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ABSTRACT

Introduction: Cirrhotic cardiomyopathy is a cardiac dysfunction that is present in
patients with liver cirrhosis, in the absence of other heart disease.

Objectives: To ascertain electrocardiographic and echocardiographic findings and
arterial oxygenation state in patients with liver cirrhosis.

Methods: An observational, descriptive, cross-sectional study was conducted with
95 liver transplant recipients at the CIMEQ over the established period. The Child-
Pug severity classification was applied for this purpose.

Results: We screened 95 patients (53 women [55.7%]) who underwent electrocar-
diography, echocardiography, and determination of blood oxygen pressure and
oxygen saturation by oximetry. The SPSS (20), with summary measures for quali-
tative (ratios and percentages) and quantitative (mean and standard deviation)
variables was used. Our results reveal greater compromise of the variables stud-
ied in correlation with a greater severity of liver cirrhosis, as assessed by Child-
Pugh, in relation to S' wave (p=0.03), A wave (p=0.03), pulmonary artery systolic
pressure (p=0.004) and arterial oxygen partial pressure (p=0.004).

Conclusions: Taking into account the Child-Pugh score, study showed a progres-
sive approach to pathological values of echocardiographic variables for the analy-
sis of diastolic function and pulmonary pressures, as well as oxygen content of
arterial blood (PaO.), in the most advanced stages of liver cirrhosis.

Keywords: Liver cirrhosis, Cirrhotic cardiomyopathy, Cardiac function, Echocar-
diography

Manifestaciones cardiovasculares de la cirrosis hepdtica segin su
gravedad evaluada por la clasificacion de Child-Pugh

RESUMEN

Introduccion: La miocardiopatia cirrética es una disfuncién cardiaca que esta
presente en pacientes con cirrosis hepatica, en ausencia de otra enfermedad car-
diaca.

Objetivo. Describir los hallazgos electrocardiograficos, ecocardiogréficos y el esta-
do de la oxigenacion arterial en pacientes con cirrosis hepatica.

Método: Se realiz6é un estudio observacional, descriptivo, transversal, con 95 pa-
cientes en protocolo de trasplante hepatico en el CIMEQ, en el periodo estableci-
do, para lo cual se tuvo en cuenta la clasificaciéon de gravedad de Child-Pugh.
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Resultados: Se investigaron 95 pacientes (53 mujeres [55,7%]), a los cuales se les
realiz6 electrocardiograma, ecocardiograma, determinacion de la presion arterial
de oxigeno y su saturacion por oximetria. Se usé el SPSS (20), con medidas de re-
sumen para variables cualitativas (razones y porcentajes) y cuantitativas (media y
desviacion estdndar). Los resultados muestran mayor compromiso de las varia-
bles estudiadas en relacién con la mayor gravedad de la cirrosis hepatica, evalua-
da por Child-Pugh, en relacién con la onda S’ (p=0,03), onda A (p=0,03), presién sis-
télica del tronco de la arteria pulmonar (p=0,004) y presién parcial de oxigeno
arterial (p=0,004).

Conclusiones: Al tener en cuenta dicha clasificacién, se evidencié acercamiento
progresivo a valores anormales de las variables ecocardiograficas para el andlisis
de la funcién diastélica, presiones pulmonares y del estado de la oxigenacién arte-
rial expresado por la PaO,, en los estadios mas avanzados de la cirrosis hepética.
Palabras clave: Cirrosis hepatica, Miocardiopatia cirrética, Funcién cardiaca, Eco-

cardiografia

INTRODUCTION

Cardiovascular diseases are the leading cause of
death in most developed countries. These diseases
have been the main cause of death in Cuba for more
than four decades. Cardiovascular diseases are ex-
pected to remain the leading cause of death globally
by 2030'. Chronic liver disease shows a high inci-
dence and prevalence worldwide; it is the ninth
cause of death in our country and has gradually
increased over the last yearsz.

Liver cirrhosis (LC) is a progressive disease
characterized by organ fibrosis due to chronic liver
damage resulting in impaired liver function and
structural changes leading to portal hypertensiong.

The association between liver cirrhosis and the
cardiovascular system was described more than 50
years ago by Kowalski and Abelmann’ in a group of
cirrhotic alcoholics. Although this condition was
initially thought to be secondary to alcoholic cardi-
omyopathy, later studies showed that cardiocircula-
tory changes also occurred in LC patients regardless
of the cause’.

