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Abstract: Left ventricular diastolic dysfunction (LVDD) is a hallmark of cirrhotic cardiomyopathy
and has been linked to a poorer quality of life and worse outcomes in patients with end-stage liver
disease. Its impact on survival after a liver transplant (LT) is not known, especially when using
current diagnostic criteria to define LVDD. We conducted a systematic review and meta-analysis
of the current published literature on mortality after a LT in patients with LVDD. We searched for
articles in PubMed, Scopus, EMBASE, Web of Science, and the COCHRANE Central database. We
included cohort studies that compared post-transplant outcomes between cirrhotic patients with and
without LVDD. Our primary outcome of interest was all-cause mortality after a LT in relation to the
presence of LVDD per the 2016 American Society of Echocardiography criteria. A total of 1029 articles
were screened during the selection process. Two studies included in the meta-analysis showed no
significant difference in mortality, but there was high heterogeneity. A narrative review of other
studies that classified diastolic function (DD) using different criteria was also performed, revealing
an association with worse outcomes in these patients. High-quality prospective studies using current
criteria are needed to confirm these findings.

Keywords: diastolic dysfunction; cirrhotic cardiomyopathy; cirrhosis; chronic liver disease; liver transplant

1. Introduction

Cardiovascular dysfunction is a hallmark of end-stage liver disease (ESLD). Multiple
studies have detailed distinct structural and functional abnormalities in the hearts of these
patients, including impaired systolic response to stress, resting left ventricular diastolic
dysfunction (LVDD), and electrophysiologic alterations [1,2]. Clinical criteria for this condi-
tion, termed cirrhotic cardiomyopathy (CCM), were first proposed at the 2005 Montreal
World Congress of Gastroenterology (WCG) [3]. The current recommendations to define
LVDD, as proposed by the American Society of Echocardiography (ASE) in 2009 [4] and
updated in 2016 [5], utilize tissue Doppler imaging (TDI) techniques to describe diastolic
function more accurately. These same recommendations have been incorporated into new
criteria for CCM proposed by an expert panel group [6].

LVDD has received special attention as an early marker of CCM [1], with its prevalence
in patients with cirrhosis reported as high as 51.2% in one systematic review [7]. Evidence
from multiple studies has linked LVDD to a poorer quality of life, a more advanced disease
stage, decompensation, and reduced survival [7–12].
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Liver transplantation (LT) remains the only cure for ESLD. Transplantation surgery
is associated with acute hemodynamic changes, and LVDD is considered a risk factor for
worse outcomes in patients undergoing LT [13]. Observational studies have indicated that
cardiovascular complications are a leading cause of morbidity and mortality after LT [14].
Retrospective studies have been conducted to analyze the impact of LVDD during LT, but a
consensus is still lacking regarding the importance of this clinical entity [15–17].

The aim of this study was to conduct a systematic review and meta-analysis of the
published literature regarding the impact of LVDD, as defined using the latest ASE 2016
criteria, on survival and other outcomes such as graft failure (GF) and heart failure (HF)
following LT.

2. Materials and Methods
2.1. Protocol Registration and Guidelines

This review adhered to the Preferred Reporting Items for Systematic Reviews and
Meta-analysis Protocols (PRISMA-P) statement [18] and was registered in the International
Prospective Register of Systematic Reviews (PROSPERO) under ID CRD42021277455.

2.2. Eligibility Criteria

We included cohort studies that compared post-transplant outcomes between cirrhotic
patients with (w/) and without (w/o) LVDD. The inclusion criteria for study selection
encompassed retrospective or prospective cohort studies involving adult patients
(≥18 years) with ESLD who underwent LT, as well as a pretransplant echocardiogram
to classify patients’ diastolic function according to the ASE 2016 criteria and a post-LT
follow-up assessing survival and other outcomes.

2.3. Information Sources and Search Strategy

The following scientific databases were accessed: PubMed, Scopus, EMBASE, Web
of Science, and the COCHRANE Central database. The search strategy was developed
by an experienced librarian in collaboration with the study authors. Database searches
were conducted from inception to June 2022 with no language restriction. The search
strategy comprised a series of Medical Subject Heading terms and keywords related to
the population (liver cirrhosis), intervention (liver transplant), and comparison (diastolic
dysfunction) of interest. The complete search strategy is available in Appendix A.

2.4. Data Management and Selection Process

References obtained from the search were stored in Distiller Systematic Review soft-
ware for the screening process, which comprised a title/abstract and full-text screening
phase. Two independent reviewers collaborated in screening each reference. Any conflicts
during the initial phase were resolved in the full-text phase, with remaining conflicts
addressed through consensus or the intervention of a third reviewer. A pilot test was
conducted before each phase to ensure inter-rater agreement, defined as a kappa index
equal to or higher than 0.7.

2.5. Data Collection Process

Two independent members of the research team collected information from each
included study. Any conflicts in data collection were resolved through consensus or, if
necessary, via the intervention of a third reviewer. The following information was gathered
from each study: study characteristics (first author, year, country where study was con-
ducted, follow-up time, sample size, setting, and study design), population characteristics
(age, gender, body mass index (BMI), comorbidities, and cirrhosis status as well as etiology),
laboratory parameters (AST and ALT), and outcomes of interest, which are mentioned in
the next section.
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2.6. Outcomes

Our primary outcome was survival after LT. Additional outcomes included the over-
all length of hospital stay, length of ICU stay, days on mechanical ventilation, the inci-
dence of acute kidney injury (AKI), days on vasopressor, cardiovascular outcomes, and
30-day mortality.

2.7. Risk of Bias in Individual Studies

The risk of bias assessment was conducted by two independent reviewers working
in duplicate, utilizing the Newcastle–Ottawa scale. Any conflicts were resolved through
consensus or the intervention of a third reviewer.

