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~— ABSTRACT N

Cirrhotic cardiomyopathy (CCM) is a term used to define a constellation of characteristics that illustrate
abnormal cardiac structure and function in patients with cirrhosis. These encompass systolic and diastolic
dysfunction, electrophysiological and structural anomalies, both macroscopic and microscopic. At present,
the prevalence of CCM remains unknown, mostly because the condition is typically latent and becomes no-
ticeable when the patient is under stress, like exercise, drugs, hemorrhage or surgery. The essential clinical
attributes of CCM consist of elevated baseline cardiac output, abnormal response of systolic contraction and
diastolic relaxation as an answer to physiological, pharmacological or surgical stress and electrical anomalies
(prolonged QT interval). In most cases, diastolic dysfunction predates systolic dysfunction, which tends to
manifest only under stressful conditions. CCM diagnosis is still challenging, due to an absence of specific
criteria. The prognosis is, as well, difficult to establish, but the severity of the diastolic dysfunction can be a

risk marker for mortality.
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INTRODUCTION and low afterload. It is considered that the di-
rect toxic effect of alcohol in patients with cir-
rhosis cause, in time, left ventricular dysfunc-
tion (3). There are also studies done in early ‘80s
that proved that cardiac changes are not entire-
ly caused by the toxic effect of alcohol. These
statements support a new concept called “cir-
rhotic cardiomyopathy” (CCM) (4), this being a
clinical and physiopathological entity, entirely
different from alcoholic cardiomyopathy.

During the evolution of hepatic cirrhosis, the
patients develop a slow decline of both the car-
diac and circulatory functions, the latter being
described for the first time by Kowalsky et al.
(1), Murray et al. (2), more than 60 years ago.
It has been described that patients with cirrho-
sis have a hyperdynamic status, characterized
by low plasma volume, low systemic vascular
resistance and high cardiac output. Besides the
dysfunction in systemic circulation, another

complication in the evolution of cirrhotic pa- DEFINITION OF CIRRHOTIC

tients is the progressive decline of the cardiac CARDIOMYOPATHY

function. In the first phase, cardiac dysfunction

does not present any clinical manifestations be- The presence of cardio-circulatory dysfunc-

cause of the low systemic vascular resistance tion in hepatic cirrhosis was first described in
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the 1960s, but was wrongly attributed to alco-
holic cardiomyopathy. Only in the last two dec-
ades, it has been proved that cardiac dysfunc-
tion is also present in non-alcoholic cirrhosis
and it is characterized by a decreasing cardiac
contractility as an answer to diverse stimuli. So
the “cirrhotic cardiomyopathy” term was first
introduced to describe this cardiac dysfunction
in patients with cirrhosis (5).

CCM is a chronic cardiac dysfunction charac-
terized by electrophysiological anomalies that
include the prolonging of the QT interval on the
ECG (6), systolic and/or diastolic dysfunction (7,
8) but also chronotropic insufficiency (9,10), all
these in the absence of a known cardiac disease.
Concerning the ventricular function, patients
with cirrhosis develop diastolic dysfunction of
left ventricle, with normal values of blood pres-
sure.

EPIDEMIOLOGY

The exact prevalence of CCM remains un-
known, given the absence of any uniform cri-
teria of diagnosis. Because many patients with
compensated hepatic cirrhosis do not manifest
any signs or symptoms, it is hard to estimate the
spreading of the disease (11).

Another impediment in finding the incidence
of the disease is given by the non-invasive tests
that lack the capacity to detect the cirrhosis in
early stages (11). Also, another inconvenient in
the estimation of prevalence is the fact that this
disease is generally latent and it manifests when
the patient is under stress, such as exercise, with
the use of some drugs, surgery or hemorrhages.

SYSTOLIC FUNCTION

The systolic function represents a group of
phenomena that produce the ejection of blood
out of the ventricles. There are numerous tech-
nigues, both invasive and non-invasive, utilized
for the evaluation of left ventricle (LV) systolic
function, one of the non-invasive methods be-
ing echocardiography. LV systolic function is
quantified by several echocardiographic param-
eters of global and regional function (12).

