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Thereisamutualinteraction between the function of the heartand the liverand a broad spectrum of acute and chronic entities that affect both the
heartandthe liver. These can be classified into heart diseases affecting the liver, liver diseases affecting the heart, and conditions affecting the heart
and the liver at the same time. In chronic and acute cardiac hepatopathy, owing to cardiac failure, a combination of reduced arterial perfusion and
passive congestion leads to cardiac cirrhosis and cardiogenic hypoxic hepatitis. These conditions may impair the liver function and treatment
should be directed towards the primary heart disease and seek to secure perfusion of vital organs. In patients with advanced cirrhosis, physical
and/or pharmacological stress may reveal areduced cardiac performance with systolic and diastolic dysfunction and electrophysical abnormalities
termed cirrhotic cardiomyopathy. Electrophysiological abnormalities include prolonged QT interval, chronotropic incompetance, and electro-
mechanical uncoupling. No specific therapy can be recommended, but it should be supportive and directed against the heart failure. Numerous
conditions affect both the heart and the liver such as infections, inflammatory and systemic diseases, and chronic alcoholism. The risk and preva-
lence of coronary artery disease are increasingin cirrhotic patients and since the perioperative mortality is high, a careful cardiac evaluation of such
patients is required prior to orthotopic liver transplantation.

Keywords Cirrhosis e Portal hypertension e Cardiac hepatopathy e Cirrhotic cardiomyopathy e Hyperdynamic circulation
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Introduction hightlight the heart as a cause of liver disease, the liver as a cause of

heart disease, cardiac effects of liver-related pulmonary dysfunction,
and finally, chronic alcoholism and systemic disorders, such as
haemochromatosis and amyloidosis, that may affect the function of
both the heart and the liver.

It has been known for many years that the heart and the liver are in-
timately related. Thus, patients with acute and chronic heart failure
develop manifestations from the liver. Cardiac cirrhosis or congestive
hepatopathy includes a spectrum of hepatic derangements occurring
in the setting of right-sided heart failure."* Unlike cirrhosis caused by
chronicalcohol use or viral hepatitis, the effect of cardiac cirrhosis on

The heart as a cause of liver disease

overall prognosis has not been clearly established,® but cardiac

cirrhosis may be reversed after heart transplantation (HTx).*
A sudden and dramatic serum hepatic transaminase elevation in rela-
tion to cardiogenic shock indicates massive hepatocellular necrosis
named ischaemic hepatitis.‘r”é Contrarily, chronic liver disease per se
may affect heart functions and electrophysiology in the absence of
other cardiac disease.”® The complex of these abnormalities is
named cirrhotic cardiomyopathy that affect the patient prognosis and
aggravate the course during invasive procedures such as surgery, in-
sertion of a transjugular intrahepatic portosystemic shunt (TIPS), and
orthotopic liver transplantation (OLT).”® This review seeks to

Heart failure often provokes liver damage, as it could be expected.
Infact, the liver receives up to 25% of cardiac output, and is therefore
highly sensitive to reduction in blood flow. Moreover, the lack of
valves in hepatic veins allows increased inferior caval pressure to
hit the sinusoidal bed without any attenuation. Indeed, the liver in-
volvement in heart failure has long been recognized,” but the
studies dealing with this matter are relatively few, not rarely with con-
tradicting results. The are several potential reasons for variant results:
heart failure aetiology has changed over the years, being mainly
related to rheumatic valvular disease in the earliest studies’ and to
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ischaemic cardiomyopathy more recently;'® the outcome of heart
failure has dramatically improved, due to the increased efficiency of
medical treatment, not to mention the widespread use of HTx.
Thus, cardiac cirrhosis, once the paradigm of liver involvement
in heart failure, is now rare.

Cardiac hepatopathy is classically described in the setting of either
acute or chronic heart failure. However, clinical and pathogenetic
factors related to both conditions often coexist, and a clear-cut par-
tition between them is not always appropriate. The recognition and
diagnosis of cardiac hepatopathy are important, as liver damage can
influence the prognosis and outcome of the cardiac disease, and
can only recover through measures improving cardiac function.

Essential pathophysiology

The fundamental mechanisms underlying cardiac hepatopathy are
reduced arterial perfusion, whose deleterious effects are amplified
by concomitant hypoxia, and passive congestion secondary to
increased systemic venous pressure. Arterial hypoperfusion predo-
minates in acute heart failure leading to hypoxic hepatitis, while
passive congestion prevails in congestive hepatopathy secondary to
chronic heart failure. However, these forward and backward
factors often coexist and potentiate each other." Interestingly,
hepatic steatosis, which is frequent in patients with cardiac hepatopa-
thy because of comorbid conditions such as diabetes, obesity, and
hyperlipaemia,”"? increases liver susceptibility to the ischaemia-
reperfusion injury."

