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Abstract: Although hemodynamic alterations in end-stage liver disease (ESLD) and its association
with porto-pulmonary hypertension have been well-established, the long-term effects of ESLD on
RV systolic function in patients without porto-pulmonary hypertension remain disregarded. Here
we aimed to assess the long-term effect of ESLD on RV function and its relationship with the use
of NSBBs and clinical, laboratory and imaging parameters in end-stage liver disease. The use of
NSBBs is still controversial due to concerns about reduced cardiac contractility and the possibility of
increased mortality. Thirty-four liver transplant recipients were included. Demographic characteris-
tics, laboratory and baseline echocardiography measures were obtained. Patients were recalled for
transthoracic echocardiographic evaluation after transplantation. Right ventricle dysfunction was
identified by having at least one value below the reference levels of RV S’, or TAPSE. Isolated subclini-
cal RV dysfunction was observed at 20.6% of the sample population. The present study demonstrates
hemodynamic circulation in cirrhosis and increased preload and afterload might have long-term
effects on RV function, even the lack of porto-pulmonary hypertension. These findings underline
the significance of cardiac function follow-up in cirrhotic patients after transplantation. In this study,
patients treated with propranolol seemed to have better RV function and less gastrointestinal bleeding.
We speculated that preoperative propranolol treatment might help preserve RV function by providing
RAS suppression, improving endothelial function and hyperdynamic circulation seen in ESLD. This
potential protective relationship between the use of propranolol and RV function might improve
mortality or graft-failure during OLT and after liver transplantation in patients with cirrhosis.

Keywords: end-stage chronic liver disease; liver transplantation; heart failure; right ventricle function;
propranolol

1. Introduction

End-stage liver disease (ESLD) affects the pulmonary and cardiac structure and func-
tion through several mechanisms. Although the exact mechanism is not clear yet, several
hypotheses including hyperdynamic circulation, excess production and impaired clearance
of vasoactive substances, portosystemic shunt and genetic predisposition are considered to
have a role in this multisystemic effect [1–3]. Hyperdynamic circulation refers to increased
cardiac output (CO), reduced systemic vascular resistance and splanchnic vasodilation
noted in patients with cirrhosis [4,5]. High CO may lead to endothelial dysfunction due to
shear wall stress. Moreover, toxic substances that bypass the liver through the portosys-
temic shunt may also cause direct damage to the pulmonary arteriolar endothelium [3,4,6].
These multifactorial mechanisms may result in excessive pulmonary vascular remodeling,
increased pulmonary vascular pressures and pulmonary vascular resistance (PVR), and
consequently, right ventricular (RV) dysfunction [7]. Although more commonly consid-
ered in the context of pulmonary hypertension, cirrhotic cardiomyopathy also induces
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left ventricle (LV) dysfunction and rising RV afterload owing to increased LV diastolic
pressures. Severely increased RV afterload is recognized as a risk factor for mortality in
liver transplant candidates. The deterioration of RV function has been demonstrated to be
superior to LV dysfunction in predicting adverse clinical outcomes and mortality during
orthotopic liver transplantation (OLT) [8].

Non-selective beta blockers (NSBBs) are recommended for the primary and secondary
prevention of variceal bleeding in patients with cirrhosis [9–13]; their protective effect on
recurrent gastrointestinal bleeding was first introduced in the literature almost 40 years
ago [13]. Non-selective beta blockers reduce portal hypertension by reducing portal venous
flow through splanchnic vasoconstriction. Moreover, NSBBs might decrease systemic
inflammation via increased intestinal transit and reduced gut permeability [14]. Many
studies have shown that NSBBs are associated with improved survival in patients with
cirrhosis [15,16]; however, the use of NSBBs in ESLD is still controversial due to their
harmful effects on cardiac contractility and mean arterial pressure [17,18]. However,
compared to NSBBs, selective beta-1 antagonists such as atenolol and metoprolol have
been shown to be less effective for the prevention of variceal bleeding [19,20]. Non-
selective beta blockers decrease portal pressure by beta-2 adrenergic blockage, which
causes splanchnic vasoconstriction; however, selective beta-1 antagonists have no effect on
portal pressure. A prospective randomized trial assessed for the value of selective beta-1
antagonists for the long-term management of variceal bleeding showed that metoprolol
was associated with a significantly higher risk of recurrent variceal bleeding compared to
injection sclerotherapy [19].

