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Abstract
BACKGROUND
Liver cirrhosis is a chronic hepatic disease which is associated with
cardiovascular abnormalities. Hyperdynamic circulation in liver cirrhosis causes
functional and structural cardiac alterations. The prevalence of left ventricle
diastolic dysfunction (LVDD) in cirrhotic patients ranges from 25.7% to as high as
81.4% as reported in different studies. In several studies the severity of diastolic
dysfunction (DD) correlated with a degree of liver failure and the rate of
dysfunction was higher in patients with decompensated cirrhosis compared with
compensated. Future directions of comprehensive assessment of cardiac function
in cirrhotic patients might provide a better prognosis for these patients.

AIM
To clarify the correlation between the severity of liver cirrhosis and left ventricle
diastolic dysfunction in the existing literature.

METHODS
Through January and February of 2019 at Vilnius University we conducted a
systematic review of the global existing literature on the prevalence of left
ventricle diastolic dysfunction in patients with liver cirrhosis. We searched for
articles in PubMed, Medline and Web of science databases. Articles were selected
by using adequate inclusion and exclusion criteria. Our interest was the outcome
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of likely correlation between the severity of cirrhosis [evaluated by Child-Pugh
classes, Model For End-Stage Liver Disease (MELD) scores] and left ventricle
diastolic dysfunction [classified according to American Society of
Echocardiography (ASE) guidelines (2009, 2016)], as well as relative risk of
dysfunction in cirrhotic patients. Subgroup analyses were performed to evaluate
the ratio and grades of left ventricle diastolic dysfunction with respect to cirrhosis
severity.

RESULTS
A total of 1149 articles and abstracts met the initial search criteria. Sixteen articles
which met the predefined eligibility criteria were included in the final analysis.
Overall, 1067 patients (out of them 723 men) with liver cirrhosis were evaluated
for left ventricle diastolic dysfunction. In our systemic analysis we have found
that 51.2% of cirrhotic patients had left ventricle diastolic dysfunction diagnosed
and the grade 1 was the most prevalent (59.2%, P < 0.001) among them, the grade
3 had been rarely diagnosed - only 5.1%. The data about the prevalence of
diastolic dysfunction in cirrhotic patients depending on Child-Pugh Classes was
available from 5 studies (365 patients overall) and only in 1 research diastolic
dysfunction was found being associated with severity of liver cirrhosis (P <
0.005). We established that diastolic dysfunction was diagnosed in 44.6% of
Child-Pugh A class patients, in 62% of Child B class and in 63.3% of Child C
patients (P = 0.028). The proportion of patients with higher diastolic dysfunction
grades increases in more severe cirrhosis presentation (P < 0.001). There was no
difference between mean MELD scores in patients with and without diastolic
dysfunction and in different diastolic dysfunction groups. In all studies diastolic
dysfunction was more frequent in patients with ascites.

CONCLUSION
This systemic analysis suggests that left ventricle diastolic dysfunction is an
attribute of liver cirrhosis which has not received sufficient attention from
clinicians so far. Future suggestions of a comprehensive assessment of cardiac
function in cirrhotic patients might provide a better prognosis for these patients
and give hint for better understanding of the left ventricle diastolic dysfunction
pathogenesis in liver cirrhosis.

Key words: Liver cirrhosis; Left ventricle; Diastolic dysfunction; Correlation;
Echocardiography; Systematic review

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: In this systematic review we aimed to assess the association between left
ventricle diastolic dysfunction and the severity of liver cirrhosis, evaluated by Child-
Pugh classes. The proportion of patients with higher diastolic dysfunction grades
increases in more severe cirrhosis presentation (P < 0.001). These results suggest that
left ventricle diastolic dysfunction and its severity is an attribute of liver cirrhosis. Future
directions of a comprehensive assessment of cardiac function in cirrhotic patients might
provide a better prognosis to these patients and give hint for better understanding of the
left ventricle diastolic dysfunction pathogenesis in liver cirrhosis.