The major damage occurs in Zone 3 of the Rappaport acinus,
which surrounds the central vein of the hepatic lobule and physiolo-
gically receives poorly oxygenated blood with respect to the peripor-
tal region (Zone 1)."" Centrilobular liver cell necrosis can extend to
peripheral areas if heart failure persists and worsens, and is followed
by the deposition and spread of connective tissue bridging one
central vein to the other, ultimately leading to cirrhosis.”

The backward failure is also responsible for an enhanced hepatic
lymph formation, leading to ascites when its production rate
exceeds the draining capacity of the lymphatic system. Moreover,
increased pressure within the hepatic sinusoid favours bile duct
damage by disrupting endothelial cells and the interhepatocyctic
tight junctions that separate the extravascular space from the bile
canaliculus."* At last, stagnant flow favours thrombosis within sinu-
soids, hepatic venules, and portal tracts; this contributes to liver fibro-

sis and may explain its uneven distribution.'®

Liver haemodynamics

Cardiac hepatopathy is associated with systemic haemodynamic

changes that accompany heart failure,'®"®

including increased right
atrial and inferior caval venous pressures. Hepatic blood flow can
be variably impaired, even though a fully reliable method to assess
this parameter in the context of cardiac hepatopathy is not available
asyet.®

Liver vein catheterization evaluates portal pressure by the measure-
ment of the hepatic venous pressure gradient (HVPG). In chronic
heart failure, due to the caudad transmission of systemic venous
hypertension, these are proportionally increased, so that the HVPG
is not modified in most cases. This explains why, despite the presence
of portal hypertension, oesophageal varices rarely develop in
cardiac hepatopathy.'® Contrariwise, in portal hypertension due to

cirrhosis the HVPG is increased and leads to porto-systemic collateral
formation. An increased HVPG in a patient with presumed cardiac
hepatopathy would mean that either a different cause or chronic
congestion itself has led to frank cirrhosis.

Clinical features—hypoxic hepatitis

The clinical presentation of hypoxic hepatitis in the setting of acute
heart failure and/or severe arterial hypotension and shock is not
unique, ranging from asymptomatic cases to conditions similar to
acute viral hepatitis'” or even acute liver failure (ALF): out of 1147
patients with ALF, 4.4% were affected by hypoxic hepatitis.'® There-
fore, encephalopathy can be present, but other mechanisms, such
as cerebral hypoperfusion, likely contribute with those involved
in hepatic encephalopathy." Interestingly, the cardiac component
may not be apparent at first evaluation'® and hypoxic hepatitis can
be undistinguishable from ALF from other causes.” Therefore,
if the aetiology is uncertain, a simple cardiac evaluation by echocardi-
ography is warranted."” The prognosis of ALF due to hypoxic hepa-
titis is less severe than with other causes: once the underlying
cardio-circulatory event is corrected or attenuated the 3-week
survival approximates 70%. Encephalopathy Grade 3—-4 was an
independent predictor of adverse outcomes.'®

A striking increase of serum aminotransferases followed by a rapid
decline once the causative event has been corrected is typical of
hypoxic hepatitis.''? Lactate dehydrogenase changes in parallel
with transaminases, and this can help in differential diagnosis of
acute viral or drug-induced hepatitis.” Jaundice is seldom severe,
exceptin cases developing ALF. Prothrombin time international nor-
malized ratio (INR) greater than two is an independent risk factor for
all-cause mortality.”°

Clinical features—congestive hepatopathy

Itis associated with right heart dysfunction, and is often asymptomat-
ic. Signs on physical examination are jaundice, dependent oedema,
ascites, hepatomegaly with hepatojugular reflux, and pulsatile liver

in patients with tricuspid valve regurgitation.'®

122122 o
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Laboratory features mainly show cholestasis,
serumy-glutamyl-transpeptidase, alkaline phosphatase, and bilirubin,
while transaminases are often normal or moderately increased,
unless severe heart failure with significant forward component
coexists.

The degree of cholestasis is related to the severity of heart failure,
as assessed by an increase in right atrial pressure, presence of tricus-
pid r‘egurgitation,21 and increase in serum pro-brain natriuretic
peptide (BNP).?* Cholestasis assumes prognostic relevance as
increased serum alkaline phosphatase or bilirubin, which are
marker of cholestasis, predict all-cause mortality,22 cardiovascular
death or hospitalization for heart failure.”>

Chronic liver congestion also leads to synthetic function impair-
ment, as shown by prolonged prothrombin time and reduced
serum albumin concentration, which is also associated with all-cause
mortality in patients with a reduced ejection fraction.**

Long-term survivors the Fontan operation can develop liver
damage as a result of the interplay of central venous hypertension,
due to the passive, nonpulsatile flow through the pulmonary arterial
bed, and hypoxia resulting from left ventricular dysfunction.? Indeed,
hepatomegaly and abnormal liver tests have been reported in
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one-third to more than half of cases, being related to a reduced
cardiac index and increased right atrial pressure.26 After a mean of
11.5 years, the prevalence of cirrhosis was 25.9%, with the elapsed
time being the only independent predictor.?’ Liver disease could con-
tribute to adverse outcomes in this population. However, increased
right atrial pressure and protein-losing enteropathy, alsoamenable to
increased systemic venous pressure, but not liver dysfunction, were
among the independent predictors of all-cause mortality or HTx in
perioperative survivors.”®