Since then, many publications have described a
number of cardiac disorders resulting from the dis-
ease; although they have been more accurately de-
scribed in recent yearss.

Cirrhotic cardiomyopathy is a heart condition,
newly recognized as a clinical disease that occurs in
LC patients, in the absence of any other heart dis-
ease. It is characterized by diastolic function/left
ventricular (LV) contractility disorders, structural
changes in the heart chambers, electrophysiological
disorders (QT prolongation) and serum cardiac
stress markers shifting7'9.

There is quite little information on the epidemiol-

ogy of cirrhotic cardiomyopathy as the cardiac func-
tion remains normal at rest making it difficult to di-
agnose. Most patients are diagnosed during the he-
patic decompensation phase where the heart —di-
astolic and output- failure characteristics become
more apparents’w.

There is a group of multifactorial pathogenic
mechanisms for such cardiovascular changes. Neu-
rohumoral and vascular regulation disorders stand
out among them®. Decreased peripheral vascular
resistance is the result of complex mechanisms re-
lated to arteriovenous communications, increased
levels of circulating vasodilators —owing to their
diminished degradation in the diseased liver- and
their passing through portosystemic shunts, devel-
oped from the angiogenesis stimulation by vascular
endothelial growth factor (VEGF). Some studies
highlight the major role played by potent vasodila-
tors in LC patients, such as: nitric oxide, endogenous
cannabinoids, brain natriuretic peptide, calcitonin
related-gene peptide and endothelin-3".

On the other hand, the plasma volume increases,
but with an uneven disposition that determines a
relative central hypovolemia due to its redistribution
towards the splanchnic flow. This consequently
causes —baroreceptor and vasoconstrictor systems-—
activation, such as the sympathetic nervous system
and renin-angiotensin-aldosterone system, which
favor greater fluid retention'""%.

The clinical course of LC patients could be com-
promised by two low-prevalence but high-morbidity
and-mortality disorders. These may cause right ven-
tricular dysfunction and are accurately diagnosed by
echocardiography: hepatopulmonary syndrome
(HPS) and portopulmonary hypertension, both of
which have recently gained special interest as ortho-
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to;gc liver transplantation (LT) has proven success-
ful™.

Many clinical tools for carrying out prognostic as-
sessments in LC patients have been developed over
the last fifty years; among them the Child-Pugh scale
stands out as one of the best known and most wide-
ly used'®. More than one-third of Child-Pugh's Class
C patients (score=10), who are on the candidates
waitlist, may die after one year; in contrast, Class B
patients (score 7-9) have a 5-year survival probabil-
ity of more than 80%, while Class A patients (score 5-
6) have a 5-year survival of more than 90% without
undergoing transplantationls.

Regarding the characteristics of cirrhotic cardio-
myopathy, QT prolongation and diastolic dysfunc-
tion are found in most of Child-Pugh's class B or C
LC patients (moderate to severe liver failure). The
obvious relationship between the severity of liver
disease and this scale has been described in multi-
ple investigationss‘“’lg.

Echocardiography at rest is considered the most
appropriate imaging study for the diagnosis of cir-
rhotic cardiomyopathyw’”. It is undoubtedly an ex-
cellent test, (95% safety) and especially useful for
ruling out a possible portopulmonary hypertension
with a negative predictive value of 100%">""; moreo-
ver, it allows any other possible cause of pulmonary
hypertension to be excluded during the test, as well
as evaluating cardiac function and estimating pul-
monary artery systolic pressures’ls.

Corrected QT interval prolongation (>440 msec)
has been reported as a frequent finding in 30-60% of
LC patients; QT dispersion and chronotropic incom-
petence have also been described as recurrent find-
ingsS’lz‘lg. Screening all patients with HPS, applying a
diagnostic threshold of PaO, <70 mmHg at rest with
room-air pulse oximetry and performing echocardi-
ography during LT evaluation, represents a reason-
able §00a1 for identifying transplantation-eligible pa-
tients™.

A more complete understanding of the effect of
liver disease on the cardiovascular system coupled
with a diagnosis of the patient's comorbidities allows
for proper stratification, prognosis, and decision-
making in the case of LC patients; even more so in
those with a fitting indication for liver transplanta-
tion, which would certainly enhance treatment, as
well as decrease the incidence of serious cardiovas-
cular complications during the postoperative period.