Citation: Stundiene I, Sarnelyte J, Norkute A, Aidietiene S, Liakina V, Masalaite L,
Valantinas J. Liver cirrhosis and left ventricle diastolic dysfunction: Systematic review.
World J Gastroenterol 2019; 25(32): 4779-4795
URL: https://www.wjgnet.com/1007-9327/full/v25/i32/4779.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i32.4779

INTRODUCTION
Cirrhosis is a chronic hepatic disease that typically presents in individuals aged 50-60
years[1,2].  This  major  health problem is  one of  the  most  common causes  of  death
worldwide and is associated with a wide range of cardiovascular abnormalities[3,4].
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Patients  with  cirrhosis  typically  demonstrate  disturbance  of  circulatory  system.
Hyperdynamic circulation presented in patients with liver cirrhosis causes functional
and structural cardiac alterations[5-7]. These changes induce myocardial remodelling
and left ventricle hypertrophy resulting in systolic and diastolic dysfunctions and
cardiomyopathy[8-10].

Cirrhotic  cardiomyopathy is  characterized by the  following factors:  impaired
contractile responsiveness to stress, diastolic dysfunction and electrophysiological
abnormalities without overt cardiac disease[11,12]. Although this type of liver cirrhosis
complication has been described since the 1960s, just recently it has been recognized
not only as a feature of alcoholic cardiotoxicity but as an ailment occurring in cirrhosis
of any aetiology[13].

The most common cardiac abnormality that occurs among cirrhotic patients is left
ventricular  diastolic  dysfunction (LVDD) related to  development  of  myocardial
fibrosis,  hypertrophy and subendothelial  edema[5-7].  Diastolic  dysfunction occurs
when the passive elastic traits of the myocardium are reduced due to the increased
myocardial mass and changes in the extracellular collagen[14].

According to different studies,  the prevalence of LVDD in cirrhotic patients is
ranging from 25.7% to as high as 81.4%[15,16].  Evidence suggests that patients with
cirrhosis display primarily LVDD with normal systolic function at rest [1]. Diastolic
dysfunction may progress to systolic dysfunction, although this has not been directly
shown in cirrhotic patients[17-19]. In several studies severity of LVDD correlated with
the  degree  of  liver  failure[20-22].  Furthermore,  the  rate  of  LVDD  was  higher  in
decompensated cirrhosis compared with compensated cirrhosis[23]. On the contrary,
several studies have not identified any association between severity of liver disease
and LVDD[24-26]. Therefore an attentive analysis of already performed studies on LVDD
causes and prevalence in cirrhotic patients as well as LVDD complication influence on
patients’ quality of life and their survival is needed to develop appropriate treatment
strategy. It is important to assess cardiac changes in especially those patients, who are
waiting  for  the  liver  transplantation,  paracentesis  or  transjugular  intrahepatic
portosystemic shunt (TIPSS) implantation, because cardiovascular decompensation
can be the main cause of operative failure.

The aim of our study was to conduct a systematic review of the existing literature
to collate all data about the cause, diagnosis, prognosis of LVDD in cirrhotic patients
and try to elucidate the association between severity of liver disease and LVDD with
the intention to propose measures for the therapy of cirrhotic patients with LVDD.

MATERIALS AND METHODS

Search strategy
An electronic search of the global literature on the prevalence of left ventricle diastolic
dysfunction in liver cirrhosis was performed. Articles available in PubMed, Medline
and Web of Science databases were reviewed in January and February 2019. The
period of publications collected was 1969-2019.

The Medical Subject Heading (MeSH) database was used as a terminological search
filter. The last search date was 7/3/2019. The main key phrases for searching the
articles were: “left ventricle diastolic dysfunction” and “liver cirrhosis“. These terms
were connected together to narrow our search by using a Boolean operator AND. Our
MeSH  Major  Topic  was  “Liver  cirrhosis/*complications“  and  the  main  MeSH
Subheading was “left ventricle diastolic dysfunction/*etiology, diagnosis, treatment”.
To  describe  diastolic  dysfunction  we  used  these  terms:  Left  ventricle  diastolic
dysfunction, cirrhotic cardiomyopathy, diastolic function of left ventricle, ventricular
dysfunction, left. The full terms used in PubMed search can be found in electronic
supplementary material.

Eligibility criteria
Studies  were  considered  eligible  if  they  met  the  following  criteria:  (1)  Articles
published in English only; (2) Only patients with liver cirrhosis diagnosed by clinical
view, laboratory and imaging tests were included; (3) Severity of liver cirrhosis was
evaluated by using Model for End-Stage Liver Disease score, (MELD score) or/and
Child-Pugh classification A/B/C and scores.; (4) Left ventricle diastolic function was
evaluated  by  tissue  Doppler  imaging  method;  and  (5)  Left  ventricle  diastolic
dysfunction was defined and its grading (1, 2, 3) classified according to ASE 2009 or
2016 guidelines[27,28].

