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Abstract

Aim of the study: Cirrhotic cardiomyopathy encompasses systolic dysfunction, left ventricular diastolic dysfunc-
tion (LVDD), and conduction abnormalities. This study aims to investigate the impact of LVDD on mortality in
patients undergoing liver transplantation (LT).

Material and methods: A retrospective review of 400 consecutive patients who underwent LT at our institution
was performed. Patient demographics, clinical data, and transthoracic echocardiogram (TTE) were reviewed to
identify LVDD. The total cohort consisted of 266 patients after excluding patients with insufficient TTE data
(n = 56), patients with indeterminate LVDD (n = 71), and patients with ejection fraction (EF) < 55% (n = 7).
Statistical analysis was performed using descriptive statistics. Cox regressions with hazard ratios (HRs) and
95% confidence intervals (Cl) were applied to predict 5-year all-cause mortality. Kaplan-Meier survival analysis
was conducted to understand the impact of LVDD on 5-year all-cause mortality.

Results: Patients with LVDD have higher incidence of hyperlipidemia (36% vs. 17%, p = 0.003), hypertension
(50% vs. 27%, p = 0.001) and diabetes (52% vs. 30%, p = 0.003). In addition, patients with non-alcoholic ste-
atohepatitis (NASH) were more likely to have LVDD (48% vs. 24%, p = 0.001). A multivariate logistic regression
analysis was performed with age, body mass index (BMI), NASH, alcoholic cirrhosis, hepatitis C, history of diabe-
tes, history of hyperlipidemia, and history of hypertension. In this multivariate logistic regression analysis, NASH
(odds ratio [OR] = 4.43 [1.10-17.8], p = 0.04), and history of hypertension (OR = 2.33 [1.16-4.66], p = 0.01)
were independent predictors of LVDD. The Kaplan-Meier survival analysis and multivariate Cox regression demon-
strated that the presence of LVDD had no impact on 5-year all-cause mortality (log-rank test nonsignificant).

Conclusions: This study indicates that LVDD in end-stage liver disease (ESLD) patients does not affect immediate
post-transplant outcomes or 5-year all-cause mortality.
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Diastolic dysfunction and liver transplant outcomes

Introduction

Cardiovascular complications are among the lead-
ing causes of death after liver transplantation (LT) [1, 2].
Large studies have revealed that death from cardio-
vascular disease is the leading cause of early mortality
(40%), followed by infection (28%), and graft failure
(12%) [3]. Invasive and noninvasive cardiac tests pri-
or to LT have poor discriminative ability to predict
early cardiac mortality after LT [4]. It has been esti-
mated that as many as 50% of patients undergoing
LT developed some signs of cardiac dysfunction, and
about 7-21% of patients died from heart failure in the
post-LT period [5, 6]. Underlying cirrhotic cardiomy-
opathy (CC) may remain silent and unrecognized with
preserved systolic function for a prolonged period.
Systolic dysfunction is often masked at rest by the sys-
temic vasodilation and increased heart rate leading to
increased cardiac output and is often revealed periop-
eratively during LT [7]. Additionally, left ventricular
diastolic dysfunction (LVDD) is usually the early man-
ifestation with an estimated prevalence ranging from
15% to 54% [8-16]. The most common risk factors for
LVDD is history of arterial hypertension, diabetes mel-
litus, coronary artery disease and obesity [17]. LVDD
can be due to left ventricular hypertrophy, infiltrative
diseases, infarction and fibrosis. Additionally, myocyte
relaxation can be altered by intracellular changes [18].
The diagnostic testing used to screen for LVDD such
as echocardiography underwent several modifications
between 2009 and 2016 [19, 20].

