular weight heparin (LMWH) can be
used for the interim maintenance of anticoagu-
lation. Although it is not approved for applica-
tion in patients with mechanical prosthesis, and
no studies are available for non-cardiac proce-
dures, it is already used for this purpose in
some countries. Montalescot17 reported the use
of LMWH in the immediate postoperative
period after valve surgery. In 102 patients there
were two major bleedings and one thrombo-
embolic event, which did not diVer from the
incidence of bleeding and thromboembolic
events in a group of patients previously treated
with unfractionated heparin. The study was
not randomised and was conducted for only 14
days without further follow up or echocardio-
graphic studies.

If follow up is short after discontinuation of
anticoagulation, and echocardiographic studies
are not performed routinely, significant
thromboembolic events may be missed. Valve
thrombosis may develop slowly and insidiously
and may not be evident for 1–2 months.

No definite information on the safety and
eYcacy of LMWH is available at this time to
guide its use. Because of the longer half life,
requiring only 1–2 doses per day in randomised
studies on unstable angina pectoris, LMWH
appears to have a promising role in the
perioperative management of non-cardiac sur-
gery. Randomised studies, aimed at defining
doses in diVerent patient groups, are necessary.

The optimal management of anticoagulation
during non-cardiac surgery requires careful
risk assessment of patients and procedures. Self
testing and self management of anticoagulation

by the patient can facilitate management and
reduce risks.

Outlook for better anticoagulation
control

Physicians and patients should become more
informed about anticoagulation control. Pa-
tients need verbal and written information
about the purpose of their anticoagulation
treatment and its eVects, the desired INR range
and target INR, side eVects, drug interference,
diet, and signs and symptoms of overdose
(bleeding) and underdosing (valve thrombosis
and thromboembolism), as well as other com-
plications.

Self monitoring of anticoagulation by pa-
tients has improved their anticoagulation con-
trol5 and thus their quality of life. Modification
of atherosclerotic risk factors is important for
all patients with diseased native and prosthetic
heart valves to reduce thromboembolic and
stroke risk.

Future research should be directed towards
evaluation of alternatives to conventional anti-

Management of oral anticoagulant
treatment can be improved by:

x Following the concept of risk factor
adjusted indication for and intensity of oral
anticoagulant treatment

x Use of the INR for monitoring the intensity
of anticoagulation

x Intensive education of the patient about
anticoagulation

x Implementing self testing by suitable
patients

x Increasing the frequency of testing

The risks associated with interruption of
oral anticoagulant treatment during

non-cardiac surgery can be reduced by:

x Performing dental procedures at an INR
between 2–2.5

x Using local measures to treat bleeding in
the dental surgery

x Replacing oral anticoagulant treatment
with heparin before major surgery, when
INR is < 2.5 in high risk patients with
mechanical mitral valves, and < 2.0 in
patients with aortic valves, up to six hours
before surgery

x Discontinuing warfarin 72 hours before
surgery, but observing factors influencing
the time interval required for reduction in
INR

x Resuming heparin 6–12 hours postsurgery
and maintaining until INR > 2.5
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coagulation in non-cardiac surgery, such as
LMWH.

Methods for improved risk assessment and
risk stratification in diVerent patient groups
should be developed, including family history
and laboratory studies for congenital or
acquired risk factors for thromboembolic
events.
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The association of coronary artery dis-
ease with heart valve disease is fre-
quently encountered and it can be

expected that this association will become
more common because of the evolution in the
epidemiology of valvar diseases. Degenerative
lesions are now the most frequent cause of
valve disease in western countries and they fre-
quently occur in old patients, who are also at
higher risk for atherosclerotic disease. The
association of calcified aortic stenosis and cor-
onary heart disease is the main problem,
because it is the most frequently encountered
association and because it raises specific ques-
tions, particularly in regard to the detection
and management of both pathologies. Despite
many reports in the literature, recently pub-
lished guidelines point out the fact that
concern remains regarding the optimal
strategies for diagnosis and treatment of
coronary artery disease in patients with valve
disease.1

Calcific aortic stenosis associated with
coronary artery disease

Frequency of coronary artery disease in
patients with calcified aortic stenosis
The frequency of coronary artery disease in
patients with calcified aortic stenosis can be
correctly assessed only in studies comprising
systematic coronary angiography, regardless of
the symptoms. The frequency of associated
coronary disease varies according to the
characteristics of the population involved, in
particular age and, to a lesser degree, the geo-
graphic origin. Series of patients with calcific
aortic stenosis whose mean age is between 60
and 70 years reported 30–50% of associated
significant coronary artery disease (at least one
stenosis > 50% or 70% of vessel diameter).
Coronary artery disease has been reported in
more than 50% of patients aged > 70 years2

and, of patients aged > 80 years, in 65% in
series from the USA3 and 41% in a British
series.4

Series published in the 1960s and ’70s led
certain authors to suggest that aortic stenosis
could have a protective role against coronary
atherosclerosis. This was in fact probably only
the consequence of a selection bias in series in
which the indication of coronary angiography
depended on the symptoms. Patients with aor-
tic stenosis and coronary disease became
symptomatic earlier in the course of their
disease, which could explain the lower inci-
dence and severity of coronary disease than in

patients without valve lesions. More recent
studies including systematic coronary angio-
graphy report frequent association of coronary
disease, with a majority of multivessel disease,
and therefore do not support this hypothesis of
a protective eVect.

Calcific aortic stenosis and coronary athero-
sclerosis were initially considered as two
independent diseases, their association being
interpreted only as a consequence of their
increasing frequency with age. Immunohisto-
chemical analysis of stenotic aortic valves with
diVerent levels of severity have shown that early
lesions of aortic stenosis have several common
features with atherosclerosis, in particular
inflammatory cell infiltrates, lipoproteins, and
calcium deposits. This is further confirmed by
a prospective population based study, in which
predictive factors of aortic sclerosis or stenosis
were also predictors of atherosclerosis, such as
older age, male sex, history of hypertension,
smoking, and low density lipoprotein choles-
terol.5 The possibility that calcific aortic steno-
sis and atherosclerosis could share predispos-
ing factors underlines the importance of
assessing coronary status in patients with aortic
stenosis.

There are few data regarding the conse-
quence of coronary disease on the adaptation
of the left ventricle to aortic stenosis. It seems
that patients with coronary disease have a
higher systolic wall stress because of a less pro-
nounced hypertrophy, than patients with aortic
stenosis and normal coronary arteries.6 The
negative eVect of hypertrophy on left ventricu-
lar function would therefore appear earlier in
the course of aortic stenosis if coronary disease
is associated.

Diagnosis of associated coronary stenosis in
patients with aortic valve stenosis
Clinical assessment
Angina pectoris has a low positive predictive
value of coronary disease in patients with aortic
stenosis. Less than 50% of patients with aortic
stenosis and typical angina have significant
coronary lesions. In the others, myocardial
ischaemia can be explained by chronic in-
creased afterload, including increased wall
stress, wall thickening, and the modifications in
coronary microcirculation encountered in left
ventricular hypertrophy. There is no contro-
versy as regards the indications for coronary
angiography in patients with aortic stenosis
and angina.

On the other hand, the negative predictive
value of angina was thought to be high, and
some authors in the 1980s recommended not
performing coronary angiography in patients
with aortic stenosis without angina. However,
patients with aortic stenosis can have signifi-
cant coronary artery stenosis without any chest
pain. Left main stenosis or three vessel disease
was reported in 14% of the patients with aortic
stenosis and no angina.7

Non-invasive assessment
Stress tests have been used to detect coronary
lesions in patients with aortic valve disease, in
particular in conjunction with radionuclide

19 Interface between valve disease and
ischaemic heart disease
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myocardial perfusion imaging using thallium.
Such examinations generally have a rather low
specificity, because of the possibility of a false
positive result related to myocardial hypertro-
phy. Moreover, sensitivity is < 100%, meaning
significant coronary artery disease can be
missed. However, the main concern about the
use of stress tests on patients with aortic valve
stenosis is safety. Stress tests may be performed
with specific protocols in patients with asymp-
tomatic aortic stenosis, in order to evaluate
their functional capacity accurately.
Nevertheless, the presence of symptomatic
aortic stenosis remains a contraindication for a
stress test in current guidelines. Tests using
dipyridamole have the same limitations regard-
ing specificity, sensitivity, and also safety. Stress
echocardiography has also been shown to be
non-specific of coronary disease in patients
with aortic stenosis. The detection of thoracic
aortic plaque by transoesophageal echocardio-
graphy is a strong predictor of coronary artery
disease in patients with aortic stenosis, but
10% of the patients without aortic plaque have
significant coronary artery disease. Combined
assessment of carotid atherosclerosis using
echography could enhance sensitivity, although
this remains < 100%. Transoesophageal echo-
cardiography can therefore not be considered
as a reliable examination to eliminate associ-
ated coronary artery disease. Electron beam
computed tomography enables high grade cor-
onary artery stenosis to be detected non-
invasively. High sensitivity and specificity have
been reported but this examination suVers
limitations in availability and feasibility.

Coronary angiography
Given the limitations of non-invasive tech-
niques, the only method for the definite
diagnosis of coronary artery disease is coronary
angiography. The risk of coronary angiography
is very low in patients with aortic stenosis when
there is no associated cardiac catheterisation.
Echocardiography-Doppler generally allows an
accurate evaluation of aortic valve disease and a
haemodynamic evaluation is seldom required.
North American guidelines recommend per-
forming coronary angiography in patients with
heart valve disease where there is chest pain,
objective evidence of ischaemia, decreased left
ventricular systolic function, history of coron-
ary artery disease or coronary risk factors
(including age).1 The age above which coron-
ary angiography should be systematically
performed in the preoperative evaluation of
valvar heart disease is diYcult to set definitely.
North American guidelines recommend coron-
ary angiography in men over 35 years old, in
premenopausal women aged over 35 and with
coronary risk factors, and in postmenopausal
women. A threshold commonly used in Europe
is 40 years for men and 50 years for women.
With the current predominance of degenera-
tive valve disease, coronary angiography should
therefore be considered in nearly all patients
with calcific aortic stenosis.

Treatment of aortic stenosis associated with
coronary arteriosclerosis
It is widely accepted that the treatment for
symptomatic aortic stenosis is aortic valve
replacement (AVR). Balloon dilatation pro-
vides only a limited and transient improvement
and does not influence the natural history of
the disease. However, concern remains as
regards the optimal treatment of aortic stenosis
and associated coronary artery disease accord-
ing to the respective severity of both patholo-
gies.

Symptomatic aortic stenosis associated with
significant coronary artery disease
Although the benefits are not irrevocably
proven, it is generally accepted that patients
with significant aortic stenosis associated with
significant coronary artery disease (stenosis
> 50% or 70% of vessel diameter) should be
treated by combined AVR and coronary artery
bypass grafting (CABG).1 Many series have
reported immediate and late results of com-
bined valvar and coronary surgery in patients
with aortic and coronary disease and compared
these results with those obtained after isolated
AVR in patients with aortic stenosis without
coronary lesions. It is diYcult to summarise the
results of all these series, because they are het-
erogenous in regard to the type of aortic valve
disease (aortic stenosis or mixed aortic stenosis
and regurgitation), the severity of coronary
disease, and the period of operation (table
19.1).7–12 Patients treated in the 1980s and ’90s
were older and had more frequent coronary
diseases.2 This evolution may explain the
persistence of a relatively high operative
mortality of combined AVR and CABG,
between 5–10% in most series. The improve-
ment of perioperative management is probably
partly counterbalanced by the increasing pro-
portion of elderly patients with comorbidities.

Comparative studies most often reported
higher perioperative mortality rates after com-

Detection of coronary artery disease
associated with heart valve disease

x The sensitivity of stress tests is below 100%
and they can therefore miss significant
coronary artery disease.

x The main concern of stress tests is their
safety in current practice.

x Methods using imaging (transoesophageal
echocardiography, electron beam
computed tomography) give promising
results, but still have limits in feasibility and
reliability.

x Coronary angiography is the only current
means to ensure a reliable detection of
coronary artery disease associated with
heart valve disease.

x Coronary angiography should be
systematic in preoperative evaluation of
heart valve diseases in men aged > 40 years
old and women > 50 years old.
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bined surgery than after AVR alone. The
relevance of such comparisons is, however,
limited by the fact that patients with or without
coronary artery disease diVer by many charac-
teristics. In particular, patients with coronary
artery disease are generally older, more symp-
tomatic, and more frequently have left ven-
tricular dysfunction. We attempted to diminish
the eVect of these confounding factors in a
study comparing patients undergoing com-
bined aortic and coronary surgery with patients
having normal coronary arteries and undergo-
ing isolated AVR, who were matched for age,
sex, functional class, left ventricular ejection
fraction, and the date of operation.11 Despite
matching in some important predictive factors,
there remained a trend towards a higher opera-
tive mortality (10.4% v 4.9%, p = 0.08) in
patients undergoing combined aortic and
coronary surgery. In multivariate analysis
taking into account other patient characteris-
tics, combined CABG is associated with a
lower increase in operative mortality than in
univariate analysis.2 These findings do not
indicate that CABG in itself increases the risk
of AVR, but should be interpreted as the
adverse influence of an associated atheroscle-
rotic disease on the result of cardiac surgery.

Long term results after AVR associated with
CABG are generally good, with survival rates
> 60% at nine and 10 years in recent studies,
despite the high risk profile of the patients
(table 19.1).10 11 The comparison of late results
after isolated AVR in patients with normal cor-
onary arteries reveals the same limitations as
the comparison of early mortality, because of
the diVerences in the patients involved. In
matched populations, mortality was not signifi-
cantly higher in patients undergoing combined
surgery up to nine years after the postoperative
period.11 Relative survival, compared with a
standard population, was not influenced by
CABG until 10 years after surgery in another
series.2 Apart from survival, late functional
results are excellent in most series, most
patients being in New York Heart Association
(NYHA) class I–II, without a low incidence of
angina and acute coronary events.9–11

Despite a trend towards an increase in peri-
operative mortality compared with patients
with normal coronary arteries, the immediate
results of AVR associated with CABG are
satisfying according to the characteristics of the
patients involved. These results support the
current practice which is to bypass significant
coronary artery stenosis (50% for left main and
50–70% for other arteries) when possible in

patients who should have AVR for aortic valve
stenosis (figs 19.1 and 19.2).1 The extrapola-
tion of large series on CABG suggests that the
use of the left internal mammary artery should
be recommended for the grafting of the left
anterior descending artery in those patients
more frequently operated on at an advanced
age, and for whom late reoperation should be
avoided.

Isolated AVR in patients with coronary artery
stenosis
Published series comprise only a few patients
who had coronary stenosis associated with aor-
tic stenosis and who underwent isolated AVR
without CABG. Moreover, these patients con-
stitute a particularly heterogeneous group,
because the absence of CABG can be related to
very diVerent situations, whether it is deliberate
in moderate stenosis (approximately 50%) or
impossible in significant stenosis because of
anatomical conditions. The absence of CABG
was deliberate in all cases only in the Bonow
series,13 which reported a favourable outcome

Table 19.1 Results of aortic valve replacement combined with coronary artery bypass grafting in patients with aortic
valve disease associated with coronary artery disease

Series
Years of
operation

AVR+ CABG
(n) AS (n)

Mean age
(years)

3 vessel or LM
(%)

Operative
deaths (%) Late survival (%)

Mullany7 1967–76
1982–83

112
99

–
–

–
–

34
48

6.3
4.01

49 at 10 years

Lytle8 1967–91 500 – 62 23 5.8 52 at 10 years*
Czer9 1969–84 233 – 67 52 8.2 41 at 10 years
Lund10 1975–86 – 55 64 47 3.6 62 at 10 years
Iung11 1979–92 – 144 69 31 10.4 67 at 9 years
Flameng12 1980–92 449 – 65 30 7.6 –

*Among postoperative survivors.
AVR, aortic valve replacement; AS, aortic stenosis; CABG, coronary artery bypass grafting, LM, left main stenosis.

Figure 19.1. Calcified aortic stenosis associated with
a 50% distal left main stem stenosis.

Figure 19.2. Calcified aortic stenosis with a tight
stenosis on the second segment of a diffusely
atherosclerotic right coronary artery.
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but whose interpretation should take into
account the majority of mono-vessel diseases
and the short follow up. In our experience, mid
term outcome after isolated AVR in patients
who had aortic stenosis associated with moder-
ate coronary artery stenosis (40–60%) is excel-
lent and identical to patients with normal cor-
onary arteries (fig 19.3).11 As regards patients
who had aortic stenosis and significant coron-
ary disease which could not be bypassed for
technical reasons, there was a trend towards a
higher postoperative mortality and a more
rapid decrease of the survival curve after a four
year follow up.7 10 11 However, mid term sur-
vival was satisfying (60% at five years) and
functional results were good, with more than
90% of the patients being free from angina in
the absence of CABG.11 It is necessary to be
cautious given the small number of patients,
but these results strongly suggest that AVR
should be performed in patients with sympto-
matic aortic stenosis, even if they have
significant coronary lesions which cannot be
bypassed for technical reasons. Immediate and
late results seem less satisfying than those in
patients who underwent combined aortic and
coronary surgery but are far better than the
natural history of aortic stenosis. Future
studies are needed to evaluate the association
of transmyocardial laser revascularisation with
AVR in such patients.

Moderate aortic stenosis associated with
significant coronary artery disease
In patients who have moderate aortic stenosis
and significant coronary artery disease for
which there is an indication for revascularisa-
tion, percutaneous coronary angioplasty
should be considered if possible. In patients
who have coronary artery disease requiring
CABG, the therapeutic choice is between :
x associating AVR and CABG, which is a

radical treatment but exposes the patient to
a higher operative risk and, later, to
prosthetic related complications;

x performing only CABG, which will expose
the patient to a subsequent AVR in case of
progression of the aortic stenosis.

The mean rate of progression of aortic stenosis
has been estimated at between 5–8 mm Hg per

year for mean gradient, with a mean decline
between 0.1–0.2 cm2 per year in valve area.14

However, it is very diYcult to predict the pro-
gression of aortic stenosis in any given patient.
Valve replacement in a patient who has
previously undergone CABG can be techni-
cally complex and associated with an increased
mortality.15 The possible evolution of moderate
aortic stenosis and the risk of subsequent
surgery leads to AVR, associated with CABG,
being recommended in patients who have
moderate aortic stenosis associated with coron-
ary lesions requiring surgery. Valve replace-
ment should be performed if valve area is below
1 cm2 and considered if between 1–1.5 cm2,
and/or if mean aortic gradient is between
30–50 mm Hg.1

Choice of prosthesis
The major determinant of the choice between a
mechanical prosthesis and a bioprosthesis is
the comparison between the presumed life
expectancy of the patient and the duration of
the prosthesis. Bioprostheses are clearly recom-
mended for patients over 80 years old, while
mechanical prostheses are generally preferred
in patients aged < 70 years. The choice may be
diYcult between 70 and 80 years. Coronary
disease is frequently associated in this age
group and can be considered as a promoting
factor for a mechanical prosthesis, though this
point is controversial.16 Patients undergoing
combined aortic and coronary surgery may
have a life expectancy that will expose them to
primary degeneration of the bioprosthesis. The
risk of reoperation, which is still high in the
elderly, is even more increased in patients who
have previously undergone combined aortic
and coronary surgery.

Medical treatment after combined aortic and
coronary surgery
Patients who have undergone AVR with a
mechanical prosthesis can benefit from moder-
ate anticoagulation (target international nor-
malised ratio 2–3), provided their thrombo-
embolic risk is low—that is, patients in sinus
rhythm, without previous embolism and with
no severe enlargement of the left atrium.17

Moderate anticoagulation ensures an eYcient
protection against embolic events at a lower
haemorrhagic risk. This point is particularly
important after combined aortic and coronary
surgery because patients should also be treated
with aspirin. The combination of anticoagu-
lants and aspirin is not recommended in all
patients with prosthetic heart valves, but its use
is supported by the results of clinical trials in
patients who have mechanical heart valves
associated with atherosclerotic disease.

Patients with CABG particularly benefit
from treatment with statins. It is logical to con-
sider prescribing a statin in most, if not all,
patients who have undergone combined aortic
and coronary surgery. The choice of the type of
statin must take into account the possibility of
drug interaction with oral anticoagulant treat-
ment.

Figure 19.3. Calcified aortic stenosis with
atherosclerosis of left anterior descending and
circumflex arteries, no stenosis being more than
50%.
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Coronary artery disease associated
with other valve diseases

Aortic regurgitation
Left ventricular ejection fraction is clearly an
important parameter to be taken into account
in the decision to operate on a patient with
severe aortic regurgitation, particularly in the
absence of symptoms. In the case of significant
coronary artery disease, the respective roles of
aortic regurgitation and coronary disease in
ventricular dysfunction can be debated. How-
ever, there are no grounds for using diVerent
thresholds in patients with or without coronary
artery disease.

Just as in other valve diseases, degenerative
lesions are a growing cause of aortic regurgita-
tion. Degenerative aortic regurgitation may be
associated with an aneurysm of the ascending
aorta, thereby requiring not only valve replace-
ment but a composite replacement with an
aortic tube and a prosthesis associated with
reimplantation of the coronary arteries. If the
patient also requires CABG, mammary artery
grafts should be used if possible to avoid the
anastomosis of the grafts on the pathological
ascending thoracic aorta.

Mitral stenosis
The frequency of coronary artery disease is low
among patients with mitral stenosis because
this rheumatic disease is predominantly found
in young patients. In older patients the diagno-
sis and therapeutic management of coronary
artery disease does not diVer from other valve
diseases. Angina pectoris can occur in patients
with mitral stenosis and normal coronary
arteries, and it could be related to ischaemia of
the right ventricle. The only other unique fea-
ture of coronary disease in patients with mitral
stenosis is the possibility of coronary embo-
lism.

Mitral regurgitation
The association of mitral regurgitation and
coronary artery disease diVers from the associ-

ation of other valve diseases with coronary
atherosclerosis. As in other cases, this can be
the conjunction of two diVerent pathologies,
but also a unique pathology, coronary artery
disease being the only cause in the case of
ischaemic mitral regurgitation.

Coronary artery disease associated with
non-ischaemic mitral regurgitation
On this topic there are less data in the
literature, compared with the association of
aortic valve and coronary diseases, and most
series concern mitral valve replacement associ-
ated with CABG. Combined valvar and coron-
ary surgery is associated with a trend towards a
higher perioperative mortality, but patients
with associated coronary artery disease are also
at higher risk than patients with isolated mitral
valve disease and normal coronary arteries.18 19

However, with the evolution of the epidemi-
ology of heart valve disease and the improve-
ment in techniques of valve repair, combined
surgery performed in patients with mitral
regurgitation in western countries most fre-
quently associates mitral valve repair and
CABG. The advantages of valve repair over
valve replacement—that is, lower perioperative
mortality and improved event-free late
outcome—should be taken into account when
associating valve repair with CABG, particu-
larly in patients who have a preoperative
impairment of left ventricular function. The
advantages of an early operation in patients
with severe mitral regurgitation are even more
pronounced in patients who have concomitant
coronary artery disease.20 The association of
coronary lesions with severe mitral regurgita-
tion should therefore be an incentive to
consider an early valve repair.

Ischaemic mitral regurgitation
Tackling the subject of mitral regurgitation in
depth is beyond the scope of this paper,
because it should not be considered as an
interface between valvar and coronary disease,
but only as an ischaemic disease.

Acute ischaemic mitral regurgitation is
caused by rupture of the papillary muscle
occurring at the acute phase of myocardial inf-
arction, generally with an inferior location.
Despite the high risk, urgent surgery is manda-
tory because of the catastrophic prognosis.

Most problems in managing ischaemic
mitral regurgitation are encountered in pa-
tients with chronic ischaemic mitral regurgita-
tion. Such patients have normal leaflets and the
regurgitation is caused by modifications of the
geometry and kinetics of the subvalvar appara-
tus, as a consequence of the abnormalities of
local myocardial contraction. Quantification of
the regurgitation may be diYcult, particularly
because of the possibility of variations in the
grade of mitral regurgitation according to the
ischaemia.

There is a consensus for performing com-
bined mitral and coronary surgery in the case
of severe ischaemic mitral regurgitation (grade
3 or 4), although the operative risk is generally
higher than in the case of non-ischaemic mitral
regurgitation associated with coronary disease.

Combined aortic valve replacement and
coronary artery bypass grafting (CABG)

x CABG should be conducted in association
with aortic valve replacement, when
possible, for all coronary arteries with
significant stenosis.

x In patients who have significant,
non-bypassable coronary artery stenosis,
aortic valve replacement, if otherwise
indicated, should not be contraindicated on
the basis of coronary status.

x The progression of aortic stenosis and the
problems related to valve replacement after
previous coronary surgery support wide
indications for aortic valve replacement in
patients who have moderate aortic stenosis
and in whom CABG is indicated.
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Valve repair gives good immediate and mid
term results in such patients, but we only have
a few series with limited follow up.

The treatment of moderate ischaemic mitral
regurgitation (grade 2) is a matter of debate.
Moderate regurgitation is traditionally not cor-
rected at the time of CABG. However, a
subgroup analysis of the SAVE (survival and
ventricular enlargement) study suggests that
moderate mitral regurgitation has a negative
prognostic value on the outcome of patients
following myocardial infarction. Whether the
correction of moderate ischaemic mitral regur-
gitation by valve repair will improve the
outcome of such patients remains to be deter-
mined by further studies.
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Mitral regurgitation associated with
coronary artery disease

x The mechanism of mitral regurgitation
should be carefully assessed in the
preoperative evaluation:

– to diVerentiate ischaemic mitral
regurgitation from non-ischaemic
regurgitation associated with coronary
disease;

– to evaluate the possibility of valve
repair.

x Valve repair should be considered
early—that is, in NYHA class I or II—in
patients who have severe mitral
regurgitation associated with coronary
artery disease.
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The aortic valve, and its supporting ven-
tricular structures, form the centre-
piece of the heart. All chambers of the

heart are related directly to the valve, and its
leaflets are incorporated directly into the
cardiac skeleton. As such, the valve is the focus
for the echocardiographer. Yet still the precise
structure of its component parts remains
controversial, with persisting disagreements
relating largely to the enigmatic “annulus”.
Indeed, it is diYcult to find an unequivocal
definition of the annulus, a structure appearing
most frequently in the context of cardiac
surgery.1

This review describes the arrangement of the
aortic root in terms of the attachment of the
aortic valvar leaflets, and their relations to the
aorta and its ventricular support.2 Recognising
that these parts will still be considered to
represent an annulus, I will try to show that the
ring like structure thus described has consider-
able length, encompassing the entirety of the
semilunar attachments of the leaflets. It is the
recognition of the relation of these attachments
to the anatomic and haemodynamic
ventriculo-arterial junctions which is the key to
understanding.3

Location of the aortic root

Although forming the outlet from the left ven-
tricle, when viewed in the context of the heart

as it lies within the chest (“attitudinally correct
orientation”4), the aortic root is positioned to
the right and posterior relative to the subpul-
monary infundibulum (fig 20.1). The subpul-
monary infundibulum is a complete muscular
funnel which supports in uniform fashion the
leaflets of the pulmonary valve.5 In contrast, the
leaflets of the aortic valve are attached only in
part to the muscular walls of the left ventricle.
This is because the aortic and mitral valvar ori-
fices are fitted alongside each other within the
circular short axis profile of the left ventricle, as
compared to the tricuspid and pulmonary
valves which occupy opposite ends of the
banana shaped right ventricle (fig 20.2). When
the posterior margins of the aortic root are
examined, then the valvar leaflets are seen to be
wedged between the orifices of the two atrio-
ventricular valves (fig 20.3). Sections in long
axis of the left ventricle then reveal the full
extent of the root, which is from the proximal
attachment of the valvar leaflets within the left
ventricle to their distal attachments at the
junction between the sinusal and tubular parts
of the aorta (fig 20.4).

How can we describe the aortic root?

Forming the outflow tract from the left ventri-
cle, the aortic root functions as the supporting
structure for the aortic valve. As such, it forms
a bridge between the left ventricle and the
ascending aorta. The anatomic boundary
between the left ventricle and the aorta,
however, is found at the point where the

20 Clinical anatomy of the aortic root
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Figure 20.2. The ventricular apexes have been amputated from this ventricular
mass, and the base of the heart is shown from beneath in left anterior oblique
orientation. Note the central location of the aortic valve, which is overlapped by
the mitral valve within the short axis of the left ventricle. The tricuspid and
pulmonary valves are separated by the supraventricular crest in the roof of the
right ventricle. The dotted line shows the area of fibrous continuity between the
leaflets of the aortic and mitral valves.

Figure 20.1. In this normal human heart, viewed in
attitudinally correct orientation, the subpulmonary
infundibulum has been transected, and the
pulmonary valve removed, showing the central
position of the aortic root within the cardiac short
axis.
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ventricular structures change to the fibroelastic
wall of the arterial trunk. This locus is not
coincident with the attachment of the leaflets of
the aortic valve. As shown in fig 20.4, the leaf-
lets are attached within a cylinder extending to
the sinutubular junction of the aorta. The
semilunar attachments of the leaflets them-
selves form the haemodynamic junction be-
tween left ventricle and aorta. All structures
distal to these attachments are subject to arte-
rial pressures, whereas all parts proximal to the
attachments are subjected to ventricular pres-
sures.

Opening out the aortic root shows the com-
plexities of these relations (fig 20.5). The
structures distal to the semilunar attachments
are the valvar sinuses, into which the semilunar
leaflets themselves open during ventricular sys-
tole. Two of these valvar sinuses give rise to the
coronary arteries, usually at or below the level
of the sinutubular junction (figs 20.3 and
20.4). The arrangement of the coronary arter-
ies permits these two sinuses to be called the
right and left coronary aortic sinuses. When
their structure is examined, it can then be seen
that, for the greater part, the sinuses are made
up of the wall of the aorta. At the base of each
of these coronary sinuses, however, a crescent
of ventricular musculature is incorporated as
part of the arterial segment (fig 20.6). This
does not happen within the third, non-
coronary, sinus. This is because the base of this
sinus is exclusively fibrous in consequence of
the continuity between the leaflets of the aortic
and mitral valves (fig 20.5).

Examination of the area of the root proximal
to the attachment of the valvar leaflets also
reveals unexpected findings. Because of the
semilunar nature of the attachments, there are
three triangular extensions of the left ventricu-
lar outflow tract which reach to the level of the
sinutubular junction. These extensions, how-
ever, are bounded not by ventricular muscula-
ture, but by the thinned fibrous walls of the
aorta between the expanded sinuses. Each of
these triangular extensions places the most dis-
tal parts of the left ventricle in potential
communication with the pericardial space or,
in the case of the triangle between the two cor-
onary aortic valvar sinuses, with the tissue
plane between the back of the subpulmonary
infundibulum and the front of the aorta (fig
20.4). The triangle between the left coronary
and the non-coronary aortic valvar sinuses
forms part of the aortic-mitral valvar curtain,
with the apex of the triangle bounding the
transverse pericardial sinus (fig 20.4). The tri-
angle between the non-coronary and the right
coronary aortic valvar sinuses incorporates
within it the membranous part of the septum.
This fibrous part of the septum is crossed on its
right side by the hinge of the tricuspid valve,
which divides the septum into atrioventricular
and interventricular components. The apex of
the triangle, however, continuous with the
atrioventricular part of the septum, separates
the left ventricular outflow tract from the right
side of the transverse pericardial sinus, extend-
ing above the attachment of the supraventricu-
lar crest of the right ventricle.

Figure 20.3. The short axis of the heart is
photographed from above and from the right,
producing a right posterior oblique orientation. Note
that the aortic root is deeply wedged between the
orifices of the mitral and tricuspid valves. Note also
the origins of the coronary arteries from the sinuses
of the aortic valve adjacent to the pulmonary trunk.

Figure 20.4. This is a close up of the aortic root,
having sectioned the left ventricle along its own long
axis. Note the length of the root between the basal
attachments of the valvar leaflets and the sinutubular
junction. Note also the thin areas of aortic wall which
separate the left ventricular cavity from the
pericardial space just below the level of the
sinutubular junction.
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When considered as a whole, therefore, the
aortic root is divided by the semilunar
attachment of the leaflets into supravalvar and
subvalvar components.1 The supravalvar com-
ponents, in essence, are the aortic sinuses, but
they contain at their base structures of
ventricular origin. The supporting subvalvar
parts are primarily ventricular, but extend as
three triangles to the level of the sinutubular
junction. Stenosis at the level of the sinutubu-
lar junction is usually described as being “sup-
ravalvar”. In that the peripheral attachments of
the leaflets are found at this level, the junction
is also an integral part of the valvar mech-
anism.6 Indeed, stretching of the sinutubular
junction is one of the cardinal causes of valvar
incompetence.

Does the aortic valve have an
annulus?

As with so many disputes, the answer to this
ongoing conundrum resides in the definition of
an “annulus”. In the strictest sense, an annulus
is no more than a ring. In this respect, the
entirety of the aortic root can be removed from
the heart, and slipped on the finger in the form
of a ring. Within the ring as thus removed, how-
ever, the leaflets themselves are not supported
in ring-like, but rather in crown-like fashion.
The answer regarding the presence or absence
of an annulus, therefore, is very much in the
eyes of the beholder. Some have argued that
fibrous thickenings attach the leaflets within the
root, and point to these supposed thickenings as
the “annulus”.1 I find this confusing, since the
purported thickenings are not universally
present. Even when found, if removed they
would constitute a crown-like circlet rather than
a true ring. It is my own belief that the aortic
root would be best understood if divorced from
the concept of the “annulus”. This is unlikely to
happen. SuYce it to say, therefore, that the
“ring” takes the form of the cylindrical aortic
root in which the valvar leaflets are supported in
crown-like fashion (fig 20.7).

Clinical implications

There are several inferences from the complex
interplay of ventricular and arterial structures
which make up the aortic root which are
important in the clinical context. When seen in
long axis section, the diameter of the root varies
greatly through its short length. The root is
much wider at the midpoint of the sinuses than
at either the sinutubular junction or at the basal
attachment of the leaflets. This becomes of sig-
nificance when considering measurements of
the “annulus” since, as discussed, the hinges of
the leaflets extend through all these three
levels. Proper values can only be provided when
measurements are made at the bottom of the
valvar attachments, at the widest point of the
sinuses, and at the sinutubular junction.
Similarly, if measurements were taken from the
basal attachment of one leaflet to the compara-

ble point of an adjacent leaflet, as is frequently
shown in diagrams, this would not measure the
full diameter of the outflow tract, but rather a
tangent across the root. These considerations
are also important in a surgical context. The
native valvar leaflets are obviously removed
during the procedure of valvar replacement.
The prostheses used for the purposes of
replacement most usually have a truly circular
sewing ring. Should the stitches used for secur-
ing this ring be placed within the semilunar
remnants of the removed valvar leaflets, then
there will be some distortion when the valve is

Figure 20.5. The aortic root has been opened through a longitudinal incision
across the area of aortic-mitral valvar continuity, and spread open to show the
semilunar attachments of the valvar leaflets. Note the interleaflet triangles
extending to the sinutubular junction, and the crescents of myocardium at the
base of the two coronary aortic sinuses.

Figure 20.6. This section across one of the two
coronary sinuses of the aortic valve shows how the
hinge of the valvar leaflet is attached to the
ventricular myocardium well proximal to the anatomic
ventriculo-arterial junction (see fig 5 also).
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“seated”, albeit that this does not usually com-
promise its subsequent function. When
necropsied hearts are examined subsequent to
valvar replacement, the circular sewing ring is
usually found to be located at the anatomic
ventriculo-arterial junction.2 It is the normal
discrepancy between this junction and the
haemodynamic junction which is the key to
understanding the clinical anatomy of the aor-
tic root.

I am indebted to Dr Siew Yen Ho for her help in the preparation
of this review, and to Karen McCarthy and Vi Hue Tran for help
in preparing the illustrations. The work itself was supported by
the British Heart Foundation together with the Joseph Levy
Foundation.
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In 1896 Antoine Marfan, a French paediatri-
cian, presented a 5 year old girl to the
Medical Society of the Paris Hospitals. She

had striking abnormalities in her skeletal system
with elongation of her long bones and fingers.
Association of arachnodactyly with dislocated
lenses was described in 1914 and the adoption
of this as a syndrome was based upon these
characteristic phenotypic appearances. Auto-
somal dominant inheritance was recognised in
1931. The first descriptions of a dilated aortic
root and of dissection were in 1943.

The main cause of premature death in those
with Marfan syndrome is dissection of the
ascending aorta resulting in tamponade, left
ventricular failure caused by aortic regurgita-
tion, myocardial ischaemia from disruption of
the coronary orifices, and stroke if the arch
vessels are involved. Reports vary but a life
expectancy of between 30–40 years of age was
typical in the era before root replacement, with
most of these premature deaths being attribut-
able to aortic disease.1 2 Avoidable deaths in the
teens and 20s are not rare. There is a great
clinical variability so the pool of patients, and
hence the denominator against which the death
rate is calculated, depends upon the clinical
discipline of those collecting the cases and
whether the emphasis is on lethal aortic mani-
festations, or on abnormalities of the eyes, or
on spinal deformity. Neonatal Marfan syn-
drome has an extremely poor prognosis. Those
who have survived to present in mature adult
life are a favourable subset of the total
spectrum of cases. DiVerent clinics collect
rather diVerent sets of people with Marfan syn-
drome, but for those with an abnormal aorta
the expectation of life is greatly improved by
aortic root replacement.3 4

Diagnosing Marfan syndrome

Diagnosis by nosology
The Berlin Nosology of Heritable Disorders of
Connective Tissue was published in 1986.5

Under the headings skeletal, ocular, cardiovas-
cular, pulmonary, skin, and central nervous
system it lists four major manifestations—
ectopia lentis, aortic dissection, dilatation of
the ascending aorta, and dural ectasia—and a
host of minor manifestations including ar-
rhythmia and endocarditis. These last items
indicate the arbitrariness of a nosology based
on clinical features. The Berlin nosology has
been replaced by the Gent criteria6 that include
the same major cardiovascular manifestations.

Genetic diagnosis
Although Marfan syndrome was clearly recog-
nised as a disorder of connective tissue from
the 1950s, the responsible component of the
extracellular matrix was variously believed to
be collagen, elastin, and hyaluronic acid. In the
late 1980s fibrillin abnormalities were repro-
ducibly identified by immunohistochemistry.
The gene was found on chromosome 15. It
appeared that there would be one absolute cri-
terion for the diagnosis—did the individual
carry the abnormal fibrillin gene or not?
Unfortunately it turned out to be not nearly so
simple. Nearly all the mutations have been
family specific. More than 50 causative muta-
tions have been found—nearly as many as
families studied—explaining the variability on
the clinical manifestations across the spectrum
of Marfan syndrome, but not the relative con-
sistency within families. Increasing knowledge
of genotype has not allowed prediction of phe-
notype and therefore risk of aortic dissection
for the individual.

We already knew that about 25% of cases
have no family history and must be caused by
sporadic mutations. It would not be too
surprising to find that these individuals are sta-
tistically more likely to dissect, for in order to
feature in a family tree the gene must be com-
patible with survival at least into adult life.
Thus, even if we think we are being very scien-
tific in making the diagnosis on a genetic or a
molecular basis, the diagnostic group includes
considerable variability from one case to
another, not only clinically7 8 but in terms of
the ultrastructural and the exact chromosomal
abnormality.

Diagnosis by gross morphology
The normal aorta has three gentle bulges, the
aortic sinuses, just distal to the semilunar
attachments of the three leaflets of the aortic
valve. The cross sectional diameter of the aorta
at the nadir of the leaflet attachment where the
aorta and ventricular muscle meet, and at the
upper limit of the attachment at the sinutubu-
lar junction, are very similar, with the leaflets
supported with a spatial relation as if to the
sides of a cylinder. The diameter of the more
distal circle at the sinutubular junction is, if
anything, slightly smaller than the left ventricu-
lar outflow. This relation is lost in the Marfan
syndrome. The aortic root becomes bulbous
and the attachments of the leaflets are splayed
out. The commissures are attached to an aorta
of much greater circumference than at the
nadir of leaflet attachment, the leaflets no
longer co-apt, and the valve leaks centrally. The
widest part of the aorta is in the sinuses of Val-
salva where the echocardiographer picks up the
very tips of the leaflets as the valve opens. The
coronary orifices are displaced upwards as the
aortic wall proximal to them dilates.

Now that we know that there are nearly as
many molecular subsets of the disease as there
are families, several earlier conundrums be-
come clear. One is the occurrence of inherited
aortic dilatation with a propensity for dissec-
tion in people who are skeletally unremarkable

21 Cardiovascular surgery for Marfan
syndrome
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The term form fruste was used for the situation
in which the aortic root is characteristic of Mar-
fan syndrome but other features were absent.
With the new knowledge about the variation in
the genetic abnormality from one family to
another, it begins to make sense that there is
clinical variability between families. There ap-
pear to be those at risk of dissecting an aorta
with Marfan morphology but who look normal.
On the contrary there are Marfan families with
severely aVected skeletons whose aortas are not
particularly large and who do not dissect. A dis-
tinction must be made, however, between the
very characteristic morphology of Marfan syn-
drome and the more funnel shaped aortic
dilatation seen in hypertension and post-stenotic
dilatation associated with bicuspid valves.

Framing disease
The concept of “framing disease” emphasises
that our view of diagnostic categories changes
with the scientific and clinical information that
we use and may change with time, and is to a
variable degree arbitrary. Thus in Marfan syn-
drome we could make the diagnosis purely by a
particular bodily habitus or we could define the
disease by an abnormality of fibrillin. The two
diagnostic frames will not encompass identical
patient groups.

A way of framing the disease9 that concen-
trated the attention on the aortic root while
accepting that other features might or might not
be present was to group Marfan cases within a
diagnostic heading of annulo-aortic ectasia.10 It
is probably a term best avoided. Anderson
teaches us that the term “annulus” is incorrect
in the case of the aortic valve because there is no
ring (see accompanying article).11 There is
another problem and that is that the measured
diameter at the nadir of attachment of the aor-
tic valve leaflets (the point loosely called the
annulus) is characteristically normal in the
presence of a very dilated Marfan aorta, even
with severe regurgitation. It is the aortic sinuses
that bear the brunt of the dilating process.

Should we make the morphological and his-
tological abnormalities of the aorta our diag-
nostic criterion, since this is the focus of our
surveillance and treatment, and not be dis-
tracted by a gallimaufry of clinical signs by
which we decide whether the patient should or
should not be included in the Marfan frame?
Even here there is a problem because the
degenerative change in the aortic media
(loosely called cystic medial necrosis although
not cystic and not necrotic) is the common end
point of a number of aortic pathologies and is
found both in hypertension and in the aortic
wall beyond a bicuspid valve (fig 21.1).

Now that we know something of the gene
involved in its inheritance, and of the structural
and biochemical abnormalities that cause the
collection of clinical features, need we carry on
using the eponym, and indeed should we aban-
don the word syndrome?12 “Dominantly inher-
ited fibrillin abnormality” might be a better
diagnostic frame.

The cardiovascular manifestations of Marfan
syndrome can be viewed within any of these
diagnostic frames, but in pragmatic terms car-
diac surgical management is based on the mor-
phology and size of the aortic root, the severity
of aortic regurgitation, and its consequences
for left ventricular function. The same is largely
true of mitral valve disease associated with
Marfan syndrome and with other abnormali-
ties of the aorta. This diagnostic frame is the
most appropriate in surgical decision making.
This should come as no surprise. It is true of a
number of other conditions that we treat. We
treat aortic stenosis on its haemodynamic con-
sequences almost independent of its aetiology,
as we do most other examples of gross
structural heart disease, congenital and ac-
quired. Similarly, by the time a patient has end
stage renal failure the management comprises
renal replacement.9 The original causal factor
is of diminishing importance.

Indications for operating on the aorta
in Marfan syndrome

Emergency surgery
Dissection involving the ascending aorta is an
absolute indication for operation to replace the
aortic root in Marfan syndrome. It is said that
at surgery there may be evidence of previous
healed dissections, suggesting previous epi-
sodes of dissection have been survived. Indeed,
there may be scars and stretch marks on the
intima of the very attenuated sinuses of a Mar-
fan aorta, but I do not believe that aortic
dissection of the type we diagnose characteris-
tically in these patients (figs 21.2 and 21.3)
heals back to a subtle intimal lesion.

In Marfan syndrome replacement of the
sinuses of Valsalva and as much of the ascending
aorta as possible (or is practical) is the standard
operation. In dissection caused by hyper-
tension, or from unknown causes, the standard
operation is repair of the dissection with a more
conservative replacement of only as much of
the aorta as seems necessary (fig 21.4A, B).

Figure 21.1. Histological appearance of a Marfan aorta. On the left is the severe
form of medial degeneration called “cystic medial necrosis”.
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Dissection of the descending aorta is man-
aged as for any other aetiology with conserva-
tive hypotensive management and considera-
tion of aortic replacement if there is ongoing
expansion13 14 or leaking.

Elective root replacement
Elective replacement of the aortic root involves
replacement of the sinuses, the entire aorta up
to the innominate artery, and reimplantation of
the coronaries. Bentall devised this operation in
the 1960s when he incorporated a Starr-
Edwards valve, hand sewn into a tube graft.15

Complete replacement of the ascending aorta
was an impressive undertaking 30 years ago.
Bentall’s operation was used in its original form
for some years with enface anastomosis of the
coronary ostia to the graft and incorporation of
the redundant aorta around the graft to contain
bleeding from the multiple suture lines. While
eVective in containing what was a life threaten-
ing diYculty with the operation, this left the
possibility of false aneurysm due to bleeding
contained within the sack and a continued
communication. The standard operation re-
mains replacement of the root with a valved
conduit but now most surgeons make neat
button anastomoses of the coronary arteries,
and resect the excess aorta and gain meticulous
haemostasis under direct vision (fig 21.4C).

The most frequently used prosthesis incor-
porates a St Jude bileaflet pyrolytic carbon
valve. These are factory produced, and the tube
graft is impregnated with gelatin to prevent
leakage.

There is growing popularity for valve con-
serving operations as promulgated by Yacoub
and David (fig 21.4D).16 In this operation the
aortic sinuses are resected down to a couple of
millimetres above the attachment of the aortic
leaflets. The tube graft is scalloped to match
and the leaflets are functional within an aortic
tube graft. The operation is based upon the
belief that the leaflets themselves will not
stretch and result in regurgitation. This may be
true but the leaflets themselves are not free of
histological abnormality.

The key question is one of timing of the
operation in the life of the Marfan patient.
Leaving aside the question of aortic valvar
regurgitation, the purpose in operating is to
pre-empt dissection. The ideal time to replace
the ascending aorta would be one or two
months before it dissects. The problem is that
we cannot predict with any confidence when an
aorta will dissect. There really are no premoni-
tory symptoms or signs of any value. We rely on
measurement.

Aortic root measurements are made accord-
ing to strict protocol (fig 21.5). The measure-
ment at the level of the tip of the valve leaflets,
carefully made to reflect a true diameter, is the
measurement on which we base our decisions.

We know that the larger the aorta the higher
the risk. There is a general rule that an
aneurysm larger than 6 cm has a greater than
10% chance of rupture within the next year
irrespective of site and aetiology, and if that risk
is higher than that of planned surgery, surgery is
the safer course. In Marfan syndrome where

experienced surgeons can perform operations
at low risk, planned replacement of the ascend-
ing aorta was advocated at 5.5 cm and has now
come down to 5 cm in some units. Advocates of
early surgery must be mindful of two things.
One is that zero mortality is an illusion in a
small series. Nine in a row without a death (0%)
suddenly becomes 10% if the next patient dies.
The other is that operative mortality may be low
but deaths in subsequent years from infection,
false aneurysm formation, coronary anasto-
motic problems, anticoagulant related bleeding,
and valve thrombosis have to go into the head
count if we are to advise patients wisely. We
continue to watch some patients indefinitely.
Older patients with stable aortic dimensions
may have declared themselves outside of the
risk group for aortic dissection (fig 21.6).

Another factor in making the decision to
perform elective root replacement is the rate of
change. Progressive enlargement of the aorta
from one clinic visit to the next is an ominous
sign. It is diYcult to make a rule but, as an
example, if the aortic dimension changed from
4.3 cm to 4.6 cm then to 4.9 cm at six monthly
visits, we would advise surgery based on the
rate of change without waiting for the size to
reach 5 or 5.5 cm.17

A family history of dissection influences the
decision towards operation. Tendency for the
aorta to dissect runs in families and the genetic
evidence that there are diVerences between
families and similarities within them lends
extra weight to this view.