In patients with cirrhosis, the systolic dys-
function is, most of the time, latent. At rest, the
LV systolic function, evaluated by both invasive
and non-invasive methods is normal (13), but
in stressful conditions subtle alterations might
be detected. New echocardiography techniques
can show some changes even at rest (14). One

of these techniques is the two-dimensional
speckle tracking echocardiography (2D-STE),
which allows the evaluation of both global and
regional contractility of the LV in 3 orthogonal
directions (circumferential, longitudinal, radial)
(15). There is an entire series of studies done
for this purpose, Sampaio et al. (16), Altekin et
al. (17) proving the existence of a low left ventri-
cle shortening fraction (LVSF) despite a normal
ejection fraction. Using this technique, Nazar et
al. (18) did not find a difference concerning the
systolic function in patients with cirrhosis that
had various stages of left ventricular diastolic
dysfunction.

Concerning the complications of hepat-
ic cirrhosis, patients in the pre-ascites phase
have contractile dysfunctions and rising of the
stroke volume because of high sodium level
(19). These changes are a lot more important in
patients with ascites (9), despite decreasing of
both preload and afterload.

Measuring systolic time interval is another
non-invasive evaluation method of the ventricu-
lar contractility. In patients with cirrhosis it has
been observed after exertion a rise of the ratio
between the preejection and the ejection time
of the LV compared to the values registered at
rest (10).

Vasoactive drugs have a low cardiovascular
effect in patients with cirrhosis, proved over
numerous studies. There are some molecules,
like angiotensin Il that although do not produce
a raise in the cardiac output (20), they produce
a raise of pressure in pulmonary capillaries and
normalization of systemic vascular resistance.
Terlipressin, an analogue of vasopressin, is a
drug with similar effects (21). These results sug-
gest that by normalizing the afterload, we can
uncover a LV dysfunction at rest.

The inotropic and chronotropic functions
may be altered in patients with cirrhosis, be-
cause of the stimulation of beta-adrenergic ag-
onists. Such agonist is dobutamine, a drug that
can produce a slight increase of the cardiac out-
put. Isoproterenol requires a high dose to raise
the cardiac output in patients with cirrhosis
compared to normal ones (22,23).

THE DIASTOLIC FUNCTION

The diastole represents the period in the
cardiac cycle that starts with the closing of the
aortic valve. The diastole phases are represent-
ed by the isovolumetric relaxation period, fast
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ventricular filling, slow ventricular filling and
late diastolic filling due to atrial contraction (12).

The anomalies of the diastolic function are
an early sign of CCM. The mechanisms of these
pathological changes remain unclear.

The diastolic dysfunction raises the blood
volume in the left atrium (LA), which, in turn,
leads to an increase of the transmitral pressure
gradient. The diastolic dysfunction of the left
ventricle can be diagnosed in 2 ways:

e invasive: diastolic pressure of LV > 16
mmHg or PCWP (pulmonary capillary
wedge pressure) > 12 mmHg;

¢ non-invasive: through echocardiography,
this method being the most efficient te-
chnique of evaluating the diastolic functi-
on. There are 3 types of left ventricle di-
astolic dysfunction: abnormal relaxation
type (low E wave, increased isovolume-
tric relaxation time, normal E wave dece-
leration time, E/A > 1), pseudonormal
type (normal E and A, normal isovolume-
tric relaxation time, normal E wave dece-
leration time, E/A > 1) and the restrictive
type (high E wave, low A wave, decreased
isovolumetric relaxation time, low E wave
deceleration time, E/A > 2).

In patients with CCM, PCWP or the mean left
atrial pressure are normal, but there is a signif-
icant progressive raise of the cardiopulmonary
pressures in relation to the DDLV (13, 18). This
raise in the cardiopulmonary pressures is prob-
ably related to low afterload or central hypo-
volemia in patients with cirrhosis (24).

Patients with cirrhosis have numerous
changes, such as: dilatation and hypertrophy of
the LA, increased thickness of the LV posterior
wall and interventricular septum, prolonging
of the isovolumetric relaxation time, decreas-
ing of the E wave velocity, prolonging of the E
wave deceleration time and increasing A wave
velocity (atrial contraction during telediastole)
(8,19,25).

In patients with hepatic cirrhosis, the isovol-
umetric relaxation time and E wave decelera-
tion time may be prolonged no matter if ascites
is present, but a significantly low E/A ratio was
observed in patients with ascites (26,19).

