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Abstract

Cirrhotic cardiomyopathy is characterized by the presence of structural and functional cardiac alterations in patients suffering
from hepatic cirrhosis, without previously known cardiac causes that may explain it. Clinically, it is characterized by the pres-
ence of variable grades of diastolic and systolic dysfunction (SD), alterations in the electric conductance (elongation of cor-
rected QT interval) and inadequate chronotropic response. This pathology has been related to substandard response in the
management of patients with portal hypertension and poor outcome after transplant. Even when the first description of this
pathology dates back from 1953, it remains a poorly studied and frequently underdiagnosed entity. Echocardiography prevails
as a practical diagnostic tool for this pathology since simple measurements as the E/A index can show diastolic dysfunction.
SD discloses as a diminished ejection fraction of the left ventricle and the latent forms are detected by echocardiography
studies with pharmacological stress. In recent years, new techniques such as the longitudinal strain have been studied and
they seem promising for the detection of early alterations.
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Resumen

La miocardiopatia cirrdtica se caracteriza por la presencia de alteraciones cardiacas estructurales y funcionales en pacientes
con cirrosis hepatica, sin que existan otras causas de enfermedad cardiaca. Clinicamente se caracteriza por la presencia de
grados variables de disfuncion diastdlica y sistdlica, alteraciones de la conduccion eléctrica (prolongacion del intervalo QT)
y respuesta cronotropica inapropiada. Esta patologia se ha relacionado con desenlaces clinicos adversos, mala respuesta
en el manejo de la hipertension portal y resultados desfavorables posterior a trasplante hepadtico ortotdpico. A pesar de que
las primeras descripciones datan de 1953, es una entidad poco estudiada y frecuentemente subdiagnosticada. El ecocardio-
grama es una herramienta de diagndstico importante en esta entidad. Mediciones simples como el indice E/A pueden tradu-
cir disfuncion diastdlica. La disfuncion sistdlica se manifiesta con disminucion de la fraccion de eyeccion del ventriculo
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izquierdo y las formas latentes se detectan mediante estudios de ecocardiografia con estrés farmacoldgico; en los ultimos
afos se han estudiado otras técnicas como el strain longitudinal, que parecen prometedoras en la deteccion de alteraciones

tempranas.

Palabras clave: Miocardiopatia cirrética. Cirrosis hepatica. Disfuncion sistdlica. Disfuncion diastdlica. Trasplante hepatico

ortotdpico. Strain.

Methods

A search was carried out using keywords and free
terms on different electronic platforms, including
PubMed, Lilacs, and Cochrane. Results from previous
10 years were included in the search. Two-hundred
and seven articles were obtained in PubMed and were
discarded because of the titles. Eight results were
obtained in Lilacs and two were discarded. In the da-
tabase of the Cochrane library, five articles were col-
lected out of 12 results. The MeSh keywords used in
the search were: cirrosis hepatica (hepatic cirrhosis),
miocardiopatia (cardiomyopathy), miocardiopatia cir-
rética (cirrhotic cardiomyopathy), diagndstico (diagno-
sis), fisiopatologia (pathophysiology), and tratamiento
(treatment).

Introduction

Hepatic cirrhosis is chronic liver disease terminal
stage. In our setting, the main causes of this condition
are alcoholism and hepatitis C. It is estimated that, by
2020, in Mexico, there will be 1.5 million people with
hepatic cirrhosis, and 1.9 million by 2050". In this patho-
logical entity, circulatory dynamics is compromised
and, therefore, multiple organs are affected; in this
sense, a heart complication associated with hepatic
cirrhosis called cirrhotic cardiomyopathy (CCM) has
been conceptualized. The first study that described
CCM without defining it as it is currently known was
published in 1953 by Kowalsky and Abelmann?S.
Although initially it was particularly associated with al-
coholic etiology, more recent studies suggest that dia-
stolic dysfunction (DD) is also present in people with
hepatic cirrhosis of non-alcoholic etiology*®. The exact
predisposing factors for some patients to develop CCM
are unknown, as well as the time from hepatic cirrhosis
diagnosis to the onset of this complication®”. It has
been estimated that CCM could be present in up to
50% of patients with hepatic cirrhosis; however, epide-
miological data are sparse in Mexico due to lack of
reporting and underdiagnosis®.