Two-dimensional (2D) transthoracic echocardiography is a routine examination for the
assessment of porto-pulmonary hypertension [21], RV/LV structure and function [22,23],
porto-pulmonary shunt [24] and the necessity of right heart catheterization among patients
with ESLD being considered for liver transplantation. The association of RV functional
impairment and advanced chronic liver disease in patients with porto-pulmonary hyperten-
sion has been well-established. However, the long-term effects of ESLD and increased RV
afterload in RV systolic function remain disregarded especially in cirrhotic patients without
signs of porto-pulmonary hypertension. Therefore, we sought to determine whether ESLD
would have long-term effects on RV function and cause subclinical RV systolic dysfunction
without the clinical/echocardiographic signs of porto-pulmonary hypertension. Finally,
we sought to determine the impact of non-selective beta blockers and other identifiers on
RV systolic function after OLT by comparing the baseline characteristics and follow-up
echocardiographic parameters.

2. Materials and Methods
2.1. Study Population

The analysis was performed on consecutive adult ESLD patients (age > 18 years)
who underwent their first liver transplantation at Medipol University from June 2014 to
September 2019. At our institution, echocardiography is a standard of care for all OLT
candidates. Orthotopic liver transplantation candidates who had significant left heart
disease, severe chronic pulmonary disease, any identified previous episode of pulmonary
embolism, hepatocellular carcinoma as the etiology for transplant, <6 months between
transplant and echocardiographic follow-up or the absence of critical retrospective data
were excluded. Demographic and baseline clinical features at the time of surgery were
noted. Preoperative laboratory work-up, estimated systolic pulmonary arterial pressure
(sPAP) value at preoperative cardiology consultation and post-transplantation early hepatic
and portal venous duplex ultrasound findings were recorded. Patients were recalled for
follow-up echocardiographic examination.

The study was approved by the Institutional Ethics Review Committee of Medipol
University (299/20 and 16 April 2020).
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2.2. Echocardiography

Echocardiography was performed using a commercially available echocardiography
system (Vivid 7 or E9 (General Electric-Vingmed, Horten, Norway)) and the obtained
images were digitally stored in cine-loop format. The EchoPAC system was used for offline
analysis (EchoPAC version 112.0.1; General Electric-Vingmed Ultrasound, Horten, Norway).
The standard biplane Simpson method was used to calculate the left ventricular ejection
fraction (LVEF) [13]. Pulsed-Doppler echocardiography was performed to measure peak
early diastolic transmitral flow velocity (E) [13]. The early diastolic velocity of the lateral
and septal aspects of the mitral annulus (E’) was measured by Doppler tissue imaging and
was averaged to acquire E’. The E/E’ ratio was calculated by dividing the peak inflow
velocity by the averaged annular velocities [23]. The maximum tricuspid regurgitant jet
gradient was calculated by using the modified Bernoulli equation [14]. Systolic pulmonary
arterial pressure was calculated by summating the tricuspid regurgitant gradient and right
atrial pressure. Tricuspid annular plane systolic excursion (TAPSE) was measured from
M-mode recordings of the lateral tricuspid annulus in the RV view [25]. Measurements of
tricuspid annular systolic velocity (TAs) were obtained using tissue Doppler imaging [14].

2.3. Statistical Analysis

The data were presented as mean ± standard deviation and median (range) for
continuous variables and percentage for categorical variables. Shapiro–Wilk test was
used to determine whether a continuous variable followed normal distribution or not.
To discriminate the patients with and without right ventricular dysfunction, Student’s t
and Mann–Whitney U tests were utilized for comparing the variables showing normal
and non-normal distribution, respectively. The frequencies of categorical variables were
distinguished by the chi-square test. Two-sided p ≤ 0.05 was interpreted as statistically
significant. Statistical analyses were carried out by using SPSS (version 17.0, SPSS Inc.,
Chicago, IL, USA).