2.8. Data Synthesis

After data extraction, survival analysis, presented as Kaplan–Meier curves, had to
be processed for the meta-analysis. Since none of the included studies provided survival
data with relative risk, odds ratio, or hazard ratio (HR), we employed previously described
methods [19] to derive the HR, log-rank observed–expected events (O-E), and log-rank
variance (V) from the selected studies. These data were utilized for a random effects
meta-analysis of the pooled HRs using RevMan software version 5.3.

For our primary outcome analysis of post-LT survival, only two references provided
adequate data. Therefore, we conducted a narrative synthesis that included all other studies
found in our search that analyzed post-LT mortality and other outcomes related to LVDD,
irrespective of the criteria used to define it.

3. Results
3.1. Study Characteristics

A total of 1029 references were screened during the selection process. Sixteen studies,
involving 4793 participants, met the inclusion criteria. The study selection process is
depicted in Figure 1. Additional relevant information regarding the clinical characteristics
of the study population and outcomes across studies is presented in Tables 1 and 2. The
assessment of study quality using the Newcastle–Ottawa scale is summarized in Table 3.
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Figure 1. Overview of the study selection. Figure 1. Overview of the study selection.
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Table 1. Summary characteristics of included studies.

Author, Year Study
Design Country Follow-Up

Time
Total,

N Age (Years) Male, n
(%)

LVDD
Criteria MELD HCV,

n (%)
HBV,
n (%)

ALD,
n (%)

NASH,
n (%)

Hypertension,
n (%)

Diabetes,
n (%)

Dyslipidemias,
n (%)

Bushyhead, 2016 [20] Retrospective
cohort USA 5 years 397 56 (51–61) * 291 (73.29) * Other

criteria 21 (14–30) * 105 (26.4) 10 (2.5) 64 (16.1) 31 (7.8) 95 (23.9) 73 (18.4) 32 (8.1)

Xu, 2013 [21] Retrospective
cohort China 5 years 306 47 (41–53) * 45 (14.7) * Other

criteria 10.6 ± 5.0 NR NR NR NR NR NR NR

Dowsley, 2012 [15] Retrospective
cohort USA 5 years 107 NR NR Other

criteria NR NR NR NR NR NR NR NR

Izzy, 2021 [22] Prospective
cohort USA 4.5 ± 2.8

years 141 57.8 (7.6) 82 (58.2) Other
criteria 18.6 (8.1) NR NR 47 (33.3) 47 (33.3) 45 (32.6) 49 (34.8) NR

Marella, 2021 [23] Retrospective
cohort USA 5 years 266 NR NR ASE 2016 NR NR NR NR NR NR NR NR

Marella, 2020 [24] Retrospective
cohort USA 30 days 100 NR NR ASE 2016 NR NR NR NR NR NR NR NR

Mittal, 2013 [25] Retrospective
cohort USA 5.3 ± 3.4

years 970 53.2 ± 10.0 634 (65.35) * Other
criteria 21 ± 9.5 444 (45.8) 27 (2.8) 167 (17.2) 43 (4.4) 585 (60.3) 459 (47.3) 189 (19.5)

Qureshi, 2013 [26] Prospective
cohort USA 5.3 ± 3.4

years 970 NR NR Other
criteria NR NR NR NR NR NR NR NR

Raevens, 2014 [16] Retrospective
cohort Belgium - 173 57 ± 11 111 (64) Other

criteria 17 ± 7 23 (13%) 10 (6%) 69 (40%) 12 (7%) NR NR NR

Singh, 2022 [27] Retrospective
cohort USA 44.0 ± 25.1

months 278 NR NR ASE 2016 NR NR NR NR NR NR NR NR

Sonny, 2016 [28] Retrospective
cohort USA 5.2 years 243 55 ± 9 175 (72) * ASE 2009 17 ± 8 103

(42%) NR 44 (18%) 25 (10%) 81 (33%) 76 (31%) NR

Vetrugno, 2022 [29] Retrospective
cohort Italy 90 days 83 NR NR ASE 2016 NR NR NR NR NR NR NR NR

Enache, 2013 [30] Retrospective
cohort France 30 days 83 NR

52.1 ± 10.0 64 (77) * Other
criteria NR NR NR NR NR NR NR NR

Ershoff, 2018 [31] Retrospective
cohort USA 17.5

months 254 58.5 (51–63) 156 (61.4) Other
criteria 33 (15–39) 98 (38.6) NR NR NR NR 65 (25.6%) NR

Park, 2019 [32] Retrospective
cohort Korea 5 years 312 54 (49–59) 213 (68.3%) ASE

2009/2016 12 (6–22) 29 (9.3%) 170 (54.5) 65
(20.8%) NR 61 (19.6%) 78 (25.0%) NR

Spann, 2022 [33] Retrospective
cohort USA 3.2 years 210 NR NR ASE 2016 NR NR NR NR NR NR NR NR

Left ventricular diastolic dysfunction (LVDD), model for end-stage liver disease (MELD), non-alcoholic steatohepatitis (NASH), alcohol-associated liver disease (ALD), and American
Society of Echocardiography (ASE). Results are reported as means and standard deviation, frequency and percentage, or median and interquartile range, unless otherwise reported.
* Number was calculated based on the given percentage.
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Table 2. Summary outcomes of included studies.

Author,
Year

Study
Design

LVDD
Criteria or
Diastolic
Parame-

ters

Follow-
Up

LVDD, n
(%)

All-Cause
Mortality,

n (%)

Cardiovascular
Outcomes

Use of Va-
sopressors

Use of
Mechani-

cal
Ventila-

tion

Early
Allograft
Dysfunc-

tion

Acute
Cellular

Rejection

Graft
Failure CRRT

Acute
Kidney
Injury

Length of
Hospital

Stay,
Days

Length of
ICU Stay,

Days
Comment

Park
2019
[32]

single-
center

retrospec-
tive

cohort

ASE 2016 5 years

LVDD: 12
(3.8%) 46% HFrEF: 33%

NR

use in
ICU: 100%

1 week:
16.7%

NR NR

25% 16.70% 29 (23–42) 8 (7–9)
Poor agreement
between LVDD

criteria
(kappa 0.103;

95% CI =
0.019–0.188).