Another condition leading to a sustained elevation of systemic
venous pressure and severe liver damage is chronic constrictive peri-
carditis.”” As the usual physical signs of heart failure may be incon-
spicuous, patients presenting a clinical picture of liver cirrhosis,
including ascites, but also distended jugular veins should induce to
look for pericardial calcifications or thickening by echocardiography,
computed tomography scan, or magnetic resonance imaging. Doppler
echocardiography or right cardiac catheterization can be needed for
the differential diagnosis of restrictive cardiomyopathy. Although this
is not always easy, the recognition of chronic constrictive pericarditis
is of paramount importance, as it can be cured by surgery.

Liver dysfunction with ventricular
assist devices

Pulsatile or continuous-flow liver dysfunction with ventricular assist
devices (LVADs) improve liver function in patients with mild abnor-
malities in the pre-implant liver tests, and no deterioration in those
with normal baseline values, up to 6 months.>**" This is likely due
to a volume shift from the intrathoracic area to the systemic circula-
tion improving liver blood flow, as assessed by indocyanine green
clearance.*

However, pre-existing or post-LVAD severe liver dysfunction
strikingly influences patients’ prognosis and endangers their sur-
vival.** The model for end-stage liver disease (MELD), a scoring
system assessing the severity of chronic liver disease based on
serum bilirubin, creatinine and INR for prothrombin time>* widely
used for determining prognosis and prioritizing for receipt of a liver
transplant, predicts mortality and morbidity following LVAD.**3¢

Liver dysfunction can also occur or worsen after LVAD implant-
ation. Pre-, peri-, and postoperative factors, such as large doses of
vasopressors, prolonged cardiopulmonary bypass time, arterial
hypotension, systemic inflammatory responses and, mainly, right ven-
tricular failure predispose to liver damage, often presenting intrahe-
patic cholestasis.*® The severity and course of post-ventricular assist
devices (VADs) liver damage can be monitored by sequential assess-
ment of MELD-XI, a modified MELD score excluding INR to over-

come the problem posed by concomitant anticoagulation.>”

The liver as a cause of heart disease

The hyperdynamic circulation in patients with cirrhosis was des-
cribed 60 years ago.*® Successive experimental and clinical studies
have lent support to an underlying cardiac dysfunction.>* ~*' This syn-
drome that has been termed cirrhotic cardiomyopathy includes a
combination of reduced cardiac contractility with systolic and
diastolic dysfunction and electrophysiological abnormalities.®**~**

The results of diverse experimental studies suggest involvement of

several mechanisms in the pathophysiology, which will be shortly
reviewed. Systolicincompetence can be demonstrated by pharmaco-
logical or physical stress and has recently been implicated in the de-
velopment of renal failure in advanced disease.*® Diastolic
dysfunction in cirrhosis may reflect ventricular hypertrophy,
altered collagen structure, and it seems related to prognosis.®*?
The electrocardiographic QT interval (QT) interval is prolonged in
about half of the cirrhotic patients and may be related to patient char-
acteristics and survival.**

Pathophysiological mechanisms

A number of pathogenetic mechanisms for the impaired contractility
in cirrhotic cardiomyopathy have been described, including dysfunc-
tion or defects in the cardiac beta-adrenergic receptor system,
plasma membrane fluidity, abnormalities in the membrane calcium
channels, and pathological effects of many humoral factors such as
nitric oxide, cytokines, carbon monoxide, and endocannabinoids.
An exhaustive description is beyond the scope of this review, but
the most important elements are briefly mentioned and reviewed
in Figure 1.

Systolic dysfunction

The circulation in advanced cirrhosis is hyperdynamic with increased
cardiac output. A hallmark in the pathogenesis is the pronounced
splanchnic arterial vasodilatation and reduced systemic vascular re-
sistance (SVR).*' In this setting, cardiac pressures are largely
normal, at least in part, because the reduced after-load protects sys-
tolic function. This circulatory state resembles certain high-output
states resulting from increased blood volume and defined as a hyper-
dynamic unloaded failure of the heart.*® The difference is that the
hyperdynamic circulation in cirrhosis is secondary to the low SVR
and increased arterial compliance.*’"*®

Despite the characteristic high cardiac output, systolic dysfunction
is included in the working definition of the cirrhotic cardiomyopathy
(see Table 1)*" and relates to the inability of the heart to meet its
demands with respect to generation of an adequate arterial blood
pressure and cardiac output.*” This can be unveiled by physical exer-
cise thatincreases left ventricular pressure, volume, and left ventricu-
lar ejection fraction and heart rate in some cirrhotic patients.*” >’
Similarly, administration of vasoconstrictors, such as angiotensin ||
and terlipressin, increases the SVR and thereby the left ventricular
afterload*"**°? unmasking a latent left ventricular dysfunction in cir-
rhosis. On the other hand, vasodilators, like angiotensin-converting
enzyme inhibitors and other afterload-reducing agents, should be
used with caution due to the risk of further aggravation of the vaso-
dilatory state.