CCM is characterized by the presence of normal or
increased cardiac output under basal conditions and

incompetent under stress produced by pharmacological
or pathological stimuli. The criteria that have been best
accepted for its diagnosis are the presence of diastolic
and/or systolic dysfunction (SD), accompanied by elec-
trophysiological alterations such as QTc interval length-
ening. To diagnose CCM, excluding any previous
cardiac disease etiology is necessary®'2,

It is essential to consider CCM in the management
of a patient with chronic liver disease due to his rela-
tionship with serious complications, such as hepatore-
nal syndrome (HRS), hepatopulmonary syndrome
(HPS), and liver transplantation failure'"'3,

Pathophysiological aspects

Hemodynamic changes

The patient with cirrhosis has a redistribution of the
circulating volume, and this anomalous distribution
produces a state of “hyperdynamic circulation.” In this
condition, changes in liver architecture restrict blood
flow to the right atrium and the volume is stored in the
splanchnic circulation, which activates pathophysiolog-
ical mechanisms that progressively induce vasodila-
tion. These mechanisms have not been completely
defined; however, an increase in vasodilator substanc-
es such as nitric oxide (NO), carbon monoxide (CO),
adrenomedullin, tumor necrosis factor-alpha (TNF-c),
and endocannabinoids has been identified, with a si-
multaneous reduction of sensitivity to vasoconstrictor
substances!®14-18

When these vasodilator substances are recognized
by baroreceptors, compensatory systems such as the
sympathetic nervous system, the renin-angiotensin-al-
dosterone system (RAAS), and antidiuretic hormone
are activated, which contributes to the development of
portal hypertension, defined by an increase in portal
pressure gradient (difference between the pressures of
the inferior vena cava and the portal vein), which is
considered clinically significant when it is equal to or
higher than 10 mmHg®'®. The importance of under-
standing the pathophysiological mechanisms lies in the
prevention of the appearance and optimal management
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Figure 1. Pathophysiology of cirrhotic cardiomyopathy. The cirrhotic patient exhibits a redistribution of the circulating
volume, which is a state known as “hyperdynamic circulation.” It is characterized by systemic vasodilation, central
hypovolemia, and sympathetic nervous system, and renin-angiotensin-aldosterone system activation. Released
cytokines and molecules are associated with damage to the myocardiocyte and vascular disorders that contribute to
the development of refractory ascites, hepatorenal syndrome, and hepatopulmonary syndrome (adapted from Altayar

et al,, 2019"" and Chayanupatkul et al., 2014'3).

of complications such as ascites, HRS, HPS, and CCM
(Fig. 1)°.

Molecular changes

In CCM, cardiomyocytes undergo changes that alter
the functions of protein G-coupled receptors (3-adren-
ergic, muscarinic, and endocannabinoid). As a conse-
quence, there is a decreased response to stress
associated with electrical changes and contractility
compromise?0:2',

Activation of the sympathetic nervous system in-
creases inotropism and chronotropism; however, this
constant stimulation is excessive and induces myocar-
dial protection measures; first, through 1 and 2 re-
ceptors internalization to reduce the excitatory
response, followed by an increase in B3 receptor ex-
pressions (inhibitory effect). In the end, these protective
measures induce an insufficient response to stress?22.

Intravascular volume relative reduction activates
RAAS and antidiuretic hormone, thus increasing water
and sodium retention, with hyperdynamic circulation
further deterioration?°. In addition, on RAAS activation,
angiotensin Il takes an alternate route to become an-
giotensin 1-7, which generates a vasodilator effect
when coupled to the MAS receptor. Blockage of this
receptor constitutes a therapeutic target?.