3. Results

A total of 56 liver transplant recipients who had the complete baseline dataset were
assessed for recruitment. Seven patients were excluded due to confounding medical
conditions as described above (exclusion criteria: OLT candidates who had significant
left heart disease, severe chronic pulmonary disease, any identified previous episode of
pulmonary embolism, hepatocellular carcinoma as the etiology for transplant, <6 months
between transplant and echocardiographic follow-up or the absence of critical retrospective
data). Of the remaining 49 recipients, 15 individuals were lost to follow-up.

Ultimately, 34 patients (mean age 54.1 ± 8.7) constituted the sample population.
Follow-up echocardiography was performed after a mean duration of 18 ± 6 months
following OLT. At the follow-up visit, right ventricular dysfunction (RVD) was identified
as the measurement of TAPSE and/or peak Doppler annular velocity (RVSm) below the
reference values (<17 mm and 9.5 cm/s, respectively) suggested in the relevant position
paper [13]. Isolated RV dysfunction was observed at 20.6% (n = 7) of the sample population.
Patients were then grouped according to the presence of isolated RV dysfunction (Group A:
liver recipients without isolated subclinical RV dysfunction and Group B: liver recipients
with subclinical RV dysfunction)

Table 1 provides the baseline characteristics of the patients with isolated RV dysfunc-
tion and without RV dysfunction. The age, gender and body mass index (BMI) were similar
between the two groups. The mean time between diagnosis and transplant was 5.5 ± 5.3
years and was similar in the two groups. Viral etiology hepatitis was seen in approximately
half of the patients in both groups. Hepatocellular carcinoma as the etiology for transplant
was excluded. Other etiologies including alcoholic liver disease and non-alcoholic fatty
liver diseases were similar between the two groups. There were no statistically significant
differences in the Child–Pugh score, Model for End-stage Liver Disease (MELD) score and
esophageal variceal grade between the two groups; however, gastrointestinal bleeding
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was higher in group B (Table 1). The history of hypertension and smoking between the
two groups showed no significant difference. However, the history of coronary artery
disease (CAD) was higher in group B. Treatment with spironolactone, other diuretics,
renin-angiotensin system blocking agents (RAS-B) and calcium channel blockers (CCB) was
similar in both groups. In contrast, treatment with a non-selective beta blocker (propranolol)
was higher in group A (Table 1).

Table 1. Baseline characteristics of the liver transplant recipients.

Overall (n = 34) RVD (−) (n = 27) RVD (+) (n = 7) p Value

Age, years; Mean ± SD 54.1 ± 8.7 53.6 ± 8.7 56.1 ± 9.1 0.65

Gender, female; % (n) 32.4 (11) 29.6 (8) 42.9 (3) 0.51

BMI, kg/m2; Median (Range) 29.6 [11.5] 29.4 [11.5] 30.5 [7.4] 0.40

Diagnosis-to-transplantation
time, years; Mean ± SD 5.5 ± 5.3 5.8 ± 5.5 4.6 ± 4.3 0.71