Finally we take into account aortic regurgita-
tion. The criteria for valve replacement in aor-

Figure 21.2. Classification of aortic dissection by the simpler dichotomous
Stanford classification (ascending involved or not) and the older DeBakey system.

I II III DeBakey

BA Stanford

Figure 21.3. The typical
form of lethal dissection,
which is the most
common cause of death
in Marfan syndrome.

Figure 21.4. Operations for aortic dissection or ascending aortic replacement.
(A) Simple tube replacement of the aorta for the sinotubular junction to the
brachiocephalic origin. (B) Tube graft replacement and aortic valve replacement
as separate components of the operation. (C) Composite graft replacement.
(D) Leaflet sparing aortic root replacement.
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tic regurgitation are now well established.18 If
there are symptoms attributable to regurgita-
tion and/or evidence of an increase in left ven-
tricular end systolic dimension, then valve
replacement is indicated to protect the left
ventricle and the patient’s prognosis. These
rules apply equally in Marfan patients. If
surgery is indicated to correct aortic regurgita-
tion it is likely that the aortic dimensions are at
or near the accepted criteria and root replace-
ment should be performed. In any case, if the
patient merits valve replacement, it would be
extremely unwise to simply replace the valve
and leave a Marfan aorta. If the morphology is
that of a Marfan aorta and there are no
particular reasons to preclude it, we would
replace the root under these circumstances.

Throughout I have placed emphasis on the
importance of replacing the sinuses. However,
there are occasions when there is aortic regur-
gitation and an enlarged ascending aorta.
There may be doubt about the morphology of
the aorta. If the dilation of the aorta is above
the coronary orifices and is not of Marfan type,
replacement of the aortic valve and ascending
aorta separately (fig 21.4B) is an alternative.
There is a surgical rule of thumb. If the
distance between the attachment of the aortic
valve leaflets (that is, the suture line for a pros-
thetic valve or valved conduit) and the
coronary orifices is so small as to make

composite root replacement diYcult, it is
unlike a Marfan aorta. Then the ascending
aorta and the valve can be considered sepa-
rately and the sinuses left with the coronary
orifices. Characteristically the sinuses have
grown so large in Marfan’s that the coronary
ostia are displaced upwards making re-
implantation relatively easy, at least in so far as
the length of the coronary arteries is con-
cerned.

Descending aortic replacement
Elective replacement of the dilated but undis-
sected descending aorta is uncommon but
should be seriously considered if the dilated
segment is 6 cm or if the aorta of the patient
under surveillance is enlarging and reaches 5 or
5.5 cm. These are diYcult decisions and
should be made by a surgeon familiar with the
problem and confident in operating in this
area. If the aorta is generally enlarged and
extensive surgery would be required for
relatively small gain, it may be wiser to
continue surveillance and hope to be able to
deal with problems as they present. The
chances of coming alive to urgent surgery are
better in the descending aorta that in the
ascending aorta. Conversely if there is a severe
but localised dilatation or dissection, in a
patient who is otherwise doing well, the
benefits may greatly exceed the risks en-
tailed.13 14

There are also those who have chronic
descending dissection. These include the many
who have been operated on for ascending
dissection in whom residual dissection in the
arch and descending aorta remains. There are
also those who had an acute descending
dissection (type B) who should remain under
surveillance.

As more patients who have had a replace-
ment for ascending aortic dilation become long
term survivors, it is likely that we will see pro-
gressive dilatation in the descending aorta as
years go by. The follow up of these patients
should be in expert hands, either under an aor-
tic surgeon or a cardiologist committed to the
practice. A succession of diVerent doctors
staYng or training in the cardiological clinic
cannot be expected to understand the issues.

We are now using endoluminal grafts (also
know to cardiologists as “covered stents”) for a
variety of aortic diseases. These will be consid-
ered in suitable Marfan cases.

Risk of paraplegia

In the best hands there is substantial risk of
paraplegia at the time of surgery on the
descending aorta. This ranges from a risk of
under 5% for a localised resection of a saccular
aneurysm to about 20% for extensive surgery
to replace the thoraco-abdominal aorta.

The risks can be considered under two
categories.

There is the anatomical risk. The extent to
which the blood supply of the spinal cord is
collateralised varies and is not predictable with

Figure 21.5. Points of echo measurement for
surveillance of the aortic root. The diameter of the
aortic root can be measured at three different levels.
In Marfan syndrome level B is critical.

Sinotubular
junction

Aortic valve cusp

A
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C

Figure 21.6. A patient who showed no increase in aorta size from the age of 44
to 54 years and an aortic dimension of around 40 mm. This patient does not
reach any of our current criteria for root replacement.
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any present techniques. In some there are very
definite watershed zones. Paraplegia can result
from the division of a single critical intercostal
artery which gives rise to a key spinal artery. Of
course, the longer the resected aorta the more
likely that the blood supply of the cord will be
anatomically compromised.

There is also a time related risk of infarction
of the cord if its blood supply is interrupted by
aortic cross clamping. This time related risk
can be considered to be a physiological risk. To
minimise this risk we use some form of bypass
to the lower half of the body and keep periods
of ischaemia as short as possible. The options
for providing a blood supply to the lower half of
the body during cross clamping are partial
bypass (return to the femoral artery) or a
heparinised (Gott) shunt from the arch to the
femoral artery or, if the problem is localised,
the descending thoracic aorta.

Mitral valve prolapse

Mitral valve prolapse should be assessed and
treated as for any other cause of mitral regurgi-
tation. If it is associated with aortic valve or
root disease, the decision about timing and
procedure is made more diYcult. If there is
mitral regurgitation meriting surgical correc-
tion and there is a margin of negotiation in its
timing, it would be best if it could be done at
the same time as the aortic surgery.

Valve conservation has the same advantages
as for any other patient. However, these
patients have many problems in their lives. My
preference is towards mechanical valve replace-
ment, particularly if surgery is being performed
or has already been performed on the root and
aortic valve. An opposite point of view would
be biological solutions to spare anticoagulation
throughout, in case the patient later needs
multiple eye or spine operations.

The decisions about when to operate, what
operative strategy to adopt, and the implication
for anticoagulation are ones which I always
share most fully with the patient and the family,
including a written summary of the issues.19

Thinking time is essential.
There is reasonable evidence that â blockers

slow the rate of dilatation and reduce the
number of events.20 I suggest their use
routinely. However, once the ascending aorta is
replaced, if the remainder of the aorta appears
stable the requirement for â blockers can be
reconsidered. In the interest of the aorta, I
advise against isometric forms of exercise.

1. Hirst AE, Johns VJ, Kime SW. Dissecting aneurysms of
the aorta; a review of 505 cases. Medicine 1958;37:217.

2. Murdoch JL, Walker BA, Halpern BL, et al. Life
expectancy and causes of death in the Marfan syndrome.
N Engl J Med 1972;286:804–8.

3. Finkbohner R, Johnston D, Crawford S, et al. Marfan
syndrome: long-term survival and complications after aortic
aneurysm repair. Circulation 1995;91:728–33.

4. Silverman DI, Burton KJ, Gray J, et al. Life expectancy
in the Marfan syndrome. Am J Cardiol 1995;75:157–60.

5. Beighton P, de Paepe A, Danks D, et al. International
nosology of heritable disorders of connective tissue. Am J
Med Genet 1988;29:581–94.

6. De Paepe A, Devereux RB, Dietz HC, et al. Revised
diagnostic criteria for the Marfan syndrome. Am J Med
Genet 1996;62:417–26.

7. Lipscomb KJ. A clinical study of Marfan syndrome. MD
thesis, University of London, 1999.

8. Lipscombe KJ, Clayton-Smith J, Harris R. Evolving
phenotype of Marfan’s syndrome. Arch Dis Child
1997;76:41–6.

9. Rosenberg CE, Golden J, eds. Framing disease. New
Brunswick: Rutgers University Press, 1992.
• Anyone who wants an interesting read, and does not mind

doctors and medicine being scrutinised by outsiders with a
social historical perspective, should dip into this book.

10. Ross DN, Frazier TG, Gonzalez-Lavin L. Surgery of
Marfan’s syndrome and related conditions of the aortic root.
Thorax 1972;27:52.
• Donald Ross is a very important contributor in the

development of surgical solutions for aortic valve and
aortic root disease. Here under the heading of
“annulo-aortic ectasia” he grouped 14 patients. Five
patients had bicuspid aortic valves. All had “cystic medial
necrosis”, a histological finding which I would now regard
as non-specific. It is a common end point whether the
aorta is structurally vulnerable (Marfan), subject to a
lifetime of a jet effect and turbulence (bicuspid valve) or
years of hypertension. It may well be that there is also a
unified need for surgical management of the aortic root.
However, the special vulnerability of the aortic sinuses in
Marfan mandates total root replacement while ascending
aortic replacement may well suffice in other conditions.

11. Anderson RH. Clinical anatomy of the aortic root. Heart
2000;84:670–3.

12. Anderson JB. The language of eponyms. J R Coll Phys
1996;30:174–7.

13. Juvonen T, MA Ergin, JD Galla, et al. Prospective
study of the natural history of thoracic aortic aneurysms. Ann
Thorac Surg 1997;63:1533–45.

14. Coady MA, JA Rizzo, GL Hammond, et al. What is the
appropriate size criterion for resection of thoracic aortic
aneurysms? J Thorac Cardiovasc Surg 1997;113:476–91.

15. Bentall H, De Bono A. A technique for complete
replacement of the ascending aorta. Thorax 1967;23:338–9.
• This is a remarkable contribution, now a classic “first”.

16. Underwood MJ, El Khoury G, Deronck D, et al. The
aortic root: structure, function, and surgical reconstruction.
Heart 2000;83:376–80.

17. Treasure T, Reynolds C, Valencia O, et al. The timing
of aortic root replacement in the Marfan syndrome:
computerised decision support. In: Enker J, ed. Cardiac
surgery and concomitant disease. Berlin: Springer, 1999.

18. Treasure T. When to operate in chronic aortic valvar
regurgitation. Br J Hosp Med 1993;49:613–29.
• Not an original article but there are still plenty of our

juniors who are not sure how the decision is made, and
some senior physicians who wait too long!

19. Hankney GJ. “You need an operation”. Lancet 1999;353
(surgery suppl):SI35–6.
• A compelling article from the patient’s respective written by

a consultant neurologist faced with the decision to have
elective aortic root replacement for an ascending aorta
measuring 5.8 cm.

20. Shores J , Berger KR, Murphy EA, et al. Progression
of aortic dilatation and the benefit of long term β adrenergic
blockage in Marfan syndrome. N Engl J Med
1994;330:1384–5.
• A prospective open label trial which is the evidence base

for the routine prescription of β blockers for Marfan
patients with dilated aortas.

Summary

x Aortic dissection is the most common
cause of early death in Marfan patients

x Dissection can be averted by composite
root replacement

x Aortic dimension, rate of increase, and
family history are the best predictors

x Echocardiography is the best means of
surveillance

x Root replacement is a serious undertaking
with continuing risk of complications
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SECTION V: ELECTROPHYSIOLOGY





Paul Zoll first applied clinically eVective
temporary cardiac pacing in 1952 using
a pulsating current applied through two

electrodes attached via hypodermic needles to
the chest wall in two patients with ventricular
standstill.1 Although this technique was un-
comfortable for the patients it was eVective for
25 minutes in one patient and nearly five days
in the second; this report heralded the ability to
provide temporary ventricular rate support for
patients with clinically significant bradycardia.
Subsequent technological developments have
provided endocardial, epicardial, and gas-
trooesophageal approaches to temporary car-
diac pacing in addition to the refinement of
external pacing. All approaches, however, are
based on the provision of rate support from an
external pulse generator via an electrode or
electrodes which can be removed easily after a
short period of pacing, as many of the
situations requiring temporary pacing are tran-
sient and resolve spontaneously or have a
correctable underlying cause. In a selected
group of patients, permanent pacing treatment
will need to be instigated before removal of the
temporary system.

Indications for temporary pacing

The indications for temporary pacing can be
considered in two broad categories: emergency
(usually associated with acute myocardial infarc-
tion) or elective. There is, however, no clear
consensus on indications for temporary pacing
with most recommendations coming from clini-
cal experience rather than scientific trials.2 For
many patients presenting with bradycardia,
however, conservative therapy and treatment of
the underlying problem is the most appropriate
management strategy. As a general rule, patients
who may need to go on to permanent pacing
should only have a temporary transvenous
pacing wire placed if they have suVered syncope
at rest, are haemodynamically compromised by
the bradycardia or have ventricular tachyar-
rhythmias in response to bradycardia. In par-
ticular, patients presenting with sinus node
disease rarely need temporary pacing, and the
risks of infection and compromise of subsequent
venous access for permanent pacing usually
outweigh the benefits in these patients. In
patients requiring permanent pacing, prompt
transfer for the procedure is appropriate but
consideration of rate support to cover transfer to
another hospital (where necessary) may occa-
sionally require provision for temporary pacing,
preferably transcutaneous.

Emergency temporary pacing
Any patient with acute haemodynamic com-
promise caused by bradycardia and/or episodes
of asystole should be considered for temporary
cardiac pacing. For the majority of patients,
this is likely to occur in the setting of acute
myocardial infarction; complete heart block
with anterior infarction usually indicates a poor
prognosis and a need for pacing whereas com-
plete heart block with inferior infarction is
usually reversible, associated with a narrow
QRS, and responds to atropine. The American
College of Cardiology/American Heart Associ-
ation (ACC/AHA) guidelines for the manage-
ment of acute myocardial infarction provide
indications graded according to weight of
evidence for benefit of pacing rather than site of
infarction (table 22.1).3 Table 22.2 gives the
indications for temporary transvenous pacing,
table 22.3 details situations where temporary
pacing may oVer benefit after acute myocardial
infarction, and table 22.4 indicates those
patients where temporary pacing is not indi-
cated.

In the era of thrombolytic treatment, the
occurrence of bradycardia often presents a
dilemma for the admitting junior doctor.
Should thrombolytic treatment precede or fol-
low temporary pacing? There is a very clear
pathway of management under these circum-
stances; thrombolysis is the priority and should
not be delayed by temporary transvenous
endocardial pacing. If the bradycardia is un-
responsive to medical treatment (for example,
atropine, isoprenaline), temporary external
pacing should be instituted while the thrombo-
lytic treatment is being prepared. If haemo-
dynamically significant bradycardia continues
after institution of thrombolytic treatment, a
transvenous temporary pacing electrode
should be placed by experienced staV from the
external jugular, brachial or femoral route.4

Although temporary pacing is clearly indi-
cated in patients suVering episodes of asystole,
there is little evidence for haemodynamic ben-
efit of temporary ventricular pacing over spon-
taneous rhythm in patients with bradycardia
following acute myocardial infarction, although
temporary dual chamber (atrioventricular syn-
chronous) pacing has been shown to be benefi-
cial.5 There have been studies, however,
suggesting prognostic benefit of continuous
pacing in patients with transient high degree
heart block following myocardial infarction,

22 Temporary cardiac pacing

Michael D Gammage

Table 22.1 ACC/AHA classification of indications for
pacing3

Class I Conditions for which there is evidence and/or
general agreement that a given procedure or
treatment is beneficial, useful and eVective

Class II Conditions for which there is conflicting evidence
and/or a divergence of opinion about the
usefulness/eYcacy of a procedure or treatment

Class IIa Weight of evidence/opinion is in favour of
usefulness/eYcacy

Class IIb Usefulness/eYcacy is less well established by
evidence/opinion

Class III Conditions for which there is evidence and/or
general agreement that a procedure/treatment is
not useful/eVective and in some cases may be
harmful
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although the role of subsequent permanent
pacing remains unproven in this group.6 7

Patients presenting with bradycardia outside
the setting of acute myocardial infarction less
frequently need to be considered for temporary
pacing; in particular, those with indications for
subsequent permanent pacing (for example,
high degree heart block, sinus node disease) are
often better managed without temporary pac-
ing to reduce the risk of infection and to
prevent compromise of subsequent venous
access sites. Temporary pacing may, however,
need to be considered if the patient has
episodes of asystole, is haemodynamically
compromised or develops tachyarrhythmias in
response to bradycardia (for example, ventricu-
lar tachycardia or fibrillation). These tachyar-
rhythmias may occur as escape rhythms, either
spontaneously or following ventricular ectopic
beats.

Elective temporary pacing
This is generally undertaken in the setting of
surgical or other intervention; either the patient
has the potential for transient bradycardia as a
result of their underlying pathology or the pro-
cedure to be undertaken is likely to produce
transient or permanent bradycardia. Many
authors continue to recommend temporary
pacing to cover general anaesthesia in the pres-
ence of bifascicular block and first degree heart
block, although there is little evidence to
support the need for this approach.8 Tempo-
rary transvenous pacing may also be used to
terminate tachycardia through overdrive pac-
ing (table 22.2).

Approaches to temporary pacing

Transvenous, endocardial pacing
There are arguments in favour of and against
all the major venous access sites (internal and
external jugular, subclavian, brachial, femoral);
each is associated with particular problems
including lead stability, infection, haemor-
rhage, pneumothorax, patient discomfort, etc.
As this procedure is often performed in
emergency/acute situations by relatively junior
staV, the choice of route is often dictated by
individual experience. Other considerations
should include length of time that the tempo-
rary wire is anticipated to need to stay in situ;
femoral placement probably oVers the least
stable wire position and limits patient mobility
more than other routes. Current guidelines
from the British Cardiac Society recommend
the right internal jugular route as most suitable
for the inexperienced operator; this oVers the
most direct route to the right ventricle, and is
associated with the highest success rate and

fewest complications.4 This was also the
recommendation of Hynes and colleagues as a
result of five years of temporary pacing experi-
ence in a coronary care unit setting.9 In patients
receiving or likely to receive thrombolytic
treatment, the femoral, brachial or external
jugular are the routes of choice. It is also
generally best to avoid the left subclavian
approach if permanent pacing may be re-
quired, as this is the most popular site for per-
manent pacing. Some permanent implanters
prefer the right side, however, and establishing
a relationship with the physician or surgeon
responsible for permanent pacing is important.
Many implanters also prefer to use the
non-dominant side; assessing the patient’s
dominant hand is, therefore, appropriate.

Positioning the temporary pacing wire re-
quires the combination of satisfactory anatomi-
cal and electrical data. DiVerent venous
approaches will require diVerent techniques;
probably the most important diVerence will be
the result of approaching the right atrium from
below (femoral route) or above (all other
routes). The procedure needs appropriate
instruments, a sterile environment, trained
support staV, and good quality fluoroscopy
equipment.2

Practice point

x Always institute thrombolytic treatment
before considering transvenous temporary
pacing in the bradycardic patient with an
acute myocardial infarction.

Table 22.2 Indications for temporary transvenous cardiac
pacing

Emergency/acute
Acute myocardial infarction: (Class I: ACC/AHA)3

+ Asystole
+ Symptomatic bradycardia (sinus bradycardia with

hypotension and type I 2nd degree AV block with
hypotension not responsive to atropine)

+ Bilateral bundle branch block (alternating BBB or RBBB
with alternating LAHB/LPHB)

+ New or indeterminate age bifascicular block with first
degree AV block

+Mobitz type II second degree AV block

Bradycardia not associated with acute myocardial infarction
+ Asystole
+ 2nd or 3rd degree AV block with haemodynamic

compromise or syncope at rest
+ Ventricular tachyarrhythmias secondary to bradycardia

Elective
+ Support for procedures that may promote bradycardia
+ General anaesthesia with:

2nd or 3rd degree AV block
Intermittent AV block
1st degree AV block with bifascicular block
1st degree AV block and LBBB

+ Cardiac surgery
Aortic surgery
Tricuspid surgery
Ventricular septal defect closure
Ostium primum repair

Rarely considered for coronary angioplasty (usually to right
coronary artery)

Overdrive suppression of tachyarrhythmias

Table 22.3 Situations where temporary pacing may oVer
benefit after acute myocardial infarction; placement of
transcutaneous electrodes may be more appropriate than
transvenous pacing (class II ACC/AHA)3

Class IIa RBBB with LAFB or LPFB (new or
indeterminate)
RBBB with 1st degree AV block
LBBB (new or indeterminate)
Recurrent sinus pauses (> 3 seconds) not
responsive to atropine
Incessant VT, for atrial or ventricular overdrive
pacing (transvenous pacing required)

Class IIb Bifascicular block of indeterminate age
New or age indeterminate isolated RBBB
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Temporary transvenous ventricular pacing
The lead must be advanced to the right atrium
and then across the tricuspid valve. With a
temporary wire, crossing the tricuspid valve is
often performed most easily by pointing the
lead tip downwards and towards to the left car-
diac border and advancing across the valve.
The lead is then advanced to a position at the
right ventricular apex. If diYculty is experi-
enced with this technique, an alternative is to
create a loop in the right atrium by pointing the
lead tip to the right cardiac border and then
prolapsing the loop across the valve by rotating
the lead. The lead tip may then require
manipulation to the apex; this is often per-
formed most easily by passing the lead tip to
the right ventricular outflow tract, gently with-
drawing the lead, and allowing the tip to drop
down into the apex.

Temporary transvenous atrial pacing
Temporary atrial pacing leads have a preshaped
J curve to enable positioning in the right atrial
appendage. This necessitates approach from a
superior vein and positioning is greatly assisted
by a lateral screening facility on fluoroscopy.
The tip of the lead should point forward with
the J shape slightly opened out when slight
traction is applied; unless this is achieved it is
unlikely that the lead will be stable.

Following positioning of either or both leads,
the leads must be secured to the skin to prevent
displacement by movement or traction.

The majority of current temporary trans-
venous electrodes have a smooth, isodiametric
profile with no fixation mechanism; this is to
enable easy removal but does tend to make dis-
placement more likely. Newer active fixation
temporary leads are available with a fixation
screw; these are small diameter (3.5 French),
catheter delivered leads which remain easy to
remove after 1–2 weeks. The active fixation
mechanism improves lead stability and may
improve the ease and acceptability of more
physiological atrial based pacing in the tempo-
rary setting.

Epicardial pacing
This route is used following cardiac surgical
procedures as it requires direct access to the
external surface of the myocardium. Fine wire
electrodes are placed within the myocardium
from the epicardial surface and the connectors
emerge through the skin. These electrodes can
be removed with gentle traction when no
longer required; their electrical performance
tends to deteriorate quite rapidly with time,
however, and reliable sensing/pacing capability
is often lost within 5–10 days, especially when
used in the atrium.

External (transcutaneous) pacing
This is a development of the original tempo-
rary pacing technique described by Zoll in
1952,1 but has been refined to make it more
clinically acceptable and easier to institute (fig
22.1); such devices should now be available in
all coronary care units and accident and emer-
gency units. The UK Resuscitation Council, as
part of advanced life support, currently recom-
mends this approach as pacing can be achieved
rapidly with very little training and without the
need to move the patient. Clinical studies have
demonstrated the eYcacy of the Zoll type non-
invasive temporary pacemaker10 11 for periods
of up to 14 hours of continuous pacing with
success rates of 78–94%, although many
patients require sedation if conscious.11 This
approach certainly oVers a “bridge” to trans-
venous approach for circumstances where the
patient cannot be moved or staV with trans-
venous pacing experience are not immediately
available. Positioning of the transcutaneous
pacing electrodes is usually in an anteroposte-
rior configuration (fig 22.2), but if this is
unsuccessful, if external defibrillation is likely
to be needed or if electrodes are placed during
a cardiac arrest situation, the anterior-lateral
configuration should be considered (fig 22.3).

Transoesophageal pacing
The oesophageal or gastro-oesophageal ap-
proach has been advocated for emergency ven-
tricular pacing as it may be better tolerated
than external pacing in the conscious patient.12

Success rates of around 90% are claimed for
ventricular stimulation using a flexible elec-
trode positioned in the fundus of the stomach
and pacing through the diaphragm. Tran-
soesophageal atrial pacing (performed by plac-
ing the electrode in the mid to lower oesoph-
agus to obtain atrial capture) is also well
described,13 14 but this approach is rarely used

Table 22.4 Situations where temporary pacing is not
indicated

Acute myocardial infarction (Class III ACC/AHA)3

+ First degree heart block
+ Type I 2nd degree heart block (Wenckebach) with normal

haemodynamics
+ Accelerated idioventricular rhythm
+ Bundle branch block or fascicular block known to exist

before acute MI

Bradycardia not associated with acute myocardial infarction
+ Sinus node disease without haemodynamic compromise or

syncope at rest
+ Type II 2nd degree or 3rd degree heart block (constant or

intermittent) without haemodynamic compromise, syncope
or associated ventricular tachyarrhythmias at rest

Figure 22.1. A modern monitor/external pacemaker/defibrillator.
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in the acute setting as electrode stability can be
diYcult to achieve and there is no protection
against atrioventricular conduction distur-
bance.

Complications of temporary pacing

Complications may relate to the venous access,
mechanical eVects of the lead within the heart,
the electrical performance of the pacemaker
lead, or infection or thromboembolism caused
by the presence of a foreign body. Complica-
tions can be expected in around 14–20% of
patients8 15 and the majority of these will be
manifest as development of a pericardial rub,
ventricular arrhythmias produced during elec-
trode positioning, or infection.

Venous access
Apart from failure to gain venous access, pneu-
mothorax or haemothorax relating to subcla-
vian puncture are the most common problems,
particularly in inexperienced hands. These can
be avoided most easily by choosing another
route; the anatomy of the subclavian vessels is
very variable and there is no guaranteed
method for avoiding pneumothorax or acci-
dental puncture of the artery.

Mechanical effects of the lead
In many patients, particularly after acute myo-
cardial infarction, placing a pacing lead within
the right ventricle will promote ventricular
ectopic activity and occasionally prolonged
ventricular arrhythmias.15 These will usually
resolve once manipulation of the lead has
ceased but will occasionally require removal of
the lead or repositioning. More frequently,
patients become dependent on pacing immedi-
ately after placing the lead, making reposition-
ing diYcult. The temporary pacing lead is rela-
tively stiV and of small diameter (usually 5–6
French); it is not unusual for these leads to
penetrate and occasionally perforate the right
ventricular wall. This is usually manifest by
raised pacing thresholds and occasionally by
pericarditic pain and a pericardial friction rub.9

The lead can usually be withdrawn back into
the ventricle and repositioned without prob-
lem; rarely this will result in cardiac tamponade
caused by haemorrhage and will require
appropriate urgent treatment. Echocardio-
graphic assessment is recommended after
repositioning under these circumstances.

Electrical performance of the lead
Pacing thresholds will vary according to the
underlying pathology for which the patient is
paced, and these can be aVected further by
concomitant drug treatment. Initial thresholds
should be recorded and then checked and
recorded at least once daily thereafter by com-
petent staV. The patient should be paced with
an output of at least twice voltage or current
threshold; if pacing output needs to exceed
5.0 volts or 10.0 milliamps, repositioning of
the lead should be considered. If pacing fails
suddenly, always check connections to the
external generator, generator batteries, and
possible oversensing (go to VOO, fixed rate
pacing). If pacing spikes can be seen but no
capture occurs, increase output and consider
repositioning or replacing the electrode.2 The
connectors on temporary epicardial wires are
particularly fragile and prone to fracture. In
one series of 113 temporary transvenous pace-
makers, failure to sense or capture was seen in
37% of patients and was more common after
48 hours.15

Figure 22.2. Typical anteroposterior positioning of transcutaneous pacing electrodes.

Figure 22.3. The anterolateral position for
transcutaneous pacing electrodes.
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Infection and thromboembolism
With careful attention to wound cleanliness,
routine antibiotic treatment is not required but
any sign of infection indicates the need to
change the wire. In patients with prolonged
temporary transvenous pacing from most
routes (> 7 days) or when the wire is
introduced via the femoral route, antibiotic
prophylaxis should be considered. Most infec-
tions are caused by Staphylococcus epidermidis,2

but coliforms should be considered when the
femoral route is used; this route is probably
best avoided in immunocompromised pa-
tients.15 Thromboembolism is probably more
common when the femoral route is used, with
5/25 patients in one series suVering deep
venous thrombosis.16 This route may be
valuable following administration of thrombo-
lytic treatment but should probably be avoided
for prolonged use or in patients with increased
thromboembolic risks.

The external generator

The generator allows adjustment of pacing
output (voltage and/or current, and with newer
devices also pulse width), pacing rate, pacing
mode, and sensitivity to intrinsic activity. Dual
chamber generators will allow greater flexibility
in pacing mode and will oVer adjustment of
atrioventricular delay and refractory periods.
Generators may be small enough to allow the
patient to be ambulant or need to be placed at
the bedside. The generator batteries must be
checked at least daily and the generator sited so
that it cannot fall and exert traction on the
pacing lead.

Some generators may also oVer high rate
pacing (usually three times normal upper pac-
ing rate) to allow overdrive pacing of tachy-
arrhythmias. Activation of this function is
usually locked by a key or requires a sliding
cover to be removed.

Newer digital temporary generators are usu-
ally locked after checking and adjustment to
prevent inadvertent changes in programming.

Functional effects of pacing mode

Most temporary transvenous pacing involves
stimulating from the right ventricular apex.
This is associated with detrimental eVects on
cardiac function and, associated with loss of
atrioventricular synchrony, results in a reduced
cardiac output when compared with normal

sinus rhythm at a similar rate. This was
demonstrated by Murphy and colleague in
19925 who showed that temporary ventricular
pacing at 80 beats per minute was no better
than spontaneous bradycardia (10 had heart
block, two had junctional bradycardia),
whereas physiological dual chamber (DDD)
pacing resulted in improved cardiac output,
blood pressure, and falls in pulmonary wedge
pressure and right atrial pressure. This would
suggest that the majority of temporary pacing
should be AV synchronous in the presence of
normal sinus node activity but, despite this, the
more complex procedure associated with tem-
porary transvenous dual chamber has led to the
continued routine use of ventricular pacing in
the temporary setting. In the emergency/acute
situation, the use of higher pacing rates can
partially compensate for this,5 but restoration
and maintenance of AV synchrony should be
considered in any patient remaining hypoten-
sive after temporary ventricular pacing. Atrio-
ventricular synchrony may be of particular
value in optimising cardiac performance and
reducing atrial fibrillation in the postcardiac
surgical patient; careful attention should be
paid to the electrical performance of the atrial
epicardial leads as sensing characteristics often
deteriorate after 4–5 days.

1. Zoll PM. Resuscitation of the heart in ventricular standstill
by external electrical stimulation. N Eng J Med 1952;
247:768–71.
• The first description of temporary ventricular rate support

using an external pacing device.

2. Fitzpatrick A, Sutton R. A guide to temporary pacing.
BMJ 1992;304:365–9.
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temporary transvenous pacing. Includes guidelines for
atrial lead positioning, advice about “troubleshooting” and
when to stop temporary pacing.
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Practice point

x Temporary pacemakers must be checked
by competent staV at least once daily for
pacing thresholds, evidence of infections
around venous access sites, integrity of
connections, and battery status of the
external generator. Underlying rhythm
should also be assessed and recorded at
these checks.

Abbreviations
ACC/AHA: American College of
Cardiology/American Heart Association
AV: atrioventricular
BBB: bundle branch block
DDD: dual chamber pacing
LBBB: left bundle branch block
LAHB: left anterior hemiblock
LPHB: left posterior hemiblock
RBBB: right bundle branch block
VOO: fixed rate, non-sensing ventricular

pacing
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reference 2).
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temporary transvenous pacing in a busy coronary care unit
setting. This scale of experience will probably not be
available in the thrombolytic era.
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pacing in the coronary care unit. Am J Cardiol
1982;49:301–6.
• Retrospective survey of problems associated with 113

temporary pacemakers in 100 patients showing that 37%
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Transfemoral temporary pacing and deep vein thrombosis.
Am Heart J 1980;100:847–51.
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pacing.
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All drugs currently marketed for the treat-
ment of arrhythmias were developed in
the absence of knowledge of the specific

molecules the drugs target to achieve their
therapeutic and adverse eVects. Nevertheless,
combining the characterisation of drug eVects
in vitro and in whole animal models with
medicinal chemistry approaches to modify
existing molecules has led to new compounds
with related pharmacologic actions derived
from older drugs (for example, procainamide
begat flecainide). It has thus been natural to
group drugs with common mechanisms of
action. This approach can be useful for the cli-
nician to the extent it allows prediction of a
patient’s response to a given drug. One widely
used scheme is that popularised by Vaughan
Williams in which drugs are subdivided into
four broad “classes”.1 The Vaughan Williams
classification has been criticised because many
drugs fall into multiple classes (table 23.1):
quinidine both blocks sodium channels and
prolongs action potentials (class I + III), while
amiodarone blocks sodium channels, exerts
antiadrenergic actions, prolongs action poten-
tials and QT intervals by blocking potassium
channels, and blocks calcium channels (classes
I + II + III + IV, respectively).2 3 Moreover,
both compounds exert other important phar-
macologic actions, such as inhibition of specific
pathways of drug elimination (both), á block-
ade with vasodilation (quinidine), and inter-

action with nuclear thyroid hormone receptors
(amiodarone). These actions probably contrib-
ute to some of the eVects observed during
treatment with these compounds.

A virtue of the Vaughan Williams’ approach to
classification is that drugs of a common “class”
frequently exhibit similar toxicities, notably
proarrhythmia. This likely reflects the fact,
discussed below and elsewhere in this series, that
while the mechanisms whereby drugs suppress
arrhythmias are incompletely defined and likely
highly variable from patient to patient, the
mechanisms underlying proarrhythmia are bet-
ter understood and less variable among patients.
Thus, for example, sodium channel blocking
drugs with slow onset and oVset kinetics of block
(the “class Ic” (and to a lesser extent “Ia”)
eVect, seen with flecainide) are likely to produce
conduction slowing at normal rates and the
stereotypical set of toxicities, described below
(proarrhythmia: sodium channel block). As our
understanding of the molecular basis of these
and other proarrhythmia syndromes (and in-
deed arrhythmias in general) evolves, it seems
likely that drugs exerting antiarrhythmic eVects
yet lacking the potential to cause serious toxicity
may be developed.

The “Sicilian Gambit” proposed an alter-
nate approach to classifying antiarrhythmic
drug actions.2 In this scheme, the arrhythmia
mechanism assumes primacy, and antiarrhyth-
mic drugs (or other treatments) are then classi-
fied by the way in which they interact with
arrhythmogenic triggers or substrates to sup-
press arrhythmias. A near trivial example is
macroreentry based on the presence of a
bypass tract. Understanding this mechanism
then allows the clinician to select drugs that
target the portion of the circuit at which phar-
macologic interruption is most likely (the AV
node) or target the circuit by ablation of the
accessory pathway. The identification of such a
“vulnerable parameter” in an arrhythmia
mechanism should, in theory, allow develop-
ment of entirely new approaches to treatment.

23 Antiarrhythmic drugs: from
mechanisms to clinical practice

Dan M Roden

Table 23.1 Antiarrhythmic drugs exert a multiplicity of electrophysiologic actions

Na+ channel block (I*)
K+ channel block
(III)

Ca2+ channel
block (IV)

â-blockade
(II)

Other clinically important autonomic or
electrophysiologic actions (all ✓✓)

At all
rates

Predominantly
at fast rates IKr

Other K+

channels

Adenosine ✓? IK-ACh activation
Amiodarone ✓✓ ✓ ✓ ✓✓ Reduction of â receptor number (non-competitive â

blockade), also a “class II” eVect
â Blockers ✓✓
Bretylium ✓? ✓? Inhibition of norepinephrine (noradrenaline) reuptake
Calcium channel blockers

(verapamil, diltiazem)
✓ ✓✓

Digitalis Na+-K+ ATPase inhibition; vagotonic actions
Disopyramide ✓✓ ✓ ✓? anticholinergic eVects
Dofetilide ✓✓
Flecainide ✓✓ ✓ ✓
Ibutilide ✓✓ Na+ channel activation (also →↑QT)
Lidocaine ✓✓
Mexiletine ✓✓
Moricizine ✓✓
Procainamide ✓✓ ✓ ✓? Ganglionic blockade
Propafenone ✓✓ ✓ ✓ ✓
Quinidine ✓✓ ✓✓ ✓ á blockade; vagolytic
Sotalol ✓✓ ✓ ✓✓
Tocainide ✓✓

✓✓ clinically important drug action.
✓ reported drug action that may contribute to clinical eVects.
*Roman numerals refer to the Vaughan Williams classification.
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For example, it is increasingly recognised that
altered intracellular calcium homeostasis may
play an important role in arrhythmias in
settings such as heart failure. Drugs targeting
the molecular events that make altered intra-
cellular calcium homeostasis arrhythmogenic
might therefore attack the “vulnerable para-
meter” in this situation.

DiVerential drug eVects in atrial flutter
versus atrial fibrillation was an interesting (and
it turns out incorrect) prediction of the initial
publication of the Sicilian Gambit. It was pos-
tulated that atrial fibrillation should respond
particularly well to drugs that prolong atrial
refractoriness, while atrial flutter would re-
spond especially well to drugs that slow
conduction. In fact, clinical studies have dem-
onstrated that the exact opposite occurs. Drugs
with predominant QT prolonging eVects
(dofetilide, ibutilide) are more eVective in atrial
flutter than in atrial fibrillation, whereas drugs
with predominant sodium channel blocking
eVects (flecainide) are more eVective in fibrilla-
tion than flutter. It seems likely that QT
prolonging agents are especially eVective be-
cause they prolong refractoriness in an espe-
cially vulnerable portion of the circuit to termi-
nate flutter (or that they aVect the boundaries
of the circuit). Thus, this interesting exception
to the initial prediction of the Sicilian Gambit
merely serves to reinforce the underlying
concept, that a full understanding of arrhyth-
mia mechanisms is desirable to use available
treatments rationally and to develop new ones.

Pharmacology

A contemporary view is that all drugs exert
their desirable and undesirable eVects by inter-
acting with specific molecular targets.2 3 A
common set of targets for antiarrhythmic drugs
are ion channels, the pore forming protein
structures that underlie ionic currents flowing
during the action potential. Specificity of drug
action is achieved by drugs that target only a
single population of ion channels. The virtue of
this approach is that side eVects (caused by
interaction with other targets) are rare. Unfor-
tunately, as discussed below, targeting indi-
vidual cardiac ion channels may result in
significant proarrhythmia. Amiodarone is an
example of a drug with multiple ion channel
and other target molecules, and it seems likely
that the low incidence of proarrhythmia during
amiodarone treatment reflects the fact that
“antidotes” to specific proarrhythmia syn-
dromes are built into the drug’s mechanism of
action. On the other hand, extracardiac side
eVects are particularly common during amio-
darone treatment, again reflecting this multi-
plicity of pharmacologic targets. A detailed
discussion of all the pharmacologic actions of
all available antiarrhythmics is beyond the
scope of this review. Nevertheless, it is useful to
consider widely used drugs with respect to
pharmacologic actions that assume special

Table 23.2 Important side eVects of antiarrhythmic drugs

Mortality
post-MI

Exacerbation of
sustained VT

Atrial flutter
with 1:1 AV
conduction

Torsades de
pointes

Brady-
arrrhythmia

Exacerbation of
heart failure Other clinically important adverse eVects

Adenosine ✓ (transient)
Amiodarone ↓ Rare ✓ Pulmonary fibrosis

Photosensitivity
Corneal microdeposits
Cirrhosis
Neuropathy
Hypotension (IV)

â Blockers ↓↓ ✓✓ ✓ (acute) Bronchospasm
Altered response to hypoglycaemia

Bretylium Hypotension
Calcium channel blockers

(verapamil, diltiazem)
↔ ✓ ✓ Constipation (verapamil)

Digitalis ↔ ✓ Arrhythmias
Altered mentation, vision
Nausea

Disopyramide ✓ ✓ Constipation
Urinary retention
Glaucoma
Dry mouth

Dofetilide ↔ ✓
Flecainide ↑↑ ✓ ✓ ✓
Ibutilide ✓
Lidocaine Altered mentation

Seizures
Mexiletine ↑ Nausea

Tremor
Moricizine ↑↑
Procainamide ↑ ✓ Drug induced lupus (arthritis, rash,

occasional pericarditis)
Nausea
Hypotension (IV)
Marrow aplasia

Propafenone ✓ Occasional ✓ Bronchospasm (especially in PMs)
Quinidine ↑ ✓ ✓ ✓ ✓ Diarrhea

Nausea
Sotalol ↔ ✓ ✓ Bronchospasm
Tocainide Nausea

Marrow aplasia

PM, poor metabolisers. IV, intravenous.
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relevance in clinical management. These in-
clude proarrhythmia syndromes discussed
below and other important adverse eVects pre-
sented in table 23.2 as well as pharmacokinetic
properties presented in table 23.3.

Proarrhythmia: torsades de pointes

Torsades de pointes is estimated to occur in
1–8% of patients exposed to QT prolonging
antiarrhythmics: sotalol, quinidine, dofetilide,
and ibutilide fall into this category. While this
reaction is generally viewed as “unpredictable”,
certain risk factors can be identified: female sex,
underlying heart disease (particularly congestive
heart failure or cardiac hypertrophy), hypokalae-
mia, and hypomagnesaemia. In patients receiv-
ing these drugs for atrial fibrillation (the major-
ity in contemporary practice), the reaction is
quite uncommon when the underlying rhythm is
actually atrial fibrillation but tends to occur
shortly after conversion to sinus rhythm; ibuti-
lide may be an exception.4 The clinical parallels
between torsades de pointes in drug associated
cases and in the congenital long QT syndromes
has suggested the possibility that some patients
displaying apparently “idiopathic” responses to
drugs may in fact harbour subclinical congenital
long QT syndrome mutations. With the identifi-
cation of the disease genes in the congenital
form of the syndrome has come the possibility of
testing this idea, an area of very active research.5

Most drugs that cause torsades de pointes
have as a major pharmacologic action block of
a specific repolarising potassium current, IKr.
Thus, patients are thought to develop drug
induced torsades de pointes either because the
channels underlying IKr are unusually sensitive
to drug block (which is now recognised with
hypokalaemia and with some mutations) or
because they harbour subclinical mutations in
other repolarising channels. In the latter case,
baseline QT intervals can be normal because of
a robust IKr, but block of the current produces
exaggerated QT prolongation.

The management of torsades de pointes
includes recognition, withdrawal of any oVend-

ing agents, empiric administration of magne-
sium regardless of serum magnesium, correc-
tion of serum potassium to 4.5–5 mEq/l, and
manoeuvres to increase heart rate (isoprenaline
(isoproterenol) or pacing) if necessary. Long
term management of patients with QT prolon-
gation on a congenital or even acquired basis
usually relies on â blockers, although in some
cases pacemakers or implantable cardioverter
defibrillators (ICDs) are advocated.

Proarrhythmia: sodium channel block

The first drugs used to suppress cardiac
arrhythmias were quinidine, procainamide,
and lidocaine, which share the common prop-
erty of sodium channel block. Modifications in
these chemical structures led to compounds
with more potent sodium channel blocking
capability. Indeed agents with this property
(flecainide, propafenone) are very eVective in
suppressing isolated ectopic beats and are
among the drugs of choice for treatment of
re-entrant supraventricular tachycardia in pa-
tients with no underlying structural heart dis-
ease. However, extensive clinical studies with
these agents, and drugs that are no longer
available but that exerted very similar pharma-
cologic properties, have identified a number of
serious liabilities of sodium channel block.

First, in patients with a history of sustained
ventricular tachycardia related to a remote
myocardial infarction, exacerbation of ven-
tricular tachycardia is common. Such exacer-
bation presents as a pronounced increase in
frequency of episodes, which are often slower
than pre-drug, but less organised and more
diYcult to cardiovert. Treatment of this
arrhythmia by additional sodium channel block
is undesirable; â blockers or sodium infusion
have been found eVective in anecdotes. Deaths
have been reported. The mechanism of ven-
tricular tacchyarrhythmia (VT) in these cases is
thought to relate to slow conduction in border
zone tissue, and the conduction slowing caused
by sodium channel blockers tends to further
exacerbate the clinical arrhythmia.

Table 23.3 Clinically important pharmacokinetic characteristics of antiarrhythmic drugs

Elimination half life

IV use

Bio-
availability
< 100%

Active
metabolite(s)

Major route(s) of metabolism

sec
< 60
min

2–12
hr

> 12
hr CYP3A4 CYP2D6

Renal
excretion Other

Adenosine ✓ ✓ Cellular adenosine
reuptake

Amiodarone ✓ ✓ ✓ ✓ ✓
â Blockers ✓ ✓ ✓ ✓ some
Bretylium ✓ ✓ ✓
Calcium channel blockers

(verapamil, diltiazem)
✓ ✓ ✓ ✓ ✓

Digoxin ✓ ✓ ✓ P-glycoprotein
Disopyramide ✓ ✓ (not US) ✓ ✓
Dofetilide ✓ (minor) ✓
Flecainide ✓ ✓ (not US) ✓ ✓
Ibutilide ✓ ✓
Lidocaine ✓ ✓ ✓ ✓ ✓
Mexiletine ✓ ✓ ✓
Moricizine ✓ ✓
Procainamide ✓ ✓ ✓ N-acetylation
Propafenone ✓ ✓ (not US) ✓ ✓
Quinidine ✓ ✓ (rarely used) ✓ ✓
Sotalol ✓ ✓ (not US) ✓
Tocainide ✓ ✓
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Second, the rate of atrial flutter, a macro-
reentrant arrhythmia occurring in the right
atrium, is usually slowed by sodium channel
block. When this occurs, the patient who
pre-drug had atrial flutter at 300/min and 2:1
atrioventricular (AV) transmission with narrow
complexes at 150/min may present with wide
complex tachycardia at 200/min, representing a
slowing of atrial flutter to 200/minute and 1:1
AV transmission. QRS widening often accom-
panies this fast rate since sodium channel block
is enhanced at fast rates.6 The management of
this entity requires recognition, withdrawal of
oVending agents, and AV nodal blocking drugs.
This reaction can occur not only in patients
being treated with flecainide, propafenone, or
quinidine for atrial flutter (where, as described
above, sodium channel blockers may not be
especially eVective) but also in patients whose
presenting arrhythmia is atrial fibrillation and
is “converted” by drug to atrial flutter. Many
experts would not prescribe these drugs to
patients with atrial fibrillation or flutter without
co-administering an AV nodal blocking drug.

Third, sodium channel block increases
threshold for pacing and defibrillation.

Fourth, the use of the sodium channel
blockers flecainide or encainide to suppress
ventricular extrasystoles in patients convalesc-
ing from myocardial infarction was found in
the cardiac arrhythmia suppression trial
(CAST) to increase mortality.7 While the
mechanism underlying this eVect is not known,
a synergistic action of sodium channel block
and recurrent transient myocardial ischemia to
provoke ventricular tachycardia or ventricular
fibrillation is strongly suspected from clinical
and animal model studies. The clinical implica-
tion of CAST for contemporary antiarrhyth-
mic treatment and antiarrhythmic drug devel-
opment cannot be underestimated. As a result
of this landmark trial:
x non-sustained ventricular arrhythmias are

generally not treated (or treated with
antiadrenergic agents);

x we recognise increasingly that the risk of
adverse reactions to antiarrhythmic drugs is
driven by an interaction between the drug
and an abnormal electrophysiologic sub-
strate;

x drug development moved away from drugs
with prominent sodium channel blocking
properties to drugs with more prominent
eVects to prolong action potentials8;

x and non-pharmacologic therapy has
emerged as a major mode of treatment.9

x Most importantly, CAST demonstrated the
power of the controlled clinical trial to
evaluate treatments for any disease and the
dangers of relying on surrogate end points
(such as extrasystoles) to guide drug therapy.

Effect of drugs on long term
arrhythmia mortality

A number of other studies have also supported a
detrimental eVect of sodium channel blockers in
the post-myocardial infarction population. Early
trials with disopyramide and mexiletine both

showed trends to increased mortality. In CAST-
II, moricizine was found to increase mortality
notably in the two weeks following the institu-
tion of treatment, although the eVect long term
was less striking than with flecainide and encai-
nide. A meta-analysis10 and a non-randomised
post-hoc analysis11 suggested that quinidine or
procainamide treatment in patients with atrial
fibrillation was associated with a higher mor-
tality than among patients not receiving these
agents. The role of antiarrhythmic drugs to
maintain sinus rhythm versus AV nodal blocking
drugs or other treatment to control rate in atrial
fibrillation is being studied in AFFIRM, whose
results should be available in the next 2–3 years.