Cell changes

Patients with CCM are in an advanced stage of liver
disease. In them, it is common for bacterial translocation
to be produced, which activates the immune system
through lipopolysaccharides and bacterial genetic mate-
rial; in response, mediators such as interleukin-1, TNF-a,
endocannabinoids, oxygen and nitrogen reactive spe-
cies are expressed, which modify the cardiomyocyte
physiological responses®2%. In experimental models,
these mediators have been found to induce a reduction
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Figure 2. Liver cirrhosis-associated cardiomyocyte dysfunction. Dysfunction is due to changes in the receptors
(B-adrenergic and calcium) that modulate myocardial contractile response. Changes are indirectly produced by
vasodilation (nitric oxide, carbon monoxide, and angiotensin 1-7 axis) and directly in the cardiomyocyte due to factors
that alter receptor expression (bacterial translocation endotoxemia, immune activation with IL-1 and TNF, reactive
oxygen species, and endocannabinoids), and together modify cardiomyocyte physiological responses (adapted from
Péll et al., 2014'°: Moller et al., 2006"; Gitman et al., 2018", and Licata et al., 2014'6).

IL-1: interleukin 1; MASr: angiotensin 1-7 axis MAS receptor; TNF-o/(: tumor necrosis factor o/p.

of cCAMP in the cardiomyocyte, thus altering intracellular
signaling and intracellular calcium flow. These modifica-
tions induce a reduced contractile response and in-
crease passive tension. cAMP decrease produces a
decline in protein kinase A, which phosphorylates L-type
calcium receptors and ryanodine receptors, which gen-
erates higher intracellular calcium release, thus altering
myofibril contraction and inducing extrinsic apoptosis®.
In turn, elasticity is compromised due to an increase in
type 1 collagen, a decrease in type 3 collagen and titin
phosphorylation reduction2%.23:24,

TNF-o stimulates NO formation and activates cGMP
second messenger; thus, through a phosphodiester-
ase, it also reduces cAMP concentration?. On the other
hand, endocannabinoids, by stimulating cannabinoid
type 1 receptor, also reduce cAMP concentration (due

to the fact of being linked to Gi protein). Interleukins,
together with reactive oxygen and nitrogen species,
have been observed to alter the lipid membrane, spe-
cifically cholesterol lecithin acetyltransferase, which in-
fluences on cholesterol/phospholipid relationship by
directly altering K* and Ca** receptors expression, with
this being related to the characteristic electrical distur-
bances of QT prolongation (Fig. 2)2%23,

Aldosterone elevation increases the production of
metalloproteinases and fibroblast growth factor-f, fur-
ther contributing to myofibrils dysfunction. On the other
hand, in liver cirrhosis, there is an increase in lipophilic
bile acids such as cholic acid, which reduces contrac-
tility and alters p-adrenergic receptor; therefore, it is
likely that ursodeoxycholic acid may reduce this
effect?C.
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Cardiac function alteration

DD

DD refers to a decrease in left ventricular distensibil-
ity and relaxation, produced by an increase in wall
stiffness secondary to myocardial hypertrophy, fibrosis,
and sub-endothelial edema, with a progressive in-
crease in filling pressures'®2526, Most studies propose
DD as a main finding on echocardiogram and as a
predecessor of systolic alterations'®20:27-29,

Altered diastolic function usually occurs in situations
such as exercise, infectious processes, certain medi-
cations, or after procedures such as transjugular intra-
hepatic portosystemic shunt (TIPS) placement, or with
reperfusion after orthotopic liver transplantation
(OLT)™%0, TIPS and OLT return a significant amount of
splanchnic circulation-sequestered volume to the cen-
tral circulation and, consequently, increase filling pres-
sures and myocardial stress, which worsens the
hemodynamic function and caused heart failure in
some patients?”31:32,

Patients without ascites can have cardiac dysfunction
compensated due to increased preload; conversely, in
patients with ascites, afterload is reduced due to sys-
temic arterial vasodilation. DD severity before trans-
plantation is related to increased mortality, as well as
to a higher degree of tricuspid and mitral regurgitation,
which is considered to be a prognostic factor in
post-transplanted patients'428:33-35,