The Doppler indexes (E/A ratio) have clear
limits (27,28) and rarely allow the exact differen-
tiation between the normal and pseudonormal
diastolic filling pattern. Tissue Doppler Imaging
(TDI) may overcome these impediments. The
speed registered at the ventricular free wall and
septum, close to the mitral ring (e’) is a more

sensible parameter for the abnormal myocardial
relaxation than the mitral variables. It has been
proven that TDI speed has a significant correla-
tion with the LV relaxation indexes measured
invasively (29).

The American Society of Echocardiography
proposed that LV diastolic dysfunction is char-
acterized by the presence of septal e’ wave < 8
cm/s, lateral e’ < 10 cm/s, LA index volume > 34
ml/m2. The severity can be classified by the E/e’
ratio:

e Gradel—E/e’'<8

e Gradell-E/e’ 9-12

e Gradelll—E/e’ >13

The prevalence of LV diastolic dysfunction
is relatively high in patients with cirrhosis (43-
70%), even though they have a normal ejection
fraction (30, 31) and is not related to the etiolo-
gy of the hepatic disease (32).

ELECTROPHYSIOLOGICAL ANOMALIES

QT interval prolongation

QT interval represents the depolarization and
repolarization of the ventricles. It is influenced
by heart rate, and, as such, it must be expressed
like a corrected interval (QTc) (33).

Prolongation of the QT interval (> 440 ms)
appears in non-cirrhotic patients with portal hy-
pertension and in 30-60% of cirrhotic patients
correlated with the severity of hepatic dysfunc-
tion (34). This anomaly is caused by increased
action potential duration in at least a fraction
of ventricular myocardial cells. On cellular level,
the prolonged QT interval is produced by alter-
ations of ionic channels, current in the cardiac
plasmatic membranes, resulting in a prolonged
repolarization (35). The mechanisms which are
likely at the base of prolonged QT interval in
patients with hepatic disorders are not entire-
ly known; they are associated, at least in part,
with autonomic dysfunction (36,37) and expo-
sure of the heart to humoral factors (cytokines,
endotoxins and bile salts) through porto-sys-
temic shunts (38-40).

Bernadi and col. (34) reached the conclusion
that the prolonged QT interval is correlated with
circulating plasma noradrenaline, which sug-
gests that sympatho-adrenergic anomalies are
involved. The clinical relevance of a prolonged
QT interval in cirrhosis is not completely under-
stood. It is underlined the fact that this change
is associated with a lower rate of survival in
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patients within class A Child-Pugh (34). Other
studies failed to confirm these relations (41).

Prolonged QT interval can be reduced dur-
ing chronic treatment with B-blockers (42), al-
though these drugs may have harmful effects
in patients with cirrhosis and refractory ascites
(43-46).

Concerning the liver transplant, it is fre-
quently observed the prolongation of QT inter-
val (> 500 ms), even in patients with initial val-
ues < 440 ms (47). In the posttransplant period,
the QT interval must be corrected in about 50%
of patients (34,48).

The insertion of the transjugular intrahepat-
ic portosystemic shunt (TIPS) (39,43) and gas-
tro-intestinal bleedings (49) are correlated with
prolonging of the QT interval. Also, there is clin-
ical proof that some drugs (50) must be avoided
as much as possible when inserting TIPS or dur-
ing liver transplant. Patients with cirrhosis and
prolonged QT interval have a high risk of devel-
oping ventricular arrhythmias, such as torsades
des pointes. Studies concerning the dispersion
of the QT interval (the difference between the
maximal and minimal value of measured QT
intervals) in patients with hepatic cirrhosis re-
ported a normal variation. Also, patients with
cirrhosis have a normal day/night QT interval
variation (51).

Rhythm and conduction disorders

Atrial fibrillation and flutter are arrhythmias
that are frequently diagnosed in patients with
hepatic cirrhosis and are associated with ather-
osclerosis, hypercholesterolemia and diabetes
mellitus (52). It has been reported atrial fibrilla-
tion after septic shock and a case of sinus brady-
cardia with cardiac arrest after transplantin a 58
years old patient with hepatocellular carcinoma
and hepatic cirrhosis, which required resuscita-
tion and temporary cardiac stimulation (53).

Josefsson et al. (54) reported several su-
praventricular arrhythmias in patients with he-
patic cirrhosis, such as atrial and junctional extra-
systoles, atrial flutter or fibrillation, tachycardia
or bradycardia. Pre-transplant evaluation of pa-
tients with hepatic cirrhosis identified atrioven-
tricular conduction disorders, such as complete
or incomplete left or right bundle branch blocks
and intraventricular blocks.