One consequence of CAST was a general
consensus, on the part of clinical investigators
and regulatory authorities, that licensing new
antiarrhythmic drugs might well require demon-
stration that those drugs did not increase
mortality. Two large mortality trials have been
conducted with “pure” IKr blocking compounds:
SWORD tested the dextro-rotary (non-â block-
ing) isomer of sotalol, and DIAMOND tested
dofetilide. In SWORD, d-sotalol increased mor-
tality,12 whereas in DIAMOND, dofetilide pro-
duced no eVect on mortality.13 These diVerences
likely arose from diVerences in trial design, and
in particular eVorts to minimise the possibility of
torsades de pointes during long term treatment
in DIAMOND. Amiodarone has been tested in a
CAST-like population and been found to exert a
modest eVect to decrease mortality,14 an eVect
that may be potentiated by co-administration of
â blockers.15 Despite numerous attempts, cal-
cium channel blockers have not been shown to
exert a major eVect to reduce mortality following
myocardial infarction. ALIVE is testing a new
potassium channel blocking agent (azimilide). At
this point, the mainstay of drug treatment to
reduce mortality following myocardial infarction
remains therapies directed at maintaining a nor-
mal cardiovascular “substrate”, such as â block-
ers, angiotensin converting enzyme (ACE) in-
hibitors, HMG-CoA reductase inhibitors
(statins), and aspirin.

Drug interactions

Because antiarrhythmic drugs often have nar-
row margins between the doses or plasma con-
centrations required to achieve a desired thera-
peutic eVect and those associated with toxicity,
drug interactions tend to be especially promi-
nent. This diYculty is exacerbated by the fact
that most patients receiving antiarrhythmic
drugs receive other treatments as well. Concep-
tually, drug interactions arise from two distinct
mechanisms, pharmacokinetic and pharmaco-
dynamic. Pharmacokinetic drug interactions
arise when one drug modifies the absorption,
distribution, metabolism, or elimination of a
second. Pharmacodynamic interactions arise
because of interactions that blunt or exaggerate
pharmacologic eVects without altering plasma
drug concentrations.

The greatest likelihood of important phar-
macokinetic drug interactions arises when a
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drug is eliminated by a single pathway and a
second drug is administered that modifies the
activity of that pathway. Identification of
specific genes whose expression results in the
enzymes or transport systems mediating drug
disposition has led to the realisation that, in
some patients, mutations in these genes can
result in abnormal drug disposition even in the
absence of interacting drugs. Thus, the field of
drug interactions and of genetically deter-
mined drug disposition are closely linked. The
clinical consequences of modulating a drug
disposition pathway depend on the pharmaco-
logic eVects produced by altered parent drug
concentrations and/or altered concentrations
of active metabolites whose generation de-
pends on the pathway targeted. These general
principles are best understood by considering
specific examples (table 23.4).

CYP3A4
More drugs are metabolised by this enzyme
than by any other. CYP3A4 is expressed not
only in the liver, but also in the intestine and
other sites, such as kidney. Presystemic drug
metabolism by CYP3A4 in the intestine and
the liver is one common mechanism whereby
some drugs have a very limited systemic avail-
ability. The activity of CYP3A4 varies widely
among individuals, although there is no geneti-
cally determined polymorphism yet described.
As shown in table 23.4, many widely used car-
dioactive agents are substrates for CYP3A4 and
inhibition or induction of CYP3A4 activity can
lead to important drug interactions.

Perhaps the most spectacular example of a
CYP3A4 mediated drug interaction was that
between terfenadine and the CYP3A4 inhibi-
tors erythromycin or ketaconazole.16 Terfena-
dine is a very potent IKr blocker in vitro but is
ordinarily almost completely (> 98%) metabo-
lised by CYP3A4 before entry into the systemic
circulation. With co-administration of
CYP3A4 inhibitors, this presystemic metabo-
lism is inhibited, terfenadine plasma concen-
trations rise > 100 fold, and torsades de
pointes can ensue. A similar mechanism also
explains torsades de pointes during treatment

with astemizole and cisapride, and has led to
withdrawal or limitations of the drugs’ use.
CYP3A4 metabolism is induced by co-
administration of drugs such as rifampin,
phenytoin, and phenobarbital. In this circum-
stance, concentrations of CYP3A4 substrates
may fall, with attendant loss of pharmacologic
eVect. This has been well documented with
quinidine and mexiletine.

CYP2D6
This enzyme is expressed in the liver and is
responsible for biotransformation of many â
blockers (timolol, metoprolol, propranolol),
propafenone, and codeine. CYP2D6 “poor
metabolisers” are deficient in CPY2D6 activity,
on a genetic basis; 7% of whites and African
Americans (but very few Asians) are poor
metabolisers. Quinidine and a number of anti-
depressants (both tricyclics and selective sero-
tonin reuptake inhibitors such as fluoxetine) are
potent CYP2D6 inhibitors. When these inhibi-
tors are given to patients receiving â blockers or
propafenone (which has weak â blocking activ-
ity), or such substrate drugs are administered to
patients who are poor metabolisers, exaggerated
â blockade occurs. Indeed, clinical data strongly
support the idea that absence of CYP2D6 activ-
ity increases the likelihood of side eVects during
propafenone treatment.17 On the other hand,
absence of CYP2D6 activity in a patient receiv-
ing codeine results in failure of biotransforma-
tion to a more active metabolite (morphine).
Thus, in this situation, inhibition of drug
metabolism actually leads to a (“paradoxical”)
decrease in pharmacologic eVect.

P-glycoprotein
Movement of drugs across cell membranes is
increasingly recognised as a process dependent
on normal expression and function of specific
“transport” molecules. The most widely stud-
ied of these is P-glycoprotein, expressed on the
luminal aspect of enterocytes, on the biliary
canalicular aspect of hepatocytes, and the cap-
illaries of the blood–brain barrier. Many widely
used drugs are P-glycoprotein substrates, al-
though the functional consequences of

Table 23.4 A molecular view of drug metabolism

CYP3A4 CYP2D6 CYP2C9 P-glycoprotein

+ Substrates Amiodarone
Quinidine
Many HMG CoA reductase inhibitors
(statins)
Terfenadine, astemizole
Cisapride
Many calcium channel blockers
Lidocaine, mexiletine
Cyclosporine
Many HIV protease inhibitors
Sildenafil

Propafenone
Flecainide
Codeine
Timolol
Metoprolol
Popranolol

Warfarin Digoxin
Many antineoplastic agents

+ Inhibitors Amiodarone
Verapamil
Cyclosporine, erythromycin, clarithromycin
Ketaconazole, itraconazole
Mibefradil, other calcium channel blockers
Ritonavir

Quinidine
Propafenone
TCAs
Fluoxetine

Amiodarone Quinidine
Amiodarone
Verapamil
Cyclosporine
Erythromycin
Ketaconazole
Itraconazole

+ Inducers Rifampin
Phenytoin
Phenobarbital

TCAs, tricyclic antidepressants.
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P-glycoprotein inhibition are small because
most drugs have other pathways for their
elimination. Clinically, the most important
P-glycoprotein substrate in cardiovascular use is
digoxin, which does not undergo extensive
metabolism by enzymes such as CYP3A4 or
CYP2D6. Rather, its bioavailability is limited by
re-excretion by P-glycoprotein into the intestinal
lumen, and its elimination is accomplished by
excretion by P-glycoprotein and possibly other
transporters in liver and kidney. The eVect of
multiple, structurally unrelated drugs such as
quinidine, verapamil, amiodarone, cyclosporine,
erythromycin, and itraconazole to increase
digoxin concentrations likely has the common
mechanism of P-glycoprotein inhibition.18

Pharmacodynamic drug interactions

Pharmacodynamic interactions tend to mani-
fest primarily in patients with underlying heart

disease. Thus, when â blockers and calcium
channel blockers are co-administered, pro-
nounced bradycardia or heart block occurs
primarily in patients with underlying conduc-
tion system disturbances. Similarly, exacerba-
tion of heart failure is more of a problem when
multiple drugs with cardiodepressant actions
(including, prominently, antiarrhythmics) are
co-administered to patients with underlying
heart disease.

Putting it all together: matching the
patient, the drug, and the arrhythmia

Decades of clinical investigation and, more
recently, whole animal, cellular, molecular, and
genetic studies, have now positioned clinicians
to more rationally prescribe and monitor treat-
ment with drugs designed to treat cardiac
arrhythmias. A number of very important prin-
ciples can be enunciated based on these data.

Table 23.5 Clinical conditions modifying choice of antiarrhythmic agents

Clinical condition Treatments to consider Contraindicated or undesirable treatments

Arrhythmias
Torsades de pointes Acute:

Magnesium
Isoproterenol
Pacing
Raise serum K+
Chronic QT prolongation:
â Blockers
Pacing

QT prolonging drugs:
Quinidine
Procainamide
Disopyramide
Sotalol
Ibutilide
Dofetilide
???Amiodarone

Polymorphic VT with short QT intervals Anti-ischaemic intervention
Intravenous amiodarone

Lidocaine, procainamide (ineVective)

Sustained monomorphic VT IV procainamide or sotalol Lidocaine (ineVective)

RV outflow tract VT, fascicular VT Verapamil
â Blocker
Adenosine (acutely)

QT interval prolongation Flecainide
Propafenone
Lidocaine
Mexiletine
???Amiodarone

Quinidine
Orocainamide
Disopyramide
Sotalol
Ibutilide
Dofetilide
???Amiodarone

Atrial fibrillation + structural heart disease Flecainide

Atrial fibrillation with rapid ventricular rate and pre-excitation IV procainamide cardioversion Verapamil
Adenosine
Digitalis

Other concomitant conditions
Heart failure Digitalis

Also acceptable:
Amiodarone
Dofetilide
Quinidine

Diltiazem, verapamil
â Blockers if severe
Flecainide
Disopyramide

Sinus/AV nodal disease All drugs discussed have the potential to worsen
bradyarrhythmias, particularly:
Diltiazem, verapamil
â Blockers
Digitalis
Amiodarone

DiVuse conduction system disease Above + most other antiarrhythmics

Chronic lung disease Amiodarone

Inflammatory arthritis Procainamide

Chronic bowel disease Quinidine (exacerbates diarrhoea)
Verapamil, disopyramide (exacerbate constipation)

Asthma â Blockers
Propafenone

Tremor Lidocaine
Mexiletine

This table is not meant to supplant discussions of treatments of choice for various arrhythmia syndromes outlined in other parts of this series. Rather, specific clinical
conditions which may dictate an unusual or specific choice of drugs are presented.
IV, intravenous.
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Establish a firm diagnosis
The treatment of ventricular tachycardia as
aberrantly conducted supraventricular tachy-
cardia not only exposes patients to risk, but
delays appropriate therapy. Other diagnostic
issues that may impact on choice of treatments
include recognition of specific arrhythmias
“syndromes”, such as torsades de pointes,
“idiopathic” ventricular tachycardia arising in
the right ventricular outflow tract or the
conducting system, polymorphic ventricular
tachycardia with a short QT interval arising in
a patient with acute ischaemia, and pre-
excitation, particularly in a patient with atrial
fibrillation (table 23.5). Each of these syn-
dromes has a specific identified mechanism,
and specific treatments that are indicated and
contraindicated, based on mechanistic princi-
ples.

Anticipate side effects
Unfortunately, the choice of specific agents to
be used in common arrhythmia syndromes is
often driven more by the clinician’s estimate of
a likely adverse eVect rather than a clear
understanding of mechanism or that one drug
demonstrates eYcacy that is superior to
another. Thus, sodium channel blocking agents
such as flecainide or propafenone are highly
inappropriate to use in treating patients with
atrial fibrillation in patients with ischaemic
cardiomyopathy, yet are among the drugs of
choice in patients with no structural heart dis-
ease.19 Disopyramide is a reasonable option for
some patients with atrial fibrillation, but should
not be used in patients with glaucoma or pros-
tatism because of the likelihood of precipitating
extracardiac adverse eVects. Patients with bor-
derline long QT intervals may be at increased
risk for torsades de pointes during QT
prolonging treatments such as sotalol or
dofetilide.

Another variation of this consideration is the
presence of chronic non-cardiac disease (table
23.5). Thus, amiodarone may be relatively
contraindicated in a patient with advanced
lung disease for two reasons. First, some data
suggest such patients may be at increased risk
for amiodarone mediated pulmonary toxicity.
The second, more important, diYculty with
amiodarone from a practical point of view is
the likelihood that the patient will present at
some point in the future with an exacerbation
of dyspnoea, and it will be very diYcult, if not
impossible, to sort out whether the drug or the
underlying disease is responsible. Similarly,
drug induced lupus is suYciently common
during long term treatment with procainamide
that this drug is especially diYcult to use in
patients with diseases such as rheumatoid
arthritis.

Consider polypharmacy
Many patients for whom antiarrhythmic drug
treatment is prescribed are receiving other
drugs for cardiac or non-cardiac indications.
The prescribing physician should therefore be
particularly vigilant when new drugs are added
to or removed from a complex regimen in a
patient with advanced heart disease, as the

likelihood of unanticipated drug actions is
high. Drugs that call for special vigilance are
those known to be inhibitors of specific
metabolic pathways (table 23.4).

Approach to evaluation of treatment
General principles of rational drug use apply
especially to narrow therapeutic index agents
such as antiarrhythmics. The baseline arrhyth-
mia should be qualified (for example, do
episodes of atrial fibrillation occur daily or
monthly?).19 Low drug doses that produce eY-
cacy are more desirable than higher ones.
Plasma concentration monitoring, ECG evalu-
ation, and interval history should be evaluated
during treatment to detect or anticipate poten-
tial toxicity. Therapeutic goals should be
defined as therapy starts: Get rid of all atrial
fibrillation? All symptoms? Should the patient
with cardiac arrest survive to get to the hospi-
tal, or be discharged from the hospital?20 Drugs
should not be declared ineVective unless those
goals are met in a compliant patient receiving
doses just below those that produce, or are
likely to produce, toxicity.

Finally, patients never “fail” drugs—drugs
fail patients.
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After atrial fibrillation, atrial flutter is the
most important and most common
atrial tachyarrhythmia. Although it was

first described 80 years ago, techniques for its
diagnosis and management have changed little
for decades. The diagnosis rested almost
entirely with the 12 lead ECG, and treatment
options included only the use of a digitalis
compound to slow and control the ventricular
response rate, and/or the use of either quini-
dine or procainamide in an attempt to convert
the rhythm to sinus rhythm or to prevent
recurrence of atrial flutter once sinus rhythm
was established.

The past 25 years have produced major
changes. A series of studies has advanced our
understanding of the mechanism(s) of atrial
flutter. Old techniques to diagnose atrial flutter
have been significantly refined, and new
diagnostic techniques have been developed.
Beginning with the advent of DC cardioversion
in the 1960s, major advances in the treatment
of atrial flutter have occurred. â Blockers and
calcium channel blockers are now available for
use as an adjunct to or in lieu of digitalis treat-
ment to control the ventricular response rate.
New antiarrhythmic agents are available for use
to suppress atrial flutter or convert it to sinus
rhythm. Atrial pacing techniques to interrupt
or suppress atrial flutter have evolved. Catheter
ablation techniques either to cure atrial flutter
or to control the ventricular response rate have
been developed, and related surgical treat-
ments are available. Even automatic low energy
cardioversion of atrial flutter to sinus rhythm
has been developed.

Mechanisms and classification of atrial
flutter

Most of the advances in our understanding of
atrial flutter have come from our understanding
its mechanism. There is a long history, summa-
rised recently,1 of studies in animal models
which have contributed to our understanding of
atrial flutter. While those studies have been and
continue to be most helpful, a series of studies in
patients—principally using catheter electrode
mapping and pacing techniques—has estab-
lished that classical atrial flutter is caused by a
re-entrant circuit confined to the right atrium in
which the impulse travels up the atrial septum,
with epicardial breakthrough superiorly in the
right atrium where the impulse then travels infe-
riorly down the right atrial free wall to re-enter
the atrial septum (fig 24.1).2–7 When the
circulating wave front re-enters the atrial sep-
tum, it travels through an isthmus bounded by
the inferior vena cava, Eustachian ridge, the cor-
onary sinus os on one side and the tricuspid
valve annulus on the other side (the “atrial flut-
ter isthmus”). Atrial flutter caused by this
mechanism is called typical atrial flutter,8 al-
though it also has been called common atrial
flutter and counterclockwise atrial flutter. A 12
lead ECG during typical atrial flutter with char-
acteristic negative “sawtooth” atrial flutter waves
in leads II, III, and aVF is shown in fig 24.2. It is
also recognised that impulses can travel in this
re-entrant circuit in the opposite direction, so
that the impulse travels down the atrial septum
and breaks through to the epicardium via the
same atrial flutter isthmus to travel up the right
atrial free wall and then re-enter the septum
superiorly (fig 24.1).3 This form of atrial flutter
is called reverse typical atrial flutter,8 although it
has in the past been called atypical atrial flutter,
clockwise atrial flutter, uncommon atrial flutter,
and rare atrial flutter. A 12 lead ECG during
reverse typical atrial flutter with characteristic
positive flutter waves in leads II, III, and aVF is
shown in fig 24.3.

24 Treatment of atrial flutter

Albert L Waldo

Figure 24.1. Left: atrial activation in typical atrial flutter (AFL). Right: activation in
reverse typical AFL. The atria are represented schematically in a left anterior
oblique view, from the tricuspid (left) and mitral rings. The endocardium is shaded
and the openings of the superior (SVC) and inferior vena cava (IVC), coronary
sinus (CS), and pulmonary veins (PV) are shown. The direction of activation is
shown by arrows. Dashed areas mark approximate location of zones of slow
conduction and block. Lettering on the right hand panel marks the low (LPS), mid
(MPS), and high (HPS) posteroseptal wall, respectively. Modified after Cosío FG
et al. J Cardiovasc Electrophysiol 1996;7:60–70.
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Figure 24.2. A 12 lead ECG in a case of typical type I atrial flutter. The atrial rate
is 300 bpm and the ventricular rate is 150 bpm; 2:1 AV block is present. Note that
the atrial activity is best seen in leads II, III, and aVF and is barely perceptible in
lead I. Reproduced with permission from Waldo AL, Kastor JA: Atrial flutter. In:
Kastor JA, ed. Arrhythmias. Philadelphia: WB Saunders Co, 1994:105–15.
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Two other mechanisms of atrial flutter are
now well recognised. One, incisional atrial
re-entry,8 is seen in patients after repair of con-
genital heart defects that involve one or more
right atrial free wall incisions in which the
re-entrant circuit travels around the line of
block caused by the incision.9 Interestingly, it
has recently been shown10 that when atrial flut-
ter does occur chronically in patients following
repair of congenital heart defects, it is usually
caused by a re-entrant circuit that includes the
atrial flutter isthmus. Additionally, a left atrial
flutter is now recognised that is thought gener-
ally to circulate around one or more of the pul-
monary veins or the mitral valve annulus, but
this re-entrant mechanism has not been well
characterised. And finally, there are some
forms of atrial flutter which are quite unique,
and have now been called truly atypical atrial
flutter.8

All these types of atrial flutter fall under the
category of type I atrial flutter as described by
Wells and colleagues.11 They are distinguished
by the fact that they can always be interrupted
by rapid atrial pacing, and have a rate range
between 240–340 beats/min (bpm).11 Type II
atrial flutter11 is a more rapid atrial flutter (rates
> 340 bpm) which is still being characterised.
It is presently thought to be caused by a
re-entrant circuit with a very rapid rate which
causes fibrillatory conduction to much or most
of the atria, resulting in an atrial fibrillation
pattern in the ECG.12 13

Epidemiology and clinical significance

Atrial flutter typically is paroxysmal, usually
lasting seconds to hours, but on occasion last-
ing longer. Occasionally, it is a persistent
rhythm. Atrial flutter as a stable, chronic
rhythm is unusual, as it usually reverts either to
sinus rhythm or to atrial fibrillation, either
spontaneously or as a result of treatment.
However, atrial flutter has been reported to be
present for up to 20 years or more. It can occur
in patients with ostensibly normal atria or with
abnormal atria. Atrial flutter occurs commonly
in patients in the first week after open heart
surgery. Patients with atrial flutter not uncom-
monly demonstrate sinus bradycardia or other
manifestations of sinus node dysfunction.
Atrial flutter is also associated with chronic
obstructive pulmonary disease, mitral or tri-
cuspid valve disease, thyrotoxicosis, and surgi-
cal repair of certain congenital cardiac lesions
which involve large incisions or suture lines in
the atria.10 It is also associated with enlarge-
ment of the atria for any reason, especially the
right atrium.

Atrial flutter is most often a nuisance
arrhythmia. Its clinical significance lies largely
in its frequent association with atrial fibrilla-
tion, its previously little appreciated association
with thromboembolism, especially stroke,14 15

and its frequent association with a rapid
ventricular response rate (fig 24.2). The
association of atrial flutter with a rapid
ventricular rate is important because the rapid
ventricular rate is principally responsible for
many of the associated symptoms. And, in the
presence of the WolV-Parkinson-White syn-
drome or a very short P-R interval (< 0.115 s)
in the absence of a delta wave, it may be asso-
ciated with 1:1 atrioventricular (AV) conduc-
tion, sometimes with dire consequences. Fur-
thermore, if the duration of the rapid
ventricular response rate is prolonged, it may
result in ventricular dilatation and congestive
heart failure.

Figure 24.3. 12 lead ECG from a patient with reverse typical atrial flutter confirmed at electrophysiological
study. The atrial rate is 266 bpm with 2:1 AV conduction. Note the positive flutter waves in leads II, III, and
aVF, and the negative flutter waves in lead V1. Reproduced courtesy of N Varma, MD.

Types of atrial flutter

x Typical atrial flutter

x Reverse typical atrial flutter

x Incisional atrial re-entry

x Left atrial flutter

x Atypical atrial flutter
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Management of atrial flutter

Acute treatment
When atrial flutter is diagnosed, three options
are available to restore sinus rhythm: (1)
administer an antiarrhythmic drug; (2) initiate
DC cardioversion; or (3) initiate rapid atrial
pacing to terminate the atrial flutter (fig 4).
Selection of acute treatment for atrial flutter
with either DC cardioversion, atrial pacing or
antiarrhythmic drug therapy will depend on the
clinical presentation of the patient and both the
clinical availability and ease of using these
techniques. Since DC cardioversion requires
administration of an anaesthetic agent, this
may be undesirable in the patient who presents
with atrial flutter having recently eaten or the
patient who has severe chronic obstructive lung
disease. Such patients are best treated with
either antiarrhythmic drug therapy or rapid
atrial pacing to terminate the atrial flutter, or
with an AV nodal blocking drug to slow the
ventricular response rate. When atrial flutter is
associated with a situation requiring urgent
restoration of sinus rhythm—for example, 1:1
AV conduction or hypotension—prompt DC
cardioversion is the treatment of choice. For
the patient who develops atrial flutter following
open heart surgery, use of the temporary atrial
epicardial wire electrodes to perform rapid
atrial pacing to restore sinus rhythm is the
treatment of choice (fig 24.4).

Whenever rapid control of the ventricular
response rate to atrial flutter is desirable, use of
either an intravenous calcium channel blocking
agent (verapamil or diltiazem) or an intra-

venous â blocking agent (usually esmolol,
although propranolol or metoprolol can also be
used) is usually eVective. Aggressive adminis-
tration of a digitalis preparation, usually intra-
venously, to control ventricular rate (it might
also convert the atrial flutter either to atrial
fibrillation with a controlled ventricular re-
sponse rate or to sinus rhythm) is also accept-
able, but generally is not the treatment of
choice except in the presence of pronounced
ventricular dysfunction. DC cardioversion of
atrial flutter to sinus rhythm has a very high
likelihood of success. When this mode of treat-
ment is selected, it may require as little as 25
joules, although at least 50 joules is generally
recommended because it is more often success-
ful. Because 100 joules is virtually always suc-
cessful and virtually never harmful, it should be
considered as the initial shock strength.

Antiarrhythmic drug treatment can be used to
convert atrial flutter to sinus rhythm. Three
drugs—ibutilide, flecainide, and propafenone—
have a reasonable expectation of accomplishing
this. Ibutilide, which can only be used intra-
venously, is associated with a 60% likelihood of
converting atrial flutter to sinus rhythm.16

Because ibutilide dramatically prolongs ven-
tricular repolarisation, and consequently the
Q-T interval, there is a small incidence of
torsades de pointes associated with its use.17

However, these episodes, should they occur, are
usually self limited, and because of the short half
life of this drug, the period of such risk is quite
brief, usually less than one hour. Nevertheless,
one should be prepared to administer intra-
venous magnesium and even perform DC
cardioversion to treat a prolonged episode of
torsades de pointes should it occur when using
ibutilide. Flecainide and propafenone, when
used intravenously18 or when used orally but in a
single high dose (300 mg for flecainide or
600 mg for propafenone) also may be eVective
in cardioverting this rhythm to sinus. When
using either of these drugs, the atrial rate may
slow dramatically—for example, to 200 bpm.
Therefore, it is best given with a calcium channel
blocker or â blocker to prevent the possibility of
1:1 AV conduction of the significantly slowed
atrial flutter rate. Antiarrhythmic drug treatment
also may be used before performing either DC
cardioversion or rapid atrial pacing: (1) to slow
the ventricular response rate (with a â blocker, a
calcium channel blocker, digoxin or some com-
bination of these drugs); (2) to enhance the eY-
cacy of rapid atrial pacing in restoring sinus
rhythm (use of procainamide, disopyramide or
ibutilide); or (3) to enhance the likelihood that
sinus rhythm will be sustained following eVec-
tive DC cardioversion (use of a class IA, class IC
or class III antiarrhythmic agent).

Long term treatment of atrial flutter
Recent improvements in the eYcacy of cath-
eter ablation techniques and the long recog-
nised diYculty in achieving adequate chronic
suppression of atrial flutter with drug treat-
ment have significantly aVected the approach
to long term treatment of atrial flutter. In short,
if atrial flutter is an important clinical problem
in any patient, characterisation of the mech-

Figure 24.4. ECG lead II recorded from a patient with typical atrial flutter
(spontaneous atrial cycle length of 264 ms). Rapid atrial pacing from a high right
atrial site at a cycle length of 254 ms (not shown), at a cycle length of 242 ms
(not shown), and at a cycle length of 232 ms (not shown) failed to terminate the
atrial flutter. Panel A shows ECG lead II recorded during high right atrial pacing at
a cycle length of 224 ms. Note that with the seventh atrial beat in this tracing,
and after 22 seconds of atrial pacing at a constant rate, the atrial complexes
suddenly became positive. Panel B shows ECG lead II recorded at the
termination of atrial pacing in the same patient. Note that with abrupt termination
of pacing, sinus rhythm occurs. In panel C, the first beat (asterisk) is identical to
the last beat in panel B (asterisk). S, stimulus artifact. Time lines are at 1 second
intervals. Modified from Waldo AL, et al. Circulation 1997;56:737–45.
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anism of atrial flutter followed by catheter
ablation as treatment of choice (cure) is now
recommended.

Catheter ablation treatment
Two types of catheter ablation are available for
the treatment of chronic or recurrent atrial
flutter, one curative and one palliative. Appro-
priate application of radiofrequency energy via
an electrode catheter can be used to cure atrial
flutter. Advances in both electrophysiologic
mapping and radiofrequency catheter ablation
techniques have improved the eYcacy of this
therapeutic approach to about a 95% cure rate
for patients with typical or reverse typical atrial
flutter,7 19 making it the treatment of choice in
most patients in whom the arrhythmia is clini-
cally important. The technique involves elec-
trophysiologic study of the atria during atrial
flutter to identify the location of the re-entrant
circuit and then to confirm that the re-entrant
circuit includes a critical isthmus between the
inferior vena cava–Eustachian ridge–coronary
sinus ostium and the tricuspid valve (fig 24.5).
When this latter area is identified, radiofre-

quency energy is delivered through the elec-
trode catheter to create a bidirectional line of
block across it. This isthmus may be diYcult to
ablate completely,7 19 but combined entrain-
ment pacing and mapping techniques have
now evolved which permit both the reliable
demonstration that this isthmus is a part of the
re-entrant circuit, and that application of radio-
frequency energy has produced complete bidi-
rectional conduction block in this isthmus.
When the latter is demonstrated, successful
ablation of atrial flutter has been accomplished.

Similarly, when incisional re-entrant atrial
flutter is identified by electrophysiological
mapping techniques, a vulnerable isthmus
usually can be identified and successfully
ablated using radiofrequency catheter ablation
techniques.9 There is insuYcient information
available to discuss the likely eYcacy of
successful radiofrequency ablation techniques
to cure left atrial flutter or atypical atrial flutter,
although contemporary electrophysiological
mapping techniques are capable of identifying
the location of the re-entrant circuits associated
with these types of atrial flutter, making
eVective ablation treatment a possibility.

AV nodal–His bundle ablation to create high
degree AV block (generally third degree AV
block) can be used palliatively to eliminate the
rapid ventricular response rate to atrial flutter.
It does not prevent the atrial flutter, and
requires placement of a pacemaker system. For
patients in whom catheter ablation of atrial
flutter is unsuccessful and in whom anti-
arrhythmic drug treatment is either ineVective
or is not tolerated, or in whom atrial flutter
with a clinically unacceptable rapid ventricular
response rate recurs despite drug treatment,
producing third degree AV block or a high
degree of AV block provides a successful form
of therapy. Selection of a pacemaker in such
circumstances should be tailored to the needs
of the patient, and may include a single cham-
ber, rate responsive, ventricular pacemaker or a
dual chamber pacemaker with mode switching
capability.

Antiarrhythmic drug treatment
Atrial flutter is quite diYcult to suppress com-
pletely with drug treatment. In fact, based on
available long term data, drug treatment oVers
a limited ability to maintain sinus rhythm with-
out occasional to frequent recurrences of atrial
flutter, even when multiple agents are used.
This is among the reasons why this form of
therapy is no longer the long term treatment of
choice in most patients with atrial flutter. For
patients in whom drug treatment is selected, an
important measure of eYcacy should be the
frequency of recurrence of atrial flutter rather
than a single recurrent episode. For instance,
recurrence only at long intervals—for example,
once or twice per year—probably should be
classified as a treatment success rather than a
failure.

In the past, standard antiarrhythmic drug
treatment consisted of administration of a class
IA agent (quinidine, procainamide, or diso-
pyramide) in an eVort to prevent recurrence.
However, recent studies indicate that the type

Acute treatment of atrial flutter

x Depends on clinical presentation
– need for prompt restoration of sinus

rhythm: DC cardioversion
– elective restoration of sinus rhythm:

antiarrhythmic drug treatment
(ibutilide or class IC agent), DC
cardioversion or rapid atrial pacing

– ventricular rate control: often required
(â blocker or calcium channel
blocker), especially with use of class
IC antiarrhythmic agent

Figure 24.5. Targets for typical or reverse typical
atrial flutter ablation. The schematic drawing shows
the atria in an anterior view. The endocardium, inside
the tricuspid (left) and mitral (right) rings, is shaded.
The openings of the inferior vena cava (IVC),
coronary sinus (CS), and left pulmonary veins (PV)
are shown in black. Long arrows show activation
sequence in common atrial flutter. The striped areas
(large open arrows) mark ablation targets: 1,
IVC–tricuspid valve isthmus; 2, CS–tricuspid valve
isthmus; 3, CS–IVC isthmus. SVC, superior vena
cava. Reproduced with permission from Cosío et al.19
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IC antiarrhythmic agents flecainide and
propafenone are as eVective, if not more eVec-
tive, are generally better tolerated, and have less
organ toxicity than class IA agents. Principally
because of their serious adverse eVects demon-
strated in the cardiac arrhythmia suppression
trial (CAST I), it is widely accepted that class
IC agents should not be used in the presence of
underlying ischaemic heart disease. In fact, this
approach has generally been extrapolated to
include the presence of underlying structural
heart disease. Nevertheless, class IC agents are
recommended for long term suppression of
atrial flutter in the absence of structural heart
disease.

Moricizine, a class I drug with A, B, and C
properties, also may be eVective in the
treatment of atrial flutter. The long term data
from CAST II, in which moricizine and
placebo were no diVerent in terms of mortality,
suggests that moricizine may be a good choice
for patients with atrial flutter and coronary
artery disease late (> 3 months) after a
myocardial infarction. However, more data are
required to establish moricizine’s eYcacy and
safety in this clinical setting.

In addition, the class III antiarrhythmic
agents amiodarone, sotalol, and dofetilide also
may be quite eVective. When using sotalol or
dofetilide, care must be taken to avoid Q-Tc

interval prolongation much beyond 500 ms in
order to avoid precipitation of torsades de
pointes. Amiodarone appears to be quite eVec-
tive, but its potential toxicity is a well
recognised concern, making widespread use of
this drug to treat atrial flutter problematic.20

Thus, the use of amiodarone as the drug of first
choice to treat atrial flutter probably should be
limited to patients with notably depressed left
ventricular function. Since atrial flutter tends
to recur despite antiarrhythmic drug treat-
ment, it is important to remember that on a
class IA (quinidine, procainamide, disopyra-
mide) or especially a class IC or IC-like (flecai-
nide, propafenone, moricizine) agent, the atrial
flutter rate may be much slower (for example,
180–220 bpm) than in the absence of one of
these drugs. Therefore, it is very important that
adequate block of AV nodal conduction be
present, usually with concurrent use of a â
blocker or a calcium channel blocker, alone or
in combination with digoxin.

Anticoagulant treatment
Although one study found neither atrial clot
formation nor stroke associated with atrial flut-
ter in a relatively small cohort of patients after
open heart surgery, the association of the
potential risk of stroke with atrial flutter has
now been established.14 15 Other data support
this association. Thus, atrial flutter and atrial
fibrillation often co-exist in patients. Addition-
ally, using transoesophageal echocardiography,
a high incidence of spontaneous echo contrast
and atrial thrombi have been documented, as
were striking abnormalities in the left atrial
appendage in patients with atrial flutter. In
short, in patients with atrial flutter, daily
warfarin treatment to achieve an international
normalised ratio (INR) of 2 to 3 is recom-

mended using the same criteria as for atrial
fibrillation. Also, the same criteria apply for
cardioversion. Thus, if the patient has had
atrial flutter for greater than 48 hours and the
INR is not therapeutic (INR > 2), warfarin
treatment should be either initiated or ad-
justed, and after achieving a therapeutic INR
for three consecutive weeks, cardioversion may
be attempted. Following cardioversion, the
patient should remain on warfarin with a
therapeutic INR for four weeks.

Permanent antitachycardia pacemaker treatment
Although rarely used as treatment, in selected
patients consideration should be given to
implantation of a permanent antitachycardia
pacemaker to interrupt recurrent atrial flutter
and restore sinus rhythm. While there is only a
small published series of patients treated with
such devices, it nevertheless has been shown to
be safe and eVective. Since precipitation of
atrial fibrillation is always a potential problem
when using any form of pacing to treat atrial
flutter, if any pacing induced episodes of atrial
fibrillation are clinically unacceptable, place-
ment of a permanent antitachycardia pace-
maker to treat atrial flutter should be avoided.
To decrease or eliminate an incidence of inad-
vertent precipitation of atrial fibrillation as well
as to decrease the frequency of atrial flutter
episodes, chronic use of an antiarrhythmic
drug may be desirable.

Surgical treatment
Presently, there is little if any role for surgical
ablation of the atrial flutter. Nevertheless, there
is a limited experience. Klein, Guiraudon and
colleagues have reported on three operated
patients in whom cryoablation of the region
between the coronary sinus orifice and the tri-
cuspid annulus successfully prevented recur-
rent atrial flutter in two.21 22 However, the third
patient had subsequent symptomatic atrial
fibrillation. Similarities between these surgical
data and the catheter ablation data are
apparent. Also, Canavan and colleagues re-
ported the successful surgical interruption of
the atrial flutter re-entrant circuit after intra-
operative mapping in an adolescent who had
an atrial septal defect repair as a child.23 The
atrial flutter re-entrant circuit was around the
atriotomy.

Long term treatment of clinically important
atrial flutter

x Treatment of choice: radiofrequency
catheter ablation to achieve cure

x Alternative treatment (warfarin therapy
usually required)

– drug treatment (class IC, III or IA
antiarrhythmics plus an AV nodal
blocking drug)

– device implantation (antitachycardia
pacemaker or low energy atrial
defibrillator)

– His bundle ablation plus pacemaker
implantation
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Summary

Most atrial flutter is caused by re-entrant exci-
tation in the right atrium. The 12 lead ECG
remains the cornerstone for the clinical diagno-
sis. Acute treatment entails control of the ven-
tricular response rate and restoration of sinus
rhythm. Currently, radiofrequency catheter
ablation treatment provides the expectation of
cure, although atrial fibrillation may subse-
quently occur. Alternatively, antiarrhythmic
drug treatment to suppress recurrent atrial
flutter episodes may be useful, recognising that
recurrences are common despite therapy. Use
of an antitachycardia pacemaker may be
helpful in selected patients to terminate atrial
flutter, as may His bundle ablation with place-
ment of an appropriate pacemaker system to
control the ventricular response rate. Antico-
agulation with warfarin in patients with recur-
rent or chronic atrial flutter is recommended
using criteria applied to patients with atrial
fibrillation.
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Management of patients with ventricu-
lar tachycardia (VT) is often diY-
cult. Drug treatment is often ineVec-

tive. Implantable defibrillators terminate
episodes but do not prevent them. Radiofre-
quency (RF) catheter ablation oVers potential
arrhythmia control without the adverse eVects
of antiarrhythmic treatment. However, the
procedure is often challenging and eYcacy is
less than for ablation of supraventricular tachy-
cardias. The eYcacy and safety depend on the
particular type of tachycardia and its likely ori-
gin. These factors can be predicted from the
underlying heart disease and the electrocardio-
graphic characteristics of the tachycardia

VTs are either polymorphic or monomor-
phic. Polymorphic tachycardias have a continu-
ously changing QRS morphology, indicating a
variable sequence of ventricular activation and
no single site of origin. The cause is often
ischaemia or drug induced QT prolongation;
ablation is not an option.

Monomorphic VT has a constant QRS mor-
phology from beat to beat, indicating repetitive
ventricular depolarisation in the same se-
quence. An arrhythmia focus or structural sub-
strate is present that can be targeted for
ablation. The QRS morphology often indicates
the likely arrhythmogenic region. A left bundle
branch block-like configuration in lead V1
indicates an origin in the right ventricle or the
interventricular septum. A frontal plane axis
that is directed inferiorly (dominant R waves in
leads II, III, AVF) indicates an origin in the
superior aspect of the ventricle, either the ante-
rior wall of the left ventricle or the right
ventricular outflow tract. A frontal plane axis
directed superiorly indicates initial depolarisa-
tion of the inferior wall of the left or right ven-
tricle. Dominant R waves in leads V3–V4
favour a location nearer the base of the heart
than the apex. Dominant S waves in these leads
favour a more apical location. The QRS
morphology is an excellent guide to the
arrhythmia origin when the ventricles are
structurally normal, but less reliable when VT
is caused by infarction or ventricular scar.

The underlying heart disease provides fur-
ther important information. VT in patients
without identifiable structural heart disease is
referred to as “idiopathic”. These tachycardias
usually occur in specific locations and have

specific QRS morphologies. Tachycardias asso-
ciated with scar, such as prior myocardial
infarction, have a QRS morphology that tends
to indicate the location of the scar. Patients
with non-ischaemic cardiomyopathies, includ-
ing valvar heart disease, have an increased inci-
dence of bundle branch re-entry tachycardia
(see below), although other mechanisms are
frequent in these patients as well.

Idiopathic VT

VT in patients without structural heart disease
is uncommon.1–3 Most originate from a small
focus, making them susceptible to ablation.
The prognosis is good; sudden death rarely if
ever occurs unless some other form of heart
disease is present, but tachycardia can be suY-
ciently rapid to cause syncope or severe symp-
toms. Rarely, VT is incessant and causes heart
failure with depressed ventricular function that
resolves with control of the arrhythmia. Al-
though the focus can be anywhere in the
ventricles, the vast majority originate from one
of two locations.

Idiopathic right ventricular outflow tract
tachycardia
The most common idiopathic VT originates
from a focus in the outflow tract of the right
ventricle (fig 25.1).1 2 The mechanism is most
likely triggered automaticity.4 VT has a left
bundle branch block configuration in ECG
lead V1 with a frontal plane axis that is directed
inferiorly or inferiorly and to the right. Prema-
ture ventricular contractions with an identical
morphology are often present during sinus
rhythm. Tachycardia may occur in repetitive
bursts (referred to as repetitive monomorphic
VT). In some patients non-sustained VT and
frequent premature beats are severely sympto-
matic and warrant treatment. Although
echocardiogram, ECG, and angiography are
generally normal, cardiac magnetic resonance
imaging may identify areas of focal thinning,
hypokinesis or fatty infiltration. The major
diagnostic consideration is that of arrhyth-
mogenic right ventricular dysplasia (see
below).

In contrast to scar related re-entry (see
below) the automaticity that causes these
tachycardias is often provoked by adrenergic
stimulation and appears to be sensitive to
increases in intracellular calcium. Treatment
with calcium channel blockers (verapamil and
diltiazem), which is contraindicated in most
other types of VT, often suppresses the
arrhythmia. â Adrenergic blockers are also
often eVective, particularly if the arrhythmias
are provoked by exercise. Catheter ablation is a
reasonable consideration when pharmacologic
treatment is not eVective or tolerated. It can be
considered for patients with sustained VT,
non-sustained bursts of VT, or frequent symp-
tomatic ventricular premature beats. The focus
is located by finding the earliest site of
activation during tachycardia (activation se-
quence mapping) (fig 25.1), or by finding the
site where pacing exactly reproduces the QRS

25 Radiofrequency catheter ablation of
ventricular tachycardia
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morphology of the tachycardia (pace map-
ping). Ablation is successful in approximately
85% of patients.1 Failures are caused either by
an inability to induce the arrhythmia in the
laboratory, preventing adequate mapping, or
by the location of the focus deep within the
septum or in the epicardium over the septum,
beyond the reach of endocardial RF ablation
lesions. Occasionally ablation from the left side
of the interventricular septum is required.
Complications are infrequent, but cardiac per-
foration and coronary artery occlusion during
ablation in the left ventricular outflow tract
have occurred.2

Idiopathic left ventricular, verapamil sensitive
tachycardia
The most common idiopathic left VT has a
right bundle branch block configuration with a
frontal plane axis that is directed superiorly, or
rarely inferiorly and to the right.1 3 Administra-
tion of intravenous verapamil terminates tachy-
cardia suggesting that slow calcium channel
dependent tissue is involved. The mechanism
appears to be re-entry involving the distal
fascicles of the left bundle branch. Re-entry
involving Purkinje tissue in or adjacent to a left
ventricular false tendon, which is present in
more than 90% of patients, has also been sug-
gested.

When treatment with â adrenergic blockers
and/or calcium channel blockers is ineVective
or not tolerated catheter ablation is a reason-
able alternative. Mapping for ablation seeks
sites where a discrete Purkinje potential
precedes the QRS complex during tachycar-
dia.3 Ablation is successful in approximately
90% of patients. Failures are sometimes caused

by catheter induced trauma to the arrhythmia
focus (or possibly the false tendon) which then
prevents initiation, precluding mapping. Com-
plications are infrequent but damage to the
aortic or mitral valve apparatus from catheter
manipulation can occur.

VT related to regions of scar

The majority of sustained monomorphic VTs
are caused by re-entry involving a region of
ventricular scar. The scar is most commonly
caused by an old myocardial infarction, but
arrhythmogenic right ventricular dysplasia,
sarcoidosis, Chagas’ disease, other non-
ischaemic cardiomyopathies and surgical ven-
tricular incisions for repair of tetralogy of
Fallot, other congenital heart diseases, or ven-
tricular volume reduction surgery (Batista pro-
cedure) can also cause scar related re-entry.
Dense fibrotic scar creates areas of anatomic
conduction block. Secondly, fibrosis between
surviving myocyte bundles decreases cell to cell
coupling, and distorts the path of propagation
causing slow conduction, which promotes
re-entry (fig 25.2).5 These re-entry circuits
often contain a narrow isthmus of abnormal
conduction. Depolarisation of the small mass
of tissue in the isthmus is not detectable in the
body surface ECG. The QRS complex is
caused by propagation of the wavefront from
the exit of the circuit to the surrounding myo-
cardium (fig 25.2). After leaving the exit of the
isthmus, the circulating re-entry wavefront may
propagate through a broad path along the bor-
der of the scar (loop), back to the entrance of
the isthmus. A variety of diVerent circuit

Figure 25.1. Idiopathic right ventricular outflow tract tachycardia. The 12 lead ECG shows tachycardia with a
left bundle branch block, configuration and frontal plane axis directed inferiorly. The schematic at the upper
right shows the right ventricle viewed from the right anterior oblique position with the free wall of the ventricle
folded down. The location of the tachycardia in the right ventricular outflow tract (RVOT) is indicated with an
arrow. TV, tricuspid valve; RV, right ventricle.
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configurations are possible. Ablation lesions
produced with standard RF ablation catheters
are usually less than 8 mm in diameter,
relatively small in relation to the entire re-entry
circuit, and can be smaller than the width of the
re-entry path at diVerent points in the circuit.
Successful ablation of a large circuit is achieved
either by targeting an isthmus where the circuit
can be interrupted with one or a small number
of RF lesions, or by creating a line of RF lesions
through a region containing the re-entry
circuit.

Identification of critical isthmuses is often
challenging. The abnormal area of scarring,
where the isthmus is located, is often large and
contains “false isthmuses” (bystanders) that

confuse mapping. In most cases a portion of an
isthmus is located in the subendocardium
where it can be ablated. However, in some
cases the isthmuses or even the entire circuits
are deep to the endocardium or even in the
epicardium and cannot be identified or ablated
from the endocardium.

The situation is further complicated by the
frequent presence of multiple potential re-
entry circuits, giving rise to multiple diVerent
monomorphic VTs in a single patient. Ablation
in one area may abolish more than one VT, or
leave VT circuits in other locations intact. The
frequent presence of multiple VTs also compli-
cates interpretation of outcomes. VTs that have
been documented to occur spontaneously are

Figure 25.2. The mapping data are from a patient with VT late after anterior wall myocardial infarction.
Mapping was performed using a system that plots the precise catheter position along with colour coded
electrophysiologic information (CARTO Biosense Webster, Diamond Bar, California, USA). The top two panels
show the left ventricle in right anterior oblique (RAO) and left lateral views. In this case, colours indicate the
electrogram voltage, rather than timing. The lowest voltage regions are shown in red, progressing to greater
voltage regions of yellow, green, blue, and purple. A large anteroapical infarction is indicated by the extensive
low voltage, red region. The lower right panel shows the map of VT in the same patient. The ventricle is again
shown in a right anterior oblique projection with the apex at the right and the base at the left hand side of the
image. The colours indicate the activation sequence and arrows have been drawn to clarify the activation
sequence of the circuit. The re-entry circuit is located in the septum. The wavefront starts at the red area
(exit) near the base of the septum and splits into two loops that circle around the superior and inferior aspect
of the septum toward the apex, re-entering an isthmus in the circuit that is proximal to the exit region. RF
ablation in the isthmus abolished tachycardia. The mechanism of slow conduction through the infarct region
that has been observed in previous histopathologic studies is illustrated schematically in the inset at lower left.
Surviving myocyte bundles are separated by fibrous tissue that forces the wavefront to take a circuitous path
through the region.
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referred to as “clinical tachycardias”. Those
that are induced in the electrophysiology
laboratory, but have not been previously
observed, are sometimes referred to as “non-
clinical tachycardias”. However, a “non-
clinical VT” may occur later, after ablation of
the “clinical VT”. In addition the ECG of
spontaneous VTs terminated by an implanted
defibrillator or emergency medical technicians
is often not available. Thus the distinction
between “clinical” and “non-clinical” is often
uncertain.

When VT is slow and haemodynamically
tolerated a re-entry circuit isthmus can usually
be found during catheter mapping (fig 25.2).
Extensive mapping during VT is not possible
when VT causes haemodynamic instability or
the re-entry circuit is not stable, but repeatedly
changes causing multiple diVerent morpholo-
gies of monomorphic VT.

Ablation of VT after myocardial infarction
Most reported series included patients who
had at least one mappable VT. Gonska and
colleagues selected 72 patients who had a
single clinical VT. RF ablation abolished the
clinical VT in 74% of patients; 60% of the total
group remained free of spontaneous VT recur-
rences during follow up.6 Stevenson,7 Roth-
man,8 and Strickberger9 and associates targeted
multiple VTs for ablation in 108 patients with
recurrent VT. An average of 3.6–4.7 diVerent
VTs were inducible per patient. All inducible
monomorphic VTs were abolished in 33% of
patients; in 22% of patients ablation had no
eVect. In the remaining 45% of patients the
re-entry substrate was “modified”; the VTs
targeted for ablation were rendered non-
inducible, but other VTs remained. During
mean follow ups ranging from 12–18 months,
66% of patients remained free of recurrent VT
and 24% suVered recurrences. The incidence
of sudden death was 2.8%, but most patients
had an implanted defibrillator; the sudden
death risk may be higher if ablation is used as
sole treatment.