SD

SD has been established as one of CCM diagnostic
criteria. However, this dysfunction is usually found in a
latent state due to systolic function protective mecha-
nisms, such as decreased afterload and vascular resis-
tance''. Preserved cardiac output is compromised in
stressful situations, and it is then when patients expe-
rience SD; a clear example of this mechanism is the
overt appearance of systolic failure after TIPS insertion
or in post-transplanted patients'®. Usually, the tech-
nique used for systolic function echocardiographic eval-
uation is left ventricular ejection fraction (LVEF)
determination with Simpson’s modified method?°.

Electrocardiographic changes

QTc interval is the most common electrocardiograph-
ic alteration in patients with CCM, which is observed in
40-50%. Usually, the Bazett formula is used to correct

the QT interval; however, in individuals with liver cirrho-
sis, the formula where a QTc interval higher than 450
ms in men and 470 ms in women is regarded as patho-
logical is recommended?©.23:36-38,

This lengthening is attributed to alterations in the
potassium channels and alteration in the flow of this ion
during action potential phases 2 and 3%°. In turn, there
is a concentration reduction in the potassium channels
of the plasma membrane; this alteration induces a par-
adoxical response in which adrenergic stimulation pro-
longs repolarization and slows down the heart muscle;
this reaction explains the occurrence of SD during
physical activity”3.

The prevalence of QTc prolongation has been asso-
ciated the with the Child-Pugh scale, up to 60% at
stage C%36:39, On the other hand, QTc interval relation-
ship with cardiovascular events is controversial; during
OLT, discrepancies have been found between the
perioperative results of patients with CCM. Various au-
thors refer that there is an increase in mortality and in
the occurrence of ventricular arrhythmias; in contrast,
other studies belittle this relationship*®-*4. OLT has
been shown normalize QTc interval length in more than
80% of patients 6 months after surgery®.

Complications

HRS and HPS

HRS is defined as the presence of liver disease and
reduced glomerular filtration secondary to LVEF alter-
ations. It is a manifestation of circulatory dysfunction
and, therefore, mean arterial pressure and cardiac out-
put are independent predictors of the development of
HRS'6:45-47_Once established, HRS accelerates cardiac
output deterioration, with lower preload and sympathet-
ic nervous system impaired response. Since albumin
can help prevent HRS, by volumetric expansion and
increased preload, management is currently carried out
with albumin and terlipressin*548,

HPS is defined as the presence of liver disease and
pulmonary vascular dilation, which is observed, from a
practical point of view, as an abnormal alveolar-arterial
oxygen gradient (corrected for age) > 15 mmHg'6:4°,

The absence of symptoms during compensated liver
cirrhosis delays HPS diagnosis, although it should be
suspected in the presence of nonspecific signs such as
tachypnea, polypnea, clubbing of the fingers or toes,
and cyanosis®®. HPS is considered one of the phases
of multiple organ failure, which characterizes liver
failure®®>'.



Diagnostic methods

Montreal criteria

In 2005, the World Congress of Gastroenterology
was held in Montreal, where specific criteria for the
diagnosis of CCM were formulated, as well as a struc-
tured description, where it was defined as inefficient
contractile function in the presence of stress and/or
altered diastolic relaxation with electrophysiological ab-
normalities in the absence of another known cardiac
cause. Diagnostic criteria are based on the finding of
diastolic and SD by conventional echocardiography
plus supporting criteria, including structural and elec-
trophysiological changes and peptide elevation
(Table 1)419,

Echocardiographic findings

Two-pIMENSIONAL (2D) ECHOCARDIOGRAPHY

In patients with CCM, different series coincide in that
the most common echocardiographic finding is a reduc-
tion of the E/A ratio. A value < 1 is an accepted indica-
tor of DD, which in turn is linked to adverse events such
as decreased ascites clearance and higher mortality
after TIPS placement?”®2, E/A ratio may be insufficient
for DD evaluation, since sometimes its value can be
normal or higher despite the severity of dysfunction,
and thus it should not be taken as a sole or absolute
CCM indicator?s,