Includes patients
with indeterminate
diastolic function.
Worse survival in

the LVDD group at
5-year follow-up
with both criteria,

and a greater
difference with the

2016 criteria
(9% vs. 46%

mortality at 5 years,
p = 0.007). Longer

stay in ICU,
mechanical

ventilation, and
RRT in LVDD 2016.

Indetermin-
ate: 40
(12.8%)

30% HFrEF: 2.5% use in ICU:
50%

1 week:
7.5% 17.50% 10% 22 (21–36) 7 (6–7)

Normal:
260

(83.3%)

9% HFrEF: 0
use in
ICU:

40.8%

1 week:
10% 6.20% 10% 25 (21–36) 7 (6–7)

ASE 2009 5 years

LVDD: 51
(16.3%) 38% HFrEF: 5.9% use in ICU:

56.9%
1 week:
11.8% 13.70% 13.70% 27 (21–36) 7 (6–8)

Indetermin-
ate: 155
(49.7%)

13% HFrEF: 1.3% use in ICU:
42.6%

1 week:
12.9% 8.40% 8.40% 25 (21–36) 7 (6–7)

Normal:
206 (34%) 17% HFrEF: 0 use in ICU:

40.6%
1 week:

4.7% 5.70% 11.30% 24 (21–37) 7 (6–7)

Marella
2021
[23]

single-
center

retrospec-
tive

cohort

ASE 2016 5 years

LVDD: 50
(18.7%) 8 (16%)

Cardiac
adverse events:

2 (4%)

days on va-
sopressors:
0.2 ± 0.91

days on
mechanical
ventilation:
1.41 ± 1.23

NR NR NR NR NR

14.2 ± 9.11 3.82 ± 2.37 No difference in
5-year mortality

or immediate
postoperative

outcomes.Normal:
216 (81.3%) 37 (17%)

Cardiac
adverse events:

10 (5%)

days on va-
sopressors:
0.47 ± 2.28

days on
mechanical
ventilation:
2.31 ± 5.9

14.6 ± 12.8 4.66 ± 6.61

Marella
2020
[24]

single-
center

retrospec-
tive

cohort

ASE 2016 30 days

LVDD: 21
(21.2%) 1 (4.7%) Cardiac

arrhythmias: 1

days on va-
sopressors:
1.4 ± 5.8

days on
mechanical
ventilation:
2.4 ± 5.3

NR NR NR NR NR

13.3 ± 9.55 4.5 ± 5.7 No difference in
30-day mortality
or postoperative

outcomes. NASH
and female sex

predictors of LVDD.
No LVDD:
78 (78.8%) 7 (8.9%) Cardiac

arrhythmias: 6

days on va-
sopressors:

0.196 ±
0.75

days on
mechanical
ventilation:
1.6 ± 4.6

19.9 ±
43.6 5.3 ± 7.2
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Table 2. Cont.

Author,
Year

Study
Design

LVDD
Criteria or
Diastolic
Parame-

ters

Follow-
Up

LVDD, n
(%)

All-Cause
Mortality,

n (%)

Cardiovascular
Outcomes

Use of Va-
sopressors

Use of
Mechani-

cal
Ventila-

tion

Early
Allograft
Dysfunc-

tion

Acute
Cellular

Rejection

Graft
Failure CRRT

Acute
Kidney
Injury

Length of
Hospital

Stay,
Days

Length of
ICU Stay,

Days
Comment

Vetrugno
2022
[29]

single-
center

retrospec-
tive

cohort

ASE 2016 90 days

LVDD
grade I:

43 (51.8%)

NR

CAD: p = 0.8

NR

p = 0.06

NR NR NR NR NR

p = 0.5
Only provides p
values in their

association analysis
of different grades
of LVDD. CAD and

EAD were the
only significant
associations. TR
values were only

available in
7 patients

LVDD
grade II:

20 (24.1%)
CAD: p = 0.04 p = 0.04 p = 0.98

Indetermin-
ate/absent
LVDD: 20

(24.1%)

CAD: p = 0.8 p = 0.2 p = 0.23

Sonny
2016
[28]

single-
center

retrospec-
tive

cohort

ASE 2009
5.2

years
+0.6

LVDD: 129
(53.1%)

Mortality, graft failure, and
MACE composite outcome:

32 (24.8%)

NR NR NR NR NR NR NR

16 ± 13

NR

Higher length of
hospital stay in
LVDD group.

Primary outcome
was a composite of
death, graft failure,
and MACE. LVDD

was not significantly
associated with its

incidence.

No LVDD:
114 (46.9%)

Mortality, graft failure, and
MACE composite outcome:

19 (16.7%)
12 ± 9

Izzy
2021
[22]

single-
center

retrospec-
tive

cohort

CCMC
4.5 ± 2.8

years

CCM: 49
(34.8%)

(47 LVDD
and

2 LVSD)

NR

13 (59.5%)

NR NR NR NR NR NR NR NR NR

CCM group largely
defined by patients
with LVDD (96%).
CCM significantly

associated with
post-LT CVD (HR

2.57, 95% CI
1.19–5.54, and p =

0.016), and CCM was
not associated with
all-cause mortality p

= 0.9.

No CCM:
92 (65.2%) 14 (17.8%)
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Table 2. Cont.