The  exclusion  criteria  were:  (1)  Studies  with  children  (<  18  years  old);  (2)
Retrospective studies; (3) No proper definition of left ventricle diastolic dysfunction
according to ASE guidelines (2009, 2016); (4) No grading of left ventricle diastolic
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dysfunction according to ASE guidelines (2009,  2016);  (5)  Only systolic  function
evaluated; (6) Other causes of liver insufficiency, for example, toxic liver disease,
septicaemia; (7) No severity of cirrhosis evaluated by using MELD score and Child-
Pugh classification; (8) Patients who had chronic heart disease, for example, valvular
pathology, coronary heart disease, arrhythmias, as atrial fibrillation (Patients with
chronic  heart  disease  other  than  cirrhotic  cardiomyopathy);  (9)  No  human
participants in the study; (10) No full article available; and (11) Article not available in
English.

Our interest was the correlation between the severity of cirrhosis and left ventricle
diastolic dysfunction, relative risk of LVDD in liver cirrhosis group.

Three investigators separately reviewed all the titles, abstracts and full articles.
Reviewers excluded irrelevant articles. The disagreement on whether to include or not
the article was solved by other two investigators. Data extraction was performed by
three investigators and reviewed for accuracy by another investigator.

Total number of patients, number of healthy controls, age, etiology of cirrhosis,
Child-Pugh scores and classification A/B/C, MELD score, the presence of ascites,
LVDD, the grading of diastolic dysfunction, the year of the LVDD guidelines used,
influence of LVDD on survival of the patients with cirrhosis were recorded. Some
studies had missing data for Child-Pugh classification, MELD scores or did not have a
healthy controls group.

The risk of bias for each study was evaluated by using ROBINS-I tool from the
Cochrane Method group at the study level[29]. All of the major domains were selected:
confounding, selection of the participants, evaluation of LVDD and grading, missing
data, selection of the reported results and measurement of outcomes[29].

Statistical analysis
This systematic review was prepared and revised according to the PRISMA 2009
Checklist[30]. Statistical evaluation was performed with R version 3.5.3 (GNU Project).

Studies meeting the inclusion criteria were tabulated. Statistically and clinically
appropriate studies were combined to estimate the LVDD prevalence and LVDD
grades’ distribution in patients with respect to cirrhosis severity.

To  evaluate  the  overall  distribution  of  LVDD  grades  in  cirrhotic  patients  χ2

goodness-of-fit test was applied. Pearson’s χ2 was used for comparing the distribution
of patients with and without LVDD in three Child-Pugh groups.

For  analysing  of  LVDD  grades  ratio  in  three  Child-Pugh  groups  and  LVDD
prevalence in cirrhotics with and without ascites Pearson’s χ2 and Fisher exact tests
were used. P value < 0.05 was considered as statistically significant.

RESULTS
A total of 1149 articles and abstracts met the initial search criteria.

Out of 1149 articles 91 were selected for full text review. As many as 16 articles that
met the predefined eligibility criteria were included in the final analysis[15,16,21,22,24-26,31-39].
The process of identification, screening and eligibility is described in Figure 1.

Included studies and patients’ characteristics are shown in Table 1. Overall 1067
patients (of which 723 were men) with liver cirrhosis were evaluated for LVDD. Out
of 16 studies 9 had control group, altogether 318 control subjects included.

The risk of bias for each study is demonstrated in Table 2.

Diagnosis of LVDD
All  patients  and  controls  had  echocardiography  with  tissue  Doppler  imaging
performed. Tested parameters of LVDD are shown in Table 3.

The data about LVDD, its grades and guidelines used in every study is depicted in
Table 4.

In our systemic analysis we found 51.2% of cirrhotic patients had LVDD diagnosed
and the grade 1 was the most prevalent (59.2%, P < 0.001) among them. The grade 3
had been rarely diagnosed - only in 5.1%.

In most studies controls had no cardiac dysfunction but in two studies[35,25] 4.7%
(overall 15 out of 318) controls were diagnosed with LVDD.

Link between LVDD and Child-Pugh classification parameters
In  our  systemic  analysis  the  data  about  LVDD  prevalence  in  cirrhotic  patients
depending  on  Child-Pugh  classes  was  available  from  5  studies  (365  patients
overall)[16,24,25,32,34] and only Bhuin et al[16] found LVDD being associated with severity of
liver cirrhosis (P < 0.005). Other four studies did not find any difference in the severity
of LVDD among Child classes[24,25,32,34].