Tissue DoPPLER IMAGING

Tissue Doppler imaging application with mitral annu-
lus E-wave measurement has also been suggested to
be superior to 2D echocardiography for assessing DD
due to its independence from loading conditions, with
only tissue dynamics being measured?0.28.53,54,

SPECKLE TRACKING

Speckle tracking is an echocardiographic technique
that allows left ventricular stress or deformation (strain)
overall assessment in three directions, by tracking
acoustic marks within the cardiac cycle®%. In recent
years, this technique has acquired more importance
because it is a non-invasive method that is useful for
measuring the systolic function at rest372856,
Measurement of stress or deformation with this modal-
ity has a low margin of measurement error®’.
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Table 1. Cirrhotic cardiomyopathy diagnostic criteria,
Canada 2005 (absence of known heart disease)

Systolic Diastolic Supporting criteria
dysfunction dysfunction

— LVEF at rest - E/A ratio < 1.0 - Chronotropic
< 55% - DT > 200 ms incompetence
— LVIRT >80 ms - Electromechanical
— Decreased desynchronization
contractility - Structural changes: left
under atrium enlargement and

left ventricular
hypertrophy

— Peptide elevation:
troponin I, BNP,
pro-BNP

physiological or
pharmacological
stress

LVEF: left ventricular ejection fraction; E/A: rapid protodiastolic filling and left
atrial contraction ratio; DT: deceleration time; LVIRT: left ventricular isovolumetric
relaxation time; BNP: brain natriuretic peptide.

Adapted from Wiese et al., 2014,

Hamami et al. studied the systolic function in patients
with CCM resorting to different echocardiographic
techniques, and identified a prevalence of 17.5% using
LVEF; however, using tissue Doppler to measure left
ventricular lateral wall s-wave (< 8 cm), they identified
a prevalence of 43.1%, while with the measurement of
strain or deformation, the observed prevalence was
40%°8. On the other hand, they observed a significant-
ly lower frequency of basal than apical strain or
deformation®®.

Stress test

Given that systolic ventricular dysfunction in CCM is
usually in a latent state, it can be unmasked by physical
or pharmacological stress; in the latter scenario, tests
with dobutamine are used, where there is a marked
decrease of cardiac output under effort conditions in
comparison with healthy subjects?®590,

Magnetic resonance imaging (MRI)

There are other imaging methods that have been
used to detect cardiac structural alterations, among
which MRI has been positioned as the gold standard
in the diagnosis of myocardial functional and morpho-
logical disorders, and it is therefore useful in the de-
tection of subclinical changes that are previous to
dysfunction in patients with CCM. Its availability and
cost are major disadvantages as a method of choice
in the assessment of stress or deformation in the cir-
rhotic patient®28,
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Brain natriuretic peptide (BNP) and atrial
natriuretic peptide

BNP is a 32-amino acid polypeptide secreted by the
ventricles. Its elevation is related to ventricular over-
load; it acts as a RAAS compensatory hormone by
removing sodium and water®. DD is indirectly related to
cardiac markers such as atrial natriuretic peptide and
BNP which are signs of stress and volume overload
within the heart®'.62, As ventricular hypertrophy increas-
es, BNP serum levels rise. At CCM initial stage, this
marker can start raising and thus it can act as an early
indicator for the diagnosis of this complication’.

Other laboratory tests

Troponin | has been linked to a decrease of the left
ventricular mass and decreased systolic volume. Post-
liver transplantation patients with a troponin | value
higher than 0.07 ng/mL have been reported be at higher
risk of mortality or rejection of the transplanted liver;
however, their values have not been associated with
the severity of liver cirrhosis, and its usefulness is
therefore limited in the post-liver transplantation fol-
low-up®®'. Assessing endocannabinoid concentrations
have also been possible, which are considered to be
altered with values higher than 5 ng/mL, with this ele-
vation predicting rapid decompensation in the cirrhotic
patient®s,