Saline irrigation of the ablation electrode
(cooled RF ablation) may create larger lesions
to reach deep portions of re-entry circuits by
allowing current delivery without excessive
heating at the surface of the tissue, which can
cause formation of coagulum that prevents
further energy application. A recent multicen-
tre trial evaluated a saline irrigated RF
ablation catheter (Cardiac Pathways Corp,
Sunnyvale, California, USA) in 146 patients
(prior myocardial infarction in 82%; average
(SD) left ventricular ejection fraction 31
(13)%) who had an average of 25 (31)
episodes of VT in the two months before abla-
tion despite antiarrhythmic drug treatment.10

All mappable VTs were eliminated in 75% of
patients. During a follow up of 243 days 54%
of patients remained free of spontaneous VT;
81% experienced a more than 75% reduction
in the number of VT episodes in the two
months after ablation, as compared to before
ablation.

Patients with VT caused by prior infarction
have depressed ventricular function and con-

comitant illnesses. Ablation is often a late
attempt in controlling refractory arrhythmias,
sometimes after significant haemodynamic
compromise has developed. Significant com-
plications of stroke, transient ischaemic attack,
myocardial infarction, cardiac perforation re-
quiring treatment, or heart block occur in
approximately 5–8% of patients. Procedure
related mortality is 1% in pooled data and
2.8% in the one reported multicentre trial of
cooled RF ablation discussed above.

During follow up the largest source of
mortality is death from heart failure, with an
incidence of approximately 10% over the
following 12–18 months.6–10 This risk of death
is not unexpected in this population. However,
ablation injury to contracting myocardium
outside the infarct or injury to the aortic or
mitral valves during left ventricular catheter
manipulation are procedural complications
that could exacerbate heart failure. Restricting
ablation lesions to areas of infarction, as iden-
tified from low amplitude electrograms in
regions observed to have little contractility on
echocardiogram or ventriculogram, is pru-
dent.

Arrhythmogenic right ventricular dysplasia
Arrhythmogenic right ventricular dysplasia is
associated with fibrous and fatty scar tissue in
the right and often the left ventricles. VT typi-
cally has a left bundle branch block-like
configuration in V1, consistent with a right
ventricular origin. When right ventricular
involvement is extensive, the success of abla-
tion is variable.11 Individual VTs can be
ablated, but others may develop later possibly
related to progression of the disease process.
Ablation is reserved as a palliative treatment for
frequent episodes. Although the right ventricle
can be quite thinned, the risk of perforation
during mapping does not seem to be substan-
tially increased.

VT caused by non-ischaemic
cardiomyopathy
The mechanisms of sustained monomorphic
VT in non-ischaemic cardiomyopathies (in-
cluding idiopathic cardiomyopathy and valvar
heart disease) are diverse. In a series of 26
patients with monomorphic VT the causes
were scar related re-entry circuits in 62% of
patients, an ectopic focus in 27%, and bundle
branch re-entry in 19%.12 Ablation was suc-
cessful for 60% of the scar related VTs and
86% of the VTs caused by focal automaticity.
The diYculties in ablation of scar related VT
are similar to those encountered in patients
with prior myocardial infarction; multiple
tachycardias are not uncommon, but reduction
in the number of episodes and termination of
incessant tachycardia can often be achieved.
Successful ablation of scar related VTs in
patients with sarcoidosis, scleroderma, Chagas’
disease,13 and late after repair of tetralogy of
Fallot14 have also been reported, although
experience is limited.
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Problems and emerging solutions for
ablation of scar related tachycardias

Intramural and epicardial circuits
Mapping arrhythmia foci or circuits that are
deep within the myocardium or in the epicar-
dium is being attempted in one of two ways.
Small, 2 French electrode catheters can be
introduced into the coronary sinus and ad-
vanced out into the cardiac veins. Epicardial
circuits can sometimes be identified, but only
when the vessel cannulated happens to be in
the region of the circuit. Ablation through the
vein may carry the risk of injury to adjacent
coronary artery.

Sosa and colleagues have developed an
epicardial approach inserting an introducer
into the pericardial space in the manner used
for pericardiocentesis.13 Epicardial foci have
been identified and ablated using this ap-
proach. The risk of damage to adjacent lung
and epicardial vessels requires further evalua-
tion.

The size of standard RF ablation lesions is
limited by formation of a high resistance
barrier of coagulated proteins on the ablation
electrode when its temperature reaches 100°C.
To increase current delivery without coagulum
formation, the electrode can be cooled by irri-
gation with saline, or by using a larger tip elec-
trode, which increases the surface area avail-
able for cooling by the circulating blood.10

Ablation methods that increase lesion size

could increase the risk of myocardial damage
that could further depress ventricular function.
Careful assessment of risks are required with
each advance.

Unstable monomorphic VT
Two approaches are being evaluated for
ablation of scar related VT that is diYcult to
map with a roving catheter because of haemo-
dynamic instability or instability of the re-entry
circuit. One approach involves defining the
area of scar from its low amplitude sinus
rhythm electrograms (fig 25.2, top panels);
then selecting portions of the scar likely to
contain a part of the re-entry circuit based on
the VT QRS morphology or pace mapping;
and then placing a series of anatomically
guided ablation lesions through the abnormal
region.15 16 Ellison and colleagues targeted the
likely re-entry exit region in five patients with
frequent unmappable VT. All three patients
with prior myocardial infarction were free of
recurrent VT during follow ups of 14–22
months. The procedure was not successful in
the two with non-ischaemic cardiomyopathy.15

Marchlinski and colleagues applied a more
extensive series of RF ablation lines through
regions of scar in 16 patients with recurrent
unmappable VT (prior myocardial infarction
in nine patients).16 During a median follow up
of eight months 75% remained free of VT
recurrences. One patient suVered a stroke,
emphasising the potential risk of placing exten-
sive lesions in the left ventricle.

Figure 25.3. Bundle branch re-entry tachycardia. The left hand panel shows bundle branch re-entry
tachycardia initiated in the electrophysiology laboratory. From the top are surface ECG leads and intracardiac
recordings from the right atrium (RA) and His bundle position (His). VT has a left bundle branch block
configuration and cycle length of 295 ms. Atrioventricular dissociation is evident in the right atrial recording
(RA). A His bundle deflection (arrows) precedes each QRS indicating that the His-Purkinje system is closely
linked to the tachycardia. The schematic in the right hand panels illustrates the mechanism. The wavefront
circulates down the right bundle, through the interventricular septum, and up the left bundle (top panel).
Ablation of the right bundle branch interrupts the circuit (bottom panel).
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VT that is unmappable with a single roving
catheter may be mapped with a system that
simultaneously records electrograms through-
out the ventricle during one or a few beats of
the unstable VT, following which the VT can
be terminated to allow ablation during stable
sinus rhythm. Multielectrode basket catheters
have been successfully deployed through a long
sheath into the ventricle, but have somewhat
limited sampling.17 An alternative system
(Endocardial Solutions, St Paul, Minnesota,
USA) records electrical potentials from an
electrode grid array within the cavity of the
ventricle. Electrical potentials at the endocar-
dial surface some distance away are calculated.
Sites of early endocardial activity, which are
likely adjacent to re-entry circuit exits, are usu-
ally identifiable; in some cases, isthmuses have
been identified.18 19 Schilling and colleagues
used this system to guide ablation in 24
patients (20 with prior infarction) and recur-
rent VT. During a mean follow up of 18
months, 64% were free of recurrent VT. In 15
patients Strickberger and associates achieved
ablation of 15 of 19 (78%) VTs that were
selected for ablation in 15 patients with prior
infarction; 10 were free of recurrent VT during
a short one month follow up. Major complica-
tions of stroke, perforation, and death from
pump failure occurred in three patients.
Further evaluation with regards to safety and
eYcacy are warranted.

Bundle branch re-entry VT

Bundle branch re-entry causes only 5% of all
sustained monomorphic VTs in patients re-
ferred for electrophysiologic study, but is
important to recognise because it is easily cur-
able.20 In its usual form the excitation wave-
front circulates up the left bundle branch,
down the right bundle branch, and then
through the interventricular septum to re-enter
the left bundle (fig 25.3), causing VT with a left
bundle branch block configuration. Less com-
monly, the circuit revolves in the opposite
direction. This VT occurs in patients who
slowed conduction through the His Purkinje
system and is usually associated with severe left
ventricular dysfunction. The sinus rhythm
ECG usually displays incomplete left bundle

branch block. The VT is often rapid, com-
monly causing syncope or cardiac arrest. Abla-
tion of the right bundle branch is relatively easy
and eVective. AV conduction is further im-
paired by ablation, necessitating implantation
of a pacemaker or defibrillator with bradycar-
dia pacing in 15–30% of patients. Bundle
branch re-entry VT coexists with scar related
VTs in some patients; implantation of a
defibrillator is usually considered.

Current clinical application

Catheter ablation is a useful treatment for
selected patients with VT. It should be consid-
ered for patients with recurrent, symptomatic
idiopathic VT and is the first line treatment for
bundle branch re-entry VT.

Catheter ablation oVers improved arrhyth-
mia control in two thirds of patients who have
a mappable scar related VT (table 25.1). It can
be lifesaving for patients with incessant VT,
and can decrease frequent episodes of VT
causing therapies from an implanted defibrilla-
tor. Before considering ablation possible aggra-
vating factors should be addressed. Although
myocardial ischaemia by itself does not gener-
ally cause recurrent monomorphic VT, it can
be a trigger in patients with scar related
re-entry circuits. Furthermore severe ischae-
mia during induced VT increases the risk of
mapping and ablation procedures. An assess-
ment of the potential for ischaemia is generally
warranted in patients with coronary artery dis-
ease who are being considered for catheter
ablation. Patients with left ventricular dysfunc-
tion should also have an echocardiogram to
assess the possible presence of left ventricular
thrombus that could be dislodged and embol-
ise during catheter manipulation in the left
ventricle.

The diYculty of the procedure increases
when unmappable VTs are present. Many
laboratories restrict ablation attempts to pa-
tients with mappable VTs. Current studies
focusing on methods of ablation of unmappa-
ble VTs and epicardial and intramural arrhyth-
mia foci are likely to increase eYcacy and
applicability. Scar related VTs are often associ-
ated with poor ventricular function and multi-
ple inducible VTs. Most patients will remain

Table 25.1 Ventricular tachycardia mechanisms and ablation considerations

Mechanism
Ablation
eYcacy Complication risk

Idiopathic VT
RV outflow tract Automaticity 80–90% Low, but rare fatalities
LV verapamil sensitive Re-entry 90% Low

Post-MI “mappable” VT Re-entry
Reduction in VT episodes 70–80% 5–10%
Prevention of all VT 50–67% 5–10%

Post-MI “unmappable” ? ?

Other scar related VTs Re-entry
RV dysplasia + RV dilation Palliative ?
Non-ischaemic cardiomyopathy ∼60% Low

Bundle branch re-entry VT Re-entry through bundle
branches

100% AV block

AV, atrioventricular; LV, left ventricular; RV, right ventricular; MI, myocardial infarction; VT, ventricular tachycardia.
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candidates for an implanted defibrillator, with
ablation used for control of symptoms caused
by frequent arrhythmia recurrences.
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SECTION VI: CONGENITAL HEART DISEASE





In 1980, several reports appeared almost
simultaneously of the identification of nor-
mal cardiac anatomy in fetal life. The

recognition of several diVerent forms of struc-
tural cardiac anomaly followed soon after. At
this time, cardiac evaluation was confined to
pregnancies at increased risk of congenital
heart disease (CHD), such as those with a
family history of CHD or where extracardiac
malformations had been detected. However,
up to 90% of CHD occurs in pregnancies
where there are no known high risk features.
For this reason, in 1985 a group based in Paris
put forward the idea of teaching the obstetri-
cian to assess the heart in a simplified form
during routine obstetric scanning, which was
well established at that time in France. As a
result, four chamber view scanning became an
integral part of the fetal anatomical survey in
many countries by the end of the 1980s. In the
early 1990s, some authors suggested extending
the cardiac assessment to include great artery
scanning in order to detect a higher proportion
of cases of major congenital heart disease.1 If
cardiac screening is confined to the four cham-
ber view, about 2/1000 studies will be abnor-
mal and would represent about 60% of the
major heart disease seen in infants. If the great
arteries are also examined, about 3/1000 cases
would be abnormal, and over 90% of major
heart disease would be detectable prenatally.
Therefore, in ideal circumstances, the vast
majority of serious heart malformations could
be detected before 20 weeks’ gestation. Unfor-
tunately, the reality is far from this for several
reasons:
+ diVering policies for obstetric scanning
+ diVering guidelines for scanning
+ diVering skill at scanning.

About 2% of live births have fetal structural
malformations, the majority of which can be
detected by ultrasound. About 25% of these
malformations are cardiac in nature and about
half of these are serious or life threatening.
Despite these facts, and the opportunity during
pregnancy for comprehensive evaluation of the
fetal anatomy in fine detail, there is no universal
agreement as to either the necessity for or the
technique of fetal anatomical scanning. Some
countries, such as Norway, France, and Ger-
many, have instituted a government sponsored
policy for routine anatomical screening by ultra-
sound. In the UK, routine screening is generally
well accepted but not uniformly adopted or
standardised in all parts of the country. In the
USA, routine scanning is not recommended but
is allowed only for specific indications, although
these are fairly all encompassing. In practice, this

leads to later scanning in the US and “targeted”
scanning rather than a comprehensive anatomi-
cal survey.

Where an anatomical survey is performed,
the timing of the scan varies—for example, in
France it is usually between 20–22 weeks, in
Norway 18 weeks. In general, the later in the
mid-trimester that scanning is performed the
more successful will be the detection of abnor-
malities, partly because scanning becomes
easier and partly because some lesions become
more evident as pregnancy advances. However,
later detection of malformations will limit the
options for interrupting the pregnancy or make
it much more diYcult both emotionally for the
parents and technically for the obstetrician.
Thus, the ideal policy would be a universal
anatomical scan at a compromise time of
between 18–20 weeks’ gestation.

Although there are recommended guidelines
for the technique of fetal scanning provided by
the Royal College of Obstetricians and the
American Colleges of Obstetrics and of Radiol-
ogy, none are enforced and there is no
standardisation of practice. This would be much
easier in the UK than in the US and could be
universally computerised to a standard format,
but to my knowledge this is still not happening.

The skill involved in scanning is extremely
variable for several reasons. A sonographer,
whether a technician, an obstetrician, or a
radiologist, needs:
+ to train with a high volume of patients
+ to maintain skills continuously with suY-

cient numbers of patients
+ to be exposed continually to a critical

number of abnormal fetuses
+ to be provided with constant feedback and

retraining.
In order to achieve and maintain a high level

of expertise in scanning, the practitioner
should be doing this as a full time or nearly full
time commitment. Where ultrasound is per-
formed in small numbers, the requisite practice
necessary is quite unattainable. Nearly all
scanning in the UK is hospital based, with
delivery numbers usually over 2000 per year.
Therfore, the necessary volume of patients is
less of a problem in the UK than in the US,
where scanning often takes place in private
oYces in small numbers.

As a result of the diVering policies and stand-
ards in obstetric ultrasound, the results of the
detection of all malformations in the screening
setting varies with the organ involved, but is par-
ticularly poor in reference to the heart. During
screening, reported detection rates vary between
4.5% and 96% for major CHD, with the most
papers giving a rate of 15–20%.2–6 This is
consistent with recent experience in our referral
centre for paediatric cardiology, when 18% of
infants requiring cardiac surgery in the first year
of life during 1998 were identified prenatally.
The rate of detection of four chamber view
anomalies prenatally is better, but averages only
about 50%,7 8 despite the fact that universally
nearly all pregnancies are scanned at least once
(figs 26.1, 26.2, and 26.3). Thus, the technology
and personnel are in place in obstetric care, but
they are not used to their maximum capability.

26 Antenatal diagnosis of heart disease

Lindsey Allan
175



Cardiac evaluation at referral to
paediatric cardiologists

A common misconception among paediatric
cardiologists is that fetal cardiology is the same
as paediatric echocardiography but a bit
smaller. Therefore, nearly all paediatric
echocardiographers in the US would not hesi-
tate to oVer fetal echocardiography as part of
their practice. However, it is clear that quite a
diVerent spectrum of disease is seen prena-
tally,9 and fetal heart scanning is quite a diVer-
ent skill. Success in accurate diagnosis will be

partly dependent on technical skills, which
again require training and practice. In the US,
there are recommended guidelines for training,
and a minimum number of scans in order to
maintain skills, but these are not commonly
known and certainly are not adhered to.
Experience of fetal malformations therefore is
so diluted that few practitioners have suYcient
numbers to maintain a high standard of exper-
tise. In addition, most paediatric cardiologists
know little of fetal medicine and obstetric
pathology, which have an important influence
on fetal cardiac evaluation.

Although the majority of paediatric cardiol-
ogy centres in the UK now oVer fetal
echocardiography, this is usually confined to
one or two cardiologists and, theoretically,
there should be suYcient numbers in each
regional centre to provide adequate experi-
ence. However, there is no system of indepen-
dent review or systematic quality control in
place anywhere, to my knowledge. Indeed, in
the US, pathological correlation after termina-
tion of pregnancy is quite rare for various
reasons, not least being the diYculty in obtain-
ing remuneration for pathological services,
despite their vital role in quality control.

Problems and limitations

Limitations of fetal echocardiography are
related to:
+ image quality
+ subtle lesions, such as small ventricular

septal defects
+ developing or progressive lesions
+ lesions which are undetectable before birth.

Image quality is dependent on the skill and
experience of scanning in addition to local fac-
tors such as gestational age, fetal position, and
the thickness of the maternal abdomen. Mater-
nal obesity is an increasing problem every-
where but particularly in the US, especially in
the poorer states. This is the most important
limitation to image quality, which in turn will
limit confidence in excluding malformations in
the fetus in any anatomical system. Even
though the resolution of ultrasound equipment
has improved vastly since the early 1980s, a
great deal more detail is also expected during
fetal scanning, and there are a significant
proportion of patients where detail is just not
possible because of the way scanning is
presently organised. As up to 10% of adult
Americans are said to be morbidly obese, this
group should probably be managed with a dif-
ferent strategy, perhaps with early transvaginal
scanning instead of transabdominal scans; to
date this problem has not been addressed by
the ultrasound community.

In a small proportion of fetuses, CHD
becomes evident or more evident as pregnancy
progresses.3 Thus, the cardiac evaluation can
be normal at 18 weeks although a significant
malformation is found later or at birth. This is
true of some cases of aortic or pulmonary ste-
nosis, cardiac tumours, or cardiomyopathies. It
is rare for a life threatening malformation to

Figure 26.1. A normal four chamber view showing a
heart of normal size (about one third of the thorax) in
a normal position within the thorax (about 45° to the
midline). There are two equally sized atria and two
equally sized ventricles. In the moving image both
atrioventricular valves would be seen to open equally.
There is a “cross” at the crux of the heart, where the
atrial and ventricular septum meet at the insertion of
the two atrioventricular valves. LA, left atrium; RA,
right atrium; LV, left ventricle; RV, right ventricle.

Figure 26.2. The fetal heart is oriented similarly to the
normal example seen in fig 1. The most common
anomaly detected prenatally is depicted. There is no
“cross” appearance at the crux of the heart owing to a
common atrioventricular junction and a complete
atrioventricular septal defect. Despite the obvious
difference between this and the four chamber view of
the normal heart, only about 50% of cases are
detected in fetal life.
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arise after 20 weeks’ gestation, but it can occur.
In addition, minor lesions can be overlooked
because of the limits of ultrasound resolution,
such as small ventricular septal defects; a
persistent arterial duct and an atrial septal
defect cannot be predicted prenatally as these
communications are always present prenatally.
Thus, there are confidence limits with even
detailed fetal heart scanning. It is important to
realise, however, that confidence limits may be
much wider with poor image quality.

Latest technologies

By 14 weeks’ gestation, the cardiac connections
can be identified in many patients transab-
dominally. The connections can be seen in
almost all patients at this stage transvaginally,
however, and in much finer detail than on the
transabdominal scan. Expertise with this tech-
nique is essential and the paediatric cardiolo-
gist should use the experienced gynaecological
technician to display the fetal cardiac images,
in a setting where transvaginal scanning is rou-
tine. At present, a cardiac scan at 14 weeks is
confined to the high risk patient, such as those
with a family history of CHD or those whose
fetus has been found to have an increased
nuchal fold.

The data concerning nuchal translucency in
early pregnancy (10–12 weeks) are fascinating
and intriguing.10 When the translucent region
at the back of the neck is increased in size, there
is a high incidence of associated chromosomal
anomalies, cardiac malformations, or both,
with the incidence of heart disease increasing
with increasing nuchal thickness. Conversely,
50% of fetuses subsequently found to have
CHD had an abnormal nuchal fold measure-
ment. This may reflect the “insult” which has
caused the fetal heart malformation. Extension
of the nuchal translucency screening program,
which has received little attention in the US so
far, is likely to have important implications for
the improved detection of both chromosomal
and cardiac malformations. In addition, the
earlier the diagnosis of fetal malformation is

made in pregnancy, the more likely are parents
to choose interruption. If a pregnancy with
increased nuchal thickening is continuing, fetal
echocardiography is recommended, ideally at
14 weeks, which is the earliest time a cardiac
scan can be completely comprehensive.

Impact on paediatric cardiology

The impact on paediatric cardiology may
include:
+ reduced prevalence of CHD, especially

complex forms
+ improved morbidity after delivery and peri-

operatively
+ improved perioperative mortality.

Decisions about termination of pregnancy
are influenced by many diVerent factors,
including gestational age at diagnosis, social
circumstances, and socioeconomic group.
Generally speaking, however, if complex heart
disease is detected in a pregnancy at less than
20 weeks’ gestation, over half the parents will
choose to interrupt the pregnancy. This is true
in the UK and the US. Thus, about half of the
complex forms of CHD which the paediatric
cardiologist would expect to see and treat post-
natally may only be seen once in prenatal life.
As fetal cardiology preferentially detects the
complex forms of heart disease which require
long term cardiac care and follow up, this is
bound to have an impact on paediatric cardiol-
ogy in the future. As an example of this, termi-
nation of pregnancy has been shown to have
lowered the prevalence of pulmonary atresia in
England and Wales, compared with Scotland
and Ireland where either the diagnosis was not
made in the fetus or termination was not cho-
sen.11 The frequency of complex one ventricle
type cardiac repairs may therefore become less
common in the coming years.

Some forms of CHD are associated with
early decompensation and even death of the
infant before the malformation can be recog-
nised and treated. This applies mainly to those
where either the pulmonary or systemic circu-
lation is dependent on the patency of the arte-
rial duct, or the lesions which require “mixing”
at an adequate atrial septal defect such as
transposition of the great arteries or total
anomalous pulmonary venous drainage. It
appears intuitively obvious that if CHD is rec-
ognised prenatally and delivery takes place in
or near a paediatric cardiology centre, thus
avoiding delay in diagnosis and emergency
transfer of a sick neonate, the morbidity for the
infant will be minimised. This has been shown
in several studies although improvement in
mortality has been harder to prove, partly
because fetal echocardiography preferentially
detects more severe forms of CHD which have
a higher mortality per se.12 13 However, a recent
study of infants with transposition of the great
arteries, where there were adequate numbers to
answer this question, showed conclusively that
there was a much lower mortality in those cases
prenatally diagnosed.14 Thus, the impact on
paediatric cardiology, if fetal heart scanning

Figure 26.3. This fetal
heart is oriented similarly
to the normal example
shown in fig 1. The
second most common
anomaly detected
prenatally is depicted.
The left atrium is small.
The left ventricle is
hypoplastic with the right
heart forming the apex.
The mitral valve is not
patent. This is mitral
atresia, in its most
frequent setting of the
hypoplastic left heart
syndrome. Again, this
defect is only detected
prenatally in just over
half of cases.
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improved to the ideal level of expertise, would
be a decrease in the number of complex
malformations, but those patients with CHD
who come to surgery would do so in optimum
status without prior insult. This would have a
potentially significant eVect on saving of
resources by reducing complex disease and
improving both the cardiac and neurological
outlook for the survivors of treatment.

Medico-legal aspects

Certainly in the US, and increasingly in the UK,
one is continually aware of the fear of litigation.
One would imagine that this would result in
more rigid standards and codes of practice in the
US, but in reality this does not appear to
happen. Litigation is so sporadic, and frequently
occurs in the most unexpected circumstances,
that it does not seem to deter careless attention
to training or practice guidelines. In the case of
an obstetrician who misses a four chamber view
anomaly on a prenatal scan, the parents can sue
for wrongful life. To my knowledge there is no
precedent for this in court, although out of court
settlements have been made in such circum-
stances. However, the RADIUS study was a
large multicentre scanning program based in the
midwest and eastern US, where no cardiac mal-
formation was detected outside tertiary centres,
despite a supposedly uniform scanning format.15

This publication gives the obstetrician a reason-
able defence that such malformations are not
detectable by the present general “standard of
care”. A little threat of litigation may be no bad
thing if it encourages self regulation within the
medical profession, uniform codes of practice,
and quality control initiated by doctors them-
selves. However, an atmosphere of litigation,
especially if the application and outcome of suits
are extremely unpredictable, leads to bad
clinical practice, with over investigation and over
treatment.

Differences between the UK and the US

Some of the diVerences between the UK and
the US in terms of the practice of fetal cardiol-
ogy have been alluded to above. The most
striking diVerence in medical practice is that in
the UK there is, in general, an atmosphere of
collective responsibility for the health service
among doctors, and for the impact of care on
society as a whole. Despite the dissatisfaction
among the medical profession in the UK,
which appears to have grown in the last 10
years, the organised nature of the UK National
Health Service provides a unique opportunity
for imposing and maintaining uniform stand-
ards of practice and for collecting data for
quality control across the whole service. This
would demand a willingness on the part of
practitioners to be part of a drive to improve
the quality of service and to confront the
hazards of “audit”, but such an eVort would be
applicable to many aspects of obstetric and
paediatric cardiology practice.
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There is growing evidence of an increas-
ingly complex and multifactorial aeti-
ology of heart diseases.1 w1 It seems

likely that the large geographic variations in
cardiovascular disease (CVD) morbidity and
mortality,w2 even though at least partly genetic
in origin, are influenced by factors acting
prenatally and in early life, or by a combination
of factors present throughout the life course.
Changes in fetal growth pattern have been
related to adult disease risk,1 and there are
many theories about the underlying mecha-
nisms aVecting cell division during critical
periods of tissue development. The critical
periods vary according to the tissue in
question, and that is why there have been
attempts to explore the timing of exposure in
order to predict more specifically the adult dis-
ease risk.

This article examines: firstly the historical
evolution of theories on childhood factors
which have an influence in adulthood; secondly
what is known today about the eVect of early
life factors on heart disease risk; and thirdly the
specific problems in longitudinal studies which
explore these factors and adult disease risk.

Dawn of the “hypothesis of the 20th
century”

Biological programming: a new theoretical
model about the aetiology of heart disease
The dawn of modern epidemiology came after
the second world war, first with ecological
studies comparing CVD incidence and mor-
tality, and subsequently multicentre cross
sectional and follow up studies on CVD.w3 The
studies showed that populations with high
CVD mortality have high cholesterol and high
blood pressure, and that smoking and obesity
are common among these populations.w4 This
led to the lifestyle model in understanding the
aetiology of chronic diseases, where the key
issues are health behaviour and the interaction
between genes and an adverse environment in
adult life. This was consequently followed by
intervention programmes, which have signifi-
cantly improved heart disease risk status in
many countries.w3 However, lifestyle factors
only explain part of the heart disease risk,
which is why other reasons have been sought.
For example, in the mid 1980s Rose pointed
out that the well established risk factors for
coronary heart disease (CHD)—cigarette
smoking, high serum cholesterol, and high

blood pressure—have a limited ability to
predict disease risk in adults.w5 In the large
international MONICA (monitoring trends
and determinants in cardiovascular disease)
project,w2 w4 only 25% of the variance in CHD
mortality was explained by conventional risk
factors. Could childhood influences explain
this gap in our understanding of the aetiology
of CVD?

In Norway in the 1970s, Forsdahl2 put
forward the hypothesis that the geographical
diVerences in CVD mortality might not be
related to the contemporary circumstances, but
to poverty or deprivation in early life (table
27.1). However, the importance of fetal and
early life circumstances for adult health had
been suggested almost a century earlier by the
chief medical oYcer to the Board of Education
in Britain, who wrote: “recent progress has
shown that the health of the adult is dependent
upon the health of the child and that the health
of the child is dependent upon the health of the
infant and its mother”.w6

A new hypothesis developed following obser-
vations in the 1980s by Barker and colleagues,
in accordance with Forsdahl, based upon posi-
tive relations between the areas with the highest
CVD and infant mortality rates,3 and lower
birth weight and increased risk of CVD
mortality4 (table 27.1). These historical cohort
studies3–5 w7 w8 and evidence from animal experi-
ments1 w9 suggest that chronic diseases are bio-
logically “programmed” in utero or in early
infancy. Programming is the process where a
stimulus or insult (for example, undernutri-
tion, hormones, antigens, drugs or sensory
stimuli) at a critical period of development
induces long lasting changes in cells which in
turn changes the structure or function of
organs, tissues or body systems.w7 w10 In the case
of heart disease, it is hypothesised that fetal
undernutrition during middle gestation in par-
ticular raises the risk of later disease by the
programming of blood pressure, cholesterol
metabolism, blood coagulation, and hormonal
settings.5 Consequently, it was suggested that
the lifestyle model in the evolution of adult
degenerative diseases needs to be replaced by a
new model, the central feature of which is the
concept of biological programming in fetal and
infant life. This revolutionary model of the 20th
century has received both an enthusiastic and
sceptical response. Critical testing of this
model is warranted owing to inevitable biases
related to historical studies.

Social programming and adult diseases
During the past 10 years sociomedical research
has pointed out the importance of social diVer-
ences between countries and populations in
explaining diVerences in health. This ideology
has created a social programming model in paral-
lel to the biological programming model.6

Social programming means that the eVect of
the early social environment on health is medi-
ated by the social environment and school
achievement during growth, and by employ-
ment opportunities, living conditions, and life-
style factors. The social programming model is
supported by various studies showing an inde-

27 Fetal and infant markers of
adult heart diseases
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pendent eVect of childhood social circum-
stances on adult health.7 w11

Evidence for an association between
childhood factors and heart disease
risk

Heart disease morbidity and mortality
The first studies reporting an association
between birth weight and CHD came from
Hertfordshire and SheYeld study popula-
tions.4 8 Both in men and women—even though
the relation was weaker in women9—CHD

mortality decreased progressively with increas-
ing birth weight. Since then there have been
several, mainly retrospective cohort studies
which have replicated these observations and
also demonstrated the association between size
at birth and non-fatal CHD.w12 w13 To date, there
have been over 400 papers published during
the past 15 years dealing with prenatal and
early life factors related to CVD mortality and
disease risk.

The association between birth weight and
disease outcomes is, with few exceptions,10

consistent with data based upon the older gen-
erations born in the early 1920s or 1930s from

Table 27.1 Early fetal origin hypotheses developing studies

Author and title of study
Year of
publication Study population Main observations and interpretations

Forsdahl. Are poor living
conditions in childhood and
adolescence an important risk
factor for arteriosclerotic heart
disease? 2

1977 20 northern counties in Norway;
men and women aged 40–69
who lived their infancy,
childhood and youth in 1896 to
1925.

In the counties where infant mortality (INFmo) was high, the same generation
had both a high total mortality and ischaemic heart disease (IHD) mortality
in middle age. Variations in IHD mortality rate between counties is linked to
variations in poverty in childhood and adolescence because INFmo is a
reliable index of standard of living. Forsdahl suggested that poverty followed
by prosperity is a risk factor for IHD.

Barker et al. Infant mortality,
childhood nutrition, and
ischaemic heart disease in
England and Wales.3

1986 England and Wales; county
boroughs (CBs, larger towns),
London boroughs (LBs), urban
areas (metropolitan boroughs
and urban districts), rural areas
within counties. IHD rates in
1968-78 (35–74 years); INFmo
in 1921-25.

On division of the country into 212 local authority areas a strong geographical
relation was found between IHD mortality rates at ages 35–74 years and
INFmo in 1921-25. IHD mortality rates are highest in the least aZuent areas.
It was suggested that poor nutrition in early life increases susceptibility to the
eVects of an aZuent diet in later life, and that predisposition to IHD is related
to nutrition during prenatal period and early childhood.

Barker et al. Weight in infancy
and death from ischaemic heart
disease.4

1989 Six districts of Hertfordshire,
England; 5654 men born in
1911-30.

One of the first articles about hypothesis of an eVect of early life factors on
IHD. Men with the lowest weights at birth and at 1 year had the highest death
rates from IHD. The standardised mortality ratio (SMR) fell from 104 in men
whose birth weight was 2.5 kg or less to 62 in those who weighed between
4.0–4.3 kg, but rose slightly in the highest birth weight category. The paper
showed the relation for the first time. Though inaccuracies, eg, in birth weight
measurements, exist this gives evidence of the importance of fetal life on
subsequent diseases. The interpretation was that greater early growth will
reduce deaths from IHD. Later in 1990s it was shown that those who where
thin at birth but caught up during infancy were particularly prone to IHD
risk.

Barker et al. Growth in utero,
blood pressure in childhood
and adult life, and mortality
from cardiovascular disease.13

1989 England, Wales, and Scotland.
(1) In 1970 one week sample,
n=9921 in the analyses. (2) In
1946 one week stratified sample
(MRC national survey),
n=3259.

In children at 10 years and adults at 36 years systolic blood pressure was
inversely related to birth weight (independent of gestational age). Within
England and Wales 10 year olds living in areas with high cardiovascular
disease (CVD) mortality were shorter and had higher resting pulse rates than
those living in other areas. Their mothers were also shorter with higher
diastolic blood pressure. This suggested there are persisting geographical
diVerences in the childhood environment that predispose to diVerences in
CVD mortality.

Barker et al. Fetal and placental
size and risk of hypertension in
adult life.12

1990 Preston, Lancashire, UK n(men
and women)=449

In both sexes systolic and diastolic blood pressure were strongly related to
placental weight and birth weight. The highest blood pressures occurred in
the people who had been small babies with large placentas. Discordance
between placental and fetal size may lead to circulatory adaptation in the
fetus, altered arterial structure in the child, and hypertension in the adult. It
was discussed that women’s nutrition in childhood may be linked to blood
pressure in the next generation.

Hales et al. Fetal and infant
growth and impaired glucose
tolerance at age 64.14

1991 468 men born in 1920-30, (in
Hertfordshire, England) aged 64
had a standard 75 g oral glucose
tolerance test.

Men who were found to have impaired glucose tolerance or diabetes had had
a lower mean birth weight and a lower weight at 1 year. Reduced early growth
was also related to a raised plasma concentration of 32-33 split proinsulin.
These trends were independent of current body mass. The results may be a
consequence of fetal undernutrition and programming of the endocrine
pancreas. The researchers favoured environmental explanation for their
findings instead of genetic determination, on the one hand because
disturbance of insulin production was manifested by growth failure in early
life long before the onset of adult glucose intolerance, and on the other hand
because maternal nutrition was thought to have a strong influence on fetal and
infant growth.

Barker et al. The relation of
small head circumference and
thinness at birth to death for
cardiovascular disease in adult
life.8

1993 SheYeld, England n(men)=
1586

SMR for cardiovascular disease fell from 119 in men who weighed 5.5 pounds
(2495 g) or less at birth to 74 in men who weighed more than 8.5 pounds
(3856 g). The fall was significant for premature cardiovascular deaths up to 65
years of age. SMR also fell with increasing head circumference and increasing
ponderal index. They were not related to the duration of gestation. The
findings showed that reduced fetal growth is followed by increased mortality
from CVD. Based on this further evidence for the first time it was proposed
that CVD originates through programming of the body’s structure by the
environment during fetal life.
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diVerent countries. However, it is not known
how these observations apply to younger
generations assuming that younger generations
must have had better nutritional status in early
life. The historical cohorts on which these
observations are mainly based are liable to bias
owing to selective survival and availability of
data records.

Early life factors and intermediate heart
disease risk factors/conditions
The associations between markers of fetal
growth and intermediate risk factors are less
consistent than evidence for morbidity and
mortality. These include birth measures in
relation to plasma concentrations of choles-
terol, apolipoprotein B,w14 and fibrinogen,11

blood pressure,12 13 and liability to impaired
glucose tolerance and diabetes.14–16

Blood pressure has been suggested as one
link between the intrauterine environment and
the risk of CVD. Baker and colleagues studied

the correlation between birth weight and
subsequent blood pressure in three adult
populations in Hertfordshire, Preston, and
SheYeld in the UKw15 as well as in children of
diVerent ages.4 17 w16 Other studies replicating
Barker’s have been made on various child
populations.18 19 w17–19 The key findings include
an inverse independent relation between birth
weight and subsequent systolic blood pressure,
amplified by age,12 18 19 w17–19 and an association
of lower birth weight and thinness at birth with
an increased risk of insulin resistance,16 w20 w21

which is an important risk factor for heart dis-
eases. Observations are not consistent; weak,
non-linear or insignificant correlations between
birth weight and blood pressure have been
reported,20 w22 particularly among younger
populations.

A correlation between possible undernutri-
tion and serum cholesterol has been noted in
men and women in some studies,w14 w21 but
there are also studies which show no relation.w23

The association between body length at birth
and cholesterol might reflect abnormal intra-
uterine growth, in which retarded trunk and
visceral growth is associated with alterations in
lipid metabolism. Abdominal circumference at
birth, which reflects visceral growth, has been
related to serum cholesterol concentration in
adults.5

Lower birth weight and weight at 1 year of
age have been associated with subsequent
development of type 2 diabetes mellitus in
adult life. In the Hertfordshire study, the men
with impaired glucose tolerance and diabetes
had lower weight gain prenatally and during
infancy than men without.14 The plasma 32-33
split proinsulin concentration fell with increas-
ing weight at 1 year. All the findings were inde-
pendent of current body mass index (BMI).14

In the Preston study, impaired glucose toler-
ance was also related to lower birth weight and
smaller head circumference.21 Gestational age
had no influence on the results. A follow up
study of 297 women aged 60–71 years
suggests, in accordance with previous studies,
that those who had lower birth weight had
higher plasma concentrations of glucose and
insulin.w21 Obesity in adult life adds to the dis-
advantage of low birth weight; the women who
were light at birth but are currently obese have
the least favourable risk factor profile.w21 A lon-
gitudinal study of diabetes and its complica-
tions conducted among the American Indian
population in Arizona, however, showed the
prevalence of non-insulin dependent diabetes
mellitus to be greatest not only in those with
the lowest birth weights, but also in those with
the highest birth weights.22 This study is
supported by a study on Mexican American
families.23

Patients with type 2 diabetes and hyper-
tension often have other abnormalities, such as
high plasma insulin concentrations, high serum
triglyceride concentrations, low serum HDL
(high density lipoprotein) concentrations, and
high body mass indices and waist-to-hip ratios.
This combination of abnormalities has been
called syndrome X or “small baby syn-
drome”,w24 but may be better known as insulin

Theoretical models on the evolution of
chronic disease

x Lifestyle model in the 1960s-70s

x Biological programming in fetal and infant
life model in 1980s-90s

x Social programming model in the 1990s

x Life course model in 2000, incorporating
both biological and social environments,
and their interactions

Table 27.2 Summary of the main associations between birth weight and other growth
measures and heart disease

Exposure Type of association Outcome

+ Birth weight Inverse linear; in some studies
inverse J shaped

CHD mortality and morbidity; in
particular among men, weaker in
women

Inverse (linear), J shaped or U
shaped

Fasting glucose, insulin, insulin
resistance, impaired glucose tolerance,
type 2 diabetes, metabolic syndrome

Inverse linear, but not consistently Blood pressure

+ Birth length Inverse CHD particularly in women, LDL
cholesterol

Positive or negative (placental
weight acts as eVect modifier), eVect
marginal

Blood pressure

+ Head
circumference

Inverse CVD mortality in men, impaired
glucose tolerance

+ Ponderal
index

Inverse, inverse U shaped CHD (CVD) mortality, impaired
glucose tolerance, insulin resistance,
type 2 diabetes

+ Abdominal
circumference

U shaped CHD morbidity
Inverse LDL cholesterol, plasma fibrinogen

+ Catch up
growth in
particular if
thin at birth

Positive CHD mortality, blood pressure

+Weight at 1
year

Inverse CHD mortality among men; type 2
diabetes mellitus, plasma fibrinogen,
factor VII

CHD, coronary heart disease; CVD, cardiovascular disease; LDL, low density lipoprotein.
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resistance or metabolic syndrome. Metabolic
syndrome is characterised by compensatory
hyperinsulinaemiaw24 and is associated with
increased mortality from CHD.w25 The associ-
ation of both type 2 diabetes and hypertension
with reduced fetal growth has raised the possi-
bility that these and other components of the
syndrome may have a common origin in
suboptimal development at a particular stage
of intrauterine life.14 21 In the Preston study,21

the prevalence of metabolic syndrome in both
men and women decreased progressively as
their birth weights increased. The association
between metabolic syndrome and low birth
weight was independent of gestational age and
possible confounding variables, including ciga-
rette smoking, alcohol consumption, and social
class currently or at birth.

Several reports, however, have been more
equivocal about the relation of birth related
factors to CVD and its risks, particularly stud-
ies in adolescents and young adults, and the
authors have questioned the basis and rationale
for these associations and the underlying
mechanisms.24 25 w22 w23 w26–30

The main associations between birth weight
and other growth measures and heart disease
are summarised in table 27.2.

Suggested biological/environmental
mechanisms underlying the evolution
of heart disease risk

Nutritional factors during pregnancy
There are numerous factors and mechanisms
which aVect both fetal growth,w31–33 and adult
CVD outcomes,w4 w34 which makes the analyses
of the associations and their interpretation
extremely complex (fig 27.1). Among them, in
the light of early programming, are: (1) re-

stricted maternal nutrition itself; and (2) mater-
nal or pregnancy induced physiological, meta-
bolic or hormone related conditions which may
impair fetal nutrition or otherwise aVect growth.

A primary fetal origin hypothesis from the
early 1990s stated that adult disease such as
CVD is programmed by poor maternal nutrition
during pregnancy, leading to fetal growth retar-
dation and a permanent eVect on the body’s
structure, physiology, and metabolism.5 w8 Based
on rodent experiments and human studies it
nowadays also covers other mechanisms.

Maternal nutrition
In rodents, dietary changes during gestation
induce not only growth retardation but also
permanent changes in metabolismw35 which can
be transmitted through several generations.w36

Though well supported by animal studies,26 the
evidence for similar processes in humans is
patchy and complex.w23 w37 Among indicators of
maternal nutrition in humans, low pre-
pregnancy weight, height, and BMI are associ-
ated with lower birth weight.w31 w38 which in
itself is associated with heart disease risk.w30

However, in men born in the 1920s and ’30s,
high maternal BMI together with low ponderal
index was associated with their oVspring’s
highest standardised mortality ratio for CHD.
One explanation for this contradictory finding
may be that, as suggested by animal studies,w39

the mothers themselves may have been smaller
at birth and, as a result, accumulated more fat.
Maternal height, reflecting long term nutrition,
may be an even better indicator of disturbed
long term nutrition than weight in relatively
well nourished populations. For example,
Forsen and colleagues reported that oVspring
of short, heavy mothers have higher rates of
CHD than those of taller women.27 Small stud-
ies in humans, directly examining nutritional

Figure 27.1. Intrauterine programming by prenatal determinants and life course factors in heart diseases (GF, growth factor).
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intake, suggested that women who have a high
intake of carbohydrates in early pregnancy and
a low intake of dairy protein in late pregnancy
tend to have infants who are thin at birth.w40 w41

Fetal nutrition
Other indicators of possible disturbed fetal
nutrition not directly related to maternal nutri-
tion (for example, pregnancy induced hyper-
tension, pre-eclampsia)w33 w42 have rarely been
studied in relation to adult disease risk in
humans. Evidence that hypertension during
pregnancy in humans aVects adult CVD risk is
inconsistent,w43–47 although animal data are sup-
portive.26 One diYculty, to date, has been sepa-
rating pregnancy induced hypertension from
essential hypertension because few studies
record blood pressure measurements during
pregnancy, at least not during early pregnancy,
or present data on pre-pregnancy hypertension.
High maternal blood pressure has, however,
been associated with low birth weight of
oVspring,w31 w42 which in itself is associated with
high blood pressure in adult life, but it is unclear
to what extent this reflects maternofetal under-
nutrition during pregnancy or genetic factors.

Growth patterns
The growth of the fetus is a complex process
which is still insuYciently understood. A key
concept in the “fetal origin hypothesis” is fetal
undernutrition, and its relation with adult dis-
eases. The human evidence, as described
above, is based on studies where birth meas-
ures have been related to diVerent adult heart
disease outcomes in diVerent populations. This
is strongly supported by the animal experi-
ments, and stresses the importance of the feto-
maternal environment. Barker5 has diVerenti-
ated undernutrition during pregnancy by
trimesters, and he suggests that the down regu-
lation of growth during the first trimester leads
to a proportionately small child who has
increased risk of raised blood pressure and may
possibly die of haemorrhagic stroke. Under-
nutrition during the second trimester leads to a
disturbed fetoplacental relation, and insulin
resistance or deficiency; consequently birth
weight is reduced and the baby is thin, and has
an increased risk of raised blood pressure, non-
insulin dependent diabetes, and death from
CHD. Undernourished babies during the last
trimester in turn may have growth hormone
resistance or deficiency, and consequently they
are short but birth weight is within the normal
range. These adults may have raised blood
pressure, raised LDL (low density lipoprotein)
cholesterol concentration, and increased risk of
CHD and thrombotic stroke.

Later growth patterns, particularly catch-up
growth,w48 have been reported to relate to heart
disease risk. For example, children who are thin
at birth but become obese in later life or have
high catch-up growth in infancyw48 appear to be
at higher risk. However, it is not known why
catch-up growth is detrimental, but one possi-
bility is that fetal growth restriction leads to
reduced cell numbers, and subsequent
catch-up growth is achieved by overgrowth of a
limited cell mass.

Hormonal evidence related to fetal growth
and later heart disease risk
Fetal growth is also aVected by several
hormones, growth factors, and genetic factors
(fig 27.1). A recently proposed underlying
mechanism, based mainly on animal studies,
suggests that increased blood pressure in adult
life is caused by increased exposure to cortico-
steroids during fetal life. This might result from
reduced placental 11â-hydroxysteroid dehy-
drogenase (11â-OHSD) activity or increased
corticosteroid release secondary to disturbed
nutrition.w9 w49–51 Increased exposure in turn
may lead to permanent tissue damage, and
programming of adult disease.1 w52 There are
data supporting similar mechanisms in
humans—for example, studies have found that
birth weight is correlated with placental
11 â-OHSD activity,w50 and cortisol concentra-
tions in adult life correlate with birth weightw53

and adult blood pressure. w54

Insulin and insulin-like growth factors are
likely to have a substantial influence on fetal
growth. Insulin stimulates growth through sev-
eral mechanisms: by increasing uptake and uti-
lisation of nutrients; by direct mitogenic
actions; and by increasing the release of other
hormones and growth factors.w55 However, the
final role of these factors in the evolution of
adult disease risk is largely unknown, although
it can be speculated that via the eVects on fetal
growth the disturbances in the regulation of
these factors lead to increased risk of adult
chronic diseases.

Genetic evidence
The role of genetic factors is poorly understood
even though a familial aggregation of CHD and
hypertension is clear. A complementary expla-
nation for the observed associations between
fetal growth and adult phenotypes could be
provided by genomic variation which alters the
function and/or regulation of genes influencing
both phenotypes. Recently the first small
genetic studies have been published which
stress the importance of possible gene–
environmental interaction.w56 w57 Disturbances
or variations in genes which regulate either
insulin or glucocorticoid action or metabolism
may reduce birth weightw58 and thus possibly
increase the risk of insulin resistance in
adulthood. In Mexican American families,
Stern and colleagues23 dissected the relation
between birth weight and adult insulin resist-
ance into two components: (1) a sporadic,
environmental association between low birth
weight and adult insulin resistance; and (2) a
genetic association between high birth weight
and adult insulin resistance. This is in agree-
ment with the studies suggesting non-linear
association between birth weight and impaired
glucose tolerance.22 There is a debate over
whether these eVects/associations are truly
genetic or whether they are caused by the
environment—that is, phenotypic. A future
challenge is to determine the relative contribu-
tions of genes and environmental factors to the
fetal and adult phenotypes.
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Other possible models in the evolution
of heart diseases and limitations of the
studies

In Europe there are more than 20 large
longitudinal studies in which the main focus
has been or is to study prenatal or early life fac-
tors in relation to adult disease risk. Many of
them are historical cohort studies, or data col-
lection has started after birth retrospectively at
various points of life. The most important his-
torical cohort studies, from the point of view of
the fetal origin hypothesis, are the Hertford-
shire,4 14 Preston,12 21 and SheYeld8 studies, as
well as the Helsinki27 and Uppsala28 cohort
studies.