Etiology, viral; % (n) 47.1 (16) 48.1 (13) 42.9 (3) 0.80

Child–Pugh score; Mean ± SD 8.2 ± 1.6 8.3 ± 1.5 8.5 ± 2.6 0.43

MELD score; Mean ± SD 18.3 ± 6.3 19.3 ± 6.3 14.6 ± 5.1 0.06

Esophageal varices grade;
Mean ± SD 1.4 ± 1.1 1.5 ± 1.1 1.3 ± 1.1 0.65

History of GI Bleeding; % (n) 17.6 (6) 11.1 (3) 42.9 (3) 0.05

Hypertension; % (n) 38.2 (13) 44.4 (12) 14.3 (1) 0.14

Smoking history (>20
package years); % (n) 41.2 (14) 37 (10) 57.1 (4) 0.34

Coronary artery disease; % (n) 5.9 (2) 0 (0) 28.6 (2) <0.01

Propranolol use; % (n) 52.9 (18) 63 (17) 14.3 (1) 0.02

Spironolactone use; % (n) 61.8 (21) 63 (17) 57.1 (4) 0.78

Other diuretic use; % (n) 67.6 (23) 66.7 (18) 71.4 (5) 0.81

RAS-B use; % (n) 14.7 (5) 18.5 (5) 0 (0) 0.22

CCB use; % (n) 17.6 (6) 18.5 (5) 14.3 (1) 0.79

The choice of non-selective beta blocker was propranolol, as nadolol is non-available
in Turkey. Patients who used selective beta-blocking agents due to coronary artery disease
and hypertension and did not use propranolol seemed to have higher rates of isolated RV
dysfunction (RVD) (Figure 1).
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Preoperative laboratory test variables between the two groups including estimated
glomerular filtration rate (eGFR), albumin, INR, ALT, GGT, hemoglobin, platelet count,
CRP and pro-BNP were similar (Table 2). In addition, preoperative hepatic and portal
venous duplex US findings were similar between the two groups (Table 2).

Table 2. Preoperative laboratory test results and hepatic and portal venous duplex US findings of the
liver transplant recipients.

RVD (−) (n = 27) RVD (+) (n = 7) p Value

eGFR, mL/min/1.73 m2; Median (Range) 99.7 [143.5] 99.8 [85.2] 0.93

Albumin, g/dL; Mean ± SD 3.3 ± 0.6 3.3 ± 0.6 0.97

INR, Median (Range) 1.5 [2.1] 1.5 [1] 0.93

ALT, U/L; Mean ± SD 42 ± 31.1 39.5 ± 26.7 0.87

GGT, U/L; Mean ± SD 69 ± 62.1 131 ± 119.5 0.16

Hemoglobin, g/dL; Median (Range) 10.5 [9.2] 12.6 [5] 0.24

Platelet count, ×1000/µL; Mean ± SD 87.8 ± 55.8 148.1 ± 152.9 0.59

CRP, mg/L; Mean ±SD 16.3 ± 24.5 14 ± 18.1 0.90

NT-ProBNP, pg/mL; Mean ± SD 161 ± 166.5 257.9 ± 353.8 0.30

Portal vein diameter, mm; Median (Range) 10 [7.2] 11 [3.8] 0.59

Portal vein velocity, cm/s; Mean ± SD 113.4 ± 77.2 72.3 ± 45.4 0.18

Portal vein output, mL/min; Mean ± SD 2460 ± 1787 2122 ± 1125 0.87

Hepatic vein velocity, cm/s; Mean ± SD 59.7 ± 32.4 56 ± 36 0.62

A comparison of echocardiographic parameters in the two groups is shown in Table 3.
In both groups, preoperative and follow-up sPAP values were within the normal range.
There was no statistical difference between the two groups in LV Ejection Fraction (LVEF),
E/E’, LV/RV ratio and RA area.

Table 3. Preoperative and follow-up echocardiography parameters in liver transplant recipients.