This research is intended to contribute to early
therapeutic decision-making that will significantly
modify both the course of liver and cardiovascular

disease and post-LT morbidity and mortality; con-
sidering that the Centro de Investigaciones Médico-
Quirdrgicas (CIMEQ) is a national reference institu-
tion in the field of liver transplantation. A large
number of patients are evaluated in Cardiology ap-
pointments while they prepare for the expected or-
gan transplantation as the only life-saving option. A
more thorough diagnosis of these impairments will
undoubtedly imply better procedures to be followed
not only while preparing for surgery but also during
the post-operative period, generally achieving better
results.

All of the above justifies the purpose of carrying
out this study with the aim of identifying the cardio-
vascular manifestations in LC patients according to
the etiology of the disease and thus, helping to make
the most appropriate research and therapeutic deci-
sions.

METHOD

A descriptive, cross-sectional, observational study in
LT protocol LC patients who were being assisted at
the CIMEQ was conducted in the period December
2013 to November 2015. The study population con-
sisted of all LT protocol LC patients who regularly
attended Gastroenterology and Cardiology appoint-
ments at CIMEQ.

Exclusion criteria

We excluded patients with:

- Ischemic heart disease.

- Previous diagnoses of other cardiomyopathies.

- Decompensated chronic diseases (diabetes melli-
tus, renal/heart failure, thyroid function disor-
ders, chronic pulmonary disease).

- Patients with pulmonary hypertension prior to
the diagnosis of liver disease.

- Neoplastic disease.

After taking into account the inclusion and exclu-
sion criteria, the sample was made up of 95 patients,
who were able to undergo the different studies indi-
cated. Child-Pugh's classification was applied ac-
cording to the recommendations of Wang et al’".

Echocardiogram protocol

The transthoracic study was performed using the
iE33 (Phillips) sonograph. In the M-mode analysis,
two-dimensional and Doppler standard echocardio-
graphic views (long and short parasternal axes, 2-4
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chamber apical views) were taken to assess the
anatomy of the cardiac chambers and the global and
segmental functions of both ventricles. By means of
M-Mode imaging from the parasternal views, the LV
end-diastolic and end-systolic diameters, septum
and posterior wall thickness were measured. Left
ventricular ejection fraction was calculated as a sys-
tolic function index by using the Simpson's method,
described in the literature®. Diastolic function was
studied by pulsed-Doppler with determination of the
transmitral flow velocity profile; the sample volume
was positioned at the distal end of the mitral cavity
leaflets from the 4-chamber apical view. The differ-
ent LV diastolic function variables previously treat-
ed were determined and each patient's relaxation

pattern was characterized. Doppler tissue imaging of
the lateral mitral ring was used to support the dias-
tolic LV function assessment’>**. The pulmonary
artery pressure was calculated by determining the
transtricuspid gradient and right atrial pressure; the
continuous Doppler, at the level of the tricuspid
valve in two-dimensional apical 4-chamber/short
parasternal axis view in large vessels was used to
obtain this gradient. Right atrial pressure was meas-
ured by evaluating inspiratory movement of the in-
ferior vena cava in two-dimensional or M-mode*> **,
Mean pulmonary pressure was calculated by deter-
mining the pulmonary acceleration time by means of
pulsed-Doppler, positioned on the pulmonary valve
in the short parasternal axis at the level of the great

Table. Echocardiographic and electrocardiographic variables and arterial oxygenation state in patients with liver cirrhosis
according to the Child-Pugh classification. December 2013 - November 2015.

Child-Pugh classification

Variables

Systolic function

IVSd 10.7 0.9
LVPWd 10.3 1.4
LVEDD 47.9 4.1
LVESD 26.6 4.2
S’ wave 7.8 0.8
LVEF 68.1 4.6
TAPSE 24 2.4
Diastolic function

E wave 76.6 11.9
A wave 62.4 14.0
E/A 1.2 0.3
e’ wave 10.0 1.9
E/e’ 8.7 2.2
Pulmonary pressures

PASP 22.9 4.76
MPAP 17.3 4.7
Electrical

QTc 417.7 25.3
Arterial oxygenation state

Blood gases (Pa0,) 87.4 7.3
Oximetry 98.7 1.8

B (n=28)

\Y[ET)) SD

11 0.7 10.3 1.4 0.16
10.3 1.1 10.3 2.2 0.99
47.3 4.5 45.6 9.1 0.4
26.8 4.8 28.3 6.9 0.79
7.6 0.8 7.1 0.3 0.03*
68.3 5.1 69 4.9 0.87
2.1 0.1 1.9 1.9 0.59
76.4 16.4 79.6 16.9 0.81
70.7 16.1 71.4 20.4 0.03*
1.09 0.3 1.04 0.2 0.1
9.9 2.3 8.5 0.8 0.13
9.3 2.5 10.1 1.7 0.21
26.5 6.8 28 6.14 0.004*
17.6 5.3 16.7 5.3 0.9
425.4 22.6 428.4 37.7 0.29
83.8 7.7 78.4 12.4 0.004*
98.3 1.7 97.5 3.7 0.27

* p<0.05 (One-factor Anova test).