There are conflicting reports on the association
between pre-transplant LVDD and post-LT mortali-
ty. LVDD association with CC was first described in
Montreal at the 2005 World Congress of Gastroen-
terology (WCOG) [21]. Many of the previous studies
have used various echocardiographic measurements
and the 2009 American Society of Echocardiography
(ASE) criteria for the evaluation of LVDD, which does
not apply to the current clinical practice [22]. The most
recent joint ASE guidelines (2016) have established
a criterion for LVDD, which focuses on screening
for elevated left atrial (LA) pressure, which is further
reflective of left ventricle (LV) filling pressures [20].
The diagnostic criteria for LVDD that were first estab-
lished in 2005 at the WCOG rely on parameters that
are impacted by loading conditions and heart rate,
which can vary significantly in patients with end-stage
liver disease (ESLD) [6, 22]. In this study, we aimed
to study the impact of pre-transplant LVDD in gen-
eral irrespective of etiology, on short-term (30-days)
and long-term mortality in ESLD patients undergoing
liver transplantation using the 2016 (latest) American

Total number of patients
retrospectively reviewed
Age > 18 (N = 400)

Exclusion criteria:
Insufficient TTE data (n = 56)
Indeterminate LVDD (n = 71)

Patients with EF < 55% (n =7)

Total cohort (n = 266)

Fig. 1. Depiction of sample selection. Out of 400 patients who underwent
liver transplant, 134 patients were excluded based on the criterion mentioned
in the figure. Transthoracic echocardiogram (TTE) represents transthoracic
echocardiography and left ventricular diastolic dysfunction (LVDD) represents
left ventricular diastolic dysfunction

Society of Echocardiography/European Association of
Cardiovascular Imaging (EACVI) recommendations.

Material and methods

Patient characteristics

We retrospectively reviewed 400 consecutive pa-
tients (Fig. 1) who underwent LT at Methodist Univer-
sity Hospital, Mempbhis, Tennessee, USA. Patients aged
18 years or older were included in the study. The total
cohort consisted of 266 patients after excluding pa-
tients with insufficient transthoracic echocardiogram
(T'TE) data (n = 56), patients with indeterminate LVDD
(n=71), and patients with ejection fraction (EF) < 55%
(n =7). We have not used other criteria to classify these
excluded patients to avoid skewing the data. Although
LVDD is further classified into grades I, II and III, the
power will be too low to compare survival among
these groups. Demographic and clinical variables of
patients were obtained at the time of hospital admis-
sion which included: age, gender, height, weight, body
mass index (BMI), sodium, creatinine, albumin, total
bilirubin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase, hemo-
globin A, platelet count and international normalized
ratio (INR). Patients’ comorbidities such as hyperlipi-
demia, hypertension, diabetes etc. were also recorded.
The etiology of cirrhosis was established based on the
liver biopsy report before LT and/or the explant liver
biopsy report. The severity of liver disease was assessed
using the MELD-Na score and was compared between
the two groups. The immediate post-operative out-
comes were measured, which included: duration of
vasopressor therapy, total days on mechanical venti-
lation, length of intensive care unit (ICU) stay, total
length of stay, 30-day all-cause mortality and 5-year
all-cause mortality.
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Echocardiography

Transthoracic echocardiograms were performed
based on ASE standards by an experienced sonogra-
pher(s) and were read by board-certified cardiologists.
TTEs were performed using a GE vivid E95 to evalu-
ate cardiac morphology and function. The TTE reports
which were within six months of LT were accessed, and
the latest 2016 ASE/EACVI recommendations were
used to define and grade the LVDD [20]. The presence
or absence of LVDD in patients with a normal LVEF
was based on the assessment of four variables. These
variables and their cutoff values were: septal € < 7 cm/s
or lateral € < 10 cm/s, average E/¢’ > 14, LA volume in-
dex (LAVI) > 34 ml/m? and peak tricuspid regurgita-
tion (TR) velocity > 2.8 m/s. Left ventricular diastolic
function is normal if more than half of the available var-
iables are normal (< 50% positive), LVDD is present if
more than half of the available variables are abnormal
(> 50% positive) and in cases in which half of the varia-
bles do not meet the cutoff value, the study is indetermi-
nate (50% positive) [20].