RVD (−) (n = 27) RVD (+) (n = 7) p Value

Initial estimated sPAP, mmHg; Mean ± SD 29.6 ± 6 28.3 ± 2.2 0.68

Follow-up estimated sPAP, mmHg; Mean ± SD 28 ± 7.5 27.6 ± 7 0.87

LVEF, %; Mean ± SD 64 ± 3.3 63.3 ± 2.6 0.29

E/E’; Mean ± SD 7.2 ± 1.9 7 ± 2.2 0.84

RV:LV ratio; Median (Range) 0.75 [0.28] 0.77 [0.35] 0.36

RA area, cm2; Median (Range) 12.5 [11.6] 14.4 [7] 0.45

4. Discussion

In this study, we demonstrated that ESLD has long-term effects on RV function. To the
best of our knowledge, this is the first study describing the term “Isolated subclinical right
ventricular dysfunction” after orthotopic liver Tx. It is noted that increased preload and
afterload in ESLD have an impact on RV function even in the absence of porto-pulmonary
hypertension. This study underlines the importance of the long-term follow-up of cardiac
functions in patients with cirrhosis. In addition, we also noted that preoperative treatment
with propranolol might help preserve RV function. There might be a potential protective
relationship between the use of propranolol and RV function in patients with cirrhosis.
This finding can be explained by the beneficial effects of PPL in endothelial function, RAS
suppression and hyperdynamic circulation that might promote RV function during long-
term follow-up in patients with ESLD. Moreover, the patients treated with non-selective
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beta-blockers had less gastrointestinal bleeding than those who did not use propranolol.
This finding agrees with the previous studies, as propranolol is considered effective in the
primary and secondary prevention of variceal bleeding.

The clinical importance of subclinical RV dysfunction and its association with adverse
clinical outcomes has been investigated in different clinical scenarios [26–31]. In ESLD,
RV afterload and preload are affected due to several hemodynamical consequences of
advanced liver disease including hyperdynamic circulation, increased pulmonary vascular
resistance and increased LV diastolic pressure with a subsequent increase in pulmonary
wedge pressure [3–7]. Given the sensitivity of RV to dynamic alterations in preload and
afterload, these multifactorial mechanisms in advanced liver disease can be a concern
in the development of RV overload and dysfunction. Demirtas Inci et al. compared the
global LV and RV functions of forty liver transplant candidates with ESLD and twenty-six
healthy individuals [32]. The 2D speckle tracking method was preferred for the mean
longitudinal, circumferential and radial strain measurements. They noted that LV mean
radial/longitudinal and RV mean longitudinal strain were significantly lower in the patient
group. The study concluded that the deterioration of longitudinal and radial deformation
is a sign of the subclinical impairment of global LV and RV systolic functions in liver
transplant candidates [32].

Other studies have evaluated RV function in ESLD patients while awaiting and during
transplants [22,33,34]. A retrospective study compared TAPSE and TAs between a group
of ESLD patients being considered for OLT and patients without the liver disease [22]. All
patients included in the study had normal LV systolic function and normal pulmonary artery
systolic pressures [22]. They found that TAPSE and TAs values were significantly higher in
patients with ESLD awaiting liver transplantation [34]. The authors suggested the differences
in echocardiographic indices of RV systolic function led to a hyperdynamic circulatory state
in ESLD patients [34]. A limitation of this study is the unknown long-term impact of this
compensatory mechanism on RV function following transplantation. Right ventricle function
during classic OLT has also been investigated [34]. Xu et al. examined RVEF using a modified
pulmonary artery catheter during OLT in a study of thirty patients [34]. Baseline RVEF
was found to be lower than the normal value. In addition, Xu et al. noted that RVEF was
impaired during the anhepatic and early reperfusion stages. The authors highlighted that the
RV function plays a crucial role in maintaining stable hemodynamics and close monitoring
of the RV function is essential [34]. Moreover, a study has shown that right heart-associated
hemodynamic factors were associated with patient survival after liver transplantation or graft
failure [35]. Even though no association between the time-weighted LV stroke work index
and PVR for one-year mortality was demonstrated, the time-weighted mean RV stroke work
index was found significantly related with one-year all-cause mortality. The study advised
that the intraoperative RV stroke work index might be a prognostic marker for mortality after
liver transplantation [35]. In our study, patients treated with NSBBs had significantly less RV
systolic dysfunction, which might be associated with good outcome in this population both
during transplantation and follow-up.

