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Abstract

Physicians previously thought that heart disease
was rare in patients with end stage liver disease.
However, recent evidence shows that the prevalence
of ischemic heart disease and cardiomyopathy is
increased in transplant candidates compared to most
other surgical candidates. Investigators estimate that
up to 26% of all liver transplant candidates have at
least one critical coronary artery stenosis and that
at least half of these patients will die perioperatively
of cardiac complications. Cardiomyopathy also
occurs in greater frequency. While all patients with
advanced cardiac disease have defects in cardiac
performance, a larger than expected number of
patients have classical findings of dilated, restrictive
and hypertrophic cardiomyopathy. This may explain
why up to 56% of patients suffer from hypoxemia
due to pulmonary edema following transplant surgery.
There is considerable controversy on how to screen
transplant candidates for the presence of heart
disease. Questions focus upon, which patients should
be screened and what tests should be used. This
review examines screening strategies for transplant
candidates and details the prognostic value of
common tests used to identify ischemic heart disease.
We also review the physiological consequences of
cardiomyopathy in transplant candidates and explore
the specific syndrome of “cirrhotic cardiomyopathy”.
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INTRODUCTION

Physicians previously thought that heart disease was
rare in patients with cirrhosis’. Postoperative mortality
was previously due to operative complications and poor
donor graft function. Better surgical technique and
donor organ management have significantly improved
patient survival. However, as long term patient survival
increased, cardiac complications emerged as a more
common cause of early morbidly and mortality. Recent
studies report a high incidence of post-transplant
cardiovascular complications with arrhythmias and overt
congestive heart failure in as many as 25% and 56% of
all transplant recipients respectively™”.

It is now clear that patients with end stage liver
disease are at increased risk of acute coronary occlusion,
myocardial failure, arrhythmia and complete cardiovascular
collapse following transplantation compared to other
major surgical procedures. However, there is no consensus
on how to efficiently detect cardiovascular disease in
asymptomatic patients prior to transplantation or to
determine what risk a transplant candidate with heart
disease has of suffering from a serious perioperative
adverse event. Without this information it is difficult to
determine what type or severity of heart disease should
exclude a patient from transplantation.

CARDIOVASCULAR DISEASES
IN CANDIDATES FOR LIVER
TRANSPLANTATION

The most common cardiovascular diseases in
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transplant candidates are ischemic coronary artery
disease (CAD) and cardiomyopathy. These diseases are
independent negative predictors of outcome following
transplantation. However, the poor exercise capacity in
patients with advanced liver disease makes it difficult
to identify cardiac disease. These patients may not
experience common symptoms brought on by exercise
such as chest pain or shortness of breath. Further, it
may be impossible to determine if some symptoms
such as shortness of breath are caused by cardiac or
liver disease. Thus, screening asymptomatic patients
for underlying cardiac disease is an essential step in the
evaluation of transplant candidates.

Ischemic heart disease

Patients can have substantial atherosclerosis, but remain
asymptomatic. Symptoms only develop once the
amount of coronary blood flow is insufficient to meet
the oxygen needs of the myocardial tissue. This usually
occurs when the degree of occlusion exceeds 50%".
However, lesion size alone does not always predict the
onset of symptoms. Rather, symptoms are influenced by
myocardial tissue demands. Vigorous exercise increases
myocardial oxygen demand and may cause symptoms
with lesions that are less than 50%. Figure 1 shows the
algorithm for the diagnosis of ischemic heart disease.

Myocardial infarction can occur in patients who
have lesions that occupy less than 50% of the coronary
lumen'™”, This is caused by plaque rupture, resulting
in acute vessel thrombosis. Liver disease may increase
the risk of coronary complications in patients with
non-occlusive disease. Chronic inflammation coupled
with increased blood flow can predispose to plaque
rupture. These adverse conditions are worsened by
the high metabolic demand that occurs during liver
transplantation.