Statistical analysis

Statistical analysis was performed using descriptive
statistics; 2-tailed unpaired f-test, Fisher’s exact test
and y? test were applied as appropriate for continuous
and categorical data. Patient characteristics were sum-
marized as means and standard deviation. A p-value
< 0.05 was considered statistically significant. Multi-
variate logistic regression analysis was conducted to
identify predictors of LVDD. Cox regressions with
hazard ratios (HRs) and 95% confidence interval (CI)
were applied for the prediction of mortality. We then
computed the adjusted HRs and 95% Cls to estimate
the strength of association of each predictor and its as-
sociation with all-cause mortality. Kaplan-Meier sur-
vival analysis was conducted to evaluate the impact of
LVDD on 5-year all-cause mortality. Data were analyz-
ed using STATA 15 (StataCorp, College Station, TX).

Results

After excluding patients based on the criteria de-
scribed above, the final cohort consisted of 266 con-

Table 1. Patient characteristics and clinical outcomes based on left ventricular diastolic dysfunction

Clinical characteristics Diastolic ~ No diastolic  p value Clinical characteristics Diastolic ~ No diastolic  p value
dysfunction  dysfunction dysfunction  dysfunction
(n=50)  (n=216) (n=50)  (n=216)
Age (years), mean +SD 595493 5521106 0.009* MELD-Na, mean +SD 224 £7.8 23.0 8.2 0.67
Gender (female %) 20 (40) 113(52) 0.117* HgA, , mean 5D 5.6 +1.44 5.1+1.19 0.07#
BMI (kg/m?), mean +SD 30.1 6.6 29.7 £7.1 0.72¢ QTC, mean +SD 435+429.2 4354353 0.96*
EtiOlOgy of cirrhosis Outcome measures
NASH, n (%) 24 (48) 52(24) 0001~ Length of ICU stay (days), ~ 3.82+237 466661 039
Hepatitis C, n (%) 15 (30) 73 (34) 0.61* mean +SD
Alcohol, n (%) 8 (16) 48(22) 0.331" Overall length of stay (days), 14.2+9.11  14.6 £12.8 0.85*
PBC, 1 (%) 00) 1(05) 1.00 mean £5D
#

PSC, n (%) 0(0) 63) 0.598" Days on vasopressors, 0.20 £0.91  0.47 +2.28 0.41

mean +SD

. 0 A

Autoimmune, 1 (%) 2(4) @) 0748 Days on mechanical 1414123 231459 030"
Other, n (%) 1(2) 20 (9) 0.1417 ventilation, mean +SD
Comorbidities Cardiac arrhythmias, n (%) 2(4) 10(5) 1.00"
History of hyperlipidemia, 18(36) 37(17) 0.003* Cardiac adverse events**, 2(4) 10(5) 1.00*
n (%) 1 (%)
History of hypertension, 25 (50) 58 (27) 0.001* 30-day all-cause mortality, 4(8) 15(7) 0.763"
n (%) n (%)
History of diabetes, n (%) 26 (52) 65 (30) 0.003* 5-year all-cause mortality, 8(16) 37(17) 0.7682"
History of smoking, n (%) 9(18) 47(22) 0.557" n (%)