The studies to date have had a number of
important limitations that complicate
interpretation. They have not been able to
address the complexities of interactions be-
tween environmental and genetic factors in
explaining the associations between maternal,
fetal, and later life factors in the evolution of
adult CVD risk. This is because they have been
variously too small; retrospective and therefore
subject to survival and selection biases; or pro-
spective, but in children and adolescence and
therefore have not been able to examine adult
phenotypes. It has also been questioned
whether a study with a completely diVerent a
priori hypothesis should be used at all for other
purposes. However, the use of old data for
studying early life factors is justified consider-
ing the latency between early exposure and
adult outcomes. For example, Barker’s studies
based on early last century cohorts have been
extremely valuable hypotheses developing
studies, which should now be replicated in
younger cohorts reaching adult age.

An important consideration and future chal-
lenge to explore from the point of view of the
biological programming model is the extent to
which associations between the fetal environ-
ment and adult health may be confounded by or
interact with measures taken later in life.20 w1 w29

For example, adult weight and height have been
reported to be stronger predictors of blood pres-
sure than birth measures,w47 but observations
from diVerent studies are inconsistent. A further
question concerns the relative influence of
childhood and adult measures of socioeconomic
status, and health behaviour. Several studies
report a powerful association between markers
of social status or wealth in childhood or adult-
hood, and the risk of adult chronic diseases and
mortality.18 w59 The risk of premature death from
CVD appears to be particularly sensitive to
socioeconomic influences acting in early life,w60

but the results from diVerent studies vary.18 28

w61–63 A recent review of the influence of early-life
socioeconomic environment on the risk of adult
disease concluded that both early-life and later
circumstances are important.7

Figure 27.1 shows a simplified framework
for the diVerent associations between the vari-
ous factors in the prenatal period and their
eVect on adult health. It is evident that no sin-
gle model is able to explain heart disease risk.

This is mainly because there is a vast amount of
evidence that: (1) socioeconomic and living
circumstances have an independent eVect on
adult health; (2) health behaviour aVects
disease riskw3; (3) genetic factors may have an
important role in the programming process
and possible gene–environment influences; and
(4) the impact of chain eVects and clustering of
disadvantageous factors on disease risk. The
clustering eVect diVers from programming in
that it does not expect necessarily to take into
account any critical period. It has been
questioned if “critical periods” should be taken
into account not only during fetal life but later
over the life course.

It is reasonable to assume that early
programming is a result of an interaction
between fetomaternal environment and indi-
vidual genotype. The “inborn” predisposition
to later disease is in turn modified by factors
along the life course. The variate of social and
biological programming, the multidisciplinary
life course model provides an alternative way of
exploring the association between early life
environment, both social and biological, and
adult disease risk. This approach points out
that there is a clear need to establish studies by
assembling cohorts where measures of pre- and
postnatal determinants have been previously
recorded in diVerent populations living under
diVerent conditions in order to explore path-
ways and mechanisms in the evolution of heart
diseases.

Conclusions

Inconsistencies between and within studies
exist, and relations of varying degrees of
strength have been described. With the avail-
able evidence of the relation between early life
factors, intermediate CVD risk factors, disease

Early life factors and adult heart disease
risk: summary

x A number of factors throughout the life
course aVect adult disease risk, starting in
utero

x A number of studies show that fetal growth
is related to adult heart disease mortality,
morbidity, and risk factors

x Several factors aVect fetal growth and
subsequently may contribute to adult
disease risk

x There are only a few studies in humans
with extensive life course data to explore
the association between prenatal and
infancy exposures and adult disease or risk
outcomes

x We do not know the mechanisms by which
the observed associations are evoked or
mediated in humans, or whether the same
relations apply to older and younger
cohorts
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incidence, and mortality, it remains unclear
whether the associations are primarily a mani-
festation of intrauterine programming of CVD
risk due to poor maternal nutrition itself or
other influences in utero unrelated to maternal
undernutrition, such as defective placentation,
and hypertension or other aspects of the
genetic, metabolic or circulatory milieu. Stud-
ies need to address the extent to which fetal
environment and early life experiences act on
adult health through independent or interme-
diary mechanisms, and the extent to which the
associations between birth variables and dis-
ease risk are independent of later social
environment and living habits.
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Inerventional catheterisation in the treat-
ment of patients with congenital heart dis-
ease has expanded dramatically since Rash-

kind first introduced balloon atrial septostomy
in 1966. In many centres up to half of all
cardiac catheterisations in congenital heart
disease are therapeutic rather than diagnostic.
Developments in plastics and alloy engineering
have led to improvements in equipment for
balloon or stent treatment and these tech-
niques are playing an increasing role in the
management of adults with congenital heart
disease. The only existing guidelines, which
represent the American consensus of opinion,
have been published by the American Council
on Cardiovascular Disease in the Young.1

Right ventricular outflow obstruction

Pulmonary valve stenosis
Balloon dilatation has proved extraordinarily
successful in the treatment of pulmonary
stenosis at any age. Improvements in guide wire
technology and in balloon design have allowed
successful transvenous valvoplasty to be car-
ried out at very low risk even in the premature
neonate and, in contrast to treatment of aortic
stenosis, ballooning the pulmonary valve is
eVective even in the presence of cusp calcifica-
tion in adult life.

There are no absolute indications for inter-
vention in pulmonary stenosis and diVerent
centres vary in their threshold for treatment. In
general pulmonary stenosis is a well tolerated
lesion and the risk of sudden death is much
lower than with obstruction to left ventricular
outflow. Pulmonary stenosis does not always
become more severe with age and may
occasionally improve or even resolve spontane-
ously. Clinical signs and symptoms (usually
exercise intolerance if the obstruction is
severe), ECG changes, and echocardiographic
findings all play a part in timing of interven-
tion. As an approximate generalisation the
combination of right ventricular hypertrophy
and a peak flow velocity of 4 m/s or greater
would encourage most cardiologists in the UK
to intervene. Technically pulmonary balloon
valvoplasty is usually straightforward,2 with
optimum results being obtained with a balloon
diameter between 120–150% of the diameter
of the valve. It is rarely necessary to resort to
surgery whatever the age of the patient, the
exception being severe valve dysplasia when
elasticity of the deformed cusps prohibits

eVective valvotomy (surgical resection of the
cusps rather than valvotomy may be required).
Pulmonary regurgitation induced by balloon
valvoplasty is usually mild, appears to be well
tolerated even in the long term, and does not
appear to be any more severe than regurgita-
tion after surgical valvotomy.

Some degree of infundibular stenosis often
occurs with valvar stenosis. This is frequently
related to right ventricular hypertrophy and may
gradually resolve spontaneously after valve
obstruction is treated; a failure of reduction in
right ventricular pressure immediately after bal-
looning does not necessarily indicate failure of
the procedure and patience may be required
before making a definitive assessment of the
results.3

In complex cyanotic heart disease associated
with valvar pulmonary stenosis it is sometimes
possible to improve pulmonary blood flow by a
“limited” valvoplasty, thereby avoiding the
need for palliative shunt surgery.4 The major
factor in achieving good results is very careful
patient selection and careful judgement of bal-
loon diameter to avoid excessive pulmonary
blood flow.

Infundibular stenosis
Infundibular stenosis, because it is usually
muscular, is generally treated surgically. How-
ever, on rare occasions infundibular stenting
can oVer eVective palliation when surgical
“correction” of a complex anomaly is not
possible—for example, tetralogy of Fallot with
diVuse pulmonary hypoplasia.5 Young children
with hypercyanotic attacks associated with
tetralogy of Fallot may benefit from balloon
dilatation of the right ventricular outflow tract,
even when the obstruction is principally
infundibular.6 The mechanism for this im-
provement is not clear, but it seems likely that
tearing and subsequent scarring of the in-
fundibular muscle is involved.

28 Interventional catheterisation.
Opening up I: the ventricular outflow

tracts and great arteries

John L Gibbs

Balloon dilatation for pulmonary valve
stenosis

x Treatment of choice for valvar pulmonary
stenosis at any age, even in adults with
valve calcification

x Main determinant of success is balloon size
–A balloon of up to 150% the diameter
of the valve may be required, in
contrast to dilatation of the aortic valve,
when large balloons are dangerous

–“Limited” balloon valvoplasty may
provide good palliation in complex
cyanotic heart disease with pulmonary
stenosis

x Infundibular stenosis caused by right
ventricular hypertrophy associated with
valvar stenosis often improves
spontaneously within a few weeks of
ballooning the valve

x Pulmonary regurgitation after ballooning is
probably no worse than after surgical
valvotomy
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Pulmonary atresia
Surgery remains the treatment of choice for
tetralogy with pulmonary atresia. There have
been some attempts to establish continuity
between the right ventricle and the pulmonary
trunk by laser or radiofrequency perforation of
the atretic outflow tract, but the risk of perfora-
tion of the heart (sometimes fatal) is probably
unacceptable in patients with long segment
atresia. The rarest form of pulmonary atresia,
where the ventricular septum is intact and the
pulmonary valve is imperforate, is more
amenable to transcatheter treatment. Laser or
radiofrequency perforation of the valve fol-
lowed by balloon dilatation may be very
successful in selected cases and may be the only
treatment necessary. Duct patency may need to
be maintained for several weeks after a
successful procedure as pulmonary blood sup-
ply remains duct dependent until right ven-
tricular hypertrophy has regressed to some
extent. Patience is usually rewarded and
aortopulmonary shunt surgery is rarely re-
quired.7 The choice between laser and radiofre-
quency perforation of the valve is largely one of
resources; the laser tends to burn through the
valve faster and laser wires tend to be easier to
manipulate. The wires’ prices are similar but
the laser generator is substantially more expen-
sive than the radiofrequency counterpart.

Pulmonary artery stenoses
Pulmonary artery stenosis occurs most fre-
quently in patients with tetralogy of Fallot. It
may be present before surgery or may appear
early or late after surgical repair (fig 28.1). It
may be easily missed, particularly in adults and
particularly when it is unilateral. Surgical
repair of pulmonary artery stenosis may be
technically diYcult and narrowing may recur
because of patch scarring and shrinkage, so
when stenosis of a major branch occurs after
surgery most centres would try transcatheter
treatment before further surgery. Many pulmo-
nary artery stenoses are elastic and recoil after
simple balloon angioplasty,8 and some opera-
tors choose to proceed directly to stent
implantation. Stenting may be technically diY-
cult; it carries risks of stent embolisation,

pulmonary artery rupture, and even death. It
will not give a good result if the stenosis is too
tough to be dilated. It therefore seems wise to
try simple ballooning first to ensure that the
lesion is dilatable and to be sure that stenting is
really required. Experience so far suggests that
restenosis caused by intimal proliferation in the
stent is uncommon9 and that when it does
occur repeat balloon dilatation is usually help-
ful. When pulmonary artery stenosis occurs
postoperatively there is usually extensive fibro-
sis around the vessel to oVer support after
angioplasty. This is not the case for “native”
artery stenosis and a less aggressive approach,
possibly with serial procedures to enlarge the
vessel gradually, is needed if pulmonary artery
rupture (potentially fatal) is to be avoided.

Multiple peripheral pulmonary artery sten-
oses are much more diYcult to deal with. Sur-
gery rarely produces obvious benefit. There are
rare cases where angioplasty or stenting of a
prominent stenosis in a large branch might
improve pulmonary perfusion, but the benefits
may be oVset by induction of segmental
pulmonary oedema. There are no conclusive
data at present to suggest any improvement in
survival or objective improvement in symp-
toms.

Stenosis localised to the pulmonary trunk
rather than its branches may also occur after
surgery (most commonly after the arterial
switch). This tends to be less responsive to bal-
looning10 and proximity to the pulmonary valve

Balloon dilatation for non-valvar right
ventricular outflow obstruction

x Ballooning may help in selected patients
with tetralogy of Fallot

x Balloon expandable stents occasionally
useful for infundibular stenosis in poor
candidates for surgery

x Proximal branch pulmonary artery
stenoses may respond to balloon
angioplasty but are often elastic and may
require stenting

x Stenosed right ventricular to pulmonary
artery conduits may be dilatable but
improvement often short lived; stenting
may help but late stent fracture possible

Figure 28.1. Severe stenosis of the right pulmonary
artery (top) after surgical repair of tetralogy of Fallot.
There was no improvement after balloon dilatation
because of elastic recoil, but a balloon expandable
stent (bottom) has relieved the stenosis and
considerably improved blood flow to the right lung.
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or the pulmonary artery bifurcation makes
stent implantation diYcult. Surgery is usually
required.

Conduit obstruction
Conduits between the right ventricle and the
pulmonary trunk eventually become ob-
structed (and calcified) whether they are
allografts, homografts, or synthetic. When the
conduit itself is stenosed balloon angioplasty or
even stent implantation may help and surgical
replacement of the conduit may be deferred in
some cases by over two years.11 In some cases
obstruction occurs at the proximal or distal
anastomosis of the conduit and stenting may be
more helpful. There are some concerns over
the uneven stresses on stents in such situations
(the proximal part of the stent will be within
the right ventricular wall) and stent fracture
has been reported.11

Left ventricular outflow obstruction

Valvar aortic stenosis
There is still divided opinion in the UK over
whether surgery or balloon valvoplasty is better
treatment for aortic stenosis in children. Logic
suggests that surgery allows a careful val-
votomy under full vision and that this would be
unlikely to be matched by the crude inflation of
a balloon, yet clinical data have not shown any
clear diVerence between the two approaches.12

Severe regurgitation or important residual ste-
nosis may occur after either procedure but no
randomised trial to compare the two has been
(or is ever likely to be) performed. In neonates
early concerns about vascular damage by
balloon catheters have proved unfounded, with
improved balloon design and with formal arte-
riotomy using the axillary or carotid arteries in
preference to the femoral artery. In contrast to
pulmonary valvoplasty it is important to use a
balloon no larger (ideally slightly smaller) than
the aortic root if cusp avulsion is to be avoided.

Indications to intervene should be similar
whether surgery or catheterisation is employed.
In neonates the decision is rarely diYcult as the
circulation is usually duct dependent with
severe stenosis. In older children, however,
timing is more diYcult; the combination of left
ventricular hypertrophy, a left ventricular
outflow velocity in excess of 4 m/s, and either

ECG repolarisation abnormalities or an abnor-
mal blood pressure response to exercise, would
prompt treatment in most centres. The older
the patient, the more technically diYcult the
procedure. This is largely because of diYculty
keeping the balloon in a stable position during
inflation. Use of a stiV guide wire with a floppy
tip curled in the ventricle or injection of
adenosine to induce transient ventricular
standstill have been advocated. Nonetheless,
balloon valvoplasty may produce good pallia-
tion in older children,13 even if the patient has
previously undergone balloon valvoplasty or
surgical valvotomy.14 Complications include
arterial damage, cardiac perforation, embolic
stroke, and induction of severe aortic regurgita-
tion. Bacterial endocarditis related to balloon-
ing appears to be very rare but most operators
give prophylactic antibiotics to cover the
procedure. Transcatheter treatment is probably
best avoided later in life when the valve has
become calcified.15

Other forms of aortic stenosis
There have been occasional reports of balloon
dilatation of discrete, membraneous subaortic
stenosis16 and of supravalvar stenosis, but
results are not encouraging and surgery
remains the treatment of choice.

Coarctation and recoarctation of the
aorta

Native (unoperated) coarctation
In neonates balloon dilatation of coarctation
rarely provides more than transient benefit and
restenosis occurs as the rule rather than the
exception because of constriction of ductal tis-
sue; surgery remains the treatment of choice. In
infants, older children, and adults there is
divided opinion on the optimum form of
treatment.17–19 Death at surgery for coarctation
is very rare now, but it is the associated small
risk of spinal cord damage and consequent
irreversible paraplegia that has led to balloon
angioplasty having some protagonists. Balloon

Balloon dilatation for aortic stenosis

x Unclear how results compare to surgical valvotomy; no randomised
trials performed

x Many, but not all, UK centres balloon as first line treatment for
young patients

x Good palliation possible even after previous ballooning or surgical
valvotomy

x Balloons larger than the valve are dangerous

x Largely abandoned for calcified valves in older patients because of
limited success and high morbidity

Coarctation and recoarctation of the aorta

x Native coarctation balloon angioplasty
Neonates

–High incidence of early recoarctation
–A poor substitute for a good surgeon

Older children and adults
–Controversial because of risk of
incomplete relief of obstruction or
aneurysm formation

–Stent implantation might improve
relief of obstruction and reduce
aneurysm formation but data are
inconclusive at present

x Recoarctation
Widely accepted as treatment of first
choice, low incidence of aneurysm
formation.

–But aortic rupture reported if previous
surgical repair by patch aortoplasty
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angioplasty works by tearing the intima and
media of the aorta, leaving only the adventitia
intact. It is not surprising that balloon
dilatation of native coarctation is associated
with a risk of false aneurysm formation (up to
20% in some series). Some groups have advo-
cated a graduated approach, using repeated
procedures to enlarge the stenosis gradually,
but as yet there is no clear evidence that gradu-
ated ballooning carries any less risk.

A major factor in aneurysm production is the
size of the balloon. Various formulae to aid in
the choice of balloon size have been suggested,
either related to the diameter of the coarctation
itself or to the diameter of the descending aorta
at the level of the diaphragm. It is clear that for
some partially elastic stenoses it is necessary to
employ a balloon larger than the required final
vessel diameter. This is probably an important
factor in aneurysm formation, but it is not yet
clear whether using a stent to overcome elastic
recoil20 (allowing a smaller balloon to be used)
will reduce risk of aneurysm. Covered stents,
which might be expected to minimise the
eVects of tearing the aorta, are not yet widely
available. An additional factor which should be
taken into account when considering balloon
angioplasty is that partial relief of coarctation is
really not acceptable! If a severe coarctation is
partially treated collateral vessels may regress,
thereby potentially increasing the risk of spinal
cord damage at operation.

Recoarctation
Recoarctation after neonatal surgical repair
occurs in up to 10% of cases in most published
experience. In contrast to native coarctation,
balloon angioplasty is widely favoured for
treatment of recoarctation; this is because the
aorta is surrounded by supportive fibrous scar
tissue and the risk of inducing a false aneurysm
is low, particularly if care is taken to avoid
oversized balloons (fig 28.2). Aortic rupture
and death caused by disruption of the suture
line has been reported after dilatation of reco-
arctation in patients who have had patch repair
(as opposed to subclavian flap or end to end
anastomosis). Many centres regard patch

repair as an indication for surgical rather than
transcatheter treatment.

1. Allen HD, Beekman RH, Garson A, et al. Pediatric
therapeutic cardiac catheterisation. A statement for
healthcare professionals from the Council on Cardiovascular
Disease in the Young, American Heart Association.
Circulation 1998;97:609–25.
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interventional catheterisation in congenital heart disease;
who should be doing it, which type of centres should be
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controversial, and a brief appraisal of many (but not all)
devices in use in the USA at present. A useful, well
balanced guide, with only one or two procedures recently
pioneered in Europe but not yet employed in the US left
uncovered.

2. McCrindle BW . Independent predictors of long term
results after balloon pulmonary valvuloplasty. Valvuloplasty
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• Multicentre results from 533 patients. Major factor in

predicting successful procedure was size of balloon.
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infundibular pulmonary stenosis after successful balloon
pulmonary valvuloplasty in adults. Cathet Cardiovasc Diagn
1990;21:77–81.
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of regression of residual infundibular stenosis after relief of
fixed obstruction at valve level.
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outflow tract in tetralogy. It confirmed initial feelings that
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deaths because of pulmonary artery rupture, paradoxical
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Figure 28.2. Aortography 14 years after subclavian flap repair of coarctation (left). Although often referred to
as recoarctation, this appearance is almost certainly caused by residual rather than recurrent stenosis.
Discrete, shelf like lesions like this respond well to balloon dilatation (right), with low risk of aortic aneurysm or
rupture in patients who have surrounding scar tissue caused by previous surgery.
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1991;83:1923–39.
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al. Balloon angioplasty for postoperative pulmonary artery
stenosis in transposition of the great arteries. J Am Coll
Cardiol 1993;22:859–66.
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of coarctation (but responded to repeat angioplasty) and
7% developed small aortic aneurysms, although the
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study period. The patients all had discrete coarctation
rather than tubular stenoses. The conclusion was that it is
a safe and effective alternative to surgery for this
particular type of coarctation. A pity there is such a
paucity of reports of surgical treatment from the current
generation of surgeons who appear to produce
superlative results at very low risk.
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Obstruction to flow in the superior caval
vein rarely occurs de novo. It is usually
a consequence of scarring related to

surgery, to the presence of venous catheters or
pacemaker electrodes, or external compression
by tumour. When obstruction occurs insidi-
ously there may be no symptoms and no indi-
cation to intervene, but with rapid onset
obstruction, when collateral veins have not had
time to develop and enlarge, venous hyper-
tension in the head and neck will prompt treat-
ment (fig 29.1). Although these stenoses can be
dilated using a balloon, stent implantation is
usually required to prevent recoil.1 Self ex-
panding as well as balloon expandable stents
have been used with good eVect. In the
presence of complete obstruction “reconstruc-
tion” is sometimes possible by passing a long
needle and then a guide wire through the
obstruction, followed by ballooning and stent-
ing. Because the vein is usually surrounded by
scar tissue accidental perforation is unlikely to
cause any more harm than localised
haematoma.

Intra-atrial obstruction to systemic venous
return may occur after venous inflow redirec-
tion surgery for transposition of the great
arteries. This is relatively common after
Mustard’s operation, when patches of material
are sewn inside the atria to redirect the
systemic veins to the left atrium and the
pulmonary veins to the right atrium (fig 29.2).
Obstruction is much less likely after Senning’s
operation, in which redirection is achieved
using infoldings of the atrial wall. Obstruction
may become evident many years after surgery
(during teenage or adult life) and often
presents with oedema, ascites or even protein
losing enteropathy. Such symptoms are clearly
an indication to intervene and rarely occur
unless there is obstruction to both superior and
inferior venous channels. Total obstruction of
the superior channel may occur without being
clinically obvious when collateral veins (often
azygos or hemiazygos) are well established.
Stenoses in the intracardiac venous channels
often respond well to balloon dilatation alone,
although some degree of elastic recoil is
common. Self expanding or balloon expand-
able stents produce excellent results in such
cases2 3 and stenting appears surprisingly safe.
It is easy to imagine that stenting the systemic
venous pathways might produce compression

of the adjacent pulmonary venous pathways
but in practice that does not appear to occur.
The precise indications for intervention in
asymptomatic patients remains controversial.

Pulmonary venous obstruction
Pulmonary venous obstruction as an isolated
anomaly is exceedingly rare; the vast majority
of cases occur in association with anomalous
pulmonary venous return and it may be seen
both before and after surgical repair of anoma-
lous venous connections. Obstruction to an
anomalous common pulmonary venous chan-
nel is most often associated with infracardiac or
supracardiac total anomalous pulmonary ve-
nous drainage (TAPVD) and in such circum-
stances the treatment of choice is almost
invariably surgical redirection of the pulmo-
nary veins. When associated with very complex
cardiac abnormalities (usually with right atrial
isomerism) in the neonate it may be venous
obstruction that is the immediate haemody-
namic problem, rather than the abnormal site
of venous drainage, and there have been occa-
sional reports of balloon dilatation or even
stenting of obstructed anomalous pulmonary
venous channels. Such procedures may pro-
duce some temporary relief of pulmonary

29 Interventional catheterisation.
Opening up II: venous return, the atrial

septum, the arterial duct,
aortopulmonary shunts, and
aortopulmonary collaterals

John L Gibbs

Figure 29.1. (A) Severe, symptomatic obstruction of
the superior caval vein, with multiple small collateral
channels, in a child who had undergone cardiac
transplantation following numerous palliative
operations for complex congenital heart disease.
There was little improvement after simple balloon
dilatation (using axillary venotomy), but stent
implantation (B) produced complete relief of
obstruction.
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oedema but there can be no doubt that surgical
redirection of the pulmonary veins oVers a
much more secure and longer lasting answer.

When pulmonary venous obstruction occurs
after surgical repair of TAPVD it is rarely simply
a problem of inadequate venous anastomosis,
but usually aVects the pulmonary veins (often all
four) in their distal portions close to the left
atrium. Surgical patching of the pulmonary
veins, balloon dilatation and stent implantation
(both transcatheter and surgically placed) all
produce disappointing results, often with only
short term improvement.4 5 The mechanism
behind this so called pulmonary veno-occlusive
disease, responsible for the relentless recurrence
of stenosis, is poorly understood; necropsy stud-
ies of the walls of the pulmonary veins show
intimal and medial thickening.

Creation of an atrial septal defect

The majority of patients who undergo atrial
septostomy are neonates with transposition of
the great arteries, but there are other situations
where creation of an atrial septal defect may be
helpful, even in adolescents or adults. In babies
the traditional Rashkind balloon is still fa-
voured, the balloon being pulled back to the
right atrium after it has been passed across the
foramen into the left atrium and inflated. For
older patients, when the atrial septum may be
too tough to allow an adequate hole to be torn
with the Rashkind balloon, progressive dilata-
tion (as opposed to forced balloon withdrawal)
using a balloon introduced over a guide wire
may be eVective. This is probably safer than the
alternative of blade septostomy when a folding
blade at the tip of a catheter is withdrawn
across the septum, the procedure being re-
peated with varying orientation of the blade to
make a series of cuts. Not surprisingly, compli-
cations such as atrial perforation may occur.
The defect created by the blade may be
enlarged by balloon. In older patients who have
an intact atrial septum it may be necessary first
to perforate the septum using a transseptal
needle or a radiofrequency or laser wire. The
risk of septostomy varies considerably, depend-

ing on the anatomical abnormality as well as
the method employed.

Simple and complex transposition
In simple transposition poor mixing between
the pulmonary and systemic circulations may
cause severe hypoxaemia and death even if the
arterial duct is patent, so it is customary to
perform immediate balloon septostomy. In
most centres this is done under echocardio-
graphic control.6 It may be carried out
anywhere, without the need for a catheterisa-
tion laboratory, is safe, and usually takes only a
few minutes. Access to the heart is achieved
through the umbilical or femoral vein; the
former has the advantage of preserving the
femoral vein for later use, although the ductus
venosus may be awkward to cross in some
cases.

Mitral, pulmonary, and tricuspid atresia
With mitral atresia the left atrium can empty
only across the foramen to the right atrium. It

Venous obstruction

Systemic circulation
x In the superior caval vein

–Usually iatrogenic or caused by
external compression

–Ballooning rarely suYcient, stent
usually required

x Within the atrium
–Relatively common after Mustard’s
operation for transposition

–Ballooning alone often suYcient to
relieve symptoms

Pulmonary circulation
x Rare, often associated with anomalous

pulmonary venous return
–Ballooning, stenting and surgery all
very rarely rewarding

Figure 29.2. (A) Obstruction in the systemic venous
pathway in a 14 year old after Mustard’s operation for
transposition. The patch sewn inside the atria to
redirect systemic venous return to the mitral valve and
left ventricle has become distorted, causing a shelf like
obstruction (arrowed). Balloon dilatation has resulted
in sufficient widening of the pathway (B) to relieve
completely symptoms of venous hypertension (protein
losing enteropathy in this case). IVC, inferior vena
cava; LV, left ventricle.

INTERVENTIONAL CATHETERISATION. OPENING UP II

193



is wise to decompress the left atrium even when
the foramen does not appear to be obviously
restrictive in the early neonatal period. Septo-
stomy can be technically diYcult because the
left atrium is small. Immediate haemodynamic
benefit (a fall in left atrial pressure) may occur
but in some cases the sudden decompression of
the left atrium produces a dramatic increase in
pulmonary blood flow, resulting in acute dete-
rioration or even death. When neonatal septo-
stomy has not been carried out the atrial
septum often becomes restrictive with time,
giving signs and symptoms of pulmonary
venous and arterial hypertension later in life.
Decompression of the left atrium is diYcult
and hazardous in older patients (dilatation by
balloon7 or the Park blade8 may help) and sur-
gical septectomy may be required.

In patients with pulmonary atresia with an
intact ventricular septum or with tricuspid
atresia, the only route by which the right atrium
can empty is across the foramen to the left
atrium. There is divided opinion on the
desirability of neonatal septostomy in such
cases. In some countries it is routine but in
practice it is rare for the foramen to be restric-
tive in infancy, and it is the author’s opinion
that septostomy is very rarely required.

The failing Fontan circulation and end stage
pulmonary hypertension in older patients
When the chronically elevated systemic venous
pressure associated with the Fontan operation
(direct anastomosis of the right atrium to the
pulmonary trunk) is poorly tolerated, creation
of a small atrial septal defect may relieve the
symptoms of high systemic venous pressure
(albeit at the price of some degree of desatura-
tion caused by right to left atrial shunting).
Similarly, creation of a small atrial septal defect
may reduce right atrial pressure and increase
cardiac output in advanced pulmonary hyper-
tension in adults. Because the atrial septum is
intact (necessitating septal puncture), and it is
diYcult to judge as well as to create the appro-
priate size of defect, this approach has not been
widely adopted. Nonetheless, it may be worth
consideration if symptoms are severe.9

Arterial duct

Medical treatment with prostaglandin E allows
short term maintenance of duct patency in
neonates with duct dependent circulation.
Attempts to keep the duct open in the longer
term have included simple balloon angioplasty
(unreliable),10 “hot” balloon angioplasty (bet-
ter but still unreliable),11 and stent implanta-
tion. Stenting seems to keep the duct open
eVectively when the systemic circulation is
dependent—that is, variants of the hypoplastic
left heart syndrome.12 It may be useful as a
bridge to transplantation in some cases,13 but
unfortunately it does not prevent heart failure
developing and recent results of palliative
surgery (the Norwood operation and its modi-
fications) are superior. When the pulmonary
circulation is dependent the duct tends to be
tortuous and while stenting is possible, it is
technically very demanding and sudden death
may occur during or after the procedure.14

Neointimal proliferation producing stenosis
within the stent is common, necessitating
repeated balloon dilatations to cope with
growth of the child. There are only rare
circumstances (for instance bilateral pulmo-
nary artery disconnection with bilateral ducts)
where it may be a reasonable alternative to a
surgical aortopulmonary shunt.

Atrial septostomy

x Beneficial in:
–All neonates with simple transposition
or mitral atresia

–Most neonates with complex trans-
position

–Occasional neonates with tricuspid
atresia or hypoplasia of the right heart

–Children or young adults with “failing”
Fontan circulation

–Selected adults with end stage
pulmonary hypertension

x Techniques:
–“Pullback” balloon (Rashkind)
–Balloon dilatation
–Park blade catheter

Figure 29.3. (A) Severe obstruction of a classical
Blalock–Taussig shunt in a teenager with complex
pulmonary atresia. There was almost complete recoil
after simple balloon dilatation but stent implantation
notably improved blood flow to the right lung (B).
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Aortopulmonary shunts

The classical Blalock–Taussig shunt, where the
subclavian artery is joined, end to side, to the
ipsilateral pulmonary artery, may provide
excellent palliation for complex cyanotic heart
disease, but stenosis eventually occurs. This
may be in the form of discrete stenosis (often at
the distal anastomosis), may be diVuse along
the length of the shunt, or a combination of
these. Balloon angioplasty alone may improve
the stenosis in many cases,15 but elasticity is
common and stent implantation may be the
only means of improving the shunt diameter
(fig 29.3).16 Dramatic improvement in pulmo-
nary blood flow, cyanosis, and symptoms may
occur but the procedure is only indicated in
complex disease unsuitable for surgical repair.
A modified Blalock shunt, usually fashioned
from Goretex tubing, has a limited life because
of lack of growth and increasing thickness of
the layer of tissue (a mixture of endothelial
cells, fibrous tissue, and sometimes laminated
thrombus, collectively known as “peel”) lining
the synthetic tube. Although balloon angio-
plasty may result in enlargement of the shunt
lumen this is often short lived, and there is
some risk of inducing abrupt shunt occlusion
(usually fatal) if the “peel” is dissected oV the
wall of the shunt.

Aortopulmonary collaterals

When the pulmonary arteries have failed to
develop the lungs are supplied by collateral
vessels from the aorta. These vessels are prone
to stenoses developing with associated progres-
sive reduction in pulmonary blood flow, with
worsening cyanosis and exercise tolerance.17

The vessels are often extremely thick walled
and elasticity is common, although in some
cases they cannot be dilated even with high
pressure balloons. It is wise to ensure the
stenosis is dilatable by simple ballooning before
proceeding to stenting, which may be required
to maintain an eVective increase in blood
flow.18
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SECTION VII: IMAGING TECHNIQUES





Non-invasive images of the myocardium
that reflect myocardial perfusion can
be obtained either by using conven-

tional nuclear medicine radiopharmaceuticals
and cameras or by positron emission tomogra-
phy (PET). This review will focus on myocar-
dial perfusion imaging using conventional
approaches; a subsequent article in this series
will focus on PET.

Imaging fundamentals

Comprehensive reviews of imaging fundamen-
tals and procedures are available.1 2 The two
most commonly used isotopes for myocardial
perfusion imaging are thallium-201 and
technetium-99m. Thallium-201 is generated
by a cyclotron. It is then transported as a
finished product to the location where it is
used, which is feasible because it has a half life
of 73 hours. The isotope decays by a
reasonably complex scheme, but most of the
photons have an energy of about 80 keV, which
is a low energy. Technetium-99m is bound to
other compounds for the purposes of myocar-
dial perfusion imaging. It is formed on site by
elution from a molybdenum-99 generator.
Technetium-99m is a meta-stable compound
which is constantly formed from
molybdenum-99 within the generator.
Technetium-99m has a half life of about six
hours, and emits photons with a 140 keV
energy. This energy is much higher than the
emissions of thallium, but much lower than the
511 keV emissions of PET radiopharmaceuti-
cals. The diVerences in physical properties
between thallium-201 and technetium-99m
are relevant to the choice of radiopharmaceuti-
cal, which will be discussed later.

Both thallium-201 and technetium-99m
radiopharmaceuticals are most commonly im-
aged using single photon emission computed
tomography (SPECT). This technique em-
ploys many of the same back projection
techniques that have been applied to conven-
tional radiographs for CT scanning. Although
multiple view planar images were first em-
ployed for myocardial perfusion imaging, they
have been largely replaced by SPECT, which is
superior from the standpoint of localisation,
quantification, and image quality. Regardless of
the radiopharmaceutical used, SPECT imag-
ing is performed at rest and during stress to
produce images of myocardial regional uptake
that reflect relative regional myocardial blood
flow. During maximal exercise or vasodilator
stress, myocardial blood flow is typically

increased three- to fivefold compared to rest. In
the presence of a significant coronary stenosis,
myocardial perfusion will not increase appro-
priately in the territory supplied by the artery
with the stenosis, creating heterogeneous
uptake. In patients who are unable to exercise,
either one of the two coronary vasodilators,
adenosine or dipyridamole, may be used to
increase blood flow. Asthma, or chronic lung
disease with a significant bronchospastic com-
ponent, is a contraindication to the use of
either one of these two agents. In such circum-
stances, dobutamine is used as an alternative,
although it does not increase blood flow to the
same degree.

Thallium-201 is a potassium analogue that is
taken up by viable myocardial cells in direct
proportion to coronary blood flow. The initial
thallium injection is performed at peak stress,
when hypoperfused myocardium will have less
uptake than myocardium with normal per-
fusion. Over the next few hours “redistribu-
tion” of thallium occurs as a result of a fairly
complex process. Thallium will wash out of the
myocardium at a rate dependent on local myo-
cardial perfusion. At the same time, thallium
will be redelivered to the myocardium from a
large reservoir in the blood pool. The final
result of this process is that a region of ischae-
mic but viable myocardium which initially has
less than normal uptake will become equal to
normal regions over time. This “redistribu-
tion” is then detected on subsequent imaging.
In contrast, areas of infarction or fibrosis will
have reduced uptake initially that does not
change over time. Reinjection of a small
additional amount of thallium before acquisi-
tion of delayed images or repeat images after a
longer delay of 24 hours may be used to
enhance the detection of ischaemic but viable
myocardium.

Several technetium-99m labelled agents
have been developed, including teboroxime,
tetrofosmin, and sestamibi. Teboroxime has a
very short myocardial retention time which
requires very rapid imaging. This practical
limitation has limited its use. Sestamibi is the
most studied of these agents, and is currently
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Acronyms

x CHEER: Chest pain evaluation in the
emergency room

x ERASE: Emergency room assessment of
Sestambi for evaluation of chest
pain

x OASIS: Organisation to assess strategies
for ischaemic syndromes

x PET: Positron emission tomography

x SPECT: Single photon emission
computed tomography

x VANQWISH: Veterans’ AVairs non-Q
wave infarction strategies in
hospital
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the most widely used. Tetrofosmin was devel-
oped after sestamibi and has been the subject
of far fewer studies. Either tetrofosmin or
sestamibi distribute to the myocardium in rela-
tion to blood flow. Their uptake requires a
viable myocardial cell and an intact cell mem-
brane. Both of these agents have far less redis-
tribution than thallium, as they are bound
within the myocardial cell in a nearly irrevers-
ible fashion. As a result, they must be injected
twice, once at rest, and once during stress.
Uptake on the resting injection will reflect rela-
tive resting blood flow to areas of viable
myocardium.

A variety of diVerent imaging protocols have
been employed with thallium-201 and
technetium-99m agents in order to optimise
the detection of ischaemia and infarction.
These are discussed below.

Clinical applications

Although myocardial perfusion imaging can be
used in a wide variety of clinical settings, this
review will focus on its primary application in
adults with coronary artery disease. SPECT
perfusion imaging may be used in patients with
known or suspected stable angina for the
purposes of both diagnosis and risk stratifica-
tion. It may be employed in patients with acute
ischaemic syndromes (unstable angina/
myocardial infarction) for acute triage as well
as risk stratification.

Diagnosis of stable angina
Patients with known or suspected stable angina
have been the subject of clinical practice guide-
lines issued by the British Cardiac Society3 and
jointly by the American College of Cardiology
and the American Heart Association.4 The
interested reader is referred to these documents
for a more comprehensive description of the
evaluation and treatment of this clinical prob-
lem. SPECT myocardial perfusion imaging is
often useful for the diagnosis of coronary artery
disease in such patients. It should be used selec-
tively as part of a careful strategy that begins
with a clinical estimation of the likelihood of sig-
nificant coronary artery disease on the basis of
the patient’s history of chest pain, risk factor
assessment, and physical examination.

The proper choice of non-invasive tests
should carefully consider the patient’s ability to
exercise and the resting ECG. In patients who
are able to exercise, the exercise ECG is the
preferred initial diagnostic test in most patients.
However, there are important patient subsets in
whom SPECT myocardial perfusion imaging is
preferred. Exercise SPECT myocardial per-
fusion imaging is preferred in patients with
> 1 mm ST depression or pre-excitation syn-
drome on their resting ECG, because of the
reduced specificity of additional ST depression
in these circumstances. Exercise SPECT myo-
cardial perfusion imaging is also preferred in
patients who have undergone percutaneous
transluminal coronary angioplasty (PTCA) or
coronary artery bypass grafting (CABG), be-

cause of its superior ability to localise ischae-
mia, and its increased sensitivity in patients with
one vessel coronary artery disease. Patients with
< 1 mm ST depression on their resting ECG,
but with digoxin use or resting left ventricular
hypertrophy, should also be considered for
SPECT myocardial perfusion imaging, al-
though the advantage of SPECT perfusion
imaging in such patients is less well established.
Patients with ventricular pacing or left bundle
branch block should be assessed with SPECT
perfusion imaging, as their exercise ECGs are
uninterpretable. However, since these electro-
cardiographic abnormalities may cause per-
fusion defects during exercise stress in the
absence of coronary artery disease, adenosine
or dipyridamole SPECT perfusion imaging is
preferred.5 Adenosine or dipyridamole SPECT
perfusion imaging is preferred in patients who
are unable to exercise.

Multiple studies have examined the sensitiv-
ity and specificity for SPECT perfusion imag-
ing for the detection of coronary artery disease.
The reported sensitivity has generally ranged
from 70–90%, and the reported specificity from
60–90%. These reports should be interpreted
cautiously, as they do not reflect the eVects of a
type of bias called work up verification, or post-
test referral, bias.6 Such bias occurs whenever
the results of a non-invasive test are used to
decide which patients should have the diagnosis
of coronary artery disease verified or ruled out
by coronary angiography. Thus, patients with
positive results on non-invasive tests are re-
ferred for coronary angiography, and patients
with negative results are not. This selection
process reduces the number of true negative
results. The eVect of this bias is to raise the
measured sensitivity and lower the measured
specificity in relation to their true values.

Risk stratification

SPECT perfusion imaging is also useful for the
purpose of non-invasive risk stratification to
identify patients who have the greatest risk for
subsequent death and myocardial infarction.

Stress SPECT perfusion imaging as the
initial test for the diagnosis of coronary

artery disease

x > 1 mm ST depression at rest

x Pre-excitation (WolV-Parkinson-White)
syndrome

x Prior revascularisation (PTCA/CABG)

x Left bundle branch block

x Ventricular pacing

x Unable to exercise

x (Possibly) left ventricular hypertrophy or
digoxin use with < 1 mm ST depression at
rest
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As for diagnosis, perfusion imaging should be
employed as part of a strategy which includes
careful clinical assessment as well as a resting
ECG. Normal stress SPECT myocardial per-
fusion images are highly predictive of a benign
prognosis. Multiple studies involving thou-
sands of patients followed for several years have
found that a normal stress perfusion study is
associated with a subsequent rate of cardiac
death and myocardial infarction of less than
1% per year, which is nearly as low as that of
the general population.7 Although the pub-
lished data are limited, the only exceptions
would appear to be patients with normal
perfusion images in the presence of either a
high risk treadmill ECG score or severe resting
left ventricular dysfunction.

In contrast, several diVerent abnormal find-
ings on stress SPECT perfusion imaging have
been associated with severe coronary artery
disease, and subsequent cardiac events. Large
stress induced perfusion defects,8 as well as
defects in multiple coronary artery territories,
are adverse prognostic signs (fig 30.1). Tran-
sient post-stress ischaemic left ventricular dila-
tation is also associated with an adverse
prognosis.9 In patients studied with thallium-
201, increased lung uptake on postexercise or
pharmacologic stress images is an indicator of
stress induced global dysfunction, and it
provides independent and incremental prog-
nostic information compared to clinical, elec-

trocardiographic, and catheterisation data.10

The results of SPECT perfusion imaging can
be used to identify a “high risk” patient subset.
These patients, who have a greater than 3%
annual mortality rate, should be considered for
early coronary angiography, as their prognosis
may be improved by revascularisation.11

SPECT perfusion imaging is also of proven
utility in selected situations following treadmill
exercise testing. Patients with an intermediate
risk treadmill score comprise between a third
and two thirds of all patients undergoing exer-
cise ECG testing. Approximately 50% of such
patients will have normal or near normal
images on exercise SPECT perfusion imaging.
The subsequent cardiac event rate in these
patients is extremely low, and coronary angio-
graphy is not warranted12 (fig 30.2).

Acute ischaemic syndromes

Triage of acute chest pain
The emergency department evaluation of
patients with chest pain but without electrocar-
diographic ST elevation is challenging. Al-
though serum markers and transient ST
depression may help to identify a subset of
patients who clearly merit hospital admission,
many patients with an intermediate risk of
short term cardiac events will lack these
findings. Hospital admission rates for such
patients, who consume a large amount of
health care resources, vary widely. A variety of
diVerent chest pain unit triage systems have
been developed. Myocardial perfusion imaging
is an integral part of many of these. One of the
largest reported series performed resting
SPECT sestamibi imaging as part of a
comprehensive strategy that relied on initial
clinical assessment and ECG findings to
categorise the patients into one of five levels of
risk.13 Gated rest sestamibi imaging was
performed on all patients assigned to two of
these five levels. More than 75% of these
patients had normal SPECT perfusion images
and were discharged home without adverse

High risk (> 3% annual mortality) features on stress SPECT
perfusion imaging

x Post-stress ejection fraction < 35% (technetium-99m)

x Stress induced large perfusion defect

x Stress induced multiple perfusion defects of moderate size

x Large, fixed perfusion defect with left ventricular dilatation or
increased lung uptake (thallium-201)

x Stress induced moderate perfusion defect with left ventricular
dilatation or increased lung uptake (thallium-201)

Modified from ACC/AHA/ACP-ASIM guidelines for the management of
patients with stable angina3

Figure 30.1. Cumulative survival in 5183 consecutive
patients who underwent dual isotope (rest
thallium-stress sestamibi) SPECT perfusion imaging
as a function of the scan results. The rate of death
increased significantly with worsening scan
abnormalities. Reproduced from Hachamovitch et al.
Incremental prognostic value of myocardial perfusion
single photon emission computed tomography for the
prediction of cardiac death. Circulation 1998;97:535,
with permission of the American Heart Association.

Figure 30.2. Cardiac survival in patients with
intermediate risk exercise ECGs, subgrouped on the
basis of their findings on perfusion imaging. The three
subgroups shown—patients with normal perfusion
scans and normal heart size; patients with near
normal scans and normal heart size; and patients with
cardiac enlargement—were significantly different from
one another (p < 0.001). Both of the subgroups with
normal heart size had a low risk of subsequent cardiac
death, with an annual cardiac mortality of less than
0.5%. Reproduced from Gibbons et al 12 with
permission of the American Heart Association.
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events. The quarter of patients with abnormal
images were admitted to the hospital, and had
a significant rate of death and myocardial
infarction in the ensuing year. A large,
multicentre trial (ERASE chest pain), which
utilises a similar strategy, is currently underway
with results expected shortly.

Although the early results from these studies
are certainly promising, it must be recognised
that emergency department imaging is not
universally available and is often associated
with potential patient delays. A strategy using
SPECT perfusion imaging is less useful in
patients with prior myocardial infarction, and
more costly than strategies based on treadmill
exercise testing, which have also yielded
positive results.14 Most importantly, these
strategies should use SPECT perfusion imag-
ing selectively on the basis of clinical and elec-
trocardiographic findings, rather than in an
indiscriminate fashion for all patients.

Risk stratification as part of a clinical
management strategy
Several randomised trials have examined the
utility of SPECT perfusion imaging as part of a
non-invasive or conservative strategy to risk
stratify patients in order to decide which are
candidates for coronary angiography and inva-
sive treatment. The TIMI IIIb trial randomised
1473 patients with non-Q wave myocardial in-
farction or unstable angina to an early invasive
strategy, using coronary angiography or an
early conservative strategy which reserved cor-
onary angiography for patients with recurrent
ischaemia or an abnormal stress thallium test.15

The combined end point of death, myocardial
infarction, or ischaemia on a treadmill per-
formed six weeks later showed no diVerence
between the two strategies.

Subsequently, the VANQWISH trial ran-
domised 920 patients with non-Q wave myocar-
dial infarction to an early invasive strategy using
coronary angiography and an early conservative
strategy that utilised stress thallium imaging to
select patients for coronary angiography.16 There
was again no significant diVerence in outcome
between the two strategies, and all cause
mortality was actually slightly lower in patients
in the conservative strategy group (fig 30.3). On
the basis of both of these randomised trials,
stress SPECT perfusion imaging would appear
to have great utility for the non-invasive
assessment of patients with unstable angina and
non-Q wave myocardial infarction. The advan-
tages of such a conservative strategy are further
reinforced by data from the OASIS registry,17

which found that early coronary angiography
was more prevalent in institutions and countries
where catheterisation laboratories were avail-
able. This increased rate of catheterisation did
not reduce the rate of subsequent death or myo-
cardial infarction, but did lead to an increased
incidence of stroke.

Myocardial viability

SPECT perfusion imaging is often used to
evaluate the possible contribution of ischaemia

to ventricular dysfunction. The detection of
viable myocardium—either stunned or
hibernating—in such cases implies that revas-
cularisation will lead to improved regional and
global function.