Evidence suggests that CAD is more prevalent in
transplant candidates. Studies show that at least one
critical coronary artery lesion occurs in 5% to 26% of
all liver transplant candidates who are asymptomatic’®”,
Up to 50% of patients with significant CAD will die
perioperatively from cardiac complications!’. This
is substantially greater than the one year mortality
rate (10%) for all liver transplant recipients'”, or the
mortality rate from cardiac complications for other
study populations""'?. A previous history or classic
symptoms of CAD places patients in well-tested
protocols that direct further evaluation'
the challenge remains in identifying those patients who
are asymptomatic, but have significant CAD.

14
I However,

RISK FACTORS FOR CAD IN CIRRHOSIS

Specific patient attributes are correlated with CAD™,
The actual demographic profile of a patient with CAD
is remarkably similar throughout the world!"*"", High
blood pressure, elevated cholesterol, diabetes and
obesity are the most prevalent attributes. Risk factors for
CAD are also prevalent in liver transplant candidates”.
Age > 50 years, male gender, diabetes and obesity are
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Figure 1 Algorithm for the diagnosis of ischemic heart disease. There is no
consensus on how to evaluate asymptomatic liver transplant recipients for the
presence of CAD. However, a logical algorithm can be constructed using the
current evidence from a limited number of outcome studies. The utility of this
algorithm will require outcome testing to determine its sensitivity and specificity.
In this approach, asymptomatic liver transplant recipients are divided according
to the presence risk factors for CAD. Patients with 0-1 risk factor require no
further evaluation. Those with 2 risk factors are first assessed by calcium
scoring. If the score is zero, no further testing is required. If the test is not zero
patients are referred for stress testing. Patients referred directly for stress
testing include those with 3 or more risk factors and those with high risk factors.
A positive stress test is an indication for coronary catheterization. "High Risk
Factors for CAD include diabetes, NASH, previous CAD, peripheral vascular
disease; “Risk Factors for CAD include age > 50 yr, hypertension, elevated
cholesterol and obesity.

common. In addition, altered lipid metabolism and other
unknown factors may make cirrhosis an independent risk
factor. Cirrhotic patients with 0-1 risk factors have a low
likelihood for CAD. However, the presence of two or
more factors (other than age) places patients at moderate
to severe risk of CAD". A diagnosis of non-alcoholic
steatohepatitis (NASH) independently increases the
risk of CAD"". Critical CAD occurs in approximately
23% of patient with NASH"". Even though NASH
patients have additional risk factors including obesity
and diabetes, the prevalence of CAD is greater than the
sum of associated risk factors'”*". Overall transplant
candidates with diabetes, peripheral vascular disease
including carotid atherosclerosis, abdominal aneurysm,
chronic renal failure or high risk-Framington Score are
4]

likely to have CAD and need further evaluation!",

SCREENING TESTS FOR CAD IN
CIRRHOSIS

The prognostic value of any screening test is related to
the prevalence of the disease in the population under
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study' . Some investigators argue that the prevalence of
CAD in transplant candidates is insufficient to warrant
testing all asymptomatic patients greater than 50 years of
agem]. However, this opinion does not take into account
the high perioperative mortality associated with CAD in
these patients. Therefore, it is reasonable to err on the
side of caution by optimizing sensitivity at the expense of
lowering specificity. While few patients with only one risk
factor have positive findings, 2 risk factors significantly
increases the chance of critical CAD in this population[(”21].
However, not all risk factors confer an equal chance of
CAD. Diabetes and NASH are more predictive of CAD
than other attributes such as age or gender[21’22]. Therefore,
the decision to proceed with noninvasive testing must be
tempered by the relative predictive strength of each risk
factor rather than just the number of factors present.