Recent studies using contemporary echocardiographic techniques
have shown a reduced peak systolic tissue velocity and an increased
peak systolic strain rate in cirrhotic patients compared with con-
trols,”? indicating that systolic dysfunction may be also present at rest.

Systolic dysfunction may have an impact on the development
of complications, such as sodium and water-retention and ascites
formation, and development of renal dysfunction, and progno-
sis 41515455 Figure 2 suggests the relationship between the myocar-
dial changes and development of complications to cirrhosis and the
clinical course.
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Figure | The figure reviews the most important mechanisms involved in the impaired contractile function of the cardiomyocyte in experimental
cirrhotic cardiomyopathy: Desensitization and downregulation of 3-adrenergic receptors with a decreased content of G-protein (G,;: inhibitory G
protein; G, stimulatory G protein) and following impaired intracellular signalling; alterations in particular in M1 muscarinic receptors; upregulation
of cannabinoid 1-receptor stimulation; altered plasma membrane cholesterol/phospholipid ratio; increased inhibitory effects of haemooxygenase,
carbon monoxide, nitric oxide, and tumour necrosis factor-a; reduced density of potassium channels; changed function and fluxes through L-type
calcium channels; altered ratio and function of collagens and titins. Many post-receptor effects are mediated by adenylcyclase inhibition or stimu-

lation. PKA, protein kinase A).

Diastolic dysfunction

In cirrhosis, the background for diastolic dysfunction is an increased
stiffness of the myocardial wall owing to myocardial hypertrophy,
fibrosis, and subendothelial oedema.”****” In bile duct ligated
rats, eccentric hypertrophy of the left ventricle develops along with
aggravation of the hyperdynamic circulation.”® From a physiological
standpoint, diastolic dysfunction is characterized by a changed
transmitral blood flow, which is seen in about half of cirrhotic
patients.*’***? The prevalence of diastolic dysfunction is reported
from 45 to 56%.°" As assessed by tissue-Doppler imaging, there
seems to be an association between diastolic dysfunction and circu-
latory dysfunction, development of ascites, hepatorenal syndrome,

and survival.>’

Thus, diastolic dysfunction is most prominent in
patients with severe decompensation, where the combination of
myocardial hypertrophy, contractile dysfunction, changes in heart
volumes, and diastolic dysfunction may represent an essential
element in the cirrhotic cardiomyopathy.>"*? An E/A ratio below
one is furthermore associated with a higher mortality during the
840 and it

seems to be associated with an increased need for OLT or death

first year after TIPS and reduced ascites mobilization,

over a 5-year period.®’

It can be concluded that diastolic dysfunction may adversely affect
prognosis in patients with cirrhosis, by favouring the occurrence of
complications and impairing the outcome of manoeuvres leading to
rapid increases in preload, such as TIPS insertion.

Eletrophysiological disturbances

Electrophysiological disturbances are not related to the aetiology of
the underlying cirrhosis and worsen in parallel with its severity.

Chronotropic incompetence

A defective cardioacceleration under physiological and pharmaco-
logical stimuli has long been recognized under different experimental
and clinical conditions.®* Alterations at the B-receptor and/or post-
receptor level are likely involved, as suggested by the need for
increased B-agonist doses to achieve heart rate increase.®?

Patients with advanced cirrhosis usually exhibit tachycardia. The
inability to increase the heart rate further contributes to the impaired
ability to keep cardiac output adequate to the needs of systemic cir-
culation when effective volaemia suddenly worsens, as it occurs in
post-paracentesis circulatory dysfunction (PPCD)®* and hepatorenal
syndrome.®>®® Awareness of chronotropic incompetence should
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Table | Proposalfordiagnostic and supportive criteria
for cirrhotic cardiomyopathy agreed upon at a working
party held at the 2005 World Congress of
Gastroenterology in Montreal [Adapted from*']

A working definition of cirrhotic cardiomyopathy

A cardiac dysfunction in patients with cirrhosis characterized by
impaired contractile responsiveness to stress and/or altered diastolic
relaxation with electrophysiological abnormalities in the absence of
other known cardiac disease

Diagnostic criteria
Systolic dysfunction

e Blunted increase in CO with exercise, volume challenge, or
pharmacological stimuli

e Resting EF < 55%
Diastolic dysfunction
e E/Aratio < 1.0 (age-corrected)
e Prolonged deceleration time (>200 ms)

e Prolonged isovolumetric relaxation time (>80 ms)

Supportive criteria
e Electrophysiological abnormalities
e Abnormal chronotropic response
e Electromechanical uncoupling/dyssynchrony
e Prolonged Q—Tc interval
e Enlarged left atrium
e Increased myocardial mass
e Increased BNP and pro-BNP

e Increased troponin |

BNP, brain natriuretic peptide; CO, cardiac output; E/A, early diastolic/atrial filling
ratio; EF, left ventricular ejection fraction.

lead to a cautious administration of 3-blockers in patients with refrac-
tory ascites, as their use may affect survival®” and favour the occur-
rence of PPCD.*%¢?