IVSd, interventricular septal end-diastolic diameter; LVEDD, left ventricular end-diastolic diameter; LVEF, left ven-
tricular ejection fraction; LVESD, left ventricular end-systolic diameter; LVPWd, left ventricular posterior wall end-
diastolic diameter; MPAP, mean pulmonary artery pressure; PaO2, partial pressure of oxygen in arterial blood; PASP,
pulmonary artery systolic pressure; SD, standard deviation; TAPSE, tricuspid annular plane systolic excursion.
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vessels, as recommended by Feigenbaum et al”*.

Statistical analysis

All required information was obtained from the med-
ical records of the admitted patients. The data were
recorded on a collection sheet previously drafted for
this purpose.

The SPSS program (Statistical Package for the So-
cial Sciences Version 20.0) was used as the statistical
instrument. Qualitative variables were expressed
with summary measures for this type of variables
(frequency and percentage), and the mean * stand-
ard deviation was used for quantitative variables,
according to their distribution.

The Student’s ttest and one-factor Anova test
were used to compare means between two or more
groups of variables, respectively. Ninety-five percent
was taken as the confidence interval, with a p<0.05
for acceptance and interpretation of the results, rep-
resented in tables and graphs, which were analyzed
and compared according to the national and foreign
literature reviewed. This allowed us to draw conclu-
sions and issue recommendations.

Bioethical considerations

All of the ethical standards for research on human
subjects set forth in the World Medical Association
Declaration of Helsinki, were respected throughout
this study. All eligible participants, being fully aware
that they would undergo non-invasive diagnostic

procedures, freely gave their written informed con-
sent. The research project was approved by the
CIMEQ Ethics Committee.

RESULTS

The study shows the results of the echocardiograph-
ic and electrocardiographic variables and arterial
oxygenation state, according to the Child-Pugh clas-
sification. Of the echocardiographic variables, the S’
waves show significant differences between the se-
verity stages of liver cirrhosis (p=0.03) and A (p=
0.03), and the pulmonary artery systolic pressure
(p=0.004) (Table and Figures 1-4).

The variables related to the LV size, thickness
and overall function did not show significant differ-
ences; however, the mean related to the regional
contractility of the LV, expressed in the S’ wave,
shows a significant tendency to approach abnormal
values as the severity of the disease increases, ac-
cording to the Child-Pugh stage (Table and Figure
1). This same behavior is observed in the tricuspid
annular plane systolic excursion (TAPSE) which
reflects the state of the right ventricular systolic
function, although with no significant differences
(p>0.05).

There were no significant differences regarding
the variables related to diastolic function and except
for the A wave, with a higher mean in stage C of the
disease, the rest of the variables showed no relevant
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Figure 1. S’ waves distribution according to the Child-Pugh
classification. SD, standard deviation; SE, standard error.

Figure 2. A waves distribution according to the Child-Pugh
classification. SD, standard deviation; SE, standard error.
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Figure 3. Pulmonary artery systolic pressure distribution
according to the Child-Pugh classification. SD, standard
deviation; SE, standard error.

differences, although in the E/e' and E/A ratio they
showed a linear trend of their averages approaching
rather abnormal values the more severe the disease,
even though these remained within the normal
range (Table and Figure 2).

In relation to pulmonary pressures, the mean
pressure did not present relevant divergences
among classification groups. Pulmonary systolic
pressure behaved differently as a significantly larger
mean was observed in Child-Pugh stages B and C,
which are the most severe (Table and Figure 3).

The corrected QT became larger as the severity
of liver cirrhosis increased, although without signifi-
cant differences (Table).

Arterial oxygenation state is shown through
blood oxygen pressure (PaO,) in gasometry and
pulse oximetry. PaO, showed evident differences
where the mean reached abnormal values in stages
B and C of the Child-Pugh classification, respectively
(Table and Figure 4).