Author,
Year

Study
Design

LVDD
Criteria or
Diastolic
Parame-

ters

Follow-
Up

LVDD, n
(%)

All-Cause
Mortality,

n (%)

Cardiovascular
Outcomes

Use of Va-
sopressors

Use of
Mechani-

cal
Ventila-

tion

Early
Allograft
Dysfunc-

tion

Acute
Cellular

Rejection

Graft
Failure CRRT

Acute
Kidney
Injury

Length of
Hospital

Stay,
Days

Length of
ICU Stay,

Days
Comment

Mittal
2013
[25]

single-
center

retrospec-
tive

cohort

defined by
study

authors
with E/A
and E/e’

5.3 ± 3.4
years

LVDD: 145
(15%) 44 (30%)

NR NR NR NR

85 (58.6%) 29 (20%)

NR NR NR NR

LVDD was
significantly

associated with
all-cause mortality

(p = 0.0001). Patients
with LVDD were
significantly more
likely to develop

ACR (HR 3.38, 95%
CI 2.64–4.33, and

p ≤ 0.0001) and graft
failure (HR 2.26,
95% CI 1.46–3.51,
and p ≤ 0.0001).

No LVDD:
825 (85%) 226 (27%) 259 (31%) 82

(9.9%)

Reavens
2014
[16]

single-
center

retrospec-
tive

cohort

WCG
criteria NR

LVDD: 74
(43%) 13 (18%) 5 (7%)

NR NR NR NR NR NR NR NR NR

No differences
between patients
with and without

LVDD on mortality
and other outcomes.
Found TR severity to

be predictive of
post-LT mortality

(p = 0.02).

No LVDD:
99 (57%) 15 (15.1%) 5 (5%)

Quereshi
2013
[26]

single-
center

retrospec-
tive

cohort

defined by
study

authors
with E/A
and E/e’

5.3 ± 3.4
years NR NR NR NR NR NR NR NR NR NR NR NR

Divided patients
according to
post-LT heart

failure. Grade 3
LVDD was found to

be predictive of
HFrEF (p = 0.02).

Xu 2013
[21]

retrospective

European
study

group on
diastolic

heart
failure

in-
hospital

stay

LVDD: 100
(32.6%) 13 (13%)

NR

33% hours: 4.0
(2.3–6.0)

NR NR NR NR

14 35.8 ± 17.3 7.3 ± 6.1

Higher incidence of
post-reperfusion
syndrome and

epinephrin
requirements in

patients with LVDD
(p ≤ 0.01). No
differences in

post-LT outcomes
and mortality.

No LVDD:
206

(67.4%)
30 (14.5%) 15%

hours: 3.5
(2.0–6.0) 17 38.6 ± 16.8 7.8 ± 5.3
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Table 2. Cont.

Author,
Year

Study
Design

LVDD
Criteria or
Diastolic
Parame-

ters

Follow-
Up

LVDD, n
(%)

All-Cause
Mortality,

n (%)

Cardiovascular
Outcomes

Use of Va-
sopressors

Use of
Mechani-

cal
Ventila-

tion

Early
Allograft
Dysfunc-

tion

Acute
Cellular

Rejection

Graft
Failure CRRT

Acute
Kidney
Injury

Length of
Hospital

Stay,
Days

Length of
ICU Stay,

Days
Comment

Bushyhead
2016
[20]

single-
center

retrospec-
tive

cohort

TR 5 years

TR greater
than mild:
37 (9.3%)

NR NR NR NR NR NR NR NR NR NR NR

TR greater than mild
predicted mortality
(HR 1.68, 95% CI

1.03–2.75, and
p = 0.04); no variable
associated with EAD.

No TR:
345

(86.9%)

Dowsley
2012
[15]

single-
center

retrospec-
tive

cohort

LAVI
3.2 [3.0]

years

LAVI > 40:
24 (22.4%) 12 (50%)

NR NR NR NR NR NR NR NR NR NR

LAVI > 40 mL/m2

associated with
worse survival;

50% vs. 71%
(p = 0.01) increased
LAVI also predicted

post-LT HF.

LAVI <40:
83 (77.6%) 24 (29%)

Ershoff
2018
[31]

single-
center

retrospec-
tive

cohort

LAVI 17.5
months

LAVI > 27:
124

(48.8%)
NR

NR NR NR NR NR NR NR NR NR NR

Increased LAVI (>27)
was associated with
worse survival, but

only in patients with
increased MELD
(>33) (p = 0.06).

LAVI < 27:
130

(51.2%)
NR

Spann
2022
[33]

single-
center

retrospec-
tive

cohort

CCMC

3.2
years

CCM: 64
(30%) 12 (19%) MACE: 25

(17%)

NR NR NR NR NR NR NR NR NR

CCMC criteria
increased risk of

MACE after
adjusting for

relevant cofactors
(HR, 1.93, 95% CI,
1.05–3.56, and p =
0.04). All patients

with CCM by 2020
criteria had LVDD,

and none had
systolic dysfunction,
but GLS could not

be assessed.

No CCM:
146 (70%) 19 (13%) MACE: 19

(30%)

WCG
criteria

CCM: 162
(77.1%) 25 (15%) MACE: 38

(23%)

No CCM:
48 (22.9%) 6 (12%) MACE: 6 (12%)
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Table 2. Cont.

Author,
Year

Study
Design

LVDD
Criteria or
Diastolic
Parame-

ters

Follow-
Up

LVDD, n
(%)

All-Cause
Mortality,

n (%)

Cardiovascular
Outcomes

Use of Va-
sopressors

Use of
Mechani-

cal
Ventila-

tion

Early
Allograft
Dysfunc-

tion

Acute
Cellular

Rejection

Graft
Failure CRRT

Acute
Kidney
Injury

Length of
Hospital

Stay,
Days

Length of
ICU Stay,

Days
Comment

Singh
2022
[27]

single-
center

retrospec-
tive

cohort

CCMC

3.6 ±
2.09

years

CCM: 171
(85%) 23 (13.5%)

NR NR NR NR NR NR NR NR NR NR

No differences on
post-LT mortality;

no differences
between criteria.