The presence of stress induced ischaemia
has long been recognised as a highly specific
indicator of viable myocardium. However,
because its sensitivity was clearly less than
100%, the criteria to detect viable myocardium
were eventually expanded to include “fixed”
defects—that is, those without evidence of
stress induced ischaemia, on resting
(technetium-99m) or redistribution (thallium-
201) images that were only mild to moderate in
severity.18 Despite these expanded definitions,
and a wide variety of imaging protocols (see
below), SPECT imaging has a slightly lower
sensitivity than PET for the detection of
stunned or hibernating myocardium. Although
some recent studies have suggested that the
specificity (and positive predictive value) of
SPECT perfusion imaging is as low as 50%,
these estimates are probably erroneously low
because of the eVect of post-test referral bias.
Although the redistribution of thallium-201
can potentially detect ischaemia at rest, which
technetium-99m cannot, the prevalence of this
finding, and its overall clinical significance, are
not well established. In most patients, resting
thallium-201 and technetium-99m images pro-
vide similar information (fig 30.4).

Controversies

Stress echocardiography or stress SPECT
Both stress echocardiography and stress myo-
cardial perfusion imaging are feasible and
eVective alternatives to treadmill exercise
testing in suitable patients. As indicated previ-
ously, imaging studies should be used selec-
tively in patients who will benefit most from the
technology, which is associated with consider-
able additional expense. Both stress echo-
cardiography and stress SPECT imaging stud-
ies have advantages and disadvantages. The
choice between the two tests depends on many
factors, including these relative advantages and
disadvantages, the individual patient, local
expertise, and the anticipated impact of an

Figure 30.3. Survival of patients in the VANQWISH
trial, as a function of randomisation to the invasive
strategy (early coronary angiography) or the
conservative strategy (selective coronary
angiography using perfusion imaging). There was no
significant difference in outcome comparing the two
strategies. (Reproduced from Boden et al16 with the
permission of the Massachusetts Medical Society.)
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imaging study on clinical decision making.
Ongoing technical developments related to
both techniques should lead to improved diag-
nostic accuracy.

Choice of radiopharmaceutical
Both thallium-201 and technetium-99m based
perfusion agents are widely available. Although
some laboratories have chosen to use one or the
other exclusively, the clinician is often faced
with a choice between the two. Most of the
advantages of technetium-99m perfusion
agents have been better established for sesta-
mibi, although they should also theoretically
apply equally well to tetrofosmin. In general,
the better image quality and ventricular
function assessment that is achieved with
technetium-99m perfusion agents are the most
important considerations, and account for the
increasing use of these agents in most nuclear
cardiology laboratories.

Choice of imaging protocol
Laboratories which employ thallium-201 gen-
erally use one of three protocols. The tra-
ditional protocol involves stress imaging, redis-
tribution imaging three or four hours later,
and, when necessary, delayed imaging approxi-
mately 24 hours later to evaluate fixed defects.
The most common modification of this proto-
col involves performance of the optional
delayed images on the same day following a
reinjection of a small amount of thallium in
patients with fixed defects. The third thallium
protocol is commonly used by large volume
laboratories. The three to four hour redistribu-
tion images are only performed after reinjec-

tion of a small amount of thallium. Delayed
imaging at 24 hours is still performed when
necessary. Thus, all of these three protocols
involve stress and delayed images with a third
set of images in a subset of patients.

Laboratories which employ sestamibi gener-
ally use one of four diVerent protocols. The
original protocol developed for technetium-99m
perfusion agents involve two injections of
radiopharmaceutical—one at rest and one dur-
ing stress—on diVerent days. For patient con-
venience, this was subsequently modified to
perform both studies on the same day by using a
low dose for the first study and a high dose for
the second study. The sequence of images may
be either rest-stress, which is the most common,
or stress-rest. The fourth protocol is the so
called “dual isotope” protocol, in which thallium
imaging is first performed following resting
injection. The technetium-99m based perfusion
agent is then injected during stress testing,
which follows immediately thereafter, and sub-
sequently imaged. Each of these protocols has its
proponents, who usually emphasise the practical
logistical consequences, as the available scien-
tific evidence has not established the clear supe-
riority of any one of these protocols.

Any one of these protocols may be used to
detect stress induced ischaemia (and therefore
myocardial viability), which is usually suYcient
for clinical decision making. In an occasional
patient with known severe coronary artery dis-
ease and significant left ventricular dysfunc-
tion, only resting imaging may be required in
order to demonstrate normal or near normal
uptake of either radiopharmaceutical (and
therefore viability) in dysfunctional regions
that are presumed to be ischaemic.

Technical developments
There are a number of newer technical
developments that are already available or pro-
posed for SPECT imaging. Gating of SPECT
images is now widely available, and software for
processing the images is available on most
camera systems.19 The increased cost and
logistical diYculty of gating are generally felt to
be justified by the ability to measure ejection
fraction and to assess regional wall motion.
The assessment of regional wall motion is pri-
marily helpful in the case of mild fixed defects
to make certain that they represent diaphrag-

Relative advantages of stress
echocardiography and SPECT perfusion

imaging

x Echocardiography
– higher specificity
– availability/convenience
– structural/valvar evaluation
– lower cost

x SPECT
– higher sensitivity
– higher success rate
– better evaluation of ischaemia in

presence of regional dysfunction
– greater evidence base

Modified from ACC/AHA/ACP-ASIM guidelines
for the management of patients with stable angina3

Figure 30.4.
Comparison of
segmental activity on a
resting technetium-99m
sestamibi scan with
segmental activity on the
redistribution image from
a resting thallium-201
scan in segments with
abnormal contractile
function. There was a
significant correlation
(r = 0.78) between
segmental activity on the
two scans, although
there was some
variability. More
importantly, activity in
those segments with
dysfunction which
improved after
revascularisation
generally exceeded 60%
of peak counts on both
scans. In contrast,
dysfunctional segments
that did not improve
following
revascularisation,
presumably because
they were fibrotic,
generally had activity at
less than 60% of peak
counts on both scans.
Reproduced from
Udelson et al. Predicting
recovery of severe
regional ventricular
dysfunction. Comparison
of resting scintigraphy
with thallium-201 and
technetium-99m
sestamibi. Circulation
1994;89:2552, with
permission of the
American Heart
Association.

Relative advantages of thallium-201 and
technetium-99m

x Thallium
– lower cost
– greater evidence base
– assessment of lung uptake
– less bowel/liver uptake
– detection of ischaemia at rest

x Sestamibi
– better images
– assessment of left ventricular ejection

fraction/regional function
– better quantification
– faster imaging protocols
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matic or breast attenuation. A careful review of
the literature suggests that the actual percent-
age of cases whose interpretation is modified is
small.20

Attenuation of the diaphragm, breast, or
other soft tissue is a major limitation of SPECT
imaging with either thallium-201 or
technetium-99m, although it is more pro-
nounced with the former, because of its lower
energy emission. Although systems for attenu-
ation correction are now available on several
commercial camera systems, they have not yet
proven to be of clear benefit. Further develop-
ments in this regard are anticipated.

DiVerences in image reconstruction involv-
ing iterative processes have been proposed to
replace back projection. They may help to
address the problem of extracardiac activity
which sometimes reduces the quality of
technetium-99m images. Partial volume eVects
and “balanced ischaemia” (a near uniform
reduction in flow that is not detected by a rela-
tive flow technique) are occasionally significant
limitations of SPECT perfusion images with no
definitive solution on the horizon.

I thank Professor Paolo Camici for his review and critique of this
article.
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Imaging with positron emission tomography
(PET) oVers unrivalled sensitivity and spe-
cificity for research into biochemical path-

ways and pharmacological mechanisms in vivo.
Cardiac and neurological research with PET
has flourished over the past 20 years, but it is
only more recently that cardiology has begun to
benefit from the advantages provided by PET.
From the physical point of view, scanning of
the heart presents a challenge because of
greater complications in correcting for photon
attenuation and scattered radiation, and be-
cause of movement of the heart and lungs.

Methodological background

The success of PET is based on the properties
of the isotopes used (table 31.1). Their short
physical half lives make it possible to adminis-
ter a tracer dose high enough to obtain useful
data, but such that the radiation burden to the
patient is acceptably low. Positron emitters do
not exist in nature and they must be produced
artificially by means of a particle accelerator

(generally a cyclotron).1 Production of isotopes
with the shortest half lives has to be carried out
in the vicinity of the scanner and necessitates
the installation of cyclotron and radiochemis-
try facilities. However, 18F compounds can be
delivered from a relatively remote site of
production. The commercial success of PET
has been driven by 18F labelled fluorodeoxyglu-
cose (FDG) which is used to measure glucose
metabolism in tissues. Because of the longer
half life of 18F (table 31.1), many centres rely on
production from a centralised cyclotron, thus
avoiding the expense of individual facilities.
However, research centres aiming to derive
most from the power of PET require on site
production of a range of tracers.

Positron emission and detection
Positrons are emitted with a continuous range
of energies up to a maximum, which is charac-
teristic of each particular isotope (table 31.1).
The positron is successively slowed down by
Coulomb interaction with atomic electrons
and “annihilates” with an electron when its
energy has been reduced close to zero, resulting
in a pair of photons flying oV in opposite direc-
tions with an energy of 511 keV. Positrons
emitted from a tracer injected into the body are
not measured directly, but indirectly from the
photons emitted when the positron annihilates
with an electron (fig 31.1). Detectors placed on
either side of the active volume are connected
in a so called coincidence circuit so that if both
detectors record an event within a very short
interval (about 10−8 seconds), it is assumed that
a positron annihilation has taken place.

Attenuation correction: a main feature of
PET
The distance between the emitting atom and
the point of annihilation depends on positron
energy (table 31.1). This distance, together
with the photon angular spread, “blur” the true
tracer distribution slightly and, depending on
the type of PET detector and the radioisotope
used, can lower the resolution by 1–3 mm. This
small loss of resolution, however, is relatively
minor compared to the consequences of
photon scattering. Photons of 511 keV travel-
ling through a composite medium such as the
thorax will be scattered by interaction with
atomic electrons and undergo change of direc-
tion and loss of energy. If a photon is scattered
it is “lost” to the original line of response (the

31 Positron emission tomography and
myocardial imaging

Paolo G Camici

Unique features of PET

x Positron annihilation/coincidence detection

x Short physical half life/lower radiation dose
to patients

x Attenuation correction

x Correction for partial volume eVect

x Capability of making absolute
measurements of tracer concentration

x Multiple physiological tracers

Table 31.1 Properties of isotopes used in PET imaging

Isotope
Half life
(min)

Positron energy (MeV) Mean range
in tissue
(mm) Examples of labelled compoundsMean Maximum

15O 2.03 0.74 1.74 2.97 H2
15O— blood flow 15O2—oxygen

consumption C15O—blood
volume

13N 10.0 0.49 1.20 1.73 13NH3—blood flow
11C 20.4 0.39 0.97 1.23 11C-HED—presynaptic

catecholamine reuptake (uptake
1) 11C-CGP 12177—â
adrenoceptors 11C-MQNB—
muscarinic receptors
11C-acetate—oxygen consumption

18F 109.8 0.25 0.64 0.61 18F-FDG—glucose metabolism
18F-FDopa—dopamine storage

Figure 31.1. Physics of positron emission,
annihilation, and coincidence detection. Adapted from
Camici et al.2
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line joining the two detectors depicted in fig
31.1), and the apparent radioactivity measured
along that line of response will be reduced.
This eVect is known as “attenuation”. Scatter
and attenuation are problems common to all
sorts of radionuclide imaging techniques and
are responsible for most of the artifacts associ-
ated with single photon emission computed
tomography (SPECT), particularly when low
energy isotopes (for example, thallium-201)
are used. In contrast to SPECT, correction for
attenuation is relatively straightforward in PET
because of the mechanism of coincidence
detection. A radioactive source is placed in the
detector field of view and measurements are
taken with and without the inactive patient in
position. The ratio of counts recorded for the
two situations gives the total attenuation
factor.2

Partial volume effect
The partial volume eVect occurs whenever the
dimensions of the object to be imaged are
comparable to the resolution of the camera.
Although the detector will accurately record
the total activity in the object, it will distribute
it over an area larger than the actual size of the
object. Hence, the detected concentration of
activity per unit volume will be less than the
actual value. In PET (or SPECT) imaging,
quantification of radionuclide concentration is
complicated by partial volume eVects caused
by the small thickness of the ventricular wall
relative to the spatial resolution of the cameras
and the motion of the heart. In addition,
because of the changes in wall thickness
throughout the cardiac cycle, the recovery
coeYcient (the radioactivity concentration
recorded relative to the actual concentration)
will vary. The partial volume eVect is therefore
particularly important in patients with coron-
ary artery disease who have regional motion
abnormalities and thinning of the left ventricu-
lar walls.3 A number of strategies have been
developed to correct for it.

Tomographs and data acquisition
The earliest tomographs consisted of a single
ring of detectors with thick lead shielding on
either side to stop photons arising from outside
the plane of the ring (which can only yield ran-
dom or scattered coincidences). Most PET
scanners consist of bismuth germanate detec-
tors. The 511 keV photons have a high
probability of being stopped by this high
density material and then giving up their
energy. This energy is transformed into visible
light (scintillation) which is amplified by a
photomultiplier tube, just as in a conventional
nuclear medicine gamma camera. Data acqui-
sition in such systems is organised as a series of
planes or slices through the patient. A detector
can also be in coincidence with detectors in
other rings of a multi-ring scanner. Conven-
tionally, the raw data are formatted into matri-
ces known as sinograms, each element of which
contains the number of events (“counts”)
recorded in each line of response. Each row of
the sinogram represents a one dimensional
view (or projection) of the patient at a given

angle and the sinogram encompasses all angles
around the patient. The standard process of
image reconstruction extrapolates or back-
projects the projection data into the “image
space” (field of view) of the tomograph, as well
as applying a spatial frequency filter to remove
blurring.1 2

Most PET scanners operate in frame mode
where a number of (usually) contiguous time
frames are defined before acquisition com-
mences. Frame lengths are chosen to try to
accommodate the varying kinetic components
at diVerent times after injection. However,
especially with rapidly decaying tracers (such
as 15O and 11C), it is more eYcient to store each
event separately in list mode. List mode acqui-
sition oVers data of the highest possible
temporal resolution which can be: (1) subse-
quently rebinned into diVerent frame se-
quences, as desired, for image reconstruction;
and (2) partitioned into diVerent gates on the
basis of cardiac and respiratory signals to
reduce motion artifacts caused by cardiac and
respiratory movement.

Positron labelled tracers
A tracer is a measurable substance used to
mimic, follow or trace a chemical compound or
process without disturbing the process under
study. In the case of PET this is made possible
by: (1) the high sensitivity of PET imaging
which enables the measurement of radio-
labelled tracers administered in picomolar
concentrations which are suYciently low so as
not to disturb the processes under study; and
(2) the ability of current cameras to perform
rapid dynamic imaging—that is, to provide
good temporal resolution. Positron emitting
radionuclides are incorporated into tracers by
rapid radiochemical procedures. These can be
administered to subjects either by intravenous
injection or by inhalation. The tracer substi-
tutes for the natural or endogenous substrate
and gives information on the cellular pathway
that would have been followed by that
substrate.

From counts to physiological parameters
After administration of a known amount of the
tracer, its myocardial and arterial concentra-
tions can be measured as a function of time
using the PET camera. Measurement of the
radiotracer concentration in arterial blood can
be made from regions of interest positioned in
either the left atrium or ventricle and provide
information on the supply of tracer to the myo-
cardium over the time course of the PET study.
This measurement is termed the “arterial input
function”. The myocardial uptake of the tracer
over time is termed the “tissue response” and
can also be determined from analysis of the
PET images. The tissue response to an arterial
input function can be quantified using a tracer
kinetic model, which describes the dynamic
biological behaviour of the tracer in tissue in
mathematical terms. These kinetic models are
based upon careful validation in animal studies
utilising both in vitro and in vivo models. The
application of these models to the raw data
allows transformation of the initial radioactivity
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measurements (counts) into absolute units (for
example, myocardial blood flow in ml/minute
per gram of tissue). This ability to provide
accurate measurements per unit mass of tissue
is a major advantage of PET imaging.

Applications of PET to cardiology

There has been much discussion about the
dual roles of “research” and “clinical” PET. A
number of centres have installed PET systems
purely for clinical diagnosis, mainly in the
determination of myocardial viability, but also
for applications in oncology and neurology.
Diagnostic testing of this kind is clearly derived
from original work carried out at research
establishments. The terms “research” and
“clinical” should, therefore, be regarded as
complementary. In the author’s institution the
balance between research and diagnosis is
approximately 80% versus 20%.

Myocardial blood flow
Oxygen-15 labelled water (H2

15O) and
nitrogen-13 labelled ammonia (13NH3) are the
tracers most widely used for the quantification
of regional myocardial blood flow with PET.
Tracer kinetic models have been successfully
validated in animals against the radiolabelled
microsphere method over a wide flow range for
both H2

15O and 13NH3.
4 Assessments of myo-

cardial blood flow in normal volunteers using
either tracer at rest or during pharmacologi-
cally induced coronary vasodilatation are simi-
lar (table 31.2).5 H2

15O is theoretically superior
to 13NH3 in that water is a metabolically inert
and freely diVusible tracer which has a virtually

complete myocardial extraction independent of
both flow rate and myocardial metabolic state.4

On the other hand, the quality of myocardial
13NH3 images is superior to that of H2

15O. Both
tracers have short physical half lives (table
31.1) which allow repeat measurements of
myocardial blood flow in the same session.

Before the advent of PET technology, inves-
tigations of regional coronary blood flow in
man were restricted to measurements in the
epicardial coronary arteries. However, it is well
established that the major regulatory site of tis-
sue perfusion is at the level of the microcircula-
tion which is not amenable to catheterisation.4

With the development of quantitative myocar-
dial blood flow measurement using PET, it is
possible to challenge the function of the coron-
ary microvasculature by measuring the coron-
ary vasodilator reserve (CVR), calculated as
the ratio of near maximal flow during pharma-
cologically induced coronary vasodilatation to
baseline flow. PET studies in healthy human
volunteers have established that CVR in
response to intravenous dipyridamole or ad-
enosine is 3.5–4.0 (fig 31.2A) (table 31.2).5

These data are similar to those reported using
the Doppler catheter technique for measuring
epicardial coronary flow velocity.4

Use of PET in normal volunteers has
highlighted the eVects of age, sex, and altera-
tion in sympathetic tone on myocardial blood
flow and CVR. Thus, it has been shown that
myocardial blood flow at baseline and at
hyperaemia remains relatively constant up to
60 years of age. Above this age, there is a
significant increase in basal flow associated
with an increase in systolic blood pressure and
a significant reduction in hyperaemic myocar-
dial blood flow and CVR.6

The measurement of CVR is useful for the
assessment of the functional significance of
coronary stenoses in patients with coronary
artery disease (fig 31.3).7 In addition, PET is
particularly helpful in those circumstances
where the CVR is diVusely (and not regionally)
blunted, for example, hypertrophic cardio-
myopathy or hypertensive heart disease caused
by a widespread abnormality of the coronary
microcirculation (fig 31.2B, C).8 It may aid in
the diVerentiation of pathological from physi-
ological left ventricular hypertrophy and in the
exclusion of myocardial ischaemia in patients
with chest pain and angiographically normal

Cardiac applications of PET

x Myocardial blood flow

x Free fatty acid, glucose, and oxygen
metabolism

x Identification of hibernating myocardium

x Cardiac autonomic function:
–postsynaptic â adrenoceptors
–presynaptic nerve terminals
–cholinergic receptors

Table 31.2 PET measurements of myocardial blood flow in normal subjects

Author Tracer Agent
Number
subjects Age MBFbas MBFhyp MBFhyp/bas

Bergmann et al H2
15O Dip 11 25 0.9 (0.2) 3.6 (1.2) 4.1 (1.2)

Geltman et al H2
15O Dip 16 25 (4) 1.2 (0.3) 4.6 (1.6) 3.8 (1.1)

Camici et al 13NH3 Dip 12 51 (8) 1.0 (0.2) 2.7 (0.9) 2.9 (1.0)
Sambuceti et al 13NH3 Dip 14 49 (7) 1.1 (0.3 3.7 (0.8 3.6 (0.9
Chan et al 13NH3 Ado 20 35 (16) 1.1 (0.2) 4.4 (0.9) 4.4 (1.5)
Chan et al 13NH3 Dip 20 35 (16) 1.1 (0.2) 4.3 (1.3) 4.3 (1.9)
Araujo et al C15O2 Dip 11 26 to 42 0.8 (0.1) 3.5 (1.1) 4.2 (1.2)
Merlet et al H2

15O Dip 6 51 (5) 0.9 (0.1) 3.5 (0.8) 4.0 (0.7)
Muzik et al 13NH3 Ado 6 26 (3) 0.8 (0.2) 3.6 (1.0)
Uren et al H2

15O Dip/Ado 43 47 (20 1.0 (0.2) 3.2 (1.3) 3.4 (1.3)
Radvan et al C15O2 Dip 8 27 (5) 0.8 (0.2) 3.1 (08) 3.8 (0.8)
Czernin et al 13NH3 Dip 18 31 (9) 0.8 (0.2) 3.0 (0.8) 4.1 (0.9)
Czernin et al 13NH3 Dip 22 64 (9) 0.9 (0.3) 2.7 (0.6) 3.0 (0.7)

Ado, adenosine; Dip, dipyridamole; MBFbas, baseline myocardial blood flow; MBFhyp, hyperaemic myocardial blood flow; MBFhyp/bas,
coronary flow reserve. Data are mean (SD). Adapted from Camici et al.5
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coronary arteries.4 5 Finally, the improved
spatial resolution of the latest generation of
PET cameras means that there is now a
realistic prospect of quantification of trans-
mural distribution of myocardial blood flow.

Myocardial metabolism
The utilisation of exogenous glucose by the
myocardium can be assessed using PET with
the glucose analogue FDG.1 FDG is trans-
ported into the myocyte by the same trans-
sarcolemmal carrier as glucose and is then

phosphorylated to FDG-6-phosphate by the
enzyme hexokinase. This is essentially a uni-
directional reaction and results in FDG-6-
phosphate accumulation within the myocar-
dium, as no glucose-6-phosphatase (the
enzyme that hydrolyses FDG-6-phosphate
back to free FDG and free phosphate) has yet
been identified in cardiac muscle. Thus,
measurement of the myocardial uptake of FDG
is proportional to the overall rate of trans-
sarcolemmal transport and hexokinase phos-
phorylation of exogenous (circulating) glucose
by heart muscle.

A number of kinetic modelling approaches
have been used for the quantitation of glucose
utilisation rates using FDG.1 The major limita-
tion of these approaches is that quantification
of glucose metabolism requires the knowledge
of the lumped constant, a factor which relates
the kinetic behaviour of FDG to naturally
occurring glucose in terms of the relative aYn-
ity of each molecule for the trans-sarcolemmal
transporter and for hexokinase. Unfortunately,
the value of the lumped constant in humans
under diVerent physiological and pathophysi-
ological conditions is not known, thus making
precise in vivo quantification of myocardial
metabolic rates of glucose practically impossi-
ble. Current measurements of the uptake of
FDG (particularly if obtained under standard-
ised conditions) allow comparison of absolute
values from diVerent individuals and may help
to establish the absolute rates of glucose
utilisation (in FDG units) in normal and
pathologic myocardium.9

PET for the identification of hibernating
myocardium
In the current era of coronary revascularisation
and thrombolysis, it has become increasingly
apparent that restoration of blood flow to asyn-
ergic myocardial segments may result in
improved regional and global left ventricular
function.9–11 The greatest clinical benefit is seen
in those patients with the most severe forms of
dysfunction. Initial studies indicated that myo-
cardial ischaemia and infarction could be

Figure 31.2. Myocardial blood flow under baseline
conditions and during hyperaemia induced by
intravenous dipyridamole in normal subjects (A), in
patients with hypertrophic cardiomyopathy (B), and
patients with left ventricular hypertrophy secondary to
arterial hypertension or aortic stenosis (C). The
diffuse blunting of flow reserve in these patients with
angiographically normal coronary arteries is
suggestive of widespread microvascular dysfunction.
Adapted from Choudhury et al.8

Figure 31.3. Coronary vasodilator reserve falls with
increasing percent diameter stenosis and is
exhausted for stenoses > 80%. Normal control
values of coronary vasodilator reserve are shown at
zero percent diameter stenosis on the left. CAD,
coronary artery disease. Adapted from Uren et al.7
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distinguished by analysis of PET images of the
perfusion tracer 13NH3 and the glucose ana-
logue FDG acquired after an oral glucose load.
Regions which showed a concordant reduction
in both myocardial blood flow and FDG
uptake (“flow-metabolism match”) were la-
belled as predominantly infarcted, whereas
regions in which FDG uptake was relatively
preserved or increased despite having a per-
fusion defect (“flow-metabolism mismatch”)
were considered to represent jeopardised viable
myocardium.12 The uptake of FDG by the
myocardium, however, depends on many
factors such as dietary state, cardiac workload,
response of the tissue to insulin, sympathetic
drive, and the presence and severity of ischae-
mia. These factors contribute to variability in
FDG imaging in the fasted or glucose loaded
state, confusing data interpretation

With the recent suggestion that semiquanti-
tative and quantitative analyses of FDG uptake
may enhance detection of viable myocardium,
there was an urgent need to standardise the
study conditions rigorously. Furthermore,
many patients with coronary artery disease are
insulin resistant—that is, the amount of endog-
enous insulin released after feeding will not
induce maximal stimulation owing to partial
resistance to the action of the hormone. This
may result in poor FDG image quality after an
oral glucose load. To circumvent the problem
of insulin resistance, an alternative protocol has
been recently applied to PET viability studies.
The protocol is based on the use of the hyper-
insulinaemic euglycaemic clamp—essentially
the simultaneous infusion of insulin and
glucose acting on the tissue as a “metabolic
challenge” and stimulating maximal FDG
uptake.9 This leads to optimisation of image
quality and enables PET studies to be
performed under standardised metabolic con-
ditions, which allows comparison of the
absolute values of the metabolic rate of glucose
(µmol/g/min) among diVerent subjects and
centres (fig 31.4).

By comparing FDG images obtained under
these conditions with regional wall motion
information (derived from echocardiography
or conventional radionuclide ventriculo-
graphy), the need for a simultaneous flow scan

is obviated. It is also possible to reduce the
period of image acquisition to approximately
30 minutes, giving a total scan time of about an
hour.

When to use PET for the identification of
hibernation
Basically, three techniques are used to assess
myocardial hibernation: dobutamine echo-
cardiography, SPECT with thallium-201, and
PET with FDG. These methods probe diVer-
ent aspects of myocyte viability, namely the
presence of inotropic contractile reserve, sarco-
lemmal integrity, and preserved uptake of
exogenous glucose, respectively. In patients
with normal or moderate impairment of left
ventricular function, their predictive value for
the identification of hibernating myocardium
appears to be similar (positive predictive value
69–83%, negative predictive value 81–90%).11

Dobutamine stress echocardiography is the
least expensive and most widely available tech-
nique for the detection of hibernating myocar-
dium. Although it has good predictive accuracy
in patients with mild to moderate left ventricu-
lar dysfunction, there is evidence that in
patients with pronounced left ventricular dys-
function it has a higher false negative rate than
nuclear techniques. In particular, PET is
regarded as the method with the greatest
predictive value in patients with heart failure
and very poor ejection fraction.13 Using PET
with FDG during hyperinsulinaemic euglycae-
mic clamp, we have shown that a threshold
value for the metabolic rate of glucose of
0.25 µmol/g/min allowed the best prediction of
improvement in functional class of at least one
grade after revascularisation.14

PET for the investigation of the autonomic
nervous system
Several â blocker drugs have been labelled with
carbon-11 to act as radioligands for imaging by
PET.1 The most promising of these is CGP
12177. This is a non-selective â adrenoceptor
antagonist which is particularly suited for PET
studies because of its high aYnity and low
lipophilicity, thus enabling the functional
receptor pool on the cell surface to be studied.
A graphical method for quantification of â

Figure 31.4. Myocardial viability in two patients with coronary artery disease and severe chronic left
ventricular dysfunction assessed by PET with 18F labelled FDG during hyperinsulinaemic euglycaemic clamp.
Both patients had previous myocardial infarctions. The scan in panel A shows that FDG uptake in the
previously infarcted anteroseptal segment is 0.45 µmol/g/min, suggesting the presence of viable myocardium.
In the scan in panel B the uptake of FDG in the anterior wall and the interventricular septum is significantly
reduced (0.14 µmol/g/min), suggesting absence of viability in this large area. A cut off point of 0.25 µmol/g/min
is routinely used in our laboratory to differentiate between viable and non-viable myocardium.13
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adrenoceptor density (Bmax, pmol/g) from the
PET data has been developed. This approach
requires two injections of 11C-(S)-CGP 12177,
one at a high specific activity followed by a sec-
ond at a lower specific activity.15 Studies in our
institution in a group of healthy subjects over a
broad range of ages have yielded mean (SD)
Bmax values of 8.4 (2.0) pmol/g, a figure which is
comparable with the values measured using in
vitro binding.15 In addition, studies in patients
have demonstrated diVuse down regulation of
myocardial â adrenoceptors in hypertrophic
cardiomyopathy and in congestive cardiac fail-
ure, two disorders in which there is a broad
range of evidence for chronically raised levels
of sympathetic nervous system activation. It
has further been hypothesised that abnormal
sympathetic activation may actually precede
the development of systolic dysfunction in
patients with hypertrophic cardiomyopathy.
The relation between left ventricular function
and myocardial â adrenoceptor density has
been investigated and a significant correlation
between left ventricular fractional shortening
(echocardiography) and â adrenoceptor den-
sity (PET) was shown (fig 31.5).16

PET has also been used to investigate the
integrity of pre-synaptic sympathetic innerva-
tion of the heart. Three tracers have been used
for this purpose: 18F labelled fluorometarami-
nol, 18F labelled fluorodopamine and 11C
labelled hydroxyephedrine (11C-HED). These
tracers compete with endogenous noradren-
aline for the transport into the presynaptic
nerve terminal via the neuronal uptake-1
transport system. Once within the neuron these
compounds are metabolised and trapped, and
hence serve as markers of sympathetic innerva-
tion. Recent studies have demonstrated de-
creased retention of 11C-HED in patients after
cardiac transplant which is consistent with the
heart being denervated. However, with time,
some sympathetic re-innervation occurred par-
ticularly in the anteroseptal regions of the
heart.17 This has recently been correlated with
recovery of the sensation of angina pectoris in
these patients. Both pre- and postsynaptic
myocardial autonomic function can be as-
sessed non-invasively by combining diVerent

tracers—for example, 11C-HED and 11C-(S)-
CGP 12177.18

PET studies using 11C labelled MQNB have
been used to quantify the density of myocardial
muscarinic cholinergic receptors in both ex-
perimental animals and in man.1 It would be
desirable for these studies to be extended to
patient groups given the possible pathophysi-
ological role of muscarinic receptors in
arrhythmogenesis and control of sympathetic
nerve function.
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Recent developments in hardware and
software have increased the diagnostic
capabilities of magnetic resonance im-

aging (MRI) and electron beam computed
tomography (EBT) to visualise the cardiac
anatomy, including the coronary arteries. Visu-
alisation of the heart puts any diagnostic tech-
nique to the test, because the continuous
cardiac motion distorts the image and high
temporal resolution is required to “freeze” the
heart to produce a sharp image.

In particular, non-invasive visualisation of
the coronary arteries is diYcult because of the
small size of the coronary arteries (2–5 mm in
diameter), the complex, tortuous course mak-
ing it often impossible to “catch” the coronary
artery in one slice (tomogram), and the cardiac
and respiratory motion causing loss of sharp-
ness or motion artefacts.

In this article image acquisition and process-
ing techniques of MRI and EBT will be
presented. The clinical role of both techniques
in cardiac imaging will be discussed, together
with a brief introduction of the technical
aspects.

Magnetic resonance imaging: physics
and technique

MRI has excellent temporal and spatial resolu-
tion and is capable of visualising the cardiac

anatomy. The advantages of MRI are its ability
to acquire images non-invasively, in the ab-
sence of ionising radiation, and in any tomo-
graphic plane without interference from sur-
rounding bone or soft tissues. The basic
concepts and clinical role of MRI can be found
in excellent recent review articles.1–5 In this
paper we limit ourselves to a brief summary of
MRI concepts.

MRI scanner
The MRI scanner consists of a magnet,
gradient coils, and a body coil. The large mag-
net produces a strong homogeneous magnetic
field, is cylindrical, and for imaging the patient
is placed within the bore of the magnet.
Gradient coils vary the strength of the
magnetic field from one point to another and
they determine the spatial information of the
emitted MR signal necessary for the construc-
tion of the image. The bodycoil acts as an
antenna, and transmits and receives radiofre-
quency (RF) waves.

Basic principles of MRI
Nuclei with an odd number of protons (such as
hydrogen) posses a property called spin
angular momentum—that is, the nucleus spins
around its axis. Since the odd nuclei are
positively charged, the spinning motion causes
a magnetic momentum around it and acts as a
small magnet. The strength of this magnetic
moment is a property of the type of nucleus.
Hydrogen nuclei possess a large magnetic
moment, and are very abundant in the human
body thereby making hydrogen the nucleus of
choice for MRI. In the absence of an externally
applied magnetic field (Bo) these individual
magnetic moments have no preferred orienta-
tion, but when placed in strong external
magnetic field these magnetic moments align
with the orientation of the external field. How-
ever, the spins do not exactly align but are at an
angle to the external magnetic field (fig 32.1).
This causes the spin to precess around the axis
of the external magnetic field with a unique
(resonant) frequency.

The unique frequency of this precession is
governed by the Larmor frequency equation
f = g × M, where f = frequency, g = gyro-
magnetic ratio (unique for each nucleus), and
M = strength of magnetic field. The spins
precess at random and give rise to a rather small
secondary magnetic field (net tissue magnetisa-
tion, M) which at equilibrium is aligned longitu-
dinally, along the axis of the main magnetic field
(Bo) which is much larger, so that tissue
magnetisation is “overruled” by the main
magnetic field Bo, making tissue magnetisation
undetectable in the longitudinal axis. To “de-
tect” this tissue magnetisation to produce an
MR image it is necessary to disturb this equilib-
rium. An RF pulse emitted from the RF
transmitter coil with a resonant frequency equal
to the unique frequency of the precessing spins
rotates the net longitudinal tissue magnetisation
into the transverse plane (X-Y plane) and
synchronises the precession (fig 32.2). This
allows the transverse magnetisation to be
detected and measured. Termination of the RF

32 Non-invasive coronary artery
imaging with electron beam computed
tomography and magnetic resonance

imaging

P J de Feyter, K Nieman, P van Ooijen, M Oudkerk

Figure 32.1. Spin angular moment causing a magnetic dipole. Bo, external
magnetic field which causes spin to precess at an angle to Bo. M, net tissue
magnetisation aligned along Z axis.
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pulse causes the perturbed nuclei to return
(relax) to the original longitudinal alignment in
the magnetic field and incoherent precession. As
they relax a signal is emitted which is detected by
the RF receiver. This is the MR signal from
which the image is reconstructed.

DiVerent tissues relax at diVerent rates, thus
providing contrast between tissues. This signal
needs to be processed to allow three dimensional
location of the source (tissue protons) of the sig-
nal. A supplemental magnetic field gradient is
applied (by the gradient coils) which causes a
predictable variation of the magnetic field and
thus a predictable resonant frequency of protons
along an axis. This allows exact location of pro-
tons enabling precise image reconstruction.

Cardiac MRI

MR coronary imaging: technique
Cardiac and respiratory motion are formidable
problems making robust MR coronary angio-
graphy very diYcult. Today conventional diag-
nostic coronary angiography is the undisputed
standard of reference because a selective injec-
tion of contrast media reproduces in real time
(no motion artefacts) the entire coronary
artery (including collaterals), with an in-plane
resolution of 0.15 × 0.15 mm.

Coronary imaging with an image acquisition
of 25–50 images per second (that is, 20–40 ms
per acquisition), such as can be achieved with
conventional diagnostic coronary angiography,
would result in a nearly motion free image, but
unfortunately such ultrafast MR acquisition
techniques are not yet available. To circumvent
these motion problems several other approaches
must be used. To reduce cardiac motion distur-
bances one chooses a “quiet” window in the
cardiac cycle during which the heart does not
contract. This window is usually in mid and late
diastole and lasts for about 100 ms to 150 ms.
This window can be selected by triggering to the
ECG signal so that the acquisition is performed
in that predetermined window. This requires a
stable heart rhythm and precludes patients with
arrhythmias.

Respiratory motion artefacts can be reduced
by using two acquisition approaches: (a)
breathholding, and (b) respiratory gating.
Breathholding for 20 seconds is possible in the
majority of patients.

Respiratory gating techniques make use of a
navigator technique, which monitors the move-
ment of the diaphragm during respiration so
that images are acquired only at the same pre-
determined diaphragm level. Potential naviga-
tor techniques allow longer acquisition times,
during normal breathing, but irregularities in
breathing pattern during long acquisition peri-
ods “shift” the diaphragm level, which may be
(partly) overcome by adaptive windowing (to
correct for diaphragm shift).

Another problem is the presence of epicar-
dial fat, which produces a bright MR signal,
which may interfere with the signal of blood
within the coronary arteries. Fat saturation—
that is, a strong RF pulse that selectively satu-

rates the magnetisation of fat bound hydrogen
atoms, but not waterbound hydrogen atoms—
eVectively suppresses this fat signal and is often
used in MR coronary imaging.

MR coronary imaging to detect a coronary
stenosis
The detection of haemodynamically significant
lesions with diVerent MR techniques appears
to be the “Holy Grail” of MR imaging (fig
32.3). So far, the results of detecting stenoses
have been disappointing with sensitivities
ranging from as low as 33% to as high as
90%.1 2 6 Overall the MR techniques are not
robust enough to allow clinically reliable iden-
tification of a coronary lesion. The inability to
reliably detect coronary stenosis is caused by:
(1) the unacceptable quality of the images
(mainly caused by problems of cardiac and res-
piratory motion) which makes interpretation
unreliable or sometimes even impossible; (2)
partial voluming of tortuous vessels; (3)
intravoxel phase dispersion caused by complex
or turbulent flow at coronary stenosis; (4)
overlapping of adjacent anatomic structures, in
particular the circumflex artery which is
obscured by overlapping of the coronary sinus;
(5) an inability to distinguish normal antegrade
coronary flow from collateral filling of a vessel
occurring beyond a severe stenosis or total
occlusion; and (6) MR signal of the vessel wall
or coronary plaque mimicking the blood signal
of the vessel lumen.

Future of MR coronary imaging
There are three factors that must always be
considered in MR coronary imaging: acquisi-
tion time, signal to noise ratio, and resolution.
Improvement of one of the three is at the
expense of one or both of the other two, and
therefore MR imaging is about trying to find
the optimal compromise.

Ultrafast new MR scanners will allow: (a)
shorter acquisition windows (less than 100 ms)

Figure 32.2. The patient (heart) is placed within a strong external magnetic field
(Bo). The RF transmitter rotates the net tissue magnetisation in the transverse
plane, and after termination, relaxation occurs which emits a signal detected by
the RF receiver. The gradient coils produce a supplemental magnetic field
gradient to allow precise location of the excited protons. The received signals
have certain signal intensity (brightness) and location, both of which are
processed to form the desired image.
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which may dramatically reduce motion arte-
facts; and (b) three dimensional acquisition
which oVers the advantage of higher signal to
noise ratio, and more isotropic pixel resolution.
Small volume scan acquisition oriented along
the coronaries, obtained during one breath
hold, is feasible and appears promising.7 The
low contrast to noise ratio is expected to be
improved by blood pool contrast media, so that
the vessel lumen becomes more visible and
protruding lesions can be distinguished. High

gradient scanners are expected to improve the
current spatial resolution of typical sequence of
1.5 × 1.5 × 3 mm to an in-plane resolution of
less than 1 mm. However, it may take several
years before MR coronary angiography will
evolve into a reliable clinical tool.

MR imaging to establish proximal course of
coronary arteries
MR imaging is a reliable, patient friendly
technique to assess the anomalous origin or

Figure 32.3. Visualisation of the right coronary artery with (A) a fast sequence MR coronary angiography
technique, and (B) three dimensional reconstruction. Two significant stenoses are clearly visible.

Figure 32.4. Computer display of the MASS analytical software package. The small images along the bottom
represent the individual frames over a cardiac cycle at a certain anatomical level. The left ventricular
endocardial and epicardial contours were generated using semiautomatic contour detection. From the
contours in all the frames and slices, a three dimensional model can be reconstructed that can also be used
as a functional display representing regional wall thickening/thinning. Reproduced from van der Geest et al.
J Comput Assist Tomogr 1997;21:756-65, with permission of the publishers.
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proximal abnormal course of the right and left
coronary arteries accurately.8

MR imaging of saphenous vein grafts
MR imaging of vein grafts is relatively easy
because the grafts have a large diameter
(4–8 mm) and are minimally aVected by
cardiac and respiratory motion. The patency of
grafts can be established by MR with a
sensitivity of 85–90% and a specificity of
60–100%.1 2 However, these examinations only
provide information on graft patency and no
information about non-occluding stenoses or
graft patency of a sequential graft distal to a
first coronary anastomosis, thus limiting the
application in clinical practice.

MR imaging of right and left ventricle
Newer MR techniques (gradient echo imaging
or echo planar imaging) allow acquisition of
short axis (or long axis) slices within 50 ms
with adequate image quality to assess quantita-
tive evaluation of left ventricular function.4

The use of end diastolic and end systolic
measurements allows calculation of stroke vol-
ume, ejection fraction, and ventricular mass.
Wall motion abnormalities can be evaluated
quantitatively by cine MR imaging (fig 32.4).9

Myocardial tagging allows for detection of very
subtle wall motion abnormalities. MRI permits
accurate delineation of epicardial and endocar-
dial borders so that wall motion and systolic
wall thickening can be analysed quantitatively.
Stress MRI (using dobutamine) is emerging as
a technique to detect coronary artery dis-
ease,10 11 and evaluation of myocardial contrac-
tile reserve by stress MRI appears useful for
evaluating myocardial viability.12 13 Myocardial
perfusion imaging is emerging as a valuable
tool to assess distribution of myocardial
perfusion with high resolution.14 15 The anat-
omy and function of the right ventricle in par-
ticular is notoriously diYcult to assess

adequately. However, MR imaging allows
evaluation of the right ventricle, which may
prove to be useful to monitor congenital heart
disease (fig 32.4).

MR imaging of the cardiac anatomy
The presence of tumours or other masses
involving the cardiac chambers, the pericar-
dium, and extra cardiac structures can be reli-
ably assessed with MRI.16

Limitations of MR imaging
Devices and metallic objects within the body
may present a potential hazard for the patient.
These objects may cause image artefacts,
induce electric currents, cause excessive heat-
ing, or may move within the tissues. Patients
with pacemakers and implantable defibrillators
should not undergo MR imaging. Claustropho-
bia occurs in 2% of the patients, but the “open”
configuration of new scanners will reduce this
problem.

Electron beam tomography: physics
and technique

EBT is a tomographic x ray technique whereby
only the structures in a selected slice (tomo-
gram) of the patient are imaged sharply. The x
ray photons passing through the body are
diVerentially absorbed by the tissue, thus
creating object contrast from which an image is
reconstructed.

Clinical role of MRI in cardiac disease

x Established role—evaluation of atria,
ventricles, and pericardium:

–congenital heart diseases
–cardiac tumours (masses)
–pericardial disease
–left ventricular volume, mass
–left ventricular function: wall
thickness/systolic thickening

–right ventricular function

x Emerging role:
–visualisation of coronary arteries
–visualisation of bypass grafts
–dobutamine stress MRI for coronary
ischaemia to detect wall motion,
abnormalities or myocardial contractile
reserve

x Potential role:
–epicardial coronary flow velocity
(rest/stress)

–myocardial perfusion (rest/stress)
–specific contrasts for myocardial
necrosis or viable tissue

Figure 32.5. Schematic of EBT scanning to reconstruct a three dimensional
image. ID, one dimensional; 2D, two dimensional; 3D, 3 dimensional.
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The EBT scanner is a dedicated ultrafast
cardiac scanner, which is able to acquire tomo-
grams within 100 ms.17 This fast acquisition is
achieved because, unlike “conventional” com-
puted tomographic (CT) scanners, there is no
need to rotate the x ray source around the
patient (which is energy and time consuming);
rather the patient is positioned within a fixed
source detector combination where x rays are
produced with an electronically steered elec-
tron beam. The acquisition is obtained at a
predetermined relative motion free diastolic
acquisition period, which is determined by
high resolution ECG with triggering usually set
at 80% of the RR interval. Breathholding is
necessary during acquisition of the tomograms
to avoid respiratory motion artefacts. The
tomogram thickness is set at 1.5 or 3 mm.
Scanning is performed with the patient in
supine position on the table. After each tomo-
gram the table increment is set at 1.5 or 2 mm,
resulting in contiguous non-overlapping slices
or slices with 1 mm overlap. One tomogram is
made during each RR interval. To completely
cover the heart 40 to 60 transaxial tomograms
are made during one breath hold. The data are
obtained after injection of 150 ml contrast
medium at 4 ml/s through an antecubital vein.

The high contrast in-plane resolution is
approximately 0.8 × 0.8 mm (6 line pairs/cm).
The radiation exposure is estimated to be one
third of that of a diagnostic coronary angio-
gram.

The image is constructed from many one
dimensional projections, which are used to
reconstruct a single slice of data (fig 32.5). A

three dimensional data set is obtained by
stacking many two dimensional tomograms
from which three dimensional reconstructions
are made usually using a surface shaded
rendering or a volume rendering technique.

EBT to assess coronary arteries
During contrast injection the mean CT density
within the coronary arteries is about 165–200
Hounsfield units (HU) while the mean density
of the myocardium (85–100 HU) and connec-
tive tissue (100 HU) is much lower, thus
allowing visualisation of the contrast filled cor-
onary lumen.

So far the results of healthy volunteers and
approximately 300 patients have been pub-
lished. In 75–80% of the cases the image qual-
ity is suYcient to allow reliable interpretation
of the coronary arteries (fig 32.6).17–19

The sensitivity to detect significant coronary
stenosis ranges from 75–90% and the specifi-
city from 80–94%.

The diagnostic accuracy of EBT coronary
angiography is highest in the left main artery
and proximal and mid parts of the left anterior
descending coronary artery, and moderate in
proximal and mid parts of the right (RCA) and
left circumflex (LCX) arteries. The distal cor-
onary segments cannot be visualised.

Misdiagnosis is caused by cardiac motion
artefacts (in particular of the RCA and LCX),
inadvertent respiratory motion, overlapping
anatomical structures, triggering problems due
to irregular heart rhythm, and lumen interpret-
ation problems in cases of severe overlying cal-
cifications. Total coverage of the heart requires
a rather long breath hold (for example, with a
heart rate of 60 bpm and slice thickness of
3 mm, a 20 second breath hold covers 6 cm
from base to apex) which is not always possible
in patients.

EBT to assess bypass graft patency
Initially EBT was able to establish only the
patency of coronary venous and arterial bypass
graft patency by assessment of the individual
transaxial angiograms. The diagnostic accu-
racy was high with a sensitivity of 95% and a
specificity of 86–97%.17 The recently intro-
duced three dimensional rendering techniques
were able to reconstruct the graft completely
and thus allow assessment of non-occluding
obstructions (fig 32.7). The diagnostic accu-
racy to detect significant graft obstructions was
high, with sensitivity ranging from 92–100%
and specificity from 91–100%.

EBT for quantification of coronary
calcification
To detect coronary calcium usually 20–30 con-
tiguous, 3 mm EBT slices acquired at 100 ms
are obtained. The tomograms, which are
acquired during one breath hold, are triggered
from an ECG at 80% of the RR interval to
minimise cardiac motion. Coronary calcium in
the wall has a high density relative to blood and
thus is easily detected (fig 32.8). The EBT
scanner software allows the quantification of
calcium area and density. CT attenuation of
tissue is about ± 50 HU and arbitrarily a

Figure 32.6. EBT of coronary arteries with view from top (B), from a more
anterior angle (C), and from a lateral angle (D). The left circumflex (CX) artery is
totally occluded. A: corresponding coronary angiography. AO, aorta; INT,
intermediate coronary branch; LAD, left anterior descending coronary artery;
RCA, right coronary artery, RVOT, right ventricular outflow tract.
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density of 130 HU and more are assumed to be
calcium. The calcium scoring algorithm from
Agatson is frequently used to calculate the
amount of calcium.20 Calcium densities of
130–200 HU are assigned a score of 1, between
201–300 HU a score of 2, between 301–
400 HU a score of 3, and > 401 HU a score of
4. These peak calcium density values are mul-
tiplied by the actual area (mm2) of calcification
per coronary tomographic segment to obtain
the score. The score can be given per specific
coronary artery or for the entire coronary sys-
tem (the sum of the individual scores).