DISCUSSION

A good number of LC patients undergoing LT will
have an inadequate ventricular response to the he-
modynamic stress generated by graft reperfusion.
This response correlates with postoperative cardio-
vascular complications and is closely linked to the
presence of previous cardiovascular disorders that

Figure 4. Oxygen blood pressure distribution according to
the Child-Pugh classification. SD, standard deviation; SE,
standard error.

ha\llle2 . an underlying pathophysiological basis in
LC ™.

Regardless of the type of heart condition, an ex-
treme and abrupt hemodynamic overload occurs
during LT, due to acute changes in preload, post-
load, contractility, clamping and pulling-off of the
great vessels, graft reperfusion and blood losses,
which may be significant despite surgical strategies
to, if possible, soften such cardiovascular impact”’zs.

Assessing the functional capacity of the heart to
overcome the surgical hemodynamic stress is im-
portant not only because of the intra-operative com-
plications resulting from impaired cardiac function,
but also because of the effect that these may have
on post-LT morbidity and mortality. In fact, heart
disease is the third cause of post-LT morbidity, after
infections and graft l'ejection("’ZS’26

The CIMEQ is a national reference center for liver
transplantation. The present study describes the
cardiovascular manifestations of LT protocol LC
patients at this institution. Thus, it is intended to
contribute to early therapeutic decisions that signifi-
cantly modify the evolution of liver disease and
post-transplantation morbidity and mortality related
to the cardiovascular system.

With respect to the echocardiographic and elec-
trocardiographic variables studied and their rela-
tionship to the severity of liver disease according to
the Child-Pugh classification, the mean in all of them
remained consistent with the normal ranges for that
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classification except for the S’ wave (p=0.03), A wave
(p=0.03) and pulmonary artery systolic pressure
(p=0.004). The trend was towards an approximation
to the pathological ranges as the severity of liver
disease increased. An increase in ventricular wall
thickness was reported; however, no clear relation-
ship to the stage of liver disease has been de-
scribed™'*". A retrospective analysis that included
802 deaths from LC, which were autopsied, revealed
a significant sample with pathological ventricular
wall thickening (53.2%), where LV predominated
(31.0%) and, to a lesser extent, the right ventricle
(9.3%) or both (12.9%), and heart failure was the
cause of death in 25.8% of the patients®®.

The assessment of cardiac volumes in LC patients
has yielded different results, depending on the
methods. Some echocardiographic studies showed a
normal LV sizezg’go; however, other published papers
have shown increased LV end-diastolic/end-systolic
volumes®'. It has also been reported that alcohol-
related LC cases showed significantly higher left
ventricular end-diastolic volume. Those with viral,
cryptogenic and autoimmune causes followed that
order. This coincides with the fact that the diastolic
function variables behaved precisely in the same
order; reflecting changes in ventricular wall tension’.

Likewise, with regard to the association between
LV ejection fraction and the severity of liver disease,
according to the classifications described, some
studies have reported normal valueslg’zg, others, an
increase33’34, a decrease in their values unrelated to
the severity of the disease®”® and worsening as the
condition becomes more severe”>">.

Several studies have shown the existence of la-
tent heart dysfunction in LC patients. These symp-
toms are masked by hyperdynamic circulation and
low peripheral vascular resistance, typical of the
underlying disease, which justifies normal ventricu-
lar function or its gradual increase until they are
diagnosed during the clinical hepatic decompensa-
tion in most patients%. An investigation carried out
in Cuba showed no alteration of the systolic function
at rest”, a result that coincides with this research.
Although there is little research on the lateral mitral
annulus S° wave and TAPSE, no significant differ-
ences between them and the etiological classifica-
tion, nor the severity of LC, nor the presence of por-
topulmonary hypertension or HPS are reported37.

The variables defining diastolic dysfunction were
shown to be within the normal range; it presented
significantly higher results with respect to the A
wave as the severity of the LC increased, according

to the Child-Pugh classification. The same behavior
was observed in the e' wave and E/e ratio, but with-
in the normal range, with no significant differences.

It is known that echocardiographically, the typi-
cal pattern of diastolic dysfunction is a reduced E
wave peak with increased atrial contraction (A
wave), resulting in a reduction in the E/A ratio,
which has also been confirmed in LC patients; thus
indicating the presence of diastolic dysfunction in
the disease, which is more noticeable if ascites is
present5.

The information on echocardiographic findings
available in literature does not show uniform results,
perhaps due to biases in patient selection and differ-
ences when choosing echocardiographic measures,
which depend to a greater or lesser extent on vol-
ume load, a mag'or factor in LC patients. In this sense,
Dowsley et al propose the use of tissue Doppler
and the E/e' ratio as a good predictor of the risk of
developing post-LT heart failure.