Majority of patients
classified according
to the CCMC 2020

criteria had
systolic dysfunction
(GLS < 18%: 98.3%);
marked difference

from the rest of
the studies.

No CCM:
30 (15%) 7 (23%)

WCG
criteria

CCM: 146
(72.6%) 20 (13.7%)

NR NR NR NR NR NR NR NR NR NR
No CCM:
55 (27.4%) 10 (18%)

Enache
2013
[30]

single-
center

prospec-
tive

cohort

WCG
criteria

30 days

CCM: 15
(23.4%) 3 (20%) NR NR NR NR NR NR NR NR NR NR

CCM not associated
with post-LT
mortality or

complications.No CCM:
49 (76.6%) 9 (18.4%)

ASE: American Society of Echocardiography, CAD: coronary artery disease, CCM: cirrhotic cardiomyopathy, CCMC: Cirrhotic Cardiomyopathy Consortium, CRRT: continuous
renal replacement therapy, EAD: early allograft dysfunction, HFrEF: heart failure with reduced ejection fraction, LAVI: left atrial volume index, LT: liver transplant, LVDD: left
ventricular diastolic dysfunction, MACE: major adverse cardiac events, MELD: model for end-stage liver disease, NASH: non-alcoholic steatohepatitis, NR: not reported, TR: tricuspid
regurgitation, WCG: and World Congress of Gastroenterology. Results reported as means and standard deviation, frequency and percentage, or median and interquartile range, unless
otherwise reported.
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Table 3. Newcastle–Ottawa quality assessment scale.

Studies Selection Comparability Outcome

Representativeness
of the exposed cohort

Selection of
non-exposed cohort

Ascertainment
of exposure

Demonstration
that outcome was

not present at
start of study

Comparability of
cohorts on the

basis of the
design or analysis

Assessment of
outcome

Length of
follow-up

Adequacy of
follow up

Marella et al., 2020 [24] * * * * - * * *

Marella et al., 2021 [23] * * * * * * * *

Izzy et al., 2021 [22] * * * * ** * * *

Park et al., 2019 [32] * * * * * * * *

Ershoff et al., 2018 [31] * * * * * * * *

Mittal et al., 2013 [25] * * * * ** * * *

Raevens et al., 2014 [16] * * * * * * * *

Qureshi et al., 2013 [26] * * * * * * * *

Enache et al., 2013 [30] * * * * * * - *

Xu et al., 2013 [21] * * * * * * * *

Dowsley et al., 2012 [15] * * * * * * * *

Bushyhead et al., 2016 [20] * * * * ** * * *

Sonny et al., 2016 [28] * * * * - * * *

Singh et al., 2022 [27] * * * * - * * *

Spann et al., 2022 [33] * * * * ** * * *

Vetrugno et al., 2022 [29] * * * * - * - -

Newcastle–Ottawa quality assessment uses a star (*) system to value the overall quality of non-randomized studies. Three broad perspectives of the study are valued: selection,
comparability, and outcome. A maximum of four stars can be awarded in the selection parameter, two stars in the comparability parameter, and three stars in the outcome parameter.
The “*” symbol signifies that the appraised parameter has been deemed satisfactory.
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3.2. Post-Transplant Mortality

Only two studies were suitable for our primary outcome analysis of post-LT
mortality [23,32]. We did not find a statistically significant difference between patients
with and without pre-transplant LVDD (OR 0.13, 95% IC −0.20–0.47). The heterogeneity
between the studies was high (i2 = 80%) (Figure 2). References that used criteria other than
the ASE 2016 definition to define LVDD and analyze post-LT mortality are presented in the
following narrative synthesis.

Gastroenterol. Insights 2023, 14, FOR PEER REVIEW 10 
 

 

3.2. Post-Transplant Mortality 
Only two studies were suitable for our primary outcome analysis of post-LT mortal-

ity [20,21]. We did not find a statistically significant difference between patients with and 
without pre-transplant LVDD (OR 0.13, 95% IC −0.20–0.47). The heterogeneity between 
the studies was high (i2 = 80%) (Figure 2). References that used criteria other than the ASE 
2016 definition to define LVDD and analyze post-LT mortality are presented in the follow-
ing narrative synthesis. 

 
Figure 2. Forest plot chart of random-effects meta-analysis of mortality after LT in patients with and 
without LVDD as per ASE 2016 criteria [20,21]. 

Park et al. [20] used both the 2016 and 2009 ASE criteria to classify patients undergo-
ing LT. Post-LT mortality was increased for patients with LVDD using both criteria, but 
the 2016 criteria were superior, as they predicted higher mortality in the LVDD group 
(46% vs. 38%) and better survival in the normal diastolic function group (91% vs. 83%). 

In a retrospective cohort of cirrhotic patients undergoing LT [15], a left atrial volume 
index (LAVI) > 40 mL/m2 was associated with worse survival (50% vs. 71% 5-year survival) 
compared to LAVI < 40 mL/m2 (p = 0.01). The same study also found that increased LAVI 
and mitral annular velocity were predictors of post-LT HF. 

Another study [22] involving patients who underwent LT discovered a relationship 
between higher LAVI (>27 mL/m2) and post-transplant mortality (HR = 2.3; 95% CI, 1.04–
5.20; and p = 0.04). However, this association was observed only among patients with 
MELD scores higher than 33, suggesting that LVDD, as measured via LAVI, has a greater 
impact on patients with more advanced liver disease. 

A study of echocardiographic predictors of post-LT survival in patients with ESLD [23] 
found increased post-LT mortality in patients with tricuspid regurgitation (TR) higher than 
mild (HR, 1.68; 95% CI, 1.03–2.75; and p 0.04). Similar findings were reported by Kia et al. [24]. 