EBT is extremely sensitive in defining
coronary vascular calcification, and the pres-
ence of coronary calcium is always indicative of
coronary atherosclerosis.21 The presence of
calcification does not equate with the presence
of a significant coronary stenosis, however, and
the absence of calcification does not exclude a
coronary lesion, including a vulnerable plaque,
but the likelihood of the latter is low. There is a
direct relation between the magnitude of the
calcium score and the extent of the underlying
coronary plaque burden and the presence of a
severe coronary stenosis. However, site and
extent of calcification do not equate with site
specific stenosis, and a calcific plaque does not
mean a stable plaque.

There appears to be a relation between the
presence of coronary calcification and the
occurrence of adverse coronary events in
asymptomatic individuals.21 22 The place and
role of EBT as a screening tool to predict cor-
onary events, independent of the conventional
risk factors such as hypertension, smoking,
hypercholesterolaemia, diabetes, and family
history, is controversial and requires more data
before EBT can be recommended in low risk
asymptomatic patients.

Future EBT coronary imaging
Although EBT has a high temporal (100 ms)
and high in-plane spatial resolution
(0.8 mm × 0.8 mm), with image acquisition
triggered to the ECG, its performance is not
yet suYciently robust for reliable coronary
visualisation. Technical improvements may be
expected, such as doubling the number of
detector elements, so that the in-plane resolu-
tion may improve from 6 line pairs/cm to
10 line pairs/cm or reducing the tomogram
acquisition time from 100 ms to 50 ms.

Coronary imaging with EBT is promising
because calcium quantification provides infor-
mation on the plaque burden of the coronary
arteries, and contrast enhanced CT may
reliably determine the severity of obstructive
disease.

Conclusion

A major question, given the cost constraints for
a potential interested party, is which
technique—MRI or EBT—should one pur-
chase?

This largely depends on the purpose for
which the technique will be used. If one is
interested in visualising coronary arteries or
venous bypass grafts EBT seems more robust
than MRI.

Visualisation of the heart chambers and car-
diac masses can be achieved equally eVectively
by both techniques. MRI is superior for study-
ing left ventricular function and perfusion, and
obviously flow can only be determined by MRI
(although it is still in its early phase of develop-
ment).

Figure 32.7. Visualisation of sequential venous
bypass graft without significant stenoses.

Figure 32.8. Example of coronary calcification score. Blue dots in the left anterior
descending artery represent calcification.

Clinical role of EBT in cardiac disease

x Established role:
–detection and quantification of
coronary calcium

x Emerging role:
–visualisation of coronary arteries
–visualisation of bypass grafts

x Under investigation:
–quantification of calcium in
symptomatic patients and
asymptomatic individuals

x Potential role:
–left ventricle anatomy and function
–right ventricle anatomy and function
–myocardial perfusion
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SECTION VIII: GENERAL CARDIOLOGY





This article discusses the diagnosis and
management of myocarditis and peri-
carditis (both acute and recurrent), as

well as other pericardial diseases.

Myocarditis

Myocarditis is the term used to indicate acute
infective, toxic or autoimmune inflammation of
the heart. Reversible toxic myocarditis occurs
in diphtheria and sometimes in infective endo-
carditis when autoimmune mechanisms may
also contribute. Persistent viral infection of the
myocardium was first demonstrated a decade
ago.1 Slow growing organisms such as chlamy-
dia and trypanosomal infection in Chagas’ dis-
ease are causes of chronic myocarditis. Non-
infective causes in sarcoidosis and the collagen
vascular diseases need to be sought.

Acute myocarditis and acute pericarditis are
not always associated (likewise meningitis and
encephalitis do not always occur together) and
the clinical emphasis is usually on one or the
other.

Myocarditis can be caused by many diVerent
viruses and the microbial pathogenesis may be
complex. Most cases of myocarditis with onset in
otherwise healthy people probably have an infec-
tious origin, although the pathogenesis is not yet
fully understood (such as the finding of a link
between chlamydia and heart disease through
antigenic mimicry). In western countries entero-
viruses, especially coxsackie B 1–6 serotypes, are
the most frequent, and the recent identification
of a common coxsackie virus B and adenovirus
receptor has explained why these very diVerent
virus types both cause myocarditis.2–4

Prevalence and clinical features
The prevalence of acute myocarditis is un-
known because most cases are not recognised
on account of non-specific or no symptoms
(but sudden death may occur). Myocarditis
may develop as a complication of an upper res-
piratory or gastrointestinal infection with
general constitutional symptoms, particularly
fever and skeletal myalgia, malaise, and ano-
rexia. This systemic acute phase response
increases energy production but compromises
performance. Since myocarditis may not de-
velop for several days or weeks after the symp-
toms and after a return to normal work and lei-
sure activity, there is a risk of overexertion,
which may be dangerous.

Diagnosis is easiest during epidemics of cox-
sackie infections but diYcult in isolated cases.
These are not seen by cardiologists unless they
develop arrhythmia, collapse or suVer chest
pain, the majority being dealt with in the
primary care system.

Acute onset of chest pain is usual and may
mimic myocardial infarction or be associated
with pericarditis. Arrhythmias or conduction
disturbances may be life threatening despite
only mild focal injury, whereas more wide-
spread inflammation is necessary before car-
diac dysfunction is suYcient to cause symp-
toms.

Investigations
The ECG may show sinus tachycardia, focal or
generalised abnormality, ST segment eleva-
tion, fascicular blocks or atrioventricular con-
duction disturbances. Although the ECG
abnormalities are non-specific, the ECG has
the virtue of drawing attention to the heart and
leading to echocardiographic and other investi-
gations. Echocardiography may reveal segmen-
tal or generalised wall motion abnormalities or
a pericardial eVusion. Echocardiography allows
other causes of heart failure to be excluded but
pronounced focal changes in wall motion may
lead to confusion with myocardial infarction,
especially if the ECG changes also suggest
this.5

The chest x ray may be normal, show cardiac
enlargement, pulmonary venous congestion or
pleural eVusions.

Evidence of myocyte necrosis may be found
with an increase in creatine kinase or appear-
ance of troponin, indicating myocytolysis. The
highest enzyme concentrations occur early and
will probably have returned to normal by about
a week after onset.6 Cardiac autoantibodies can
be demonstrated only later in the disease proc-
ess.

A viral origin of myocarditis can only be
proved if the virus is detected within an altered
myocardium. This has become possible
through molecular analyses of necropsy, trans-
plant, and endomyocardial biopsy specimens
using new techniques of viral gene amplifica-
tion, which have shown persistence of viral
mRNA.1 The histological diagnosis of myocar-
ditis (fig 33.1) was clarified by the Dallas crite-
ria,7 but these unfortunately did not include
immunohistochemistry to demonstrate a T cell
mediated immune response.

33 Myocarditis, pericarditis and other
pericardial diseases
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Figure 33.1. Acute myocarditis showing sheets of pale
staining myocytes. Lymphocytes are seen which were
identified as CD4 and CD8 cells on immunohistology.
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Myocardial failure in myocarditis
Contributory causes of myocardial dysfunction
include:
(1) a direct cytotoxic eVect of the agent, be it

viral, bacterial, etc;
(2) a secondary immune response, which can

be triggered by any one of many diVerent
agents including non-infective ones;

(3) cytokine expression in the myocardium,
which plays a crucial role—for example,
tumour necrosis factor á (TNF á) and
nitric oxide synthase.4

(4) aberrant induction of apoptosis, which
may also play a part, particularly in
individuals who go on to develop a chronic
cardiomyopathy.4 The proportion of pa-
tients who do this is completely unknown,
but a genetic predisposition to ongoing
inflammation, and possibly also to viral
persistence, would explain the recognition
of a 25–30% familial incidence of dilated
cardiomyopathy.8

Detection of a causal agent is uncommon
during the early phase (or even later). Demon-
stration of a viral origin is dependent upon
gaining serial antibody titres against specific
viruses and on showing a gradual fall in titre
during convalescence. Even if endomyocardial
biopsy is carried out, persisting viral mRNA
will be found in only 25–50% of patients with
biopsy proven acute myocarditis.9

Management
The treatment of acute myocarditis is largely
supportive. EVective antiviral agents are
unavailable and usually inappropriate, but they
need to be more extensively investigated for
clinical use. Immunosuppressive agents would
be inappropriate if the myocarditis were caused
by the direct eVect of persisting virus but
potentially useful to suppress an ongoing
autoimmune inflammatory response. Discour-
aging results were obtained in a randomised
controlled trial of the use of immunosuppres-
sive agents in the treatment of biopsy proven
acute myocarditis.10 The trial was weakened by
failure to include immunohistochemical tech-
niques in the biopsy criteria and by frequent
protocol violations. The use of steroids in an
acutely ill patient therefore remains a
discretionary clinical option in addition to the
use of diuretics, angiotensin converting enzyme
(ACE) inhibitors, â adrenergic blocking
agents, and spironolactone.

It is recommended that whenever myocardi-
tis is suspected exercise should be avoided.11

Interestingly, in a large Finnish epidemiologi-
cal study of myocarditis, which included nearly
700 000 healthy young men, there were 10
sudden unexpected deaths of which only one
was associated with acute myocarditis (and
there were no cases of hypertrophic cardio-
myopathy or arrhythmogenic right ventricular
cardiomyopathy).5

The future development of eVective treat-
ment will depend on ability to make an early
diagnosis before establishment of a myopathic
process and on knowledge of whether the cause
is infective or autoimmune.12

Endocardial fibroelastosis in infancy and
childhood, which was associated with persist-
ent mumps virus infection, has been almost
eradicated by vaccination and the development
of vaccines against the other common viruses
may help reduce the incidence of myocarditis
in childhood.

Prognosis
Recovery from acute myocarditis often sur-
prises and delights after life threatening illness.
Some recover seemingly normal ventricular
function, but some cardiovascular reserve must
have been lost because biopsies during the
acute phase show myocytolysis. It is also
uncertain how many will progress to dilated
cardiomyopathy.13

In a recent study 147 cases of myocarditis
were followed up for an average of 5.6 years.
Out of 15 cases classed as fulminant, 93% were
alive without transplant 11 years after biopsy
compared with 45% of 132 less severe cases.
Left ventricular dilatation was not as great in
the fulminant cases, who were more likely to
recover, as in the clinically milder cases who
had bigger ventricles.14

Other causes of acute myocarditis
Lyme disease caused by Borrelia burgdorferi, a
tick borne organism carried by deer, may cause
an acute myocarditis, typically with a long PR
interval as occurs with acute rheumatic fever.
Left ventricular dysfunction is usually transient
but the organism has been cultured from
endomyocardial biopsy material in a patient
with a dilated cardiomyopathy.

Chagas’ disease, common in rural parts of
Central and South America, results from infec-
tion by Trypanosoma cruzi. Although best
known as a cause of heart block and cardio-
myopathy in the chronic phase, it can also
cause a severe acute myocarditis and sudden
death. During this phase, but not the chronic
one, trypanosomes can be shown lying within
the myocytes.

Kawasaki disease (Japanese mucocutaneous
lymph node syndrome) can cause a diVuse
myocarditis in its first or second stages. Occlu-
sion of proximal coronary artery aneurysms is
the usual cause of death. Treatment with
immunoglobulins during the early phases may
help to prevent aneurysms from forming. The
cause is still unknown but is probably
infective.

Peripartum cardiomyopathy (PPCM) is a
rare life threatening condition of unknown ori-
gin which occurs in women without known
pre-existing heart disease. It is defined as the
development of cardiac failure in the last
month of pregnancy or within five months of
delivery, in the absence of an identifiable origin
or recognisable heart disease before the last
month of pregnancy. The condition is rare and
personal series are small.

Recent work has shown evidence of acute
myocarditis in a majority of patients when
endomyocardial biopsy is carried out early
in the illness.15 The onset is most often
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postpartum and the origin probably immuno-
logical without an infective precipitant. This
can be related to fetal–maternal incompatibil-
ity following the period of maternal immuno-
suppression during the pregnancy. A mortality
of up to 50% has been reported but PPCM
may not be as rare as is commonly thought,
since subclinical cases may never be diag-
nosed. The use of immunosuppressive agents,
in addition to full treatment for the often
fulminating heart failure, is appropriate. Al-
though transplantation has been carried out, a
large measure of recovery is common in survi-
vors as in acute myocarditis outside preg-
nancy. The use of ventricular assist devices as
a bridge to recovery rather than transplanta-
tion is indicated for the most seriously aVected
patients.

A genetic predisposition may exist in these
patients and occasionally patients give a history
of relatives with dilated cardiomyopathy. Clini-
cal recovery may be slow and delayed even up
to a year or more after the birth. Even when it
appears to be complete, a measure of cardio-
vascular reserve has been lost, as is indicated by
the myocytolysis found on biopsy. Recurrence
in future pregnancies is not invariable but there
are few data. Pregnancy should therefore be
discouraged in any patient with residual
myocardial dysfunction and, if possible, de-
layed for some years.

Summary
Acute myocarditis has many diVerent clinical
presentations but, most commonly by far,
mimics the onset of acute myocardial infarc-
tion. It may present with acute heart failure but
only rarely as dilated cardiomyopathy of recent
onset. Subclinical myocarditis is common and
strenuous exercise should be avoided during
acute infections.

Pericardial diseases

Pericarditis is very much a part of general
medicine, developing as an acute illness or
complicating rheumatic renal and malignant
disease or treatment with certain drugs.
Echocardiography has done much to reveal
pericardial (and myocardial) involvement
in “non-cardiac” conditions and to demon-
strate the physiology of tamponade and
constriction.

Acute pericarditis
The features of acute pericarditis are pericar-
dial pain, pericardial friction, and concordant
ST segment elevation on the ECG.

As in acute myocarditis, there are numerous
causes but frequently none is found. Acute
idiopathic pericarditis is usually benign but
may rapidly constrict or pursue a relapsing
course before burning out. Rarely it may be
associated with a clinically occult diVuse myo-
carditis (rather than the more usual epicarditis
which is responsible for the typical ECG
changes). Pericardiocentesis in such cases may
be followed by collapse and cardiogenic shock
and is ill-advised. Echo should prevent mis-
takes by checking ventricular contractile func-
tion as well as the features of tamponade.

The patient is usually febrile and the pain
may be mild or severe. It is typically exacer-
bated by inspiration and relieved by leaning
forward. A friction rub may come and go. Signs
of tamponade are unusual.

The chest radiograph may be normal or the
heart shadow may be slightly enlarged. There
may be pleural eVusions but pulmonary
congestion, if present, indicates associated
myocarditis.

The ECG shows generalised ST segment
elevation. This is a current of injury from the
superficial layers of the myocardium. The
changes are usually generalised. The QRS is
normal unless there is a large pericardial
eVusion. With resolution the ST segment
becomes isoelectric and there may be T wave
inversion which sometimes persists. Arrhyth-
mias may develop.

Clinical pericardial syndromes are:

x Acute pericarditis

x Relapsing pericarditis

x Cardiac tamponade

x Chronic pericardial eVusion without
compression

x EVusive constrictive pericarditis

x Constrictive pericarditis

Some important causes of pericarditis

x Idiopathic

x Infectious
–viral
–bacterial
–fungal
–parasitic

x Immunological
–relapsing pericarditis
–post-infarction (Dressler’s syndrome)
–post-cardiotomy syndrome
associated with the connective tissue
disorders

–rheumatic fever
–Still’s disease
–rheumatoid arthritis
–systemic lupus erythematosus (SLE)
–mixed connective tissue disease
–polyarteritis and the Churg-Strauss
variant

x Neoplastic

x Post-irradiation

x Traumatic

x Uraemic

x Drug induced
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The ECG changes of acute pericarditis may
be mimicked by early repolarisation seen most
often in young males. Elevated concave upward
ST segments are located in the precordial leads
with reciprocal depression in AVR; T waves are
peaked and slightly asymmetrical with a notch
and a slur on the R wave. The axis is usually
vertical with counter clockwise rotation, a short
and depressed PR interval, prominent U
waves, and sinus bradycardia. The ST segment
becomes isoelectric with exercise or adminis-
tration of isoprenaline. Early repolarisation is a
benign condition.

Both changes of early repolarisation and of
acute pericarditis mimic those of early acute
anterior myocardial infarction. Echocardio-
graphy provides the most rapid and certain
means of diVerentiation in most cases but not
in all. Acute myocarditis also commonly mim-
ics acute myocardial infarction. Enzyme release
is usual in those who show ST segment eleva-
tion on ECG16 and echo may show regional
akinesia. Coronary angiography diVerentiates,
and endomyocardial biopsy can be performed
at the same time.

Other investigations include exclusion of
known causes of acute pericarditis, particularly
tuberculosis which may require pericardial
aspiration. In that case, the pericardium should
be aspirated to dryness and all the fluid sent to
the laboratory so that it can be spun down and
the sediment stained for microbacteria. A
tuberculin test may be negative in acute tuber-
culous pericarditis, which is now being seen
more commonly in immigrants and HIV posi-
tive patients and is increasingly found to be
caused by variant and resistant forms of myco-
bacteria.

Relapsing pericarditis
Relapsing or recurrent pericarditis causes
episodes of chest pain with or without a friction
rub, sometimes with pericardial and even pleu-
ral eVusions. Each episode may last several
days and be accompanied by fever. Pericarditis
of any cause may be followed by this disabling
condition, which is frequently not diagnosed
especially if an initiating bout of acute pericar-
ditis has not been documented. It may compli-
cate recovery from acute myocardial infarction
(Dressler’s syndrome) or cardiac surgery (the
postcardiotomy syndrome). Each may be
followed by one or several recurrences but the
most recalcitrant cases tend to be idiopathic.

The condition is benign and does not lead to
constriction. It can sometimes recur for several
years before burning out and is then very
debilitating, with a major impact on general
well being, family life, and work.

Management
Mild cases of relapsing pericarditis respond to
aspirin or other non-steroidal anti-
inflammatory drugs. Steroids are dramatically
eVective but should be reserved for severe cases
and used only to treat acute attacks, as mainte-
nance steroids do not prevent relapses and cre-
ate a tendency to ever increasing dosage.

Colchicine is the treatment of choice and can
also provide eVective prophylaxis. It was intro-
duced because of its eYcacy in familial
Mediterranean fever (polyserositis). Patients
who have been treated with steroids can be
weaned oV them and on to colchicine. The
dose for acute attacks is 1 mg followed by
0.5 mg two or three hourly to a maximum of
10 mg.17 The maintenance dose is 0.5 mg twice
daily. If necessary, colchicine can be combined
with indomethacin.

Pericardiectomy has been tried but fails to
prevent relapses of pain. This is to be expected
as the inflammation may be a reaction to
epicardial (or viral) material recognised as for-
eign, so there is no reason why removal of the
fibrous pericardium should make a diVerence.

Cardiac tamponade
Tamponade may occur in pericarditis of any
cause but is uncommon in idiopathic and post-
infarction pericarditis. It is usual in acute pyo-
genic, tuberculous, and malignant pericarditis.
Acute haemopericardium may cause tampon-
ade following cardiac rupture after myocardial
infarction, in dissection of the aortic root or
after cardiac surgery. Metastatic carcinoma, as
well as primary tumours, may present with
tamponade.

Patients with tamponade may complain of
shortness of breath, weakness, heaviness in the
chest, or present with hypotension or even car-
diogenic shock.

Examination reveals pulsus paradoxus, a
high venous pressure in the neck, and a quiet
heart with faint heart sounds. It is readily diag-
nosed in patients known to be at risk but often
missed in a previously fit individual or, for
example, in a patient with septic shock where
the shock is actually caused by pericardial tam-
ponade rather than by septicaemia.18

Echocardiography is diagnostic, and has
shown that inspiratory increase of blood flow
into the heart is accommodated in the right
atrium and admitted to the right ventricle at
the expense of left ventricular volume as the
ventricular septum moves sharply towards the
left ventricle, reducing left ventricular stroke
volume. Diastolic collapse of the right atrium
and right ventricular walls are seen when peri-
cardial pressure rises to exceed the intracardiac
pressure, terminating further flow into the
heart and thereby reducing or removing the Y
descent of the venous pulse, which shows very
small volume excursion and may therefore be
diYcult to see.

Pericardiocentesis should be performed in
the cardiac catheterisation laboratory under
ultrasound guidance, in addition to fluoros-
copy and ECG, and preferably with simultane-
ous cardiac pressure monitoring. The sub-
xiphoid approach is the safest. Pericardioscopy

The ECG in acute pericarditis is
mimicked by:

x early repolarisation

x acute early anterior myocardial infarction

x acute myocarditis
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has been used to facilitate diagnostic pericar-
dial biopsy. Triamcinolone can prevent recur-
rence of immunologically based eVusions and
cisplatin can deter re-accumulation of malig-
nant eVusions.19

Chronic pericardial effusion without
compression
Large lax eVusions occasionally occur, may
cause few symptoms, and are found acciden-
tally. It is unusual to find a cause. A very few
may be associated with myxoedema.

Effusive constrictive pericarditis
When pericardial eVusion is associated with
thickening of the visceral pericardium the
patient may have persistent cardiac compres-
sion, even after pericardiocentesis. It may be
seen in tuberculous pericarditis, rheumatoid
patients or after mediastinal irradiation.

Constrictive pericarditis
When thickening and scarring of the parietal
and/or visceral pericardium compresses the
heart and restricts cardiac filling, stroke
volume becomes limited despite a considerable
rise in filling pressure. Constriction is usually
generalised but rarely may be localised, owing
to constricting bands usually in the left or right
atrioventricular grooves or round the entry of
the superior or inferior vena cava.

A tuberculous origin is uncommon now in
the west and most cases are idiopathic. A few
are associated with rheumatoid arthritis, colla-
gen vascular disease or uraemia, or rarely
follow cardiac surgery or irradiation.

The heart is small and pulmonary venous
congestion rare. The diastolic pressures in the
four cardiac chambers will be similar and the
left atrial pressure is rarely high enough to
cause pulmonary congestion.

The signs are predominantly right sided and
congestive, a high jugular venous pressure with
prominent X and Y descents, hepatomegaly,
and peripheral oedema. There may be ascites.

The heart is small and quiet with a sharp early
third heart sound, which may be confused with
pulmonary closure (fig 33.2).

DiVerentiation from a restrictive cardio-
myopathy is not usually diYcult as in cardio-
myopathy the left sided diastolic pressures are
usually much higher than those on the right,
unless there is considerable tricuspid regurgita-
tion. The latter is rare in constrictive pericardi-
tis.

In amyloid heart disease a left ventricular
third sound is not heard because slow ventricu-
lar filling continues through diastole, except in
very advanced cases who develop a restrictive
physiology. Echocardiography quickly diVeren-
tiates.

Pericarditis is common in the connective tis-
sue diseases. Acute pericarditis is occasionally
the presenting manifestation in Still’s disease,
when the presence and persistence of severe
constitutional symptoms and development of
arthritis make the diagnosis clear. Acute
pericarditis is common in systemic lupus, par-
ticularly during acute flares, and in the Churg-
Strauss variant of polyarteritis, but is usually
painless in rheumatoid arthritis. Constriction
may occur in any of these disorders but is most
often seen in association with rheumatoid
arthritis because of its greater prevalence.

A number of drugs can induce a lupus
syndrome with pericarditis. The best known
example is with hydralazine, but it may also be
caused by procainamide, methyldopa, and
minoxidil. It is reversible on stopping the drug.

1. Kawai C. From myocarditis to cardiomyopathy:
mechanisms of inflammation and cell death in learning from
the past for the future. Circulation 1999;99:1091–100.
• The molecular analysis of necropsy and endomyocardial

biopsy specimens has clarified the causal link between
myocarditis and dilated cardiomyopathy.

2. Huber SA, Gauntt CJ, Sakkinen P. Enteroviruses and
myocarditis. Viral pathogenesis through replication, cytokine
induction and immunopathogenicity. Adv Virus Res
1998;51:35–80.

3. Bachmaier K, Neu N, de la Masa LM, et al. Chlamydia
infections and heart disease linked through antigenic
mimicry. Science 1999;283:1335–9.

4. Bowles NE, Towbin JA. Molecular aspects of
myocarditis. Current Opinion in Cardiology 1998;13:179–84.
• The pathogenesis of myocarditis remains elusive. The

crucial roles of cytokine expression and of aberrant
induction of apoptosis are being defined.

5. Karjalainen J, Heikkila J. Incidence of three
presentations of acute myocarditis in young men in military
service: a 20 year experience. Eur Heart J 1999;20:1120–5.
• The usual presentation mimics myocardial infarction (98

cases); only one presented with sudden death and nine as
dilated cardiomyopathy of recent origin.
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DiVerential diagnosis of constrictive
pericarditis

x Primary restrictive cardiomyopathy
–pulmonary congestion
–pulmonary hypertension and tricuspid
regurgitation with large right (and left)
atrium

x Amyloid heart disease
–absent third sound (until very
advanced)

–low ECG voltage
–thickening of myocardium on echo
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We are an aging population. It is
estimated that 20% of people in
Europe will be over 65 years of age in

the year 2000. The proportion of the population
over 80 years, the so-called “old old”, is increas-
ing most rapidly. Life expectancy at all ages is
also increasing. At 65 years life expectancy
ranges from 14.9 to 18.9 years and at 80 years
from 6.9 to 9.1 years for men and women,
respectively. Cardiovascular disease is the most
frequent single cause of death in persons over 65
years of age1, and most importantly it is respon-
sible for considerable morbidity and a large bur-
den of disability, particularly in the community.

Cardiovascular pathologies such as hyper-
tension and cerebrovascular disease, and heart
diseases such as coronary artery disease,
arrhythmias, and heart failure, increase in inci-
dence with increasing age.w1 The aging process
itself also eVects the cardiovascular system. It is
diYcult to diVerentiate “normal” aging, which
is inevitable, from age related pathology, which
is potentially preventable or treatable.w2 Age
related changes are most likely to be seen in the
“old old” who have escaped cardiovascular
pathology earlier in life. This group demon-
strates the dual processes, often interacting, of
biological aging of the cardiovascular system
and age related pathology. This combination
modifies the pathophysiology of disease such
that knowledge of that condition and treatment
thereof, derived from studies in “young old”
(65–75 years) are not readily applicable to the
“old old”. Older patients diVer from “trial”
patients of any age by virtue of their other
comorbidities and multiple drug usage, which
are invariably exclusion criteria for entering
treatment studies.

Age related structural changes

Cardiac
x Increased left ventricular wall thickness,

independent of any increase in blood
pressure.2 This is attributed to hypertrophy
of individual myocytes with a progressive
loss of myocyte numbers. There is also an
accumulation of interstitial connective
tissue and, in the “old old”, accumulation
of amyloid deposits.w3

x Increased fibrosis and calcification of the
valves, particularly the mitral annulus and
the aortic valve.w3 w4 Recently it has been
shown that aortic sclerosis without outflow
obstruction is not the benign condition
once thought and is associated with
significantly increased cardiovascular and
total mortality.w5

x Loss of cells in the sinoatrial node. By 75
years of age, only 10% of the cells that were
present at 20 years remain. There is loss of
muscle cells and mild increases in fibrous
tissue in the internodal tracts. The remainder
of the conducting system is also aVected but
to a lesser extent.w4 These changes occur in
the absence of coronary artery disease.

Vascular
x Increased stiVness of peripheral and central

arteries, caused by proliferation of collagen
cross links, smooth muscle hypertrophy,
calcification, and loss of elastic fibres.w6

x Increase in number of sites for lipid
deposition cause endothelial changes that
reduce laminar blood flow. These changes
are independent of atherosclerosis.w6

x More diVuse coronary artery changes. The
earliest changes usually appear in the left
coronary artery during youth or adulthood,
whereas the right and posterior coronary
arteries do not usually become involved
until after the age of 60 years.

Age related functional changes

Left ventricular systolic function
x In patients carefully screened to exclude

coronary artery disease and hypertension,
there is little change in left ventricular
systolic function with increasing age,
although cardiac output may decrease in
parallel with a reduction in lean body mass.1

w7 The determinants of cardiac output which
may be influenced by age include heart rate,
preload and afterload, muscle performance,
and neurohormonal regulation.

x Increases in heart rate in response to exercise
or stress caused by non-cardiovascular
illnesses, particularly infections, are
attenuated with increasing age.3 w8 Stroke
volume increases only by “moving up” the
Frank Starling curve.w9 w10 Thus end diastolic
volume increases. These age related changes
in cardiac response to exercise are mimicked
by â adrenergic blockade,w11 but â adrenergic
agonists do not reverse this aging process.w12

The decline in exercise performance with age
may additionally relate to peripheral factors,
blood flow, and muscle mass rather than
being solely the consequence of cardiac
performance changes.

Diastolic function
x The rate and volume of early diastolic filling

decrease with age.1 w13 The structural
changes described above account for some of

34 Heart disease in the elderly

Michael Lye, Christina Donnellan

Features of a normal aging processw2

x Universal within the species

x Intrinsic to the individual

x Deleterious to survival

x Progressive and irreversible
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this decline, but recent findings of partial
reversibility with calcium channel blockers4

or exogenous angiotensin II receptor antago-
nistsw14 illustrate the dynamic and therefore
potentially reversible nature of the process.

x The aged heart requires atrial contraction
to maintain adequate diastolic filling, so
atrial fibrillation, so common in older
people, has a disproportionate eVect on
cardiac function.w7

x Reduced ventricular compliance results in
higher left ventricular diastolic pressures at
rest and during exercise.w8 w13 As a result,
pulmonary and systemic venous congestion
may occur in the presence of normal systolic
function.w15 With increased afterload on the
left ventricle, left ventricular hypertrophy
occurs, even in the absence of hypertension
or aortic stenosis.w16 w17 Diastolic dysfunction,
at least in the early stages, may be a feature
of normal aging. Later, however, it is a
pathological process leading to significant
left ventricular hypertrophy. At this stage
coronary heart disease, hypertension or other
pathology is probably involved.

x Age related decreases in capillary density
and coronary reserve may cause myocardial
ischaemia and thus further diastolic
abnormalities in the absence of coronary
atherosclerotic disease.2 w18 Age associated
decreases in the rate of maximal capacity of
calcium sequestration by the sarcoplasmic
reticulum and/or an age associated increase
in net trans-sarcolemmal calcium influx
may also contribute to diastolic ventricular
abnormalities.w19 w20

Heart failure

Chronic heart failure is a disease of “old old”
people, and unlike coronary artery disease, the
incidence continues to rise with increasing age.
Only 17% of people with heart failure are less
than 65 years of age,5 yet most of the interven-
tional studies of the treatment of chronic heart
failure have focused on this minority group and
extrapolated the results to the older
majority.w21 w22 “Diastolic” heart failure is prob-
ably the primary haemodynamic dysfunction in
the elderly. Among patients over 80 years of age
with clinically defined heart failure, up to 70%
have preserved systolic function,w21 whereas
probably less than 10% of patients below 60
years of age have preserved systolic function.6 It
is important to be aware of this high prevalence
of diastolic dysfunction as it has implications for
treatment. Over 75% of elderly patients with
heart failure have hypertension and/or coronary
artery disease, and patients with diastolic dys-
function may present with decompensated heart
failure caused by uncontrolled blood pressure or
progression of ischaemic heart disease.w23

Clinical presentation
The symptoms and signs of heart failure are
similar in young and elderly people, but
non-specific presentation is more common in
the elderly.1 w24 Community based studies have

indicated that perhaps up to half of “old old”
patients with activity limiting heart failure are
undiagnosed and therefore untreated.7 There is
an expectation by old people themselves, by
their relatives, and unfortunately by some of
their doctors that many of the features of heart
failure in older people are a result of normal
aging—“what do you expect at his age?”
Patients may present with confusion, depres-
sion, fatigue, weight loss, immobility or “social
crisis”.w25 Patients with chronic heart failure
caused by systolic dysfunction tend to present
with gradual worsening of daytime symptoms
and paroxysmal nocturnal dyspnoea, whereas
those with diastolic dysfunction may present
with a more abrupt onset of symptoms.

It is diYcult to distinguish between systolic
and diastolic heart failure clinically. Some
patients may have a combination of both, espe-
cially in later stages of the disease. As in
younger patients, a normal 12 lead ECG virtu-
ally excludes significant heart failure. All older
patients should have access to echocardio-
graphy to aid diagnosis. This will allow diagno-
sis of causal factors such as valvar lesions, and
provide an assessment of haemodynamic
(systolic versus diastolic) function. Normal or
preserved systolic function in heart failure has
been assumed to imply diastolic dysfunction,
but this is no longer adequate as we now have
guidelines from the European Society of
Cardiology giving clear echocardiographic cri-
teria for diastolic heart failure—at least appli-
cable to the “young old” patient.8

Management
Diuretics
The management of systolic heart failure in
elderly patients, as in younger patients, involves
the use of diuretics, vasodilators, and oxygen
supplementation (table 34.1). Most elderly
patients will require a loop diuretic because of
the age related and heart failure mediated
reduction in glomerular filtration rate. Thi-
azide diuretics are ineVective when the
glomerular filtration rate is less than 30–40 ml/
min. There is an age related decrease in total
body potassium content, as predicted by a pro-
portional reduction in lean body mass, but not
in plasma potassium concentrations.w26 Potas-
sium retention is more of a problem than
hypokalaemia in older patients, particularly
with the combined use of angiotensin convert-
ing enzyme (ACE) inhibitors and potassium
sparing diuretics or supplements. Additionally
potassium sparing diuretics should be avoided
in the elderly because of the increased risks of

Table 34.1 Evidence of benefit for symptoms and mortality for drugs used in heart failure
in patients more than 75 years of age

Drugs

Benefit

Yes No Unknown

Diuretics Symptoms – Mortality
Digoxin Symptoms Mortality –
ACE inhibitors Symptoms/Mortality – –
AIIAs – Mortality Symptoms
â Blockers – – Symptoms/mortality
Spironolactone – – Symptoms/mortality

ACE, angiotensin converting enzyme; AIIAs, angiotensin II receptor antagonists.
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hyponatraemia and uraemia as well as hyperka-
laemia. While metabolic adverse eVects of diu-
retics should be appreciated the physical eVects
are invariably more important to the older
patient. Thus for the patient whose mobility is
impaired by arthritis, Parkinson’s or even heart
failure itself, being rendered incontinent by
high dose loop diuretics does not aid compli-
ance. Similarly acute retention in both men and
women does not create a good doctor–patient
relationship. It is best therefore to start with a
low dose and titrate upwards gradually on the
basis of eVect on body weight, for example.

ACE inhibitors
ACE inhibitors have demonstrated haemody-
namic, functional, and mortality benefits in
heart failure patients.w27 w28 Unfortunately they
are often under prescribed to older patients or,
if given, are administered at suboptimal doses.5

First dose hypotension is not a particular prob-
lem in older patients since low dose initiation of
ACE inhibitors, preferably with short acting
captopril, has become standard practice. Renal
function should be monitored closely following
their introduction.w29 Cough, which may be
poorly described and confused with early
paroxysmal nocturnal dyspnoea, is a frequently
seen problem in elderly patients. In old age
generalised atherosclerosis may increase the
risk of renal artery stenosis, thus increasing the
risk of renal failure precipitated by ACE
inhibitors. The place of angiotensin II receptor
antagonists in routine management of heart
failure patients of any age remains problematic.
The beneficial eVect of losartan seen in ELITE
I was borne out in ELITE II, but losartan was
shown to be no better than captopril in this
larger study. Both trials, however, demon-
strated that older patients can successfully be
recruited to intervention studies of the treat-
ment of heart failure.9 w30

Inotropes
Data on the use of digoxin in systolic heart fail-
ure with normal sinus rhythm are equivocal,w31

but there is some evidence of benefit for
patients with severe heart failure; fewer clinical
deteriorations, hospital admissions, and emer-
gency visits have been reported with digoxin.w32

Digoxin must be used with caution in the eld-
erly because of its narrow therapeutic win-
dow,w33 and it is advisable to monitor blood
concentrations especially if circumstances
change and the patient develops pre-renal
uraemia (influenza, chest infection, dehydra-
tion, haematemesis). Other possible inotropes
cannot be recommended for routine use in
elderly patients at the present time.

Other pharmacological agents
The absence of older patients in the recent
studies of â blockers and spironolactone in
heart failure make it diYcult to assess their
benefits in older patients. It is likely, however,
that the older heart failure patient will benefit
but this requires confirmation. For patients
intolerant of ACE inhibitors the usual practice
has been to use a combination of hydralazine
and isosorbide mononitrate.w34 w35 While there
are no direct comparisons of hydralazine,
isosorbide mononitrate and angiotensin II
receptor antagonists, it is likely that the latter
will be better tolerated in older patients.

General measures
Bed rest is discouraged in elderly patients
because the risk of thromboembolism and
physical deconditioning far outweigh any
advantages.10 Compression stockings should be
used and anticoagulation should be considered
in the immobile patient with severe failure
and/or atrial fibrillation to guard against the
development of deep venous thrombosis and
embolisation.w36 Hopefully the period of anti-
coagulation should be limited until mobility is
restored. The European Society of Cardiology
guidelines stress the importance of general life-
style measures which are probably of equal
benefit in the older patient.11 Fluid restriction is
not usually necessary and may be dangerous, as
many elderly patients have poor oral intake
when ill. Salt restriction is often diYcult as
many elderly patients survive on convenience
foods in which the salt content is high. The
elderly also suVer from “cardiac cachexia”—
loss of fat free mass.w37 The mechanism is
unclear, although fat absorption is impaired,w38

but there is no evidence of gastrointestinal pro-
tein loss.w39 Apoptosis in skeletal muscle is
common in patients with heart failure.w40 It is
often not noticed until the oedema has
subsided in response to diuretic treatment.

The social burden of heart failure on elderly
patients is largely ignored. Many older patients
live alone and the onset of heart failure drasti-
cally reduces independence. The provision of a
home help, a shopper, aids or appliances may
substantially improve quality of life and
maintain patients in their own homes. These
measures are as important as drug treatment of
many older patients.

Support clinics
Studies have shown the eVectiveness of nurse
led, patient focused support clinics for heart
failure patients by reducing hospital readmis-
sions, improving compliance with medications,
enhancing quality of life, and improving patient
education.w41–43 Our own simple studies of older
unselected patients discharged from hospital
demonstrate significant improvements in exer-
cise capacity, quality of life, drug adherence,
and a 60% reduction in readmissions in the
three months after hospital discharge. A more
intensive nurse led multidisciplinary interven-
tion in the USA improved quality of life and
reduced rehospitalisations of older selected
patients with heart failure.12 Attention to the
delivery of support to older heart failure

Adverse eVects of diuretics in older people

x Incontinence

x Urinary retention

x Hyponatraemia

x Hyperkalaemia
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patients may be more beneficial and cost eVec-
tive than adherence to the latest drug usage
guidelines.

“Diastolic” heart failure
The management of heart failure with pre-
served systolic function is not as clear as that of
heart failure in which systolic function is
impaired. Treatment objectives should be to
improve ventricular relaxation and filling.
Attention to aggravating factors (such as
hypertension, atrial fibrillation, anaemia, and
left ventricular outflow obstruction) is the first
step in management. There are no trials of
treatment of diastolic heart failure so drug rec-
ommendations can only be made on an
empirical basis. Certainly patients benefit
symptomatically from diuretics. However, hy-
povolaemia and reduced preload secondary to
over vigorous diuresis should be avoided. Thus
loop diuretics should be started low and moni-
tored carefully. Digoxin is not indicated and
may be harmful.w33 Agents that may improve
ventricular filling in diastole include â blockers,
calcium channel blockers, and perhaps ACE
inhibitors.9 Calcium channel blockers have
been shown to improve left ventricular diasto-
lic filling, whether impairment is age associ-
ated, or caused by ischaemic heart disease or
hypertension.w13 w20 w44 Studies on eYcacy in
diastolic heart failure of â blockers and ACE
inhibitors are awaited.w45

Prognosis
Heart failure caused by diastolic dysfunction
has a better prognosis in terms of mortality
than systolic heart failure.13 The five year mor-
tality rate with systolic heart failure is about
50%.w46 In elderly patients and those with
severe heart failure the mortality at one year is
at least 30%. Older males have higher mortality
than females and white men have a 10%
greater risk of death than black men.w47 These
figures underscore the importance of second-
ary prevention strategies and the early detec-
tion and treatment of heart failure in older
patients. Prognosis also depends on the pres-
ence of other cardiovascular comorbidities
such as ischaemic heart disease, hypertension,
and vascular complications of diabetes.w48

Additionally older patients suVer multiple
pathologies which have to be taken into
account when planning management or assess-
ing prognosis.

Congestive heart failure is the most common
cause of hospital admission in elderly patients
in the USA, with patients subject to frequent
readmissions.w49 Poor compliance with medi-
cation, particularly diuretics, is an important
factor and has been reported in up to 50% of
elderly patients with congestive heart failure.w50

Coronary artery disease

Coronary artery disease increases in incidence
with aging. Age itself is an independent risk
factor for coronary artery disease.w51 w52 Sixty
per cent of all deaths attributed to acute myo-

cardial infarction are in patients over 75 years
of age.w53 A necropsy study of patients 90 years
of age and over revealed that 70% of subjects
had one or more coronary vessels occluded.w54

In recent years, coronary artery disease mor-
tality has declined in elderly patients, but to a
lesser extent than in younger patients. Risk fac-
tors are similar to those in younger patients and
equally modifiable.

Myocardial infarction
Older patients may describe the typical central
chest pain of myocardial infarction, but are as
likely to present with dyspnoea without pain.w55

As in congestive heart failure, they may also
present non-specifically with confusion, syn-
cope, vertigo, or epigastric pains.w56 w57 In the
Framingham study, 42% of myocardial infarc-
tions were noted to be clinically silent (asymp-
tomatic) or unrecognised in men aged 75–84
years compared with only 18% in men aged
45–54 years.w58 The proportion of unrecog-
nised myocardial infarctions was higher in
women. Some studies have reported that up to
60% of myocardial infarctions may be unrecog-
nised in the very old.w59 Unrecognised myo-
cardial infarction patients are more likely to
be hypertensive, have diabetes, and smoke,
and have a lower prevalence of preceding
angina.w60 w61

Risk factors are similar in both sexes, but
women have a less favourable psychosocial risk
profile, including living alone, which adversely
aVects prognosis.w62 Older people and women
of all ages present later to hospital.w63 w64 One
study reported that patients over 80 years of
age delayed more than 6.5 hours in calling
paramedics, compared with a 3.9 hour delay in
younger patients.w65 Older patients are twice as
likely as younger patients to have non-Q wave
myocardial infarctions.14 Up to 40% of elderly
patients do not have typical ST elevation or Q
waves on their ECG at presentation.w65 Right
ventricular infarction is also more frequent in
older patients,15 and mortality rates as high as
75% have been reported in this group.w66

Management
Unfortunately, elderly patients have been
largely excluded from the randomised control-
led trials of treatments for myocardial infarc-
tion. Pooled data from several large placebo
controlled trials show that the absolute reduc-
tion in mortality is at least as great in older as in
younger patients.w67 It is no surprise that elderly
patients are less likely to receive thrombolysis
than younger patients given the diVerences in
presentation. Contraindications are similar to
those for younger patients, but elderly patients
are more likely to experience adverse eVects
from treatment. There is an excess of eight
haemorrhagic strokes per thousand in patients
over 75 years given thrombolytics, and it may
occur more frequently with recombinant tissue
plasminogen activator (rt-PA) than streptoki-
nase.w68 The decision to administer thromboly-
sis and the choice of agent used must therefore
depend on the overall assessment of risk versus
the potential benefit.
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Aspirin should be administered to older
patients as for younger patients. In ISIS-2, the
absolute benefit from aspirin was greatest in
patients over 70 years of age.w69 In the absence
of contraindications, early use of â blockers
reduces mortality post-myocardial infarction at
all ages.w70 w71 ACE inhibitors should be given to
haemodynamically stable patients, particularly
older patients, within 24 hours if there are any
signs of heart failure, and possibly routinely in
the presence of a large anterior myocardial inf-
arction.w72 w73 Other treatments including ni-
trates and oxygen should be administered as for
younger patients. Smaller doses of morphine
are recommended for elderly patients.

Evidence to support routine use of unfrac-
tionated heparin in acute myocardial infarction
is lacking, but its benefit is clear in unstable
angina. The low molecular weight heparin,
enoxaparin, was superior to unfractionated
heparin in reducing recurrent angina, myocar-
dial infarction, and death in patients with
unstable angina or non-Q wave infarction.w70 w74

In acute infarction the role of primary
percutaneous transluminal coronary angio-
plasty (PTCA) in this age group has not been
evaluated, apart from one small study in which
mortality compared favourably between PTCA
and streptokinase.16 There are very little data
available on the use of intracoronary stents in
older people.

Prognosis
Hospital mortality for myocardial infarction
patients over 70 years of age is at least three
times that of younger patients.w75 w76 Older
patients are at high risk for major cardiovas-
cular complications. Women have a higher
crude mortality associated with myocardial
infarction.w77 Poor prognosis in this age group
is multifactorial. Numerous studies have
shown that the therapeutic approach in older
patients is unjustifiably less aggressive than in
younger patients and potentially beneficial
drugs are underused.w78 w79

Secondary prevention
Risk factors should be identified in older
patients, and modified if possible. Lifestyle
measures such as diet, smoking, and exercise
should be addressed whatever the age of the
patient. It is surprisingly easy to persuade older
patients who have smoked cigarettes for half a
century to give up if they are given all the
information. Hypertension, especially isolated
systolic hypertension, should be treated rigor-
ously while monitoring for adverse drug
eVects, which are more common in the older
patient. Patients should be screened for im-
paired glucose tolerance or non-insulin de-
pendent diabetes mellitus, and both treated to
maintain normal glycaemia. Patients with a
raised low density lipoprotein (LDL) choles-
terol should receive dietary advice and a statin
as for younger patients. Pravastatin reduced
coronary events and mortality in patients up to
75 years of age with average cholesterol over a
five year follow up period.17 Cholesterol may be
a poorer predictor of coronary events in older
people as plasma concentrations are influenced

by comorbidity. Patients over 75 years have not
been recruited to the major lipid lowering
trials. However, because of the accumulation of
other perhaps non-modifiable risk factors,
intervention is probably still warranted.w80

Rehabilitation
All older patients who are not seriously cogni-
tively impaired should have access to cardiac
rehabilitation, with the aim of maintaining peak
physical functioning and personal independ-
ence. StaV in cardiac rehabilitation pro-
grammes have to be aware of the patients’
comorbidities and modify programmes and
support as appropriate. Exercise training pro-
grammes have been found to improve endur-
ance and functional capacity in older people
after myocardial infarction.18 In spite of ad-
vanced age older patients, rather than healthy
subjects, can and will change well-entrenched
lifestyles. Even after 20 years relative inactivity,
patients can and will increase exercise if given
good reasons and “permission” to do so and
can be made aware of personal benefits.

Angina
Lifestyle limiting angina has a prevalence of
around 16% in people over the age of 65
years.w81 The diagnosis in older patients can be
diYcult. It is overdiagnosed because too little
attention is paid to obtaining a precise history
or the diagnosis is a legacy from many years
ago. Many “old old” patients had angina in
their 60s which they seem to have outgrown in
their 80s. This may be due to almost
subconscious avoidance of precipitating fac-
tors. It is more acceptable for older subjects to
adopt a sedentary lifestyle and thus avoid pro-
voking symptoms on exercise. This may also
lead to underdiagnosis of angina. Standard
treatment should be followed in this age group
as for younger patients but adverse drug eVects
(postural hypotension, negative inotropism,
and oedema) may limit drug options. In this
situation, or where patients are resistant to
maximal medical treatment, referral for PTCA
or surgery is indicated.w82 While PTCA or sur-
gery confirm no survival benefit, recent evi-
dence suggests that elderly patients benefit
from symptom relief more than younger
patients with aggressive surgical interven-
tion.w83 They should therefore, at the very least,
be referred for assessment and not denied the
potential benefits because of age alone.