After analysing this data we observed that LVDD was diagnosed in 44.6% (29) of
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Figure 1

Figure 1  Final articles selection.

Child-Pugh A class patients, in 62% (101) of Child B class and in 63.3% (81) of Child C
patients (P = 0.028).

Only three studies reported how many patients with different LVDD grades were
in different Child-Pugh classes[16,21,25]. Figure 2 shows that the proportion of patients
with higher LVDD grades increases in the presence of more severe cirrhosis.

In Merli et al[37] study patients were divided in two groups: Child-Pugh A-B classes
and Child-Pugh C class patients. In order not to lose the data reported in this study
we also divided all  patients  from other  5  studies  into  the  same two groups and
analysed all patient data from 6 studies[16,24,25,32,34,37]. LVDD was found in 49.3% (149) of
patients of Child - Pugh A+B classes and in 59.7% (86) of Child - Pugh C class patients
(P = 0.051).

The prevalence of different LVDD grades in grouped Child-Pugh classes is shown
in Figure 3.

The difference in means of Child-Pugh scores between LVDD grades was analysed
in  5  studies[21,24,25,33,34,36]  (Table  5).  In  two studies  the  considerable  difference  was
observed. Ruız-del-Arbol identified the substantial difference (P  < 0.01) between
mean Child-Pugh scores in LVDD grade 2 and LVDD grade 0 groups[21]. In Rimbas et
al[36] study Child-Pugh scores were markedly higher in patients with liver cirrhosis of
LVDD grade 2 than in those with grades 1 and no LVDD.

Link between LVDD and MELD scores
The difference in means of  MELD scores between LVDD groups and in patients
without LVDD was estimated in 8 studies[21,24,32,33,34,36,38,39] (Table 6). Two studies found
that patients from the grade 2 LVDD subgroup had a higher MELD score, compared
to  patients  with  grade  1  LVDD  and  without  LVDD  (P  <  0.01  and  P  <  0.005,
respectively)[21,36]. The means of MELD scores did not markedly differ in patients with
and without LVDD in remaining 6 studies[24,32,33,34,38,39].

Survival and LVDD
In the study of Lee et al[32] the survival rate was substantially lower in patients with
LVDD than in those without LVDD (31.1 mo vs 42.6 mo, P = 0.01). Patients with a
ratio of early filling velocity to early diastolic mitral annular velocity (E/e’) ≥ 10
(LVDD grade 2) had lower survival than the patients with E/e’ ratio < 10.

In Ruiz-Del-Albor study patients without LVDD had the longest and those with
grade  2  LVDD  the  shortest  probability  of  survival  [95%  vs  39%  (P  <  0.01),  res-
pectively][21].  The value of the E/e’ ratio with higher sensitivity and specificity to
predict  12-mo  survival  was  10.  Survival  was  significantly  greater  in  E/e’  <  10,
compared to the E/e’ 10 group [91% and 29% (P < 0.0001), respectively][21].

On Kaplan-Meier analysis in Karagiannakis et al[33] study patients with LVDD had
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Table 1  Included studies and patients’ characteristics

Author Study
type

Number
of cases,
n

Gender
(male), n

Control,
n

Etiology of cirrhosis, n Means1

of Child-
Pugh
scores'

Child-Pugh classification, n Means1

of MELD
scores'V A O A B C

Dadhich
et al[31]

Cross
sectional
case
control
study

40 ND 20 26 10 4 7.5 ± 1.08
pre-ascitic
group, 9.4
± 2.11
ascitic
group

4 22 14 ND

Lee et
al[32]

Cohort
study

70 55 0 16 47 7 ND 18 35 14.1 ± 5.9

Karagian
nakis et
al[33]

Cohort
study

45 E33 0 19 22 4 6.43 ± 1.9 26 15 3 11.5 ± 4.2

Alexopo
ulou et
al[34]

Cross-
sectional
observa-
tional
study

76 57 0 41 20 15 9.2 ± 2.7 11 28 37 17 ± 7

Farouk et
al[15]

Cross-
sectional
study

35 22 16 35 ND 6 14 15 ND

Bhuin et
al[16]

Descrip-
tive study

70 32 0 70 ND 4 38 28 ND

Cesari et
al[35]

Case
series

117 106 46 57 60 8 ± 2 ND ND ND 12 ± 5

Ru ız-
del-
Arbol, et
al[21]