Calcium scores
Calcium crystals are commonly deposited in coronary
atherosclerotic lesions and the degree of calcification
correlates with the severity of occlusive coronary
atherosclerosis'™!. Computerized tomography is a
non-invasive and rapid way to measure calcium deposits
within the coronary vasculature. The amount of cardiac
calcium is summated into scores (CACS) that are reported
as a percentile according to age and gender. Higher scores
suggest a greater degree of coronary artery stenosis®’.
Calcium scores are, therefore, used to detect and grade
the severity of CAD". However, the CACS has limited
predictive value as a single screening study for CAD. The
CACS is relatively insensitive with a weighted average of
only 40% for detecting critical lesions”™. A comparison
of CACS with echocardiography also suggests a lack
of specificity”™™. Despite these limitations, CACS does
provide incremental prognostic information to assess
cardiac risk with respect to cardiac death, myocardial
revascularization or myocardial infarction”, Patients with
a CACS > 100 are 5 times more likely to have ischemic
coronary events compared to those with a CACS < 100
and significant coronary disease is rare with a score of zero.
Non-calcified coronary plaque can also cause
myocardial infarction and death. However, non-calcified
lesions are uncommon in patients with a CACS of zero"”.
When present, stenosis is usually less than 50% of the
luminal diameter. This finding reinforces the strong
predictive value of a CACS of zero. However, non-
calcified lesions and their degree of stenosis increase
significantly as the CACS increases. Current evidence
suggest that CACS as a single test has limited value except
to separate patients with minimal risk of CAD (CACS =
zero) from those who have more advanced disease.

Stress testing

Stress testing is used to increase myocardial oxygen demand
in order to identify critically obstructed coronary vessels.
Graded exercise and the intravenous administration of
drugs that increase oxygen consumption are the two most
efficient ways to test for reversible ischemia. Ischemic
changes are captured using common imaging techniques
such as echocardiographic wall motion abnormalities and

radionuclide myocardial perfusion defects. A stress test
cannot identify disease caused by atherosclerotic plaques
that are too small to limit coronary blood flow; even if these
lesions are at risk of rupture.

More severe disease (mote vessels involved and/or
more severe stenosis) improves the predictive power
of the test. In general, graded exercise stress tests
coupled with echocardiography or myocardial perfusion
imaging have similar sensitivity and specificity”
but, the predictive values of the tests diverge when
pharmacologic agents are used. Echocardiography is less
sensitive but more specific than myocardial perfusion
with dobutamine” and dobutamine is better than
vasodilators such as adenosine or dipyridamole for
inducing ischemia with either technique™.

Dobutamine myocardial perfusion imaging is
more sensitive than dobutamine echocardiography for
detecting myocardial ischemia in patients with liver
disease™. In transplant candidates these tests have a
better negative rather than positive predictive value®”.
Thus, a negative test confers a minimal chance of
CAD. There is a greater chance that no lesion will
be identified angiographically if the test is positive.
However, the unique physiological stress associated
with liver transplantation places patients at greater
risk of plaque rupture, even if less than 50% of the
vessel is occluded. There are more false positive stress
tests in transplant candidates. However, there are also
more postoperative deaths in transplant recipients
who had abnormal myocardial perfusion studies but
no angiographic lesions”. These patients die of
perioperative cardiovascular complications, sepsis
and donor graft failure™™, Investigators suggest that
myocardial perfusion defects with a normal angiogram
are not necessatily benign findings and could be caused
by reduced microvascular coronary blood flow!™.

Questions remain as to what degree of lesion requires
intervention and what type of treatment is best. Most
subcritical coronary stenoses in surgical patients can
be medically managed. However, investigators report a
perioperative death rate of more than 50% in transplant
recipients with CAD who were managed medically”.
Further myocardial infarction during transplant surgery
has occurred with as little as 30% vessel occlusion”™. To
date there is no consensus on what degree of stenosis
needs treatment in liver transplant candidates because
there are very few reports on the outcomes of coronary
interventions in transplant candidates.

CARDIOMYOPATHY

The prevalence of cardiomyopathy is greater in patients
with end stage liver disease than the general popu-
lation™ !, Conditions such as hepatitis C can cause
immune-mediated myocarditis and fibrosis resulting in
restrictive cardiomyopathy'!. Hemochromatosis and
amyloidosis also cause restrictive cardiomyopathy due to
the infiltration of iron and protein respectively. Findings
similar to dilated cardiomyopathy are also commonly
reported from routine echocardiographic screening of
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transplant candidates'™”. Further, an increased reporting
of hypertrophic cardiomyopathy in transplant candidates
suggests that this disorder may also be more prevalent in
cirrhotic patients™*),