Arrhythmias

Atrial fibrillation
Five per cent of people over the age of 65 years
have chronic atrial fibrillation (AF)w84 approxi-
mately half of whom do not have associated
myocardial disease—so called lone AF. Loss of
diastolic filling caused by AF may compromise
left ventricular filling to such an extent that it
precipitates heart failure. Except in recent
onset AF chemical or electrical cardioversion
to sinus rhythm is not usually an option
because of high relapse rates, though careful
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selection may improve maintenance of sinus
rhythm.w85 Failing this rate control with digoxin
is a less eVective alternative,w86 although the
addition of a calcium channel antagonist or â
blocker may improve rate control during exer-
cise.w87

AF is associated with cerebral embolisation
and stroke.w88 The risk of embolisation in-
creases with the addition of other factors such
that cardioversion or anticoagulation becomes
warranted. These risk factors include previous
transient ischaemic attack/stroke, heart failure,
hypertension, diabetes,w89 and most impor-
tantly age over 75 years.w90 AF associated with
any one of these risk factors requires antico-
agulation.w91 The latter risk factor alone causes
logistic problems for primary care in the man-
agement of long term warfarin treatment in the
community.w92

Several placebo controlled trials have shown
the eYcacy of anticoagulation in non-
rheumatic AF. More than 1000 patients (mean
age 67 years) were entered into a placebo com-
parison with aspirin or warfarin. The trial had
to be stopped prematurely at 29 months
because of significant benefits of anticoagula-
tion.w93 A comparison of warfarin and aspirin
by the same group showed similar thrombo-
embolic benefits in patients older than 75 years
compared with younger patients.w94 However,
bleeding complications with warfarin were
higher in the older patients. Novel ways of
delivering anticoagulation treatment need to be
explored. While adverse eVects and risks from
anticoagulation do increase with increasing
age, benefits still invariably outweigh adverse
eVects for carefully selected patients.w95 w96 It
should be appreciated that the majority of old
people with AF are not so frail and decrepit
that they should be denied the undoubted ben-
efits of anticoagulation. To fail to anticoagulate
on the basis of age alone is “ageism” and poor
medicine.w22 Anticoagulation with warfarin is
probably not indicated in patients with cogni-
tive impairment suYcient to compromise
compliance, in patients subject to recurrent
falling, and in patients with a history of recent
gastrointestinal bleeding (within three months)
or potentially serious drug interactions. In
patients where full anticoagulation with warfa-
rin is likely to cause potentially severe adverse
eVects aspirin will deliver less benefit at less
risk.

Bradyarrhythmias
Older patients benefit from appropriate physi-
ological pacing which can be provided at a
relatively modest cost.w97 Unfortunately older
people in the UK receive pacemakers at
approximately half the rate of similar aged
patients in the rest of Europe,w98 and when they
do receive a pacemaker it tends to be a bottom
of the range model.w99 Quality of life benefits,
especially improvement in cognitive function of
older paced patients,w100 require primary care
physicians and generalists to be alert to
possible bradyarrhythmias and refer early for
appropriate assessment and treatment.

Hypertension

Epidemiology
Blood pressure rises with increasing age. The
NHANES III survey showed almost linear
increases in systolic and diastolic blood pres-
sures from early adult life through to about 65
years of age.w101 Thereafter systolic levels
continue to rise but less so, especially in
women, while diastolic levels tends to fall pro-
gressively. Thus isolated systolic hypertension
becomes the predominant type of hypertension
in the “old old”w102 (table 34.2). As the latter
workers showed, the very high prevalences of
raised blood pressure in older people decrease
with repeated measurements, presumably be-
cause of the “white coat” phenomenon. This
confirms that the diagnosis of hypertension in
older people should not be based upon a single
measurement. More than half the population
over 85 years of age will be “hypertensive”.w101

Raised blood pressure in old people is not a
benign condition. Hypertension is the major
risk factor for strokes, heart failure, coronary
heart disease, and peripheral vascular dis-
ease.w103 Isolated systolic hypertension is par-
ticularly related to strokes and less so to coron-
ary events. Diastolic pressures may be inversely
related to subsequent mortality, implying that
pulse pressure may be the best predictor of the
adverse eVects of raised blood pressure in old
people.w104 Paradoxically low blood pressure is
also associated with high mortality in older
people but the relation is only short term—that
is, within three years of diagnosis. Thereafter,
low blood pressure is a predictor of survival.w105

Presumably the short term observation is a
reflection of comorbidity and increased frailty
near death.

Treatment
Meta-analyses have quite clearly demonstrated
the benefits of treating old people with any type
of hypertension, but especially those with
isolated systolic hypertension.w104 w106 Indeed
the number needed to treat to prevent one
major cardiovascular event decreases signifi-
cantly with decreasing age, at least under the
age of 80 years. Treatment prevents stroke
much more than coronary events.w104 w107 The
target blood pressure should be the same as in
younger patients—that is, 140/90 mm Hg—
and probably lower in that significant pro-
portion of older patients (25%+) with non-
insulin dependent diabetes mellitus.w108

There remains the problem of the “old old”.
No adequately controlled treatment study of

Table 34.2 Prevalence of diVerent forms of hypertension
in a community sample of people aged more than 65
yearsw102

Type of hypertension

Screening

Visit 1 Visit 2

Isolated systolic 19.1 4.2
Isolated diastolic 5.7 1.0
Combined 9.8 3.9
Total 52.2 10.3
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hypertensive patients aged more than 80 years
has been reported.w22 Very few “old old”
patients have been included in wider age range
studies, and where they have the numbers are
so small that treatment recommendations can-
not be made. There is no reason to believe that
“old old” hypertensive patients would not ben-
efit from blood pressure lowering, but it is
likely that the increased incidence of adverse
drug eVects may act as a counterbalance. The
results of the HYVET study of hypertensive
patients over 80 years of age are eagerly await-
ed.w109
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Cardiologists encounter thyroid disor-
ders frequently. Hyperthyroidism
causes and may present with atrial

fibrillation, while hypothyroidism is a risk
factor for coronary artery disease. Moreover,
the use of amiodarone may precipitate a variety
of thyroid disorders, and severe heart disease,
such as left ventricular failure or acute myocar-
dial infarction, can cause confusing distur-
bances in thyroid function tests.

Hyperthyroidism

Hyperthyroidism is a common condition with a
prevalence of approximately 1%; it aVects pre-
dominantly women aged 30–50 years and is
usually (70%) caused by Graves’ disease which
is characterised by diVuse goitre, orbitopathy,
pretibial myxoedema, and the presence of
stimulating thyrotrophin (TSH) receptor anti-
body in the serum. Most of the remaining cases
(20%) are caused by autonomous production
of thyroid hormones by a nodular goitre.

Effects of thyroid hormones on the
cardiovascular system
The thyroid secretes two active hormones: thy-
roxine (T4) which is a prohormone and
tri-iodothyronine (T3) which acts as the final
mediator. In hyperthyroidism there is excessive

production of T3, owing to hypersecretion by
the thyroid gland, and an increase in the
peripheral monodeiodination of T4, which
leads to profound changes in the cardiovas-
cular system through both nuclear and non-
nuclear actions at the cellular level.1

The interrelation between the direct and
indirect actions of T3 on the peripheral circu-
lation and the heart is shown in fig 35.1.2 Myo-
cardial contractility is increased as a result of a
change in the synthesis of myosin heavy chain
protein from the â to the á form, increased
transcription of the calcium ATPase gene, and
enhanced calcium and glucose uptake. These
changes make contraction less eYcient and
increase heat production. Afterload is reduced,
with a reduction of as much as 50–70% in sys-
temic vascular resistance, caused by the direct
eVects of T3 and the indirect eVects of excess
lactate production (increased tissue thermo-
genesis) on vascular smooth muscle. Blood
flow, particularly to skin, muscle, and heart, is
therefore greatly increased. The preload of the
heart rises because blood volume is expanded
owing to increases in the serum concentrations
of angiotensin converting enzyme and erythro-
poietin, with resultant increases in renal
sodium absorption and red cell mass.

Hyperthyroidism is characterised by a high
left ventricular ejection fraction (LVEF) at rest
but, paradoxically, by a significant fall during
exercise. Restoration of euthyroidism is accom-
panied by the anticipated rise in LVEF on
exercise at the same workload and heart rate.3

This reversible “cardiomyopathy” could ex-
plain the reduced exercise tolerance of patients
with hyperthyroidism. Rather than being an
intermediate state between normal left ven-
tricular function and left ventricular dysfunc-
tion at rest, the failure of LVEF to increase on
exercise is perhaps better viewed as a conse-
quence of the additional burden of exercise
induced increase in afterload on a heart
performing near its maximum capacity.

The characteristic tachycardia is caused by a
combination of more rapid diastolic depolari-
sation and shortening of the action potential of
the sinoatrial cells. The refractory period of the
atrial cells is also shortened which may explain
the well known propensity to atrial fibrillation.

There is a complex interaction between thy-
roid hormones and the adrenergic system, and
many of the clinical features of hyperthy-
roidism such as tachycardia, increased pulse
pressure, and tremor resemble the heightened
â adrenergic state of phaeochromocytoma.
However, serum and urinary catecholamine
concentrations are normal or even low in
hyperthyroidism, and there is no good evidence
of greater sensitivity to catecholamines despite
an increased density of â1 adrenoceptors in
cardiac muscle. It may well be that thyroid
hormones and catecholamines act independ-
ently at the cellular level but share a signalling
pathway. This would explain why non-selective
â adrenoceptor antagonists, such as pro-
pranolol or nadolol, improve but do not abolish
many of the symptoms of hyperthyroidism.

35 Thyroid disease and the heart

A D Toft, N A Boon

Figure 35.1. Effects of hyperthyroidism on the cardiovascular system and the
possible outcomes. TBV, total blood volume; LVEDV, left ventricular end diastolic
volume; LVESV, left ventricular end systolic volume; SV stroke volume; SVR
systemic vascular resistance; CO, cardiac output; ↑ increased; ↓ decreased.
Solid arrows indicate direct effects, and dashed arrows potential outcomes.
*Features for which T3 is directly responsible.
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Clinical features
Most patients with hyperthyroidism complain
of palpitations and breathlessness on exertion,
although symptoms such as weight loss in the
presence of a normal or increased appetite,
heat intolerance, and irritability tend to pre-
dominate. Established angina may become
worse and may, exceptionally, be a new
development. Myocardial ischaemia is presum-
ably caused by the increased demands of the
thyrotoxic myocardium. However, coronary
spasm may be an additional factor and
myocardial infarction can occur in the absence
of significant atheroma.4 The ECG is usually
normal but in severe hyperthyroidism there
may be impressive ST-T wave changes in the
absence of ischaemic chest pain (fig 35.2).

Characteristically there is a sinus tachycardia
of approximately 100 per minute with a good
volume, often collapsing pulse, and a wide
pulse pressure. The apex beat is forceful, flow
murmurs are common, and there may be a
bruit over the enlarged thyroid gland. Mild
ankle oedema is common but is rarely caused
by cardiac failure and is, in part, a manifesta-
tion of the reduced day:night ratio of urinary
sodium excretion by the kidneys.

Overt cardiac failure is uncommon in hyper-
thyroidism and usually occurs in the context of

rapid atrial fibrillation in an elderly patient with
pre-existing ischaemic or valvar heart disease.
Nevertheless, high output failure is a rare but
recognised complication of severe thyrotoxico-
sis.

Atrial fibrillation
A variety of atrial and ventricular tachycardias
have been described in hyperthyroidism, but
the most common arrhythmia is atrial fibrilla-
tion. In unselected series 10–15% of patients
with thyrotoxicosis were in atrial fibrillation at
presentation; however, the prevalence is prob-
ably falling because the widespread availability
of accurate tests of thyroid function means that
hyperthyroidism is now diagnosed at an earlier
stage in its natural history. Atrial fibrillation is
rare in patients under 40 years of age unless
there is longstanding severe thyrotoxicosis or
coexistent structural heart disease. The preva-
lence increases with age and is higher in men
such that in the authors’ experience 50% of
hyperthyroid males over the age of 60 are in
atrial fibrillation at presentation.

In one series, 13% of patients with “idio-
pathic” or “lone” atrial fibrillation attending a
cardiology clinic were found to have overt or
subclinical hyperthyroidism; the discovery of
atrial fibrillation, in the absence of an obvious
cause, should therefore prompt a request for
thyroid function testing.5

Atrial fibrillation may be the dominant
feature of hyperthyroidism in older patients
and is not necessarily accompanied by pro-
nounced elevation of the serum concentrations
of T3 and T4. Increases of thyroid hormones
within their respective reference ranges associ-
ated with a suppressed serum TSH concentra-
tion (subclinical hyperthyroidism) may be suf-
ficient to trigger atrial fibrillation in susceptible
individuals.6 In the Framingham study, for
example, a low serum TSH was associated with
a threefold increase in the incidence of atrial
fibrillation among clinically euthyroid elderly
subjects, 28% of whom developed atrial fibril-
lation during 10 years of follow up.7

Sixty per cent of patients with hyperthyroid
atrial fibrillation will revert spontaneously to
sinus rhythm within a few weeks of restoration
of normal tests of thyroid function; approxi-
mately half of the remainder will respond to
DC cardioversion if serum TSH concentra-
tions are normal or raised at the time of the
procedure. Failure to achieve stable sinus
rhythm is most likely in those in whom the
diagnosis of hyperthyroidism has been delayed.
These are usually patients with mild hyperthy-
roidism caused by a small multinodular goitre
in whom only serum T3 may be elevated (T3
toxicosis) and in whom other useful diagnostic
features, such as ophthalmopathy or major
weight loss, are missing.

Hyperthyroid atrial fibrillation is typically
resistant to digoxin, caused in part by an
increase in the renal clearance and the apparent
volume of distribution of the drug. It is often
necessary to add a non-selective â adrenocep-
tor antagonist to achieve adequate rate control.

Figure 35.2. (A) ECG in a 48 year old woman in whom there was an
exacerbation of hyperthyroidism 72 hours after treatment with iodine131. (B) The
pronounced ST changes slowly resolved and the tracing was normal three
months after the patient became euthyroid.
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Anticoagulation
Systemic embolisation is increased in hyper-
thyroid atrial fibrillation, but the risk is diYcult
to quantify with estimates in cross sectional
studies ranging from 2–20%. Patients over 50
years of age with valvar or hypertensive heart
disease would appear to be at greatest risk.
Whether younger patients with structurally
normal hearts benefit from anticoagulation is
not known, but a decision to withhold warfarin
would be more secure if there was no evidence
of atrial thrombus at transoesophageal echo-
cardiography. As the development of a dense
hemiplegia complicating a readily reversible
metabolic disorder is a clinical disaster, it is our
policy to consider anticoagulation with warfa-
rin (target international normalised ratio
(INR) 2–3:1) in all patients with hyperthyroid
atrial fibrillation. Anticoagulant control may be
diYcult because hyperthyroidism is associated
with an increased sensitivity to warfarin.8

Treatment of hyperthyroidism
Radioiodine (iodine131) is the treatment of
choice in patients over 40 years of age, but in
younger patients most centres adopt the
empirical approach of prescribing a 12–18
month course of carbimazole and recommend-
ing surgery if relapse occurs. There should be a
noticeable clinical improvement within 10–14
days, and most patients will be biochemically
euthyroid within 4–6 weeks of starting carbi-
mazole 40 mg daily. Patients with Graves’
disease are likely to become hypothyroid within
a year of treatment with radioiodine, but this is
an unusual occurrence in patients with nodular
goitre. There may be an exacerbation of hyper-
thyroidism a few days after treatment with
radioiodine, owing to a transient increase in
serum thyroid hormone concentrations; in
patients with atrial fibrillation and cardiac fail-
ure it is therefore good practice to render the
patient euthyroid with an antithyroid drug
before giving radioiodine.

Hyperthyroidism is associated with an in-
crease in cardiovascular and cerebrovascular
mortality, which is most evident in the first year
following treatment with radioiodine. For exam-
ple, a large series from a single centre, based on
more than 100 000 patient years of follow up,
showed that the standardised mortality ratio, in
the year after ablative radioiodine, was 1.8:1
(95% confidence interval (CI) 1.6 to 2:1).9 At
least some of this excess mortality could
probably be avoided by earlier diagnosis and
more aggressive treatment of the hyperthy-
roidism and its cardiovascular complications.

Hypothyroidism

Symptomatic thyroid failure is present in 1–2%
of the population and tends to aVect women. In
the absence of previous radioiodine or surgical
treatment of Graves’ disease, the condition is
usually caused by autoimmune mediated atro-
phy of the gland, or Hashimoto’s thyroiditis
which is characterised by diVuse firm thyroid
enlargement. In contrast to hyperthyroidism,

the low serum concentrations of thyroid
hormones are associated with a decrease in
cardiac output, heart rate, stroke volume, and
myocardial contractility, and an increase in
systemic vascular resistance. The clinical fea-
tures are not as dramatic as those of thyrotoxi-
cosis and are usually only evident in patients
with profound longstanding thyroid failure in
whom there may be a characteristic facies. The
cardiac manifestations of hypothyroidism in-
clude sinus bradycardia, pericardial eVusion,
heart failure (fig 35.3), and coronary atheroma.

Ischaemic heart disease
Overt hypothyroidism is associated with hyper-
lipidaemia and coronary artery disease. Ap-
proximately 3% of patients with longstanding
hypothyroidism report angina, and a similar
proportion report it during treatment with thy-
roxine. In most patients the angina does not
change, diminishes or disappears when thyrox-
ine is introduced; however, it may worsen and
up to 40% of those patients who present with
hypothyroidism and angina cannot tolerate full
replacement treatment. Moreover, myocardial
infarction and sudden death are well recog-
nised complications of starting treatment, even
in patients receiving as little as 25 µg of thyrox-
ine daily. For these reasons it is customary to
begin treatment with thyroxine in patients with
symptomatic ischaemic heart disease in a dose
of 25 µg daily, increasing by 25 µg increments
every three weeks until a dose of 100 µg daily is
reached. After a further six weeks, serum free
T4 and TSH should be measured and the dose
of thyroxine adjusted to ensure that free T4
and TSH concentrations are in the upper and
lower parts respectively of the reference range.
It should be exceptional not to achieve full
replacement treatment.

Subclinical hypothyroidism
Subclinical hypothyroidism (normal serum T4,
raised TSH) is usually caused by autoimmune
(lymphocytic) thyroiditis, characterised by the
presence of antiperoxidase antibodies in the
serum, and may be associated with coronary
artery disease. For example, in one postmortem
study there was histological evidence of lym-
phocytic thyroiditis in 20% of men and 50% of
women with fatal myocardial infarction and only
10% of men and women who died from other
causes.10 Although hyperlipidaemia is common
in overt hypothyroidism this may not explain the
putative link between subclinical autoimmune
thyroid disease and ischaemic heart disease. A
meta-analysis of the many studies published
between 1976 and 1996 on the eVect of thyrox-
ine replacement on lipids in subclinical hypo-
thyroidism showed that restoration of serum
TSH to normal reduced total cholesterol by
only 0.4 mmol/l, and had little eVect on high
density lipoprotein (HDL) cholesterol.11

Over replacement with thyroxine?
There is some concern that administering thy-
roxine in a dose which suppresses serum TSH
may provoke significant cardiovascular prob-
lems, including abnormal ventricular diastolic
relaxation, a reduced exercise capacity, an
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increase in mean basal heart rate, and atrial
premature contractions.12 Apart from an in-
crease in left ventricular mass index within the
normal range, these observations have not been
verified.13 Moreover, there is no evidence,
despite the findings of the Framingham study,

that a suppressed serum TSH concentration in
a patient taking thyroxine in whom serum T3 is
unequivocally normal is a risk factor for atrial
fibrillation.

Influence of heart disease on thyroid
function tests

The interpretation of thyroid function test
results may be diYcult in the presence of acute
or chronic non-thyroidal illness such as myocar-
dial infarction or congestive cardiac failure for a
variety of metabolic and technical reasons. In
these situations there is a reduction in the
peripheral monodeiodination of T4 to T3,
resulting in the so called “low T3 syndrome”
and, depending upon the assay employed, a low,
normal or raised serum concentration of free
T4. Secretion of TSH is inhibited centrally and
may also be influenced by drugs such as
dopamine, so that concentrations of less than
0.05 mU/l are not uncommon. Conversely,
serum TSH may rise into the hypothyroid range
during recovery from illness. Moreover, certain
inhibitors in the serum, and possibly also the tis-
sues, of some patients with non-thyroidal illness
may interfere with binding of thyroid hormones
to their carrier proteins, prevent transport of T3
and T4 into cells, and block the attachment of
T3 to intracellular nuclear and cytoplasmic
receptors. Many of these problems are amplified
by the refusal of some commercial kit manufac-
turers to disclose the exact nature of their prod-
ucts, and by the manipulation of some assay sys-
tems in order to provide a result thought to be
consistent with thyroid status. As a result low,
normal or raised concentrations of free T3 and
T4 may be recorded in the same patient using
diVerent assays.

The diYculty of relying upon serum TSH
measurements to assess thyroid function in ill
patients is highlighted by the finding that in a
large series of hospitalised patients a low serum
TSH concentration was three times as likely to
be caused by non-thyroidal illness as hyperthy-
roidism, and a raised TSH of greater than
20 mU/l was as commonly due to illness as to
primary hypothyroidism.14 The combination of
low serum TSH and high free T4 is, therefore,
not uncommon in euthyroid patients with
significant cardiovascular disease, and some
would take the view that thyroid function testing
should not be requested unless there is good
evidence of thyroid disease, such as goitre, oph-
thalmopathy or unexplained atrial fibrillation.
Even adopting such a counsel of perfection,
there will be occasional patients in whom it is
not possible to make an unequivocal diagnosis of
euthyroidism or hyperthyroidism using the
whole panoply of thyroid function testing. In this
situation there is little choice but to recommend
a trial of antithyroid drugs for three months.

The biochemical changes (that is, low TSH
and low T3) associated with illness or starva-
tion are often considered teleologically as an
adaptive response to spare calories and protein;
however, it is not clear whether chronic disease
can, in some circumstances, cause the poten-

Figure 35.3. Sequential chest x rays from a patient
with longstanding hypothyroidism that was
complicated by congestive cardiac failure. (A) Before
treatment. Cardiomegaly was caused by a
combination of dilatation of all the cardiac chambers
and pericardial effusion. (B) After treatment with
thyroxine for nine months. (C) Seven years later, two
years after the patient has stopped taking thyroxine,
against medical advice, and had re-presented to the
same physician with the symptoms and signs of
heart failure. Reproduced from Davidson’s principles
and practice of medicine, 18th ed, p 570, with
permission of the publisher Churchill Livingstone.
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tially detrimental entity of “tissue hypothyroid-
ism”.15 Although the present consensus is that
thyroid hormone treatment is not indicated in
patients with significant non-thyroidal illness,
this has become a controversial issue. There are
some studies which have shown improvements
in cardiac output and systemic vascular resist-
ance in patients with chronic cardiac failure
following treatment with intravenous T3 or
oral T4.16

Amiodarone induced thyroid disease

Amiodarone is a lipid soluble benzofuranic
antiarrhythmic drug that has complex eVects
on the thyroid and may interfere significantly
with thyroid hormone metabolism.17 18 Owing
to its high iodine content amiodarone may
cause thyroid dysfunction in patients with pre-
existing thyroid disease; it can also cause a
destructive thyroiditis in patients with an
inherently normal thyroid gland. The com-
bined incidence of hyper- and hypothyroidism
in patients taking amiodarone is 14–18% and,
because of its extraordinarily long half life,
either problem may occur several months after
stopping the drug.

Effects on thyroid hormone metabolism
Amiodarone administered chronically to eu-
thyroid patients with no evidence of underlying
thyroid disease results in raised serum T4 con-
centrations (free T4 up to 80 pmol/l) with low
normal T3. These changes are caused by the
potent inhibition of 5’-deiodinase which con-
verts T4 to T3. Serum TSH concentrations
may increase initially then return to normal,
but in some patients are suppressed at less than
0.05 mU/l. This may make it diYcult to decide
whether a patient is euthyroid or hyperthyroid,
particularly as the antiadrenergic eVects of
amiodarone can mask the clinical features of
hyperthyroidism.

Type I amiodarone induced hyperthyroidism
Each 200 mg tablet of amiodarone contains
25 mg of iodine of which approximately 9 mg
is released during metabolism. A patient taking
a maintenance dose of 400 mg of amiodarone
daily will therefore receive approximately

18 mg of inorganic iodine which is 100 times
the recommended daily allowance. Chronic
exposure of patients with underlying thyroid
autonomy, such as Graves’ disease in remission
or nodular goitre, to these excessive quantities
of iodine may induce hyperthyroidism (type I
amiodarone induced hyperthyroidism). This is
not necessarily an indication to stop amiodar-
one because many patients can be managed
satisfactorily by introducing concomitant anti-
thyroid medication. However, this form of
hyperthyroidism can be diYcult to treat, espe-
cially in areas with relative iodine deficiency as
is the case in much of mainland Europe.
Standard doses of carbimazole, methimazole or
propylthiouracil are often ineVective and it may
be necessary to add potassium perchlorate in
an attempt to reduce further the iodine uptake,
and therefore hormone synthesis, by the
thyroid. Treatment with iodine131 is not usually
advisable because of the relatively poor ability
of the already iodine rich gland to concentrate
the radioisotope. Total thyroidectomy may be
the only method of rapid reversal of the thyro-
toxicosis and has been successfully performed
in patients with significant heart disease.

Type II amiodarone induced hyperthyroidism
Amiodarone per se may cause a drug induced
destructive thyroiditis in patients with no
pre-existing thyroid disease (type II amiodar-
one induced hyperthyroidism). In most cases
this will resolve within 3–4 months whether or
not amiodarone is discontinued. The distur-
bance of thyroid function is similar to that
found in other forms of destructive thyroiditis,
such as de Quervain’s (subacute) or postpar-
tum thyroiditis, with a few weeks of hyperthy-
roidism caused by the release of preformed
thyroid hormones, followed by a brief spell of
hypothyroidism, and then recovery.

Which type of hyperthyroidism?
Although there are features which help to
distinguish between the two types of hyperthy-
roidism (table 35.1), the diVerentiation may be
diYcult and in some patients both mechanisms
may be operating. In such circumstances it is
sensible to institute a trial of carbimazole and
to withdraw the drug after 3–4 months. If the
patient remains euthyroid or becomes hypothy-
roid the diagnosis is likely to be type II hyper-
thyroidism; evidence of persistent hyperthy-
roidism suggests a diagnosis of type I
hyperthyroidism and the need to maintain car-
bimazole treatment for as long as the amiodar-
one is necessary and beyond.

Key points

x Serious non-thyroidal illness, such as heart
failure, can cause high T4 and low TSH
concentrations, suggesting
hyperthyroidism.

x Measurements of T3 may help to exclude
thyrotoxicosis in this situation but can be
inconclusive, and in some situations a trial
of antithyroid drugs may be warranted.

x In view of these diYculties thyroid function
tests should only be requested in patients
with credible evidence of thyroid disease
such as goitre or unexplained atrial
fibrillation.

Table 35.1 Features which may help to distinguish between type I and type II amiodarone
induced hyperthyroidism

Type I Type II

Pre-existing thyroid disease Yes No
Goitre DiVuse or nodular Uncommon,

may be tender
Radioiodine uptake by thyroid Low normal Negligible
TSH receptor antibodies in serum May be present Absent
Antiperoxidase (microsomal antibodies in serum) May be present May be present
Serum IL-6 Normal or slightly elevated Very elevated
Subsequent hypothyroidism No Possible

IL-6, interleukin 6.
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Amiodarone induced hypothyroidism
Amiodarone may cause hypothyroidism in
patients with pre-existing Hashimoto’s thy-
roiditis. However, the presence of a raised
serum TSH concentration before or during
treatment is not a contraindication to the use of
amiodarone as the thyroid failure is readily
treated with thyroxine.

Assessment of thyroid function before and
during treatment
In an attempt to minimise the risk of type I
hyperthyroidism we recommend that before
initiating treatment with amiodarone patients
should be examined for the presence of goitre
or Graves’ ophthalmopathy and measurements
made of serum T3, T4, TSH, antiperoxidase
(microsomal) and, if possible, TSH receptor
antibodies. Clinical evidence of thyroid disease
and/or a suppressed serum TSH concentra-
tion, particularly if associated with antithyroid
antibodies, should prompt a reconsideration of
the use of amiodarone, and discussion with an
endocrinologist.

Measurement of serum concentrations of
T3, T4, and TSH should be made three and six
months after starting amiodarone treatment
and every six months thereafter, including dur-
ing the first year after the drug is stopped. Table
35.2 shows the diVerent patterns of abnormal
thyroid function test results which may occur.
Serum T3 concentration is the best indicator of
hyperthyroidism, but in some circumstances a
trial of carbimazole for 6–8 weeks may be nec-
essary to establish whether the patient is
hyperthyroid or not.
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Table 35.2 Patterns of thyroid function tests which may
occur during treatment with amiodarone

Euthyroid (eVect of
amiodarone on thyroid
hormone metabolism)

Type I or II
hyperthyroidism Hypothyroid

T3 Normal or low normal Raised > 3.0
nmol/l

Low or low
normal

T4 Raised, may be in
excess of 60 pmol/l

Raised Low, normal

TSH Raised, normal or low Low Raised

Reference ranges: total T3 1.1 to 2.8 nmol/l; free T4 10 to 25
pmol/l; TSH 0.15 to 3.50 mU/l.

Key points

x Amiodarone will induce hyper- or
hypothyroidism in up to 20% of subjects,
and thyroid dysfunction may persist for
several months or develop for the first time
after the drug has been stopped.

x Thyroid status should be evaluated
thoroughly before introducing the drug
because patients with pre-existing (often
occult) thyroid disease are at particularly
high risk.

x T3 is the most valuable and sensitive
measure of thyroid function in patients
who have received amiodarone because,
even among euthyroid patients, the
inhibition of the peripheral conversion of
T4 to T3 may produce a high T4 and low
TSH.
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“If it were not for the great variability among
individuals, Medicine might be a Science, not
an Art”—Sir William Osler, 1882, The Principles
and Practice of Medicine

It is important to apply current best
evidence in making decisions about man-
agement of individual patients. While the

evidence may be derived from basic and
applied research, the findings from large scale
clinical trials of interventions are the most rel-
evant. However, in many cases there are uncer-
tainties around the eVects of treatments and
indeed guidelines can “legitimise” these uncer-
tainties by defining boundaries within which
decisions are reasonable. Therefore, the appro-
priate interpretation of clinical trial results is
just as important for those who are charged
with the development and implementation of
guidelines as they are for the clinician in
discussing options with individual patients.

Important aspects relating to trial design and
interpretation are discussed, using illustrative
examples drawn from various fields of cardio-
vascular medicine.

The science of clinical trial methodology has
been discussed in detail elsewhere,1 and the
application of trial results to individual patients
considered by other authors,2 including over-
views of trials of many interventions. However,
to date, relatively few relating to cardiovascular
medicine have been produced through the
Cochrane Collaboration (http://www.epi.bris.
ac.uk/cochrane.heart.htm).3

Rationale for the trial

The background to the clinical trial should be
very clearly stated (and read) in the introduc-
tion to the paper which reports a trial result, as
it will have a major influence on the trial design
and hence its results. The intervention should
have a sound biologic and/or pathophysiologi-
cal rationale. The trial will often test the princi-
pal mechanism of action of the intervention.
However, drugs often have pleiotropic eVects
and it needs to be borne in mind that the trial
will test the particular drug (often in one dose)
and not its mechanism(s); indeed, dose–
response relations for diVerent eVects may vary.

The hypothesis to be tested will often have
been generated from a meta-analysis of previ-
ous studies in the area. The recently published

HOPE study4 illustrates the manner in which
the hypothesis for the trial can be generated
from an overview of studies in more restricted
patient populations. While meta-analyses may
be very useful in defining likely eVects in
certain subgroups, by and large such overviews
should be regarded as hypothesis generating.
However, an example of what may be the
unique benefits of meta-analyses is the
antiplatelet trialists collaboration,5 following
which the more widespread use of aspirin
would likely not have been achieved without an
overview of many trials which individually were
underpowered to show significant benefit.

The cohort of patients: generalisability
of results

The main purpose of large scale trials is to
cause widespread appropriate change in clini-
cal practice. Typically, controlled clinical trials
examine the eVects of an intervention which is
administered following tightly specified proto-
cols to patients who are selected and generally
compliant. This contrasts to the care of
unselected patients by usual practices and
practitioners.

It follows that it is important that patients
recruited to trials closely resemble those in
typical practice. Therefore, evaluation of a trial
requires consideration of exclusion as well as
inclusion criteria, and, if possible, of baseline
characteristics of those patients who were
“logged” but not recruited. Typically baseline
characteristics are presented in the first table in
reports of large scale studies. When the
intervention modifies a biomedical risk factor,
such as in the case of lipid modifying treatment
in patients with known coronary artery disease,
the trial has most relevance when the choles-
terol concentrations of those studied most rep-
resent those of usual patients.

It is also important that trials test the
particular treatment on a background of usual
accepted practice. Indeed when usual care of
study patients does not include general ad-
vances in treatment, the trial results must be
interpreted with a degree of caution. The man-
agement of patients with coronary artery
disease is an important example. Many large
scale trials of diVerent therapeutic approaches
do not embrace the contemporary approach
which might include more complete use of
arterial conduits during bypass surgery, stent
deployment during percutaneous coronary
intervention, and an aggressive approach to
cholesterol lowering treatment as part of medi-
cal management.

In cardiovascular trials the elderly and
women are often under represented. The inci-
dence of cardiovascular disease, including cor-
onary heart disease and its manifestations,
increases greatly with age. Absolute risk is
greater in the elderly and failure to include
such patients could lead to underestimation of
the benefits of intervention. Alternatively, the
true eVects of treatment in the elderly may be
missed because rates of deleterious outcomes

36 Evaluation of large scale clinical
trials and their application to usual
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may also be diVerent. Recently published
observational data in almost 8000 patients
showed that among patients with myocardial
infarction receiving thrombolytic treatment, in
those over 75 years old who received treatment
the mortality rate was 18% in the first month
after discharge, compared to 15% in those who
did not receive treatment.6 While some older
patients undoubtedly benefit from thrombo-
lytic treatment, others have an increased risk of
cerebral haemorrhage and other complications.
Comorbidities such as hypertension or previ-
ous stroke which may have increased bleeding
risk may have been ignored. However, because
controlled trials of thrombolysis have been
confined to relatively younger patients, a
randomised trial of thrombolysis in the “old
old” may be appropriate.

The elderly have been notably under repre-
sented in trials of treatments for heart failure.
Because the average age of patients recruited to
heart failure trials is younger than those usually
treated, this in turn may also lead to recruit-
ment of fewer females as they develop disease
manifestations at an older age.7 Furthermore,
heart failure trials frequently recruit from
cardiology departments in the hospital envi-
ronment, and inclusion criteria may require
objective evidence of greater left ventricular
dysfunction than is found in usual patients,
particularly in the community setting.

Trial design and monitoring

An understanding of the principles and diVer-
ent types of trial design is important. Observa-
tional studies are particularly aVected by issues
of bias and confounding that cast doubts about
their validity. Indeed, randomisation is one of
the major factors that has increased the
relevance of clinical trials. Even then, all
attempts must still be made to reduce bias at
the time of randomisation. The randomisation
process may include stratification for key base-
line descriptor(s), but in very large scale studies
it is often assumed that baseline risks should be
matched between the two groups assigned dif-
ferent therapeutic approaches.

The importance of an adequate (ideally pla-
cebo) control group has been demonstrated
repeatedly. As one example, without inclusion
of a contemporary, placebo group, the impor-
tant proarrhythmic eVect of class 1c anti-
arrhythmic drugs may not have been recog-
nised in the CAST (cardiac arrhythmia
suppression trial) study,8 as event rates in those
randomised to active treatment were similar to
those from previous individual patient usage
data held by the pharmaceutical company.

A placebo limb may be unethical in certain
circumstances—for example, thrombolysis in
acute myocardial infarction. In such a context,
diVerent “active” treatments should be com-
pared. Because of decreasing mortality rates
with general improvements in management,
trials which attempt to show superiority of
newer agents above standard treatments are
increasingly more diYcult. The large number

of patients needed can be a major problem. As
an extension to this, trials designed to demon-
strate “equivalence” with narrow confidence
intervals actually require more rather than
fewer patients compared with “superiority”
studies.9 Because of this, the latest shift has
been to “non-inferiority” trials. Then the clini-
cal value of demonstrating that there is no
clinically significant diVerence in outcomes
between a new agent and conventional treat-
ment may lie in the lower cost, greater ease of
administration, or greater safety of the new
agent. These analyses are often undertaken in
conjunction with the main trial.

Other design strategies which may be incor-
porated to increase power in comparative stud-
ies are not only to increase the sample size, but
to randomise unevenly by including fewer
patients in “control” groups, and to deliber-
ately enrol patients at higher risk so as to
increase the number of end points.

A further relatively new development has
been the possible use of a “cluster” design which
allows randomisation of groups of people. This
technique is used when the intervention is
administered to and can aVect entire clusters of
people rather than individuals within the cluster,
or when the intervention, although given to
individuals, may “contaminate” others in the
control group so as to weaken any estimate of
treatment diVerence.10 The methodology can be
particularly applied to studies of methods of
care. An example could be a telephone based
support system for patients when compared to
usual outpatient care.

Factorial design (and simplicity) are other
methodological approaches that may increase
the eYciency of randomised controlled trials.
Factorial design not only allows more than one
hypothesis to be tested simultaneously, but
allows large scale evaluation of some treat-
ments such as dietary supplements that might
not otherwise be possible because of diYculty
in attracting the necessary funding.

Very large scale clinical trials should have an
independent data and safety monitoring board.
Their role should be clearly stated. Typically,
the board will operate with pre-specified
general stopping rules but they should usually
be encouraged not to terminate a trial too early.
This is because the reliability of data is greater
with an increasing number of end points,
perhaps euphemistically termed “regression to
the truth”. Accordingly, the mathematical
functions which determine stopping often
require more extreme evidence of eVect earlier
compared with later in the trial. Particularly,
trials should rarely be terminated very early on
the basis of “futility” because this deduction is
unreliable when there are relatively few end
points.

Appropriate end points: clinical
relevance

One major end point should be clearly
specified and used as the basis for power calcu-
lations, the estimate of the “reliability” of the
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result. These power calculations should be pre-
sented.

All cause mortality is the hardest end point
and allows for inaccuracies in the certification of
the cause of death.11 It usually requires inclusion
of a very large number of patients in the study.
Increasingly, an expanded end point which is a
composite of a number of outcomes is the
primary end point. An expanded end point
could be a composite of cause specific death,
related non-fatal events, and perhaps an index of
cost benefit such as a measure of hospitalisation.
Each component should be biologically plausi-
ble and there should be an attempt to minimise
any possibility of “double counting”.

Care is prudent before there is wide extrapo-
lation from the results of secondary end point
data from smaller trials. As an example, data
from the ELITE II study12 failed to confirm a
mortality benefit of an angiotensin receptor
antagonist compared to an angiotensin convert-
ing enzyme (ACE) inhibitor in heart failure
patients, although this had previously been
demonstrated in the smaller ELITE I study. The
primary end point in ELITE I was renal
function rather than mortality, but the some-
what dramatic eVect on survival had been suY-
cient to convince a number of regulatory
authorities throughout the world to liberalise
indications for angiotensin receptor antagonism.

Methods of analysis

Intention to treat analyses are vital to minimise
bias and must always be presented. These
analyses present outcomes by treatment as-
signed at the start of the trial, irrespective of
whether there is adherence throughout the
period of follow up.

However, it is appropriate to examine the
data which are presented for the extent of non-
adherence to assigned treatment. The reader
should ascertain whether or not there was sig-
nificant “crossover” to the other treatment limb
which was being compared. Crossover between
assigned treatments can be a particular prob-
lem in trials which compare non-
pharmacologic interventions and drug treat-
ment. One example involves the trials in
patients with unstable angina which have com-
pared outcomes after early coronary angio-

graphy and, possibly, revascularisation with a
“conservative” approach based on medical
treatment. In the TIMI IIIb, VANQWISH, and
FRISC II studies, from 14–57% and 48–73%,
respectively, of those patients assigned to a
conservative therapeutic approach had cardiac
catheterisation while an inpatient or within 12
months.13 These intervention rates translated
to revascularisation approaches by 12 months
in 33–49% in those assigned initial conserva-
tive treatment compared to 44–78% of those
assigned to an initial invasive strategy. This
made meaningful conclusions concerning the
role of early revascularisation very diYcult.

The examples also suggest the potential
value of additional presentation of “on-
treatment” analyses when this is appropriate.

Net benefit: public health impact

Figure 36.1 shows a schema within which the
overall eVects of a treatment might be consid-
ered.

The distinction between relative and abso-
lute risk (and reduction) is very important.
Relative risk is the increase (for a risk factor) or
decrease (the typical case for an intervention)
in the likelihood of an event compared to a ref-
erence group. The odds ratio (OR) is another
measure of this, calculated as the ratio of odds
(OR = p ÷ 1−p, where p is the probability of
the event).

However, it is much more important to
examine absolute risks. Absolute risk reduction
is the arithmetic diVerence in rates of outcomes
between the experimental and “reference”
(control) groups in the trial. The reciprocal of

Trial acronyms
ELITE: Evaluation of Losartan In The
Elderly
FRISC: Fragmin during Instability in
Coronary artery disease
HOPE: Heart Outcomes Prevention
Evaluation
TIMI: Thrombolysis In Myocardial
Infarction
VANQWISH: Veterans AVairs Non-Q
Wave Infarction Strategies in Hospital

Figure 36.1. A schema within which to consider aspects of a treatment. Information on many of these can be
obtained within the context of a large scale trial.

Indication "threshold"

"Target" values

Treatment Safety

Risk reduction (RR)
(Absolute risk, relative RR)

Net benefitCost
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the absolute risk reduction is the number who
would need to be treated to prevent one
adverse outcome (“number needed to treat”).
This takes into account both the relative risk
reduction and underlying risk and is often used
to gauge the absolute eVect of the intervention
being tested. To enable comparisons for
chronic treatments, the numbers needed to
treat are often estimated for five years of inter-
vention.

The thresholds for initiating treatment
should reflect the level of absolute risk at which
first, the benefits and hazards of treating
outweigh those of not treating, and which sec-
ondly, justify the associated costs and incon-
venience to the patient. As shown in fig 36.2,
the risk reduction with an eVective treatment
should increase, somewhat in proportion to the
level of risk of the patient cohort. However, the
magnitude of any harmful eVects is usually
independent of the level of risk for the
indication for treatment. A net benefit can then
be derived as a composite of these considera-
tions of absolute benefit and harm.

Clinicians need to compare the absolute risk
of trial patients with their own patient. If the
relative risk reduction is anticipated to be the
same, the absolute benefit of an intervention is
greatest in the patients at highest risk. Such
groups could include the elderly or people with
diabetes. These considerations can also be rel-
evant when absolute risk rates are greater in
clinical practice than in selected patients
recruited to the trial.

An example of the logic outlined above can
be found in considering the risk and prevention
of stroke in patients with chronic non-
rheumatic atrial fibrillation.14 The overall risk is
around 5% per annum but this increases with
increasing age, recent congestive heart failure,
presence of hypertension or diabetes, a history
of previous stroke or transient ischaemic
attack, and evidence of left atrial enlargement
or left ventricular dysfunction on transthoracic
echocardiography. In both primary and sec-

ondary prevention trials, warfarin has been
shown to decrease risk by around two thirds,
but from a baseline annual risk of 12% in sec-
ondary prevention compared to 5% in primary
prevention. The same relative risk reduction
results in much greater absolute benefit in
those who have had previous events, but bleed-
ing risk is no diVerent in the two scenarios. It
should be further noted that the rate of bleed-
ing observed in the trials (0.5–0.8% per
annum) is much less than that seen in usual
clinical practice (around 5% per annum).
Therefore, it is important to assess individual
patients carefully for comorbidities which
could increase risk of bleeding.

Another example concerns primary preven-
tion of coronary heart disease events with lipid
modifying treatment. Absolute risk in individu-
als with similar cholesterol concentrations
depends critically on their age, sex, and levels
of other established cardiovascular risk factors.
On the basis of consideration of multiple risk
factors, groups such as the joint European task
force have applied multivaried mathematical
modelling to enable prediction of an arbitrary
risk of events over 10 years and to suggest vari-
ous “thresholds” at which initiation of treat-
ment may be appropriate.15

To establish relative public health benefits,
often trials are “lumped” to compare the
number needed to be treated in diVerent
scenarios. However, because baseline risk often
varies widely between trials, care is necessary in
pooling of data from multiple trials.16

Another note of caution concerns the
interpretation of safety data. Few clinical trials
extend beyond five years because of factors
such as investigator and subject fatigue, and the
accumulation of crossovers. This time frame
may be inadequate to detect some very impor-
tant adverse aVects such as cancer. As a corol-
lary, the risk:benefit ratio may diVer at diVerent
time points after the initiation of the treatment.

Cost-benefit analyses

A large part of the direct costs associated with
cardiovascular disease relate to hospitalisation,
and a disproportionate amount is associated
with the care of the elderly. Many regulatory
authorities now require formal evaluation of
cost–benefit of new treatments and these are
often conducted within the clinical trial
environment. The findings obviously impact
on translation of the outcomes of trials to the
clinical context and demonstration of impor-
tant outcomes can be used to justify the more
widespread use, albeit with higher initial costs
of some treatments. An example is the value of
the implantable cardioverter defibrillator in
patients at higher risk of “malignant” ventricu-
lar arrhythmias.17

Surrogate measures

Because studies which compare two active treat-
ments require much higher numbers to ascer-

Figure 36.2. Net benefit is a composite of absolute benefit (which will often vary
according to baseline level of risk) and harm (which is often independent of the
level of risk).
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tain or exclude diVerences in treatment eVects
reliably, “surrogate” measures may be reported.
Study of intermediate outcomes for “harder”
clinical end points should require appropriate
scientific data to suggest the relation is truly a
mechanistic one. An association, even a compel-
ling epidemiologic relation, does not necessarily
imply a causal relation. Particularly, interven-
tions may have multiple mechanisms of action.
Indeed, the relative importance of these diVerent
eVects may vary according to the criteria which
are used to define the patient population under
study.

An associated question is whether it is valid
to use intermediate outcomes as surrogate
measures to deduce a “class” eVect among
drugs which can diVer in their pharmacoki-
netic and pharmacodynamic properties, and in
their spectrum of adverse eVects. The argu-
ment could apply to ACE inhibitors which,
because of diVerences in tissue binding proper-
ties, could have diVerent strengths of action on
paracrine ACE systems, or to 3-hydroxy-3-
methylglutaryl coenzyme A (HMG CoA)
reductase inhibitors which might diVer not
only in the potency of their lipid modifying
eVects but also of other potentially relevant
mechanisms.

As stated earlier, while the approach is con-
servative, it is usually sensible to regard large
scale trials as testing specific treatments (and in
the case of drugs, in particular doses) and not
their mechanisms of action. However, guide-
lines for determining whether or not a drug is
exerting (more than) a class eVect have been
published.18 One very important example of
the potential value of intermediate measures
and of substudies was that which established
the importance of restoration of TIMI III flow
through the infarct related artery for preserva-
tion of left ventricular function and long term
outcome following myocardial infarction.19

Subgroup analyses

Trials are designed to have suYcient power to
reliably test the eVect of the intervention in the
cohort which is defined by the particular inclu-
sion and exclusion criteria. Results in sub-
groups of the cohort are nearly always less reli-
able and frequently over interpreted.

The credibility of a subgroup analysis
depends on the size of the subgroup, the
biologic plausibility of the analysis, and consist-
ency of eVects between diVerent trials. Particu-
larly, unless subgroup analyses have been
prespecified (both the patient subgroups and
the outcomes of interest) and all such prespeci-
fied analyses are presented or at least available,
bias is frequent if not inevitable, and the selec-
tion of subgroup analyses presented might be
viewed as “data dredging”.

When subgroup analyses are presented, the
appropriate statistical test often examines for
evidence of heterogeneity between diVerent
subgroups—for example, between sex or age
groups, or those with or without particular risk
factors.

Final comments: patient preferences

Trials of cardiovascular treatments have con-
clusively shown the eYcacy of a wide variety of
treatments. Patient outcomes can be improved
by appropriate translation of the results of
these trials to usual practice.

However, it is appropriate that patients are
being further empowered concerning decisions
relating to their health. It is worth noting the
opinions of diVerent groups in a recent survey
to establish a threshold above which it was
judged to be appropriate to use antihyperten-
sive drugs. The number of patients with hyper-
tension regarded as appropriate to be treated
over five years to save one life was lower for
consultants than general practitioners, but par-
ticularly much higher among nurses and, nota-
bly, the public.20 In the current environment
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