Cross-
sectional

80 67 0 32 35 13 8 ± 2
grade 0; 9
± 2 grade
1; 10 ± 2
grade 2;

12 30 38 15 ± 6
grade 0;
16 ± 5
grade 1;
21 ± 6
grade 2;

Rimbas
et al[36]

Cross-
sectional
observa-
tional
study

46 30 46 19 24 3 7 ± 2 23 16 7 13 ± 5

Hamma
mi et
al[25]

Cross-
sectional
study

80 42 80 42 38 ND 24 36 20 14.2 ± 4.98

Merli et
al[37]

Cross-
sectional
observa-
tional
study

90 59 31 49 28 13 ND 48 26 16 11.9 ± 4.7

Merli et
al[26]

Case
series

74 44 26 41 21 12 ND 29 26 19 13 ± 5

Kazanko
v et al[38]

Cross-
sectional
observa-
tional
study

44 27 23 5 32 7 7.1 ± 2.2 20 12 8 12.3 ± 4.9

Nazar et
al[22]

Case
series

100 71 0 41 46 15 with
LVDD 9 ±
2; no
LVDD 8 ±
2.2

26 39 37 15 ± 7

Devauch
elle et
al[39]

Descrip-
tive study

40 30 0 9 24 7 ND 13 9 18 16

Somani
et al[24]

Cross-
sectional
observa-
tional
study

60 48 30 22 30 8 ND 8 26 26 15.2 ± 4.6
without
LVDD;14.
6 ± 4.3
with
LVDD

Total 1067 723 318
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1Values are expressed as mean ± standard deviation. V: Viral; A: Alcoholic; O: Other; ND: No data.

markedly worse prognosis compared to those without (P = 0.013, log rank: 5.495).
A multivariate analysis in the study of Alexopoulou et al[34] showed that age, MELD

and plasma sodium but no LVDD were predictive of death. In three other studies no
substantial  difference  in  survival  was  found  between  patients  with  or  without
LVDD[24,36,37].

Link between ascites and LVDD
The association of ascites and LVDD was assessed in 8 studies (Table 7)[21,22,26,31,35].
Overall  604 patients  were studied and in 56.9% of  those with ascites  LVDD was
diagnosed (in 211 patients out of 371) while in 48.5% (113 out of 233) of patients
without ascites LVDD presented, P = 0.04451.

Dadlich et al[31] showed that the majority of the cirrhotic patients with ascites (80%)
had LVDD compared to those without ascites but the difference was not proved
statistically (P = 0.09). Ruiz-del-Arbor et al[21] in their research showed that ascites was
more frequent  in  LVDD grade 2  comparing with LVDD grade 1  (P  <  0.025)  and
normal diastolic function (P  < 0.01).  Alexopoulou et al[34]  investigated that severe
ascites was more frequent in the group with LVDD (P = 0.016). In 2013 Merli et al[26]

noticed that LVDD was more prevalent in patients with ascites compared to those
without it (77% vs 56%; P = 0.04).

Link between LVDD and age
The older age and the presence of LVDD was assessed in 10 studies (Table 8). LVDD
was associated with an older age in 4 studies[32-35]. On the contrary, 6 studies found
that LVDD was not associated with an older age but there was no evidence of age
impact on LVDD in all these studies[21,22,24,31,38,39].

DISCUSSION
To our knowledge this is the first systematic review which summarizes the articles
demonstrating the association between the severity of liver cirrhosis and LVDD.

Numerous studies have shown changes in the diastolic function in patients with
liver cirrhosis. The prevalence of diastolic dysfunction in the articles analysed by our
systematic review ranged from 25.7% to 81.4%[15,16].  More than half of all patients
included in our review had some degree of diastolic dysfunction (51.2 %). As many as
59.2% of  all  patients  with  LVDD was  grade  1  dysfunction.  Similar  results  were
presented by Hammami et al[25] (23.8% of those who had grade 1 LVDD), by Lee et al[32]

(34 out of 44 patients with LVDD had grade 1 disorder), and by Merli et al[37]  - 36
patients had LVDD and 24 out of 36 had grade 1 LVDD.