Symptoms of liver disease are often similar to those
of heart failure. Therefore, it is difficult to determine
if fatigue, shortness of breath and adventitious heart
sounds are due to liver disease alone or if patients have
cardiac failure. Routine screening of transplant candidates
with echocardiography is an effective way to identify
comorbid cardiac disease. Even though cardiac disease
can be readily identified, there is no agreement on how
disease influences transplant candidacy. Currently, there
is no outcome data using cardiomyopathy as a primary
study variable. However, investigators have reported that
patients with dilated cardiomyopathy seem to improve

B9 1n contrast, the

after successful transplantation
prognosis for infiltrative processes such as Hepatitis C,
amyloidosis and hemochromatosis does not seem as good
and cardiac disease is reported to progtess to overt heart

failure despite successful transplantation[41’44].

Cirrhotic cardiomyopathy

Some cirrhotic patients have obvious features of
cardiomyopathy, however most have more subtle defects
in myocardial function that are not apparent on cursory
examination. Early cardiac decompensation is often
missed because the cardiac workload is reduced by
peripheral vasodilation caused by liver failure™. These
patients are dismissed as having normal heart function.
However, when these patients are subject to physiological
or pharmacological stress, they develop clinical signs of
suboptimal perfusion including renal failure and acidosis.
Investigators have concluded that exercise uncovers an
intrinsic defect in myocardial function that predisposes
to heart failure**’. This condition is called “cirrhotic
cardiomyopathy” and although the clinical presentation
can be variable, all patients have four common features.
These are: (1) Baseline increased cardiac output;
(2) Attenuated systolic contraction and diastolic relaxation;
(3) Electrophysiological abnormalities including
repolarization change; and (4) A reduced response of the
heart to direct beta stimulation (B—incompetence)[48]. These
changes occur in the absence of overt congestive failure.

Myocardial function in cirrhotic cardiomyopathy
Indices of left ventricular contractility such as the stroke
index, mean systolic ejection rate, left ventricular stroke-
work and left ventricular stroke-power are greater than
expected in the cirrhotic patient at rest. The only clue early
that the heart may not be normal is a blunted response to
exercise™. The standing position and physical or mental
stress have minimal impact on cardiac output in cirrhotic
patients. But, the absolute and relative increase in cardiac
output in response to exercise is reduced compatred to
controls™. Thus, acrobic exercise capacity and maximal
heart rate are lower than expected”".

Early histological changes include myocardial
hypertrophy, interstitial and cellular edema and signs
of cellular injury™. This causes thickening of the left
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ventricle with the septum affected more than the free
wall™. Overall, these effects are more pronounced in
patient with ascites compared to those without ™. As
wall thickness increases so does the degree of diastolic
dysfunction. Impaired diastolic relaxation prolongs
isovolumetric relaxation and the ventricular pressure
is greater than normal for any given end diastolic
volume. The left atrium dilates in response to the higher
impedance to left ventricular filling. When these patients
experience circulatory changes that rapidly increase
filling pressure, congestive heart failure develops. This
likely explains why patients experience an increased
incidence of congestive heart failure after procedures
such as transjugular intrahepatic shunts and liver
transplantation[53]. In fact, diastolic disturbance is such
a consistent feature of cirrhotic cardiomyopathy that
many investigators suggest that some degree of diastolic
dysfunction is present in all patients with liver disease™

At rest, systolic function appears to be normal in
most patients with liver disease. However, the mechanics
of systolic contraction are commonly disturbed. This is
shown by examination of the systolic time interval. The
length of systole remains constant, but left ventricular
¢jection period takes up a larger percentage of the time
interval. This in turn shortens the pre-ejection period”.
In contrast to changes in diastole, systolic dysfunction
usually only becomes evident during exercise. Ejection
fraction does not increase as expected under conditions
of stress. Further, an increase in filling pressures does not
increase ejection fraction and the Frank Starling curve
flattens®. As liver disease progresses systolic function
can be insufficient to meet the resting tissue oxygen
demands®. The impaired systolic response to stress is
etiologic in the increased incidence of pulmonary edema
and congestive heart failure following procedures that
abruptly increase blood flow to the heart™,