In a separate investigation [16], no difference in survival after LT was found between 
patients with and without LVDD, as defined using the 2005 WCG criteria. However, they 
observed a higher proportion of moderate to severe TR in patients who died during the 
follow-up compared to survivors (26% vs. 9%, p = 0.02). 

Mittal et al. [25] reported a higher incidence of acute cellular rejection (ACR), GF, and 
mortality (p = 0.0001) in patients with LVDD, as defined by them using the E/A ratio and 
E/e’ ratio. 

Additional studies analyzing post-transplant mortality are detailed in Tables 1 and 2. 

3.3. Prevalence of LVDD 
We found a global prevalence of LVDD of 12.2% in studies using the 2016 ASE criteria 

(n = 677) [20,21,26]. The global prevalence of LVDD using the 2009 criteria was 32.4% (n = 
555) [20,27]. Prevalence varied among other studies using different criteria (Table 1). 

Figure 2. Forest plot chart of random-effects meta-analysis of mortality after LT in patients with and
without LVDD as per ASE 2016 criteria [23,32].

Park et al. [32] used both the 2016 and 2009 ASE criteria to classify patients undergoing
LT. Post-LT mortality was increased for patients with LVDD using both criteria, but the 2016
criteria were superior, as they predicted higher mortality in the LVDD group (46% vs. 38%)
and better survival in the normal diastolic function group (91% vs. 83%).

In a retrospective cohort of cirrhotic patients undergoing LT [15], a left atrial volume
index (LAVI) > 40 mL/m2 was associated with worse survival (50% vs. 71% 5-year survival)
compared to LAVI < 40 mL/m2 (p = 0.01). The same study also found that increased LAVI
and mitral annular velocity were predictors of post-LT HF.

Another study [31] involving patients who underwent LT discovered a relation-
ship between higher LAVI (>27 mL/m2) and post-transplant mortality (HR = 2.3;
95% CI, 1.04–5.20; and p = 0.04). However, this association was observed only among
patients with MELD scores higher than 33, suggesting that LVDD, as measured via LAVI,
has a greater impact on patients with more advanced liver disease.

A study of echocardiographic predictors of post-LT survival in patients with
ESLD [20] found increased post-LT mortality in patients with tricuspid regurgitation
(TR) higher than mild (HR, 1.68; 95% CI, 1.03–2.75; and p 0.04). Similar findings were re-
ported
by Kia et al. [34].

In a separate investigation [16], no difference in survival after LT was found between
patients with and without LVDD, as defined using the 2005 WCG criteria. However, they
observed a higher proportion of moderate to severe TR in patients who died during the
follow-up compared to survivors (26% vs. 9%, p = 0.02).

Mittal et al. [25] reported a higher incidence of acute cellular rejection (ACR), GF, and
mortality (p = 0.0001) in patients with LVDD, as defined by them using the E/A ratio and
E/e’ ratio.

Additional studies analyzing post-transplant mortality are detailed in Tables 1 and 2.

3.3. Prevalence of LVDD

We found a global prevalence of LVDD of 12.2% in studies using the 2016 ASE criteria
(n = 677) [23,24,32]. The global prevalence of LVDD using the 2009 criteria was 32.4%
(n = 555) [28,32]. Prevalence varied among other studies using different criteria (Table 1).
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3.4. Immediate Postoperative Outcomes

The included studies showed conflicting results on the impact of LVDD on
postoperative outcomes.

Two studies [23,24] that used the 2016 ASE criteria did not report differences between
patients with and without LVDD concerning days on vasopressors, days on mechanical
ventilation, and 30-day all-cause mortality. However, another study using the same cri-
teria to define LVDD [32] found higher use of mechanical ventilation (40.8% vs. 100%,
p ≤ 0.001) and higher continuous renal replacement therapy (CRRT) (6.2% vs. 25%,
p = 0.006) between patients with and without LVDD. Nevertheless, no differences were
found between early allograft dysfunction (EAD) and AKI during the first week. No differ-
ences were found using the 2009 ASE criteria. A different study [29] did find a statistically
significant association between grade II LVDD and EAD, as well as cardiovascular artery
disease (CAD). However, the study is notable for its incomplete echocardiographic data.

Mittal et al. [25] found that patients with grade 2 or 3 LVDD were more likely to de-
velop ACR (HR 3.38; 95% CI 2.64–4.33; and p ≤ 0.0001) and GF (HR 2.26; 95% CI 1.46–3.51;
and p ≤ 0.0001) on post-LT follow-up.

Other studies [21,30] that used different criteria to define LVDD (2005 WCG criteria,
European Study Group on Diastolic Heart Failure criteria) in patients with ESLD and/or
hepatocellular carcinoma (HCC) who underwent LT found no differences in post-LT ven-
tilation time, renal failure, or serious adverse events in patients with and without LVDD.
Additionally, cardiac arrest, intraoperative blood loss, and transfusion requirements were
also similar between groups.

3.5. LVDD and Postoperative Cardiovascular Complications

One study [26] evaluated pre-LT systolic and diastolic HF predictors in patients with
ESLD. LVDD was defined by the authors using the E/A and E/e’ ratios. They found that
LVDD was an independent predictor of post-LT HF, with grade 3 LVDD being the strongest
predictor (HR = 1.89, 95% CI = 1.11–3.13; and p = 0.02).

Dowsley et al. [15] found that patients who developed post-LT HF had higher E/E’
(9.1 [3.3] vs. 7.1 [2.3], p = 0.02) and increased LAVI (41.0 [12.9] mL/m2 vs. 31.4 [8.0] mL/m2,
p = 0.008) compared with controls on the pre-LT echocardiogram. They also had a higher
prevalence of E/E’ < 10 and LAVI > 40 mL/m2. In a multivariate analysis, elevated E/E’,
increased LAVI, and low mean arterial pressure before LT remained predictors of HF
after LT.