Older studies used only E/A ratio from the echocardiographic parameters to define
LVDD but this ratio is very reliable on preload, and is age-related[29,32]. With increasing
age E/A ratio normally decreases[29]. So, we did not include those publications in our
review. For subjects without history of cardiovascular disease the risk of having
diastolic dysfunction increases with age > 60 years[28,29].  Not all the studies in our
review excluded the elderly patients. Ruiz-del-arbor et al[21] excluded the patients who
were > 60 years old, Somani et al[34] also did not include in their study the patients who
were > 75 years old, Merli only applied the patients < 70 years old in order to prevent
from false positive detection of LVDD[37]. The newest studies included in our review
used TDI (tissue Doppler imaging) method to detect the mitral annulus velocities, as
E/e’ (the ratio between early mitral inflow velocity and mitral annular early diastolic
velocity)[21,28,29,32]. For example, Lee et al[32] on their research noted that E/e’ parameter
is a very relevant echocardiographic parameter for diagnosing and grading LVDD.
We think that E/A ratio alone could not be used to detect the disorder of diastolic
function.

This systematic review was performed based on our study of 47 patients with
diagnosed liver cirrhosis waiting for the liver transplantation in Vilnius University
Hospital  Santaros  Clinics,  Lithuania[40].  It  was  a  retrospective  study  about  the
association between the LVDD and the severity of cirrhosis, evaluated by MELD score
and Child-Pugh classification. The data obtained was consistent with the studies
analysed in this review. Normal diastolic function was present in 20 (42.6%), first
grade dysfunction in 7 (14.9%), second grade in 18 (38.3 %) and the third grade in 2
(4.3%) cirrhotic patients. These results are similar to Cesari et al[35] research, where 28
out of 43 patients had grade 2 diastolic dysfunction, but in other studies the most
common LVDD grade was 1. For example, in Alexopoulou et al[34] study 37 (72.6%) out
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Table 2  Risk of bias assessment in each study with ROBINS-I tool

Author Bias due to
confounding

Bias in selection
of participants
into the study

Bias in evaluation
of LVDD and
grading

Bias due to
missing data

Bias in selection
of the reported
result

Bias in
measurement of
outcomes

Dadhich et al[31] Moderate Low Low No information Low Low

Lee et al[32] Moderate Moderate Low No information Low Low

Karagiannakis et
al[33]

Moderate Moderate Low Serious Low Low

Alexopoulou et
al[34]

Moderate Moderate Low No information Low Low

Farouk et al[15] Moderate Low Low No information Low Low

Bhuin et al[16] Moderate Moderate Low No information Low Low

Cesari et al[35] Moderate Serious Low Serious Low Low

Ru ız-del- Arbol, et
al[21]

Low Moderate Low No information Low Low

Rimbas et al[36] Moderate Moderate Low Seriuos Moderate Low

Hammami et al[25] Moderate Serious Low Low Low Moderate

Merli et al[37] Moderate Low Low Serious Moderate Moderate

Merli et al[26] Moderate Low Low Serious Low Low

Kazankov et al[38] Serious Moderate Low Serious No information Serious

Nazar et al[22] Low Moderate Low Serious No information Moderate

Devauchelle et al[39] Critical No information Low No information Low No information

Somani et al[24] Low Low Low No information Low Low

LVDD: Left ventricle diastolic dysfunction.

of  51  patients  with  LVDD had grade  1  dysfunction.  In  our  research  we did  not
observe considerable difference in the severity of diastolic function among different
groups of Child A, B, and C (P  = 0.536; r  = -0.093) and in distribution of diastolic
dysfunction between Child-Pugh classes (P = 0.098). Hammami et al[25] did not capture
the difference in the grades of LVDD between Child-Pugh classes as well.

However, the results of our research are discordant with other studies. Bhuin et al[16]

revealed a noteworthy prevalence of LVDD between Child-Pugh classes (P = 0.0204).
Ruız-Del- Arbol et al[21] observed notable differences in means of Child-Pugh scores
and LVDD grades (P < 0.01). Also, Ruız-Del- Arbol et al[21] showed that changes in the
cardiac function were related to the severity of the liver failure defined by a higher
prevalence of hepatic encephalopathy, ascites and higher Child-Pugh and MELD
scores in patients with grade 2 LVDD than in those with normal diastolic function.
Merli et al[26] investigated that LVDD occurred more frequently in patients with the
ascites group than in the group without it (77% vs 56%; P = 0.04). Rimbas et al[36] found
that LVDD is present in all classes of Child-Pugh, not only in patients with advanced
liver cirrhosis.