Inflammation may be the substrate for ar-
rhythmias in non-alcoholic fat liver diseases (55).
Patients with hepatic fibrosis have high plas-
matic inflammatory markers, and many stud-
ies indicated the fact that inflammation plays

an important role in generating and maintaining
atrial fibrillation (56). Nonetheless, Zamirian and
others (57) showed that hepatic cirrhosis has a
protective role against atrial fibrillation, despite
the significant metabolic anomalies, inflamma-
tory syndrome and LA enlargement. The low
prevalence of atrial fibrillation observed in their
study may be the result of accumulation of an-
ti-arrhythmic or anti-inflammatory substances,
which are normally metabolized by a functional-
ly intact liver; this may explain the development
of atrial fibrillation after liver transplant (57). It
may be also linked to the low prevalence of sys-
temic hypertension or by the administration of
drugs (spironolactone and beta-blockers), which
reduce the atrial excitation. Spironolactone re-
duces myocardial fibrosis of the dilated atria
and the duration of the P wave, and has an an-
ti-fibrotic effect in the ventricles and reduce the
duration of the QT interval (58, 59). Beta-block-
ers are given prophylactically for variceal bleed-
ings, because it leads to vasoconstriction in the
splanchnic compartment, raising the preload
and improving the diastolic function (60).

Electro-mechanical dissynchronism

The electro-mechanical systole represents
the duration of the total systolic time and has
two major components: LV pre-ejection and
ejection periods. The pre-ejection period is the
interval between the start of the ventricular de-
polarization until the beginning of LV ejection
period. The LV ejection period represents the
systolic phase in which the blood is ejected in
the arterial system.

The systolic period depends on 4 key factors:
heart rate, preload, afterload and the inotropic
function. A disruption in the electro-mechan-
ical system leads to dissynchronism between
the electric and mechanical systole. Studies
that evaluated cardiac function at rest and after
an isometric exercise in patients with cirrhosis
showed an electro-mechanical delay and in-
creased pre-ejection time. These reports sug-
gest a defect in the electro-mechanical system
(61).

A functional electro-mechanical dissynchro-
nism was also confirmed in patients with cirrho-
sis and prolonged QT interval. It was showed
that the electrical systole was longer than the
mechanical systole, the latter being normal
(62). The clinical signification of these findings
remains unclear. The mechanisms of chang-
es mentioned above may be linked to the low
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density of the L-type calcium channel in cardi-
omyocytes (63). Also, a low response to adren-
ergic stimulation may affect the excitation-con-
traction coupling in some cirrhotic patients.

Inotropic and chronotropic incompetence

Chronotropic incompetence (Cl) is defined
by the heart incapacity to proportionally raise
the heart rate (HR) as an answer to the metabol-
ic demand. Patients in the first stage of cirrhosis
present normal responses to dobutamine (64).
Nonetheless, it has been observed a low LV re-
sponse to dobutamine in cirrhotic patients with
normal LV dimensions and normal ejection frac-
tion (65). Other studies on hepatic cirrhosis pa-
tients showed heart failure (HF), as a response
to exercise, paracentesis, infections and phar-
macologic stimuli (66-68). Heart failure is fre-
quently met in patients with cirrhosis, no mat-
ter its cause (69,70). There are many evidences
of contractile dysfunction in patients with as-
cites despite low afterload.

Recently, it has been observed that the
chronotropic function, estimated as HR to plas-
matic noradrenaline ratio, significantly declined
in patient with stage Il LV distolic dysfunction
compared with those without (13). This indi-
cated the existence of HF towards the effective
volume of the arterial blood (18,71). The main
cause of HF in patients without a cardiac disease
may be linked to the activation of the vegeta-
tive nervous system, which does not raise the
HR. The activation of the sympathetic nervous
system is a potential cause of the down-regula-
tion of beta-adrenergic receptors, which leads to
the postsynaptic desensitization in the sinoatri-
al node (23,72).