Electromechanical uncoupling

Adesynchronization between electrical and mechanical systole in cir-
rhosis has been ascertain through the evaluation of systolic time
intervals’® or the simultaneous measurement of the aortic pressure
curve and ECG tracing.”" This abnormality, whose potential clinical
relevance has not been clearly focused, is likely sustained by receptor
and post-receptor defects.*>

QT interval prolongation

The prolongation of the electrocardiographic QT interval (QT) is
common in cirrhosis, with a prevalence that exceeds 60% in patients
with an advanced disease.”” Variant prevalence may result from dif-
ferent methods to correct QT by heart rate (QTc): Bazett’s
formula is widely employed, but it does not completely suppress
the relationship between QT and heart rate. This is relevantin cirrho-
sis, where sinus tachycardia is usually present. A specific ‘cirrhosis
formula’ has been derived, which is very close to the Fridericia’s
one.” Thus, the latter can be confidently used in this setting.

The pathophysiology of QT prolongation in cirrhosis has not been
defined; portal hypertension and porto-systemic shunts, however,
have to be present.”*”> Along with heart exposure to potential
cardiotoxins, such as endotoxins, cytokines, and bile salts,®* the
increased sympatho-adrenergic tone that often characterizes cirrho-
sis likely plays a major role. In fact, an increased adrenergic drive
would prolong QT in the setting of impaired function of K channels,
as described in experimental cirrhosis.”® Coherent with this, both
acute’” and chronic”® B-blockade shorten a prolonged QTc in cir-
rhosis, and a stressful event such as gastrointestinal bleeding
further prolongs QTc”?

The clinical relevance of long QT in cirrhosis is unclear. Sudden
deaths and ventricular arrhythmias associated with QT prolongation
have been repor’ced,n'80 but, in general, are thought to be rare. QT
prolongation is also associated with a poorer survival,”* especially
in the setting of acute gastrointestinal bleeding.”® Whether pro-
longed QT not only predicts, but also contributes to mortality
because of its arrhythmogenic potential is unknown. In any case,
drugs affecting QT should be avoided or used with caution and
under close ECG monitoring.**

Conditions affecting both the liver
and the heart

A number of systemic conditions simultaneously affect both the liver
and the heart. This list is very long and it is beyond the scope of this
paper to mention other than the most important ones. These can
be divided into infections, inflammatory, and systemic disorders.
A paragraph is devoted to alcoholic heart muscle disease.

Infections

Both the liver and the heart may be involved in multiorgan failure in
relation to sepsis.2’ Hepatitis C virus infection may in addition to
hepatic involvement affect the heart as myocarditis.®> Human im-
munodeficiency virus (HIV) is known to cause hepatitis, hepatic
granulomas, myocarditis, and HIV-associated cardiomyopa‘chy.83
A variety of tropical diseases also affect both the organs. For
example, Dengue fever may lead to hepatic necroses combined
with myocarditis84 and malaria may apart from massive hepatic
involvement lead to cardiac failure 2

Inflammatory disorders

Several inflammatory conditions affect a variety of organs including
the heart and the liver. Systemic lupus erythematosus (SLE) is a con-
dition that involves multiple immunological mechanisms. However,
clinically significant liver disease is rare. Hepatic manifestations
include hepatomegaly and liver enzyme elevations based on histo-
logical changes where steatosis is the most common finding.
Centrilobular necroses and fibrosis are seldom seen. Cardiac
manifestations of SLE include endocarditis, non-septic pericarditis,
myocarditis, and coronary angiopathia.®® Sarcoidosis is a systemic
disease characterized by non-caseating granulomas and is the most
frequent aetiology of hepatic granuloma. The liver is the third most
affected organ in sarcoidosis. From a clinical standpoint, hepatic sar-
coidosis may lead to cholestasis and portal hypertension and its asso-

ciated complications.®”
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Cardiac morphology Normal

Hypertrophy Hypertrophy/ Dilatation

(Fibrosis, oedema)

Cardiac function Normal

Diastolic dysfunction Systolic dysfunction/

Cardiac failure

Hepatic function Compensated cirrhosis

Compensated/Mild
incompensated cirrhosis

Decompensated cirrhosis
Ascites

Ascites Renal dysfunction
Systemic circulation Signs of vasodilatation Hyperdynamic state Hyperdynamic state/
Decreasing cardiac output
Cardiac findings Qr*t QTTT, E/AY, DTT,LVEF T | QTT, Dysynchronised

electrical and mechanical
systole, LAV and LVEDVT,
LVEF

/

Cardiac output

—

Time

Figure 2 Potential impact of ‘cirrhotic cardiomyopathy’. Proposal for temporal relations between changes in cardiac morphology, cardiac and
hepatic function, development of complications and changes in cardiac output during the course of the liver disease. DT, deceleration time;
LAV, left atrial volume; LVEDYV, left end-diastolic volume; LVEF, left ventricular ejection time.