Non-selective beta blocker agents, mostly propranolol (PPL), are used for the primary
and secondary prophylaxis of acute and chronic gastrointestinal (GI) bleeding caused
by esophageal varices in patients with cirrhosis. Carvedilol, nebivolol and nadolol are
alternative agents [36,37]. Propranolol decreases portal hypertension and portal blood flow
by reducing CO and splanchnic vasoconstriction [38,39]. In our study, the preferred non-
selective beta blocker was propranolol. Indeed, carvedilol would be the preferred B blocker
agent because, in recent years, several studies demonstrated that it was better in long-
term HVPG reduction due to its anti-alpha-adrenergic activity and ability to improve the
release of nitric oxide. Furthermore, a recent study demonstrated that patients treated with
carvedilol had better adherence to therapy and outcome than propranolol [40]. However,
most of these findings were obtained after this study was designed. Additionally, nadolol
was not preferred as it is non-available in our country. Our study found that the patients
treated with propranolol had less gastrointestinal bleeding.
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Besides the beneficial effects of propranolol in reducing hepatic vein pressure gradient
(HVPG), it has been reported in some studies that propranolol might alleviate inflamma-
tory response, reduce bacterial translocation, improve endothelial function, reduce the
angiotensin levels in the portal vein and peripheral vasculature [41–44]. A prospective
controlled study investigated PPL’s vascular function and impact using venous occlusion
plethysmography [43]. The authors demonstrated the gradual deterioration of endothelial
function in cirrhotic patients not treated with PPL; nevertheless, there was an improvement
in Child–Pugh score in patients treated with PPL [43]. These findings also supported
another study that included 38 cirrhotic outpatients with ascites, divided into two groups
according to use or not of PPL [41]. They demonstrated that PPL might protect the endothe-
lium from inflammatory exhaustion and improve hemodynamic status [41]. Furthermore,
Vilas-Boas et al. found that treatment with PPL reduced the Renin–Angiotensin System
(RAS) mediators and could change the prognosis of patients with hyperdynamic circula-
tion [43]. In the present study, we demonstrated that the patients treated with PPL had
significantly lower rates of isolated RV dysfunction compared to those not treated with
PPL. The reduced RAS activation and decreased hyperdynamic circulation, in addition
to a less inflammatory response with PPL, might be protective of RV function during
long-term follow-up.

On the contrary, a study investigated increased mortality with NSBBs in patients with
refractory ascites and cirrhosis [17]. This single-center study evaluated 1-year survival at
19% in patients treated with propranolol; however, 1 year survival of 64% in patients not
treated with propranolol suggested that the use of propranolol in patients with cirrhosis
and refractory ascites was associated with poor survival [17]. Furthermore, ‘the window
therapy hypotheses’ were proposed by Krag et al., where NSBBs would be used in the early
stages without severe varices and should be stopped in end-stage cirrhosis because they
would reduce cardiac contractility, worsening systemic perfusion and prognosis [18]. In
advanced cirrhosis, compensatory mechanisms including up-regulation of the sympathetic
nervous system [45,46] and renin-angiotensin-aldosterone system [47,48] exist to maintain
proper cardiac output and organ perfusion; however, these compensatory mechanisms
fail as cirrhosis progresses. In this advanced stage, the maintenance of cardiac output and
mean arterial pressure is essential to improve survival. However, recent studies and the
BANEVO VII guidelines recommended the use of NSBBs in all patients with clinically
significant portal hypertension [49]. The PREDESCI trial, a multicenter, double-blind and
first randomized controlled trial, showed that long-term treatment with NSBBs reduces
clinical decompensation or cirrhosis-related mortality by reducing the rates of ascites.
The study suggested that the long-term treatment of cirrhotic patients with NSBBs might
prevent progression to clinical decompensation or death [40].

Some limitations should be acknowledged, such as the single-center nature of the
study, the selection biases of a retrospective study and sample size. Moreover, only 2D
echocardiographic parameters were assessed for the evaluation of RV function. Strain
imaging and novel 3-dimensional echocardiography are preferred to support the present
study’s findings.

5. Conclusions

To the best of our knowledge, this is the first study describing the term “Isolated
subclinical right ventricular dysfunction” after orthotopic liver Tx. We hypothesized that
the impact of propranolol on RAS suppression, hemodynamic circulation and endothelial
function might help preserve RV function during long-term follow-up via a more prominent
reduction in hepatic venous gradient at the preoperative stage. This potential protective
relationship between the use of propranolol and RV function in patients with cirrhosis
might improve mortality or graft-failure after liver transplantation. However, future studies
with more robust designs are necessary to verify this association and the hypothesis should
be supported by evidence obtained via biochemical work-up.
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