Galactin-3 has shown an association with myocardial
fibrosis, and it is increased in liver cirrhosis with im-
paired cardiac function. Furthermore, in a comparative
study, it was more sensitive than BNP; however, BNP
was more specific for myocardial damage?®'64,

Treatment

Pharmacological management

Current pharmacological management has not been
shown to improve CCM evolution; however, various
alternatives have been assessed for the control of com-
plications associated with liver cirrhosis hyperdynamic
state and its interaction with myocardial function®28,
Among these drugs, diuretics have been shown to be
useful in patients with congestive heart failure, howev-
er; this situation is not usual in CCM, since existing
arterial vasodilation reduces afterload.

Aldosterone antagonists reduce hepatic venous gra-
dient and myocardial wall thickness, but they do not
revert DD??. Nonselective beta-blockers are helpful for

preventing bleeding from esophageal varices and have
shown greater benefits with carvedilol due to its antiox-
idant and antifibrotic effects, although given the lack of
randomized clinical trials, they should not be used to
prevent portal hypertension complications®°-68,

As a forward-looking perspective, there are targeted
therapeutic strategies, such as the use of CB1 receptor
antagonists, NO synthase blockers, transform-
ing-growth factor-f blockers and angiotensin 1-7 activ-
ity blockade; in addition, ursodeoxycholic acid can
probably reduce the cardiotoxic effect produced by li-
pophilic bile acids?1320,

Liver transplantation

The only treatment that reverts CCM is OLT but, un-
fortunately, establishing a method to identify patients
susceptible of improvement has not been possible.
When a favorable response is obtained after liver trans-
plantation, peripheral vascular resistance increases
and portal pressure, diastolic function, wall thickness,
and response to exercise are normalized, including a
reversal in electrocardiographic alterations. In the im-
mediate post-operative period, CCM transiently wors-
ens for days or weeks, with the referred improvement
being observed in 6-12 months®®. On the other hand,
in some patients, increased cardiac output persists for
2 years after transplantation3%7°,

During transplantation, adequate perfusion should be
maintained to prevent acute heart failure, since chang-
es in peripheral vascular resistance are produced and
therefore there is an increase in venous return, which
makes it difficult to maintain an adequate output, with
cardiac function deterioration and development of pul-
monary edema.

Patients with QTc prolongation in addition to BNP and
troponin | positive levels should be considered as hav-
ing a higher risk of acute heart failure during transplan-
tation and require transesophageal echocardiogram
during surgery for monitoring’*.

In the post-operative period, the preload increase
that follows reperfusion may predispose to arrhythmias,
myocardial infarctions, post-perfusion syndrome, heart
failure, and sudden death; therefore, continuous moni-
toring of the heart function is recommended"3"9,

Conclusions

Patients with liver cirrhosis experience a hemody-
namic imbalance, which in the long-term compromises
the function of multiple organs. CCM is the cardiac



expression resulting from this pathological state.
Incompetent cardiac output, diastolic, and SD, QTc in-
terval prolongation and other CCM characteristics con-
tribute to a higher hemodynamic decompensation that
is associated with serious complications such as the
onset of HRS, HPS, and refractory ascites.

The Montreal criteria, which remain in force in most of
the literature, do not consider the new echocardiographic
techniques for CCM diagnosis. It is important bearing in
mind that these techniques have demonstrated their use-
fulness in the diagnosis of pathologies that compromise
the myocardium, and allow the detection of subclinical
abnormalities that can guide CCM timely diagnosis, thus
avoiding invasive procedures such as drug administra-
tion. Markers such as BNP, troponin I, and galactin-3
have also been shown to be useful for CCM diagnosis.

So far, there is no consensus on CCM therapeutic ap-
proach. OLT appears to be the only effective solution;
however, if cardiac dysfunction is highly compromised, it
can cause post-transplantation failure. CCM timely diag-
nosis should be part of the usual work-up of patients with
decompensated liver cirrhosis, using available resources
in each setting, bearing in mind that early approach might
have an effect on morbidity and mortality.
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