Systemic disorders

Haemochromatosis is an autosomal recessive disorder of iron me-
tabolism characterized by tissue iron overload. It may lead to multi-
organ disease with cirrhosis, endocrine disorders like diabetes, and
cardiomyopathy. Electrocardiographic changes are frequent in
haemochromatosis, but although hypertrophy and increases in end-
diastolic and end-systolic volumes are seen, overt heart failure is
rare.® Nevertheless, patients with haemochromatosis have a
14-fold increase in mortality due to heart disease.®® In Wilson's
disease, the pathophysiological substrate is abnormal accumulation
of copper. Hepatic manifestations include a broad clinical picture
from asymptomatic biochemical dysfunction to chronic hepatitis
and cirrhosis. In addition, neurological and psychiatric diseases
prevail. Cardiac involvement in Wilson’s disease is mild with a
modest increase in concentric left ventricular remodelling, but a rela-
tively high frequency of benign supraventricular extrasystolic beats.®”
Both haemochromatosis and Wilson’s disease may lead to diastolic
dysfunction.®®® There are several forms of amyloidosis where the
liver is involved in ~20% of the patients and hepatic amyloid depos-
ition leads to elevation of liver enzymes in early stages and later
increased serum bilirubin and jaundice. Amyloidosis may lead to a re-
strictive cardiomyopathy.®” Amyloid light-chain (AL) amyloidosis

primarily infiltrates the liver and transthyretin amyloidosis (TTR)
mainly affects the heart. However, cardiac TTR amyloidosis is asso-
ciated with a better prognosis than cardiac AL*

Alcoholic heart muscle and liver disease

Alcohol abuse can harm both the liver and the heart. Even though
genetic and environmental factors, types of beverages, and drinking
patterns play a role, the amount of alcohol consumed is crucial in
leading to disease.”™”* While chronic (10—12 years) consumption
of amounts of ethanol as low as 25 g/day in males and 12 g/day in
females is associated with an increased risk of cirrhosis, >90 g/day
for at least 5 years appear to be needed for inducing detectable
changes in cardiac structure and function.”® In contrast, a moderate
alcohol consumption (about 25 g/day) may protect against cardio-
vascular events.”* Therefore, patients with alcoholic cirrhosis do
not necessarily exhibit alcoholic heart muscle disease; conversely,
heavy drinkers may suffer from heart failure before a significant
liver damage has occurred, taking also into account that only
10—20% of heavy drinkers develop cirrhosis.”” In any case, there is
a correlation between development of alcoholic heart muscle
disease and alcoholic cirrhosis,” a combination carrying a worse

prognosis than either disease alone.”’ Patients with alcoholic
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cirrhosis should be screened for cardiomyopathy for at least three
reasons: (i) asymptomatic systolic and diastolic dysfunctions can
precede the overt manifestation of cardiomyopathy; (ii) hyperdy-
namic circulatory syndrome may disguise the clinical expression of
initial heart failure; (iii) prevention or treatment of some complica-
tions of cirrhosis, such as PPCD and hepatorenal syndrome, is
based on plasma expansion with albumin and the administration of
vasoconstrictors.”® This would lead to deleterious effects if latent
heart failure goes unrecognized.

In conclusion, a huge number of systemic diseases and chronic al-
coholism affect both the liver and the heart. This may have important
implications, since the heart and the liver also interact during surgical
procedures, OLT,and TIPS insertion and therefore may influence the

outcome.88

Heart dysfunction in the setting
of liver transplantation

OLT imposes a severe challenge to the cardiovascular system and
cardiovascular complications are common either perioperatively,
because of haemorrhage, clamping of major vessels reducing venous
return, reperfusion syndrome, aggressive fluid replacement, electro-
lyte and acid—base disturbances, or after surgery, because fluid admin-
istration, infections, graft production of cardiac-depressant cytokines
such as TNF-q, restoration of peripheral vascular resistance, and the
hypertensive effect of calcineurin inhibitors.'? Indeed, heart failure,
myocardial infarction, and arrhythmias represent a major cause of
OLT-related morbidity and mortality, cumulatively occurring in up
to half of recipients’” and being a leading cause of death (23.8% of all
mortality).”* These complications mainly occur in the perioperative
and postoperative periods. Later on, cardiac function and systemic
haemodynamicsimprove, and reversal of the cardiovascularabnormal-
ities associated with advanced cirrhosis has been reported.