Electromechanical disorders in cirrhotic cardiomyopathy
The events of electrical depolarization and mechanical
systole are normally tightly linked in time and exhibit little
variability. Thus, the events are considered “coupled”.
The time interval needed for ventricular repolarization
is limited and also has little variability. This is to prevent
the next depolarizing current from advancing into a
partially depolarized conducting system and causing re-
entry arrhythmias. Patients with liver disease exhibit three
common cardiac electrophysiological disturbances in
cardiac function. These include: (1) Electromechanical
dissociation; (2) Prolongation of ventricular repolarization
(the QT interval); and (3) Chronotropic incompetence’™.
The time period between electrical and mechanical
systole is longer in patients with cirrhosis”™. If the
conducting system is still partially depolarized when the
next action potential arrives, electrical depolarization
cannot capture all the mechanical activity of the
myocardium. Thus investigators think that defects in
electromechanical coupling may contribute to impaired
systolic performance in cirrhosis by failing to recruit
all available myocardium for the next ventricular
contraction””, Once electromechanical dissociation
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becomes severe, it prolongs the time required for
repolarization (QT interval). Prolongation and variability
in the QT interval can affect cardiac thythm and cause
serious disturbances including ventricular fibrillation.
The severity of electromechanical dissociation is clearly
related to the sevetity of liver disease. This is shown by
the fact that the length of the QT interval correlates
directly with the Child-Pugh score™. Further, the QT
interval in cirrhotics varies in different regions of the
heart®. This dispersion of the QT interval is distinctly
abnormal and the degree of abnormality is also related
to the severity of liver disease. While patients with
congenital prolonged QT appear to have defects in
the sodium receptors that regulate electrical gating, the
potassium gates of the conducting system are primarily
affected in patients with liver disease™.

Normally, stimulation of B-adrenergic cardiac
receptors in healthy subjects causes an increase in both
the rate and force of cardiac contractions. However,
cirrhotic patients exhibit a blunted response to both
physiological and pharmacological B stimulation™. A
suboptimal response of heart rate to 3 stimulation,
termed chronotropic incompetence is found in patients
with heart failure in addition those with cirrhosis. It is
a proven poor prognostic indicator in all types of heart
failure”. Chronotropic incompetence is likely also a
predictor of mortality in patients with liver disease*”.

Studies of experimental animals show that the
progressive failure of B-agonists to elicit a positive
chronotropic and inotropic response is caused by an acquired
defect in the mechanism of B-receptor signaling, There is
both a reduction in the number of B-adrenoceptors in the
cell membrane and multiple defects in the pathway that
link receptor stimulation to contractility®’, These findings
occur to some degree in all patients with liver disease™’
The response to B-stimulation is relatively preserved eatly
in the course of liver disease but becomes increasingly
“incompetent” as liver disease progresses. In end stage
liver disease, no significant increase in heart rate occurs in
response to Valsalva maneuver or tilting, Further, the dose
of isoproterenol required to raise heart rate is much larger
than in healthy subjects™. Investigators think that failure
of B-adrenergic receptors to appropriately stimulate all
potential myocardial activity may also contribute to systolic
dysfunction in cirrhotic cardiomyoparhy“sl. This helps to
explain why signs of cardiomyopathy are only observed
under conditions of physical or pharmacological stress.

CONCLUSION

Cardiac disease appears more frequently in patients
with end stage liver disease. The two most common
conditions are ischemic heart disease and cardiomyopathy.
Some question whether it is cost effective to screen
all transplant candidates for CAD. The unusually high
perioperative mortality in transplant patients who do have
CAD warrants a systematic evaluation in every patient
which presumes a greater risk of atherosclerotic coronary
disease. No single test has 100% predictive value.
Therefore diagnostic protocols must account for the

variation in prevalence that occurs in subsets of transplant
candidates and the limitation of each type of test.

In contrast to ischemic heart disease, most patients
with advanced liver disease have myocardial defects
that cause systolic and diastolic impairment that is
not always evident at rest. There are also underlying
electrophysiological defects that cause an uncoupling of
mechanical and electrical activity. Diagnosis of “cirrhotic
cardiomyopathy” is difficult since the findings can be
subtle as some patients will develop frank heart failure
when exposed to pharmacological or physiological stress
such as liver transplantation.
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