Sonny et al. [28] utilized the 2009 ASE criteria and found that patients with LVDD did
not exhibit a higher incidence of the primary composite outcome of mortality, GF, and/or
major cardiovascular events than those without LVDD (HR, 1.47; 95% CI: 0.85–2.56; and
p = 0.17). However, most of the patients were classified as having grade 1 LVDD. LAVI was
also analyzed but did not show any association with these outcomes.

Studies that used the 2016 ASE criteria to define LVDD found conflicting results
regarding post-LT HF and cardiovascular outcomes. Some studies [23,24] reported no
difference in the incidence of cardiac arrhythmias, cardiac adverse events, and HF,
while another study [32] reported a higher incidence of HF between patients with and
without LVDD.

In a study of patients with ESLD who underwent LT [22], the Cirrhotic Cardiomyopa-
thy Consortium (CCMC) criteria were used to classify patients. They found that patients
with CCM were at increased risk for the primary composite outcome of new-onset car-
diovascular disease after transplant (HR, 2.57; 95% CI 1.19–5.54; and p = 0.016). Five-year
cardiovascular disease-free survival was notably higher in patients without CCM com-
pared to patients with CCM, but there was no impact of CCM on all-cause mortality.
However, a subgroup analysis showed no statistically significant difference in individual
post-transplant CV disease(s) (i.e., coronary artery disease, heart failure, arrhythmia, or
stroke) between groups.
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Another study [33] compared the WCG criteria to the CCMC criteria to determine
which were better at predicting post-LT major adverse cardiac events (MACE). Multi-
variable analysis showed that patients fulfilling CCMC criteria were at increased risk of
developing MACE (HR, 1.93; 95% CI, 1.05–3.56; and p = 0.04) after controlling for covari-
ates. No association was found using the WCG criteria. The same study also analyzed
individual diastolic function parameters in search of an association with MACE. Only a
reduced median septal e’ was significantly associated with post-LT MACE (p = 0.002), with
a cut-off value of < 7 predicting increased risk, even after adjusting for diabetes (HR, 3.16;
95% CI, 1.78–5.61; and p < 0.001).

3.6. LVDD and Length of Hospital Stay

Among the included studies, only one [19] found a statistically significant difference in
the length of ICU stay between patients with and without LVDD when employing the 2016
ASE criteria. No significant difference was reported in the overall length of hospital stay,
and there was no difference when using the 2009 criteria as well. Other studies [23,24,29]
that utilized the 2016 ASE criteria did not find significant differences in this outcome.
Similarly, another study [21] that used the European Study Group on Diastolic Heart
Failure guidelines to define LVDD found no significant difference in the length of hospital
and ICU stays between patients with and without LVDD.

3.7. LVDD and MELD Score

One study [16] that assessed the prevalence of LVDD using the 2005 WCG criteria and
its association with post-LT outcomes in patients with ESLD found no significant difference
in the MELD score between patients with and without LVDD. Similar results were observed
in studies utilizing the 2016 ASE criteria [23,29]. However, in another study [32], a higher
MELD score was correlated with the severity of LVDD. The correlation was stronger in
the 2016 criteria than in the 2009 criteria (r = 0.219 vs. 0.180, respectively) and stronger
in patients with a MELD score higher than 16 points (r = 0.165 and 0.223, respec-
tively). These results were statistically significant for both the 2009 and 2016 criteria
(p = 0.01 and 0.001, respectively).

3.8. Echocardiographic Changes after LT

Regarding echocardiographic changes after LT, several studies describe alterations in
patients with ESLD following LT [15,28], including worsening LVDD grade, increased left
ventricular mass index, decreased LVEF and stroke volume, and no changes in LAVI. In
one study [22], only 6 out of 22 patients with post-LT echocardiograms exhibited normal-
ization of DD post-LT after a median of 1.0 ± 0.9 years (4/11 with NASH, 2/8 with ALD,
and p = 0.81).

4. Discussion

Our study did not find significant differences in long-term mortality after LT between
patients with preoperative LVDD, as defined using the 2016 ASE criteria, and those without
it. Nevertheless, it is crucial to note that only two studies met the inclusion criteria for
analysis, and they presented conflicting results. However, we found significant differences
in the length of hospital and ICU stays. Well-designed prospective studies are needed to
draw stronger conclusions on the impact of LVDD on outcomes after LT and its role in
better selecting the right candidate for transplant.

Initially, patients with CCM typically exhibited normal systolic function. This phe-
nomenon was attributed to distinct cardiovascular changes seen in patients with ESLD,
including hyperdynamic circulation and systemic vasodilation, which preserved the left
ventricular ejection fraction [1]. As a result, early research in this field predominantly
focused on diastolic function, with LVDD becoming a key factor in diagnosing CCM.

The original 2005 WGO criteria used to define LVDD often overestimated its preva-
lence because the parameters relied on measurements of blood flow across the cardiac
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valves, which are volume-dependent and frequently altered in patients with advanced liver
disease [4]. Today, LVDD is recognized as the hallmark of CCM [6].

Most recently, researchers have adopted the 2016 ASE criteria for defining LVDD.
These criteria are favored because they utilize TDI technology, which is less dependent on
volume status than previous criteria, offering a more accurate reflection of impaired cardiac
relaxation [35]. The 2016 ASE criteria employ the following measurements to define LVDD:
septal e’ velocity < 7 cm/s, E/e’ ratio ≥ 15, LAVI ≥ 34 Ml/m2, and TR velocity ≥ 2.8 m/s.
A patient meeting at least three of these criteria is classified as having LVDD. If only two
criteria are present, the diastolic function is considered indeterminate. If only one or none
of these criteria is found, the patient is not considered to have DD [4].