Impact of liver transplantation on cirrhotic
cardiomyopathy

The systemic vasodilation that underlies the hyperdynamic circula-
tory syndrome can improve in the immediate postoperative period,
leading to an abrupt rise of left ventricular afterload.”® This, along
the fluid load inevitably brought about by surgery, is the main
reason for acute left ventricular failure. However, most episodes
resolve with therapy and severe dilated cardiopathy are seldom
seen.”” Once the postoperative period is over, and up to 3 months,
a deterioration of diastolic dysfunction associated with modest ven-
tricular hypertrophy has been reported. Whether this reflects cardi-
otoxicity of calcineurin inhibitors or a deterioration of cirrhotic
cardiomyopathy is not clear, but both likely contribute.”® At last,
from 6 to 12 months after transplantation, almost all cardiovascular
abnormalities reverse. Namely, indices of both systolic and diastolic
function, cardiac workload, and exercise capacity substantially
improve or normalize."’

QT interval prolongation canalso revertafter OLT, even though this
occurs in about half of cases,”'%* suggesting that liver disease may not
be the only pathogenetic factor. Itis worth noting that QT, irrespective
of the baseline value, undergoes a substantial prolongation in the

anhepatic phases of surgery, up to values associated with a high risk
of ventricular arrhythmias, in ~50% of pa‘cients.103

Cardiac evaluation prior to liver
transplantation

Because of the reasons reported above, careful evaluation and selec-
tion of OLT candidates is needed, taking also into account that
patients with advanced cirrhosis, due to reduced physical activity,
symptoms related to their liver disease, as fatigue, and concurrent
morbidity, as anaemia, may present a clinical picture disguising the
presence of cardiac disease.

Coronary artery disease
Contrary to what is generally perceived, the prevalence of coronary
artery disease (CAD) in OLT candidates can reach up to 26%'%. In
turn, CAD is associated with an increased post-OLT mortality and
a greater incidence of new cardiovascular morbidity.'® The age of
OLT candidates and the proportion of cirrhosis related to non-
alcoholic steatohepatitis (NASH) are increasing, thus contributing
to these findings. Indeed, NASH patients are at increased risk of car-
diovascular complications following OLT, independent of traditional
cardiac risk factors.'®®

The predictive value of noninvasive functional testing for ischaemia
is hampered in OLT candidates: most cannot undergo exercise
testingand Dobutamine stress echocardiography has a poor sensitiv-
ity and negative predictive value in this setting,'” likely because
patients with advanced cirrhosis often show chronotropic incompe-
tence and reduced vascular responsiveness to vasoconstrictors.
Thus, either an abnormal noninvasive test or a high pre-test probabil-
ity of CAD based on the presence of two or more classical risk
factors, such as age >50, diabetes mellitus, smoking, familiy history
of CAD, arterial hypertension, and hyperlipidaemia, should prompt
consideration for coronary angiography.1O8 Moreover, specific risk
factors such as NASH-related cirrhosis, concomitant renal dysfunc-
tion and coronary calcium should also be exploited.'® Coronary
angiography is acceptably safe in these patients and successful coron-
ary revascularization for obstructive CAD has been used before
transplantation.’'® However, reports on the outcomes of coronary
interventions in OLT candidates are few, and a perioperative death
rate of >50% has been reported in the past.""" Therefore, further
studies are needed to establish to what extent coronary revascular-
ization can be safely proposed in this setting.

Cardiomyopathy
The boundaries of cirrhotic cardiomyopathy are still ill defined, and
limits of cardiac dysfunction beyond which OLT is not advisable have
notbeenidentified. The same applies to cases with a known cause of car-
diomyopathy. The incidence of post-OLT cardiac depression and pul-
monary oedema is extremely variable in different studies, ranging
from 1 to 47%,7""* likely because of different diagnostic criteria
employed. Early cardiac depression, within 12 h from surgery, is asso-
ciated with multiorgan failure and death.' Interestingly, post-OLT sys-
tolic heart failure can occur in the absence of traditional risk factors;
elevated preoperative mean pulmonary arterial and right ventricular sys-
tolic pressure were the unique features heralding this complication.114
Echocardiography is recommendedin all OLT candidates to assess
ventricular and valvular functions and left ventricular outflow tract
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obstruction. The latter has been reported in up to 40% OLT candi-
dates, and an outflow gradient >36 mmHg was associated with
intraoperative hypotension.'™® Pulmonary artery pressure and right
ventricular function should also be evaluated, given the high preva-
lence (20%) of pulmonary hypertension, defined as pulmonary
artery systolic pressure (PASP) >30 mmHg,""® which is associated
with a reduced survival among OLT candidates and recipients,
especially with values >60 mmHg.""” Therefore, right ventricular
dysfunction or, takinginto account the margin of error of echocardio-
graphic measurement, an estimated PASP >45 mmHg should induce
right-hand side heart catheterization.!"®

Liver dysfunction in the setting
of heart transplantation

Chronic cardiac hepatopathy is common in patients evaluated for
HTx, and liver dysfunction predicts an adverse outcome following
transplantation.’”® At the same time, altered pre-HTx liver tests
can significantly improve after surgery, suggesting that chronic
cardiac hepatopathy is a potentially reversible disease.