*x?, *2-tailed unpaired t-test,

“Fisher’s exact test, HgA, was available in 172 patients

**Cardiac complications: cardiac arrest, myocardial infarction, cardiomyopathy, heart failure exacerbation
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secutive patients who underwent LT. The patient
characteristics are shown in Table 1. The cohort con-
sisted of 50 (18.7%) patients with pre-transplant LVDD.
The prevalence of grade 1 LVDD was 9 (18%), grade 2
LVDD 39 (78%), grade 3 LVDD 2 (4%). Patients with
LVDD were older (59.5 years vs. 55.2 years, p = 0.009).
The most common reason for LT was hepatitis C virus
(HCV) 88 (33%), followed by non-alcoholic steatohep-
atitis (NASH) 76 (28.5%) and alcoholic liver disease
56 (21%). Patients with NASH were more likely to have
LVDD [24 (48%) vs. 52 (24%), p = 0.001]. In addition,
patients with LVDD had a higher incidence of hyper-
lipidemia [18 (36%) vs. 37 (17%), p = 0.003], hyperten-
sion [25 (50%) vs. 58 (27%), p = 0.001] and diabetes
[26 (52%) vs. 65 (30%), p = 0.003]. The mean MELD-Na
was similar between the LVDD and the non-LVDD
group (22.4 vs. 23.0, p = 0.67). The mean QTC was
similar between the LVDD and the non-LVDD group
(435 £29.2 vs. 435 £35.3, p = 0.96). Univariate anal-
ysis was done with each variable and those variables
with significance were included in the multivariate
analysis. A multivariate logistic regression analysis was
performed with age, BMI, NASH, alcoholic cirrhosis,
cirrhosis secondary to HCV, history of diabetes, histo-
ry of hyperlipidemia and history of hypertension. In
multivariate logistic regression analysis, NASH (odds
ratio [OR] = 4.43 [1.10-17.8], p = 0.04) and history of
hypertension (OR = 2.33 [1.16-4.66], p = 0.01) were
independent predictors of LVDD.

Outcomes of patients with and without LVDD are
shown in Table 1. The incidence of cardiac arrhyth-
mias, incidence of cardiac adverse events (i.e. cardiac
arrest, myocardial infarction, cardiomyopathy, heart
failure exacerbation) in the immediate post-opera-
tive period or 30-day mortality was not statistically
different between the two groups. There was no sta-
tistically significant difference observed in the length
of ICU stay, the total length of hospital stay, the num-
ber of days on mechanical ventilation or the number
of days on vasopressors between the two groups. Over
5 years, there were 45 deaths in this cohort, eight pa-
tients with LVDD, and 37 patients without LVDD. The
Kaplan-Meier 5-year survival analysis (Fig. 2) demon-
strated that LVDD had no impact on 5-year all-cause
mortality (log-rank test non-significant). A multivar-
iable Cox regression survival model was conducted
with age, BMI, gender, LVDD and etiologies of cir-
rhosis such as HCV, NASH, and alcohol. In this final
multivariable Cox regression survival model, LVDD
was not an independent predictor of 5-year all-cause
mortality. However, BMI (HR = 1.05 [95% 1.0-1.10],
p =0.027), ESLD secondary to HCV (HR = 4.00 [95%
1.10-23.9], p = 0.04) and NASH (HR = 5.77 [95% 1.23-

27.1], p = 0.026) were the only independent predictors
of 5-year all-cause mortality.

Discussion

Left ventricular diastolic dysfunction is considered
an early marker of cardiac dysfunction occurring be-
fore systolic dysfunction and believed to impact mor-
tality in post-transplant patients. In previous studies,
the prevalence of LVDD ranged from 15% to 54% in
ESLD patients [8-16]. Our results showed that the
prevalence of pre-transplant LVDD was 19% in trans-
plant recipients. Also, the presence of pre-transplant
LVDD did not adversely impact the immediate trans-
plant outcome or long-term 5-year all-cause mortali-
ty. Higher BMI, ESLD secondary to HCV, and NASH
were the independent predictors of 5-year all-cause
mortality.

This variable prevalence of LVDD in prior stud-
ies is likely due to the wide array of criteria that have
been used to define LVDD including the 2005 WCOG
criteria, 2009 ASE and European Association of Echo-
cardiography criteria, and also using the individual
echocardiography parameters such as left atrial vol-
ume index, E/A ratio < 1, E/E’ > 10 and left ventricu-
lar mass index (LVMI) > 40 [9-11]. The 2005 WCOG
defined LVDD as a decreased E/A ratio, increased
deceleration time, and increased isovolumetric relax-
ation time, which indicates delayed relaxation and is
a non-specific phenomenon [19, 20]. The most recent
(2016) ASE/EACVI guidelines use four recommend-
ed variables for identifying LVDD, which are annular
€ velocity: septal € (< 7 cm/s) or lateral € (< 10 cm/s),
average E/€’ ratio (> 14), and LAVI (> 34 ml/m?) and
tricuspid valve regurgitation (TR) velocity (> 2.8 m/s).
If > 3 variables are abnormal, LVDD is present. The