In all cases reviewed in the international litera-
ture, there is an increase in diastolic dysfunction,
measured by its echocardiographic variables, in LC
patients. However, several studies have reported
that these disorders are not exclusive to advanced
stages of the disease™, Other series”'"*** do estab-
lish a clear relationship with the scores and scales
already mentioned.

In another study conducted in Cuba®, patients
with diastolic dysfunction presented significantly
lower values in the E wave and higher values in the
A wave, with an E/A-ratio< 0.8 in a significant group
of cases (40%). The rest of the variables did not
show relevant changes, similar to what was found in
our research.

Knowledge of the presence of diastolic dysfunc-
tion in the LC patient is extremely important, since it
behaves as a subclinical heart disease whose diag-
nosis has been directly related to an increase in
post-transplantation mortality from cardiovascular
causes*"™ It is suggested to be related to impaired
relaxation, due to abnormalities in the exchange of
calcium through the sarcoplasmic reticulum. An
American study showed its association with in-
creased risk of graft rejection or acute graft failure™;
however, other research found no effect on patient
survival'.

In our series, mean pulmonary pressures re-
mained within the normal ranges, although it should
be noted that for the Child-Pugh classification, systol-
ic pulmonary artery pressure showed significantly
higher results in more advanced stages. These re-
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sults are not consistent with the literature reviewed”
28424, in fact, research by Krowka et al* suggests
that the severity of chronic liver disease, as deter-
mined by the Child-Pugh scale, is not associated
with the presence or severity of pulmonary hyper-
tension. However, several studies, among which the
REVEAL register stands out, show an independent
predictive value of increased risk of mortality in
those cirrhotic patients with portopulmonary hyper-
tension and Child-Pugh B and C classificaﬁon25’45’46;
in which deleterious effects are produced at the sur-
vival level, since the average survival at 5 years is
10-50%™. In another series, those who had a specific
treatment during 12 months presented a survival of
74% and, at 5 years, only 40%"". No other national
literature was found on the subject.

QT interval prolongation is the most frequent
electrocardiographic disorder in this type of patient.
In the cases studied, a mean within normal parame-
ters was found, below 440 ms, although with a linear
trend towards increased values in more advanced
stages of the Child-Pugh classification (B and C),
which coincides with the international studies re-
viewed5’10’33’48’49, where this relationship has been
shown to be directly proportional to the severity of
LC**** The relationship between these variables
has not been found in Cuban studies. The aforemen-
tioned QT prolongation has also been related to an
increased risk of sudden death in LC patients, re-
gardless of its cause, due to ventricular tachycardia,
particularly torsades de pointes, although it has
been stressed that cases are usually infrequent48’51.
However, these electrophysiological changes disap-
pear in almost half of the patients after LT®*, 1t
should be noted that prolonged QT does not contra-
indicate surgery48’51; however, according to Zam-
bruni et al®, several authors suggest that early iden-
tification may be a sign of easy diagnosis and very
useful in identifying patients at risk of presenting
cirrhotic cardiomyopathy.

As for the variables that evaluate arterial oxygen-
ation and its connection with the Child-Pugh classifi-
cation, significantly higher differences were ob-
served in the mean PaO,, although within normal
parameters in all cases. As regards the relationship
with the degree of liver dysfunction, expressed by
the stages of the same classification, the studies are
contradictory since an important group shows no
correlation with the severity of the LC and the pres-
ence of HPS**®, while other studies do associate it
with greater liver dysfunction57'59. Specifically, the
study with the largest sample found an independent

relationship of HPS in the univariate analysis with a
higher Child-Pugh score and with the presence of
ascites™.

The most severe forms of HPS have an absolute
indication for LT, which is their most definitive inva-
sive therapy60’6l. Approximately 82% of patients un-
dergoing LT have resolution of hypoxemia 15
months after surgical procedurer.

The most severe forms of HPS have an absolute
indication for LT, which is their most definitive inva-
sive therapyso‘el. Approximately 82% of patients re-
ceiving LT have resolution of hypoxemia within 15
months of surgerysz.

CONCLUSIONS

All study participants with liver cirrhosis showed a
progressive approach to pathological values of the
echocardiographic variables for analyzing diastolic
function and pulmonary pressures, as well as PaO,
blood oxygenation level percent, in the most ad-
vanced stages of liver cirrhosis according to the
Child-Pugh classification.
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