CARDIAC BIOMARKERS IN HEPATIC
DISEASE

Two types of biomarkers of LV dysfunction
have been studied in patients with liver cirrho-
sis: the atrial natriuretic peptide (ANP) and type
B natriuretic peptide (BNP), their quantification
being linked to some indexes of the systolic and
diastolic functions. ANP is synthetized and se-
creted in the atria, because of the direct stress
on the wall; it’s levels are high in patients with
raised intravascular volume and LV hypertro-
phy. The presence of a large LA is considered
an indirect marker of the cardiac pressure load
(73). The plasmatic concentrations of the ANP
are high in patients with cirrhosis and ascites

(74,75), and only in some cases in patients in
the pre-ascites phase (76).

BNP is secreted by the ventricles as an an-
swer to the stretch of the muscular cells or be-
cause of minor cardiac lesions. Previous studies
in patients with liver cirrhosis showed signifi-
cant levels of BNP and NT-proBNP correlated
with the parameters of cirrhosis severity, with
abnormal cardiac structure (septal thickness
and LV diameter at the end of diastole) (77) and
with its function (HR and the QT interval), but
not with markers of hyperdynamic circulation
(78). The strongest correlation of BNP levels is
with end-diastolic pressure, suggesting that the
diastolic relaxation is one of the main determin-
ing factors of BNP secretion (79). Also, the BNP
levels in cirrhotic patients with normal LVEF at
rest are also correlated with PCWP and E/e’. It
is recommended that patients with NT-proBNP
values over 290 pg/ml are evaluated (80).

Troponin is a structural protein composed of
three distinct parts: troponin C, troponin | and
T (cTnT). The troponins are specific markers of
myocardial injury, especially cTnT. In some pa-
tients with alcoholic cirrhosis, the levels of the
troponin | are high and their concentrations are
associated with small indexes of the stroke vol-
ume and the LV mass, but are not linked to the
severity of the cirrhosis or with portal hyperten-
sion stage (81). Recently, Wiese et al (82) ob-
served that high levels of cTnT in patients with
cirrhosis are correlated with severity indexes of
disease and mortality.

Finally, some proteins with enzymatic activ-
ities, like myeloperoxidase, galectin-3 (83) and
copeptin (84) may also offer useful information
in cirrhotic cardiomyopathy.

Even though the prevalence of cardiomyopa-
thy is higher in patients with advanced hepat-
ic disease, no association between the stand-
ard hepatic tests was shown, indicating either
compromised hepatic synthesis or the presence
of portal hypertension and cardiac dysfunction.
Nonetheless, when the severity of the liver cir-
rhosis is evaluated by specific hepatic scores
(MELD score or the Child-Pugh classification), as-
sociations between the stage of LV diastolic dys-
function, impaired LV systolic function, chrono-
tropic function and MELD scores (13) have been
observed (13). Patients with Child-Pugh > 8 pres-
ent at least one trait of the CCM (85). Correla-
tions between the severity of the hepatic dis-
ease and the presence of ECG changes were also
found (34). Thus, patients with advanced liver
cirrhosis (high MELD score or Child-Pugh) re-
quire additional cardiac investigations.
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DIAGNOSIS

Because of lack of specific criteria, the CCM
diagnosis is difficult. It is known that the EF is
a LV systolic function marker. In patients with
cirrhosis and cardiomyopathy, LV systolic func-
tion, estimated through EF at rest, could be nor-
mal. However, the LV systolic dysfunction tends
to manifest in stress conditions, although the
maneuvers that lead to this change are yet to be
standardized. In 25% of the patients with liver
cirrhosis, it has been observed a slow ventricu-
lar response to the catecholamine stimulation
in dobutamine stress echocardiography (64).
These findings indicate the fact that conven-
tional echocardiographic evaluation of the LV
systolic function, based on measuring the EF at
rest, is not a good contractility index in liver cir-
rhosis patients. Recently, 2D-STE was proposed
as an additional marker for the systolic function.
Thus, this method can detect subclinical LV dys-
function (86).

Also, another non-invasive technique used
for measuring the cardiac function by represent-
ing a 3D structure of the heart is cardiac mag-
netic resonance imaging (MRI). This approach,
like Doppler echocardiography, has the same
diastolic function indexes, but with a greater
sensibility and reproducibility. At the moment,
using the cardiac MRI may just be considered a
research technique for evaluating the diastolic
function. Magnetic resonance spectroscopy has
the potential to recognize the myocardial bioen-
ergetic and metabolic changes.

The LV diastolic dysfunction is relatively easy
to diagnose through conventional echocardi-
ography and TDI. In most studies, diagnosis is
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