New criteria for CCM were introduced in 2019 by the Cirrhotic Cardiomyopathy
Consortium, utilizing a modified version of the 2016 ASE criteria to define LVDD [6].
Subsequent retrospective studies have validated these new criteria, demonstrating their
superiority in predicting new cardiovascular disease and MACE following LT. However,
similar to our study, these studies did not observe differences in all-cause mortality [22,27,33].

Many studies identified in our systematic review reported conflicting results concern-
ing the relationship between LVDD and adverse outcomes. Notably, there was significant
heterogeneity in the criteria used to define LVDD across these studies, including the WGC
criteria [15,30], the 2009 ASE criteria [28,32], and isolated parameters of diastolic function
such as TR, LAVI, and E/e’ [20,25,26,31,34]. Due to the substantial variability in the criteria
employed, most of these studies could not be included in our meta-analysis. Given the
limited number of studies using these criteria, we chose to incorporate those using the pre-
vious 2009 ASE criteria; however, a mortality analysis was not possible due to insufficient
information, despite our attempts to gather additional data from the authors.

As mentioned earlier, our analysis did not reveal a difference in post-LT mortality
between patients with preoperative LVDD defined using the ASE 2016 criteria. Nonetheless,
other studies have indicated an impact when using isolated diastolic function parameters.
These studies suggest that patients with markers of LVDD experience worse postoperative
outcomes, a higher incidence of acute heart failure, and increased mortality [20,25,26,31,34].
This observation may be attributed to the specific parameters used, which select patients
with more severe LVDD (i.e., dysfunction severe enough to increase LA volume or induce
significant TR) compared to those patients classified as having dysfunction under the
ASE 2016 criteria. It has been theorized that LVDD in these patients could lead to the
heart’s inability to accommodate preload following transplantation, resulting in concurrent
graft congestion and dysfunction. This explanation offers insights into the increased
post-LT mortality.

The variations in mortality observed between the two studies [23,32] included in
our analysis could be explained by differences in patient etiologies for ESLD as well as
comorbidities between the two cohorts. The study by Marella et al. [23] had a higher
proportion of patients with NASH, diabetes, and hypertension, conditions also associated
with LVDD in patients without liver disease. These additional comorbidities may introduce
a distinct pathophysiological pathway, explaining the disparate outcomes. Notably, Park
et al. [32] did not categorize LVDD according to its severity and might have included
more patients with advanced disease in their cohort. Marella et al. [23] reported that most
patients in their cohort had grade I and II LVDD, with only 4% of patients classified as
grade III.

The variations in hospital and ICU length of stay may be attributed to patients with
LVDD requiring extended periods of mechanical ventilation, heightened vasopressor usage,
or experiencing more complications during their hospitalization.

The limitations of our study encompass several factors. Firstly, the retrospective nature
of the selected studies introduces inherent limitations and potential bias in reporting and
publication. Secondly, the studies included in our meta-analysis exhibited high hetero-
geneity, posing a challenge to the interpretation of the results. Moreover, we encountered
difficulties in obtaining complete datasets for certain studies that could have been included



Gastroenterol. Insights 2023, 14 668

in the final analysis. Lastly, the limited number of studies in our analysis and the varying
outcomes underscore the historical lack of consensus regarding the criteria employed to
define LVDD.

5. Conclusions

Our systematic review and meta-analysis did not find a significant difference in long-
term mortality following LT between patients with preoperative LVDD and those without
it, as defined using the 2016 ASE criteria. However, these findings warrant validation
through well-designed prospective studies. Our literature search revealed variations in
the criteria used to define LVDD in CCM. Given the emergence of new criteria showing
significance in retrospective studies, we advocate for future research to adhere to these
updated guidelines for defining LVDD and, more broadly, CCM.
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Appendix A. Complete Search Strategy Employed in the Medical Databases

(((“Liver Cirrhosis” OR “Cirrhosis, Hepatic” OR “Cirrhosis, Liver” OR “Fibrosis,
Liver” OR “Hepatic Cirrhosis” OR “Liver Fibrosis”) AND (“LTx” OR “Liver Transplan-
tation” OR “Grafting, Liver” OR “Hepatic Transplantation” OR “Hepatic Transplanta-
tions” OR “Liver Grafting” OR “Liver Transplant” OR “Liver Transplantations” OR “Liver
Transplants” OR “Transplant, Liver” OR “Transplantation, Hepatic” OR “Transplantation,
Liver” OR “orthotopic liver transplantation” OR “liver tissue transplantation” OR “liver
orthotopic transplantation” OR “liver heterotopic transplantation” OR “auxiliary liver
transplantation”))) AND ((“diastolic dysfunction” OR “heart failure” OR “left ventricular
diastolic dysfunction” OR “Ventricular Dysfunction, Left” OR “heart left ventricle failure”))
AND ((“Echocardiography” OR “2 D Echocardiography” OR “2-D Echocardiography” OR
“2D Echocardiography” OR “Contrast Echocardiography” OR “Cross Sectional Echocar-
diography” OR “Cross-Sectional Echocardiography” OR “Echocardiography, 2 D” OR
“Echocardiography, 2-D” OR “Echocardiography, 2D” OR “Echocardiography, Contrast”
OR “Echocardiography, Cross Sectional” OR “Echocardiography, Cross-Sectional” OR
“Echocardiography, M Mode” OR “Echocardiography, M-Mode” OR “Echocardiography,
Transthoracic” OR “Echocardiography, Two Dimensional” OR “Echocardiography,
Two- Dimensional” OR “M Mode Echocardiography” OR “M-Mode Echocardiography”
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OR “Transthoracic Echocardiography” OR “Two Dimensional Echocardiography” OR
“Two-Dimensional Echocardiography” OR “2-dimensional echocardiography”))
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