Impact of heart transplantation on cardiac
hepatopathy

A retrospective analysis showed that cholestatic parameters and bili-
rubin significantly improved 3 months after HTx, while LDH and
transaminases did so over a longer time frame, up to 12 months."*°
However, patients with severe liver disease and cirrhosis were not
included in this study. These favourable results have been confirmed
ina larger cohort of patients followed up to 10 years from surgery."”’
In addition to the standard liver test, a modified MELD score,
computing serum albumin concentration instead of INR, was also
longitudinally assessed: a decrease in the score already occurred
after 2 months, especially in those patients with the highest scores,
continued up to 6 months and stabilized thereafter. Even though
patients with elevated MELD scores were included in this study,
the exact prevalence of cirrhosis was not reported. Nevertheless
successful HTx has been described in a small series of patients with
cirrhosis, even though high postoperative mortality and morbidity
were recorded.'?? Interestingly, not all patients had cardiac cirrhosis
that may have taken benefit by relieving heart failure. In fact, the com-
plete reversal of cardiac cirrhosis 10 years after HTx has been
reported.*

Liver evaluation prior to heart
transplantation

As reported above, severe liver disease often predicts an adverse
outcome of HTx. Therefore, a careful assessment of liver function
in candidates to HTx is warranted, with an emphasis on the ascertain-
ment of liver cirrhosis. As standard liver tests can be insensitive for
detecting cardiac cirrhosis, echography of the abdomen with an
echo-Doppler study of portal and tributary veins should be per-
formed. When signs of portal hypertension were seen, endoscopy
is needed to assess the presence of gastro-esophageal varices and
congestive gastropathy. In case of doubt, additional evaluation may
include HVPG assessment and transjugual liver biopsy.

MELD or modified MELD scores should be calculated, as patients
with higher MELD scores (>20) suffer from higher postoperative
complication rates, including reoperation for bleeding, increased sus-
ceptibility to bacterial infections, and in-hospital death."”’

In candidates to HTx with evidence of liver disease, its cause should
beascertained. In fact, while improvement in cardiac hepatopathy can
be expected after transplantation, irreversible hepatic dysfunction
would have a negative prognostic impact and limit survival independ-
ent of heart disease. This is especially true in hepatitis C virus-related
chronic liver disease, as pre-transplant HCV positivity associates with
decreased post-transplant survival.'?* This adverse outcome is likely
related to the lack of effective and, mainly, safe treatment, as
post-HTx Interferon therapy may be associated with an increased
risk of graft rejection.124 In contrast, pre-empive or long-term anti-
viral therapy of chronic hepatitis B with nucleoside or nucleotide ana-
logues can lead to regression of cirrhosis after HTx, unless viral
resistance occurs.'>® Patients with heart failure and irreversible cir-
rhosis could be offered combined heart and liver transplantation,
whose main current indication is represented by amyloidosis.'*®

Summary and conclusion

In addition to many inflammatory and systemic conditions, including
chronic alcoholism, which can simultaneously affect both the heart
and the liver, during the last few decades it has become evident
that the heart and the liver interact and may influence their individual
function. Cardiac hepatopathy encompasses acute and chronic heart
failure where a combination of acutely or sustained reduction in
arterial perfusion and passive congestion leads to hypoxic hepatitis,
hepatic congestion, and cardiac cirrhosis. These conditions may
impair the liver function and the recognition, and diagnosis of
cardiac hepatopathy is important since it can affect the prognosis
and the outcome of the heart disease. There is experimental and clin-
ical evidence that impaired liver function per se aggravates cardiac
function. The term cirrhotic cardiomyopathy denotes systolic and dia-
stolic dysfunction and presence of electrophysiologicalabnormalities
with chronotropic incompetance, electromechanical uncoupling,
and prolonged QT. Although there are clinical associations and rela-
tion to mortality, the clinical relevance of cirrhotic cardiomyopathy in
terms of specific treatment needs to be clarified. Future longitudinal
follow-up studies and studies on cardiovascular effects of OLT and
shunt insertion should reveal the impact of normalization of
cardiac function on cirrhosis. The risk and prevalence of CAD in cir-
rhosis are increasing due to the growing incidence of chronic liver
disease related to NASH. A careful cardiac evaluation is therefore im-
portant prior to surgical procedures, TIPS insertion, or OLT in order
to reduce the perioperative mortality. In turn, a careful liver assess-
ment is warranted in candidates to HTX, as severe hepatic dysfunc-
tion often predicts an adverse outcome.
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