1.00-

-_‘1_‘-‘-‘-"'_‘-_
“_‘_'—I—
0.75+4
0.504
0.25+
0.00 4
0 20 40 60
Months

— Diastolic dysfunction absent — Diastolic dysfunction present
Log rank test p = 0.7682
Fig. 2. Five-year survival analysis. Kaplan-Meier 5-year survival analysis

comparing patients with and without left ventricular diastolic dysfunction
showed no statistically significant difference between the two groups
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E/A ratio determines its severity or grading of LVDD:
grade 3 when E/A > 2 and grade 2 when E/A < 2 [20].
Our study utilized this latest criterion, allowing us to
evaluate the applicability of these criteria in determin-
ing the presence or absence of LVDD in cirrhotics, in
turn helping us to understand the impact of LVDD on
ESLD patients undergoing LT. The 2016 ASE criteria
were most recently endorsed by the Cirrhotic Cardi-
omyopathy Consortium [23]. The criteria were mod-
ified to identify LVDD with more specificity to detect
increased left atrial pressure, which is reflective of el-
evated pulmonary capillary wedge pressure (PCWP)
> 15 mmHg and is the gold standard for clinical diag-
nosis of LVDD [23].

As stated previously, our study noted that the pres-
ence of pre-transplant LVDD did not adversely affect
the immediate transplant outcome or 5-year all-cause
mortality. Previous studies have yielded conflicting re-
ports on the impact of LVDD. It is important to note
that these studies have utilized different criteria for
defining LVDD or used individual echocardiographic
parameters to study the outcomes. These studies show
that left ventricular hypertrophy (LAVI > 40), E/E’
> 10 and E/A < 1 are associated with post-transplanta-
tion mortality [9-11]. Additionally, Carvalherio et al.
[8] used the E/A ratio (corrected for age), prolonged
deceleration time (> 200 ms), and prolonged isovolu-
metric relaxation time (> 80 ms), and annular E’ and
E/E’ lateral ratio to define LVDD. They noted that
LVDD was associated with mortality in cirrhotic pa-
tients undergoing LT. In addition, Karagiannakis et al.
[12] had a small sample size of 45 patients and defined
LVDD based on the 2009 ASE criteria for LVDD and
found that LVDD may lead to poor prognosis. Mittal
et al. [13] used the E/A ratio and E/E’ ratio to define
LVDD among 970 patients. In this study grade 2 and/
or grade 3 LVDD was associated with higher graft fail-
ure and mortality. Additionally, Ruiz-del-Arbol et al.
[15] demonstrated that LVDD is a sensitive marker for
advanced fibrosis, type 1 hepatorenal syndrome (HRS)
development, and mortality.

In contrast to those studies, Raevens et al. [14] re-
ported no association of LVDD with mortality using
E/A < 1 and deceleration time > 200 milliseconds.
Sonny et al. [16] found that the prevalence of LVDD
was 54% in their cohort based on the 2009 ASE crite-
ria. These patients were followed for approximately five
years, and it was concluded that LVDD did not impact
outcomes. As the criteria for LVDD evolves, it is essen-
tial to understand its relevance in the current patient
population. This was supported by the study of Park
et al. [22], which showed that the 2016 ASE/EACVI

guidelines more accurately identify the patients at risk
for LVDD in LT compared to the 2009 ASE criteria.
Additionally, the 2020 Cirrhotic Cardiomyopathy
Consortium endorsed the 2016 ASE criteria for defin-
ing LVDD with a small modification [23].

Limitations of our study are inherent to the retro-
spective design, as it may be affected by inter-observ-
er variability in the TTE reports. We excluded almost
56 patients due to incomplete LVDD echocardiogram
criteria and 71 patients with indeterminate LVDD.
However, this should not affect our results, as these
patients were excluded from the study. The findings of
this study need to be replicated in a large multicenter
study. In conclusion, our study highlights that LVDD
in pre-transplant patients does not affect short-term or
long-term post-transplant outcomes.
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