We also detected a correlation between the diastolic function and MELD scores (P =
0.007; r  = 0.4) in our study and there was a substantial difference in means of the
MELD scores (P = 0.004) between grades of LVDD. The difference was significant
between grades: 0 and 3 (P = 0.008), 1 and 3 (P = 0.034).

Ruız-Del- Arbol et al[21] established a notable difference in means of MELD scores
between the patients with and without LVDD (P < 0.005). On the contrary, Kazankov
et al[38] did not observe any significance of MELD scores between the groups with and
without LVDD.

Having summarized the data from the research of Lee et al[17], Alexopoulou et al[34],
Bhuin et al[16], Somani et al[24], Hammami et al[25] we observed that there is a substantial
correlation between the prevalence of LVDD in Child-Pugh classes (P = 0.028). More
cases of LVDD were detected in classes B and C comparing to class A (62% and 63.3 %
vs 44.6%). Summarizing the data from the Bhuin et al[16], Ruız-Del- Arbol et al[21] and
Hammami et al[25], we observed considerable difference (P < 0.001) between the grades
of LVDD and Child-Pugh classes. Child-Pugh classes B and C had a certain degree of
LVDD more often than Child-Pugh class A. For example, grade 1 LVDD occurred in
31.7% of Child B class, 31.4% of Child C and only in 17.5% of Child A class.

Control  groups  of  healthy  subjects  were  formed  in  9  studies[15,24-26,31,35-38].  It  is
interesting to  note  that  in  Cesari  et  al[25]  and in  Hammami et  al[35]  research some
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Table 3  Recorded echocardiographic parameters of left ventricle diastolic dysfunction

Author DT IVRT E A E/A E/e' = E/E' e'(E') e'(E') medial e'(E') lateral

Dadhich et al[31] + + + + + + +

Lee et al[32] + + + + + + +

Karagiannakis et al[33] + + + + + + +

Alexopoulou et al[34] + + + + + +

Farouk et al[15] + + + + + +

Bhuin et al[16] + + + + + + +

Cesari et al[35] + + + + + +

Ruız-del-Arbol et al[21] + + + + + + +

Rimbas et al[36] + + + + + + + +

Hammami et al[25] + + + + +

Merli et al[37] + + + + +

Merli et al[26] + + + +

Kazankov et al[38] + + + +

Nazar et al[22] + + + +

Devauchelle et al[39] + + + + +

Somani et al[24] + + + + + + +

DT: Deceleration time; IVRT: Isovolumetric relaxation time; E: Mitral inflow peak early filling velocity; A: Mitral inflow late diastolic filling velocity; E/A:
Ratio of peak early filling and late diastolic filling velocities; E/e′ : Mitral valve E velocity divided by mitral annular e′ velocity; e′: Peak modal velocity in
early diastole at the leading edge of spectral waveform, average from e′ medial and e′ lateral[26,27].

controls had LVDD. Hammami et al[25] documented 8 healthy participants out of 80 to
have LVDD (6 had grade 1, and 2 had grade 3). As many as 16% of 46 controls of
Cesari et al[25,35] research had low or moderate grade of LVDD. These findings might
show the risk of bias in confounding domain.

Some of the patients from studies we reviewed were treated with β-blockers in
order to lower portal pressure[26,31,36-38]. Dadhich et al[31] investigated that 23 patients
involved in their study consumed propranolol as a treatment of portal hypertension,
and most of those patients had ascites (15 vs 8, P = 0.03). β-blockers reduce the risk of
variceal bleeding, bacterial translocation and developing of spontaneous bacterial
peritonitis[41]. In 2010 Wong et al[41] in 2010 stated that the negative effect of β-blockers
might be possible in patients with cardiac disorder due to cirrhosis and refractory
ascites.  According to  the  window theory,  using β-blockers  is  effective  for  those
patients  between  early  cirrhosis  and  end-stage  cirrhosis[42].  In  severe  end-stage
cirrhosis β-blockers have negative impact on cardiac output. The decrease in cardiac
output  causes  renal  hypoperfusion,  and  hepatorenal  syndrome  type  2  might
develop[41]. Those patients with liver cirrhosis and refractory ascites are reliant on
cardiac output in order to maintain a sufficient arterial blood pressure[43]. Mandorfer et
al[44]  in their research suspected that use of non-selective β-blockers at the time of
diagnosis  of  spontaneous  bacterial  peritonitis  was  related  to  a  higher  rate  of
developing hepatorenal syndrome and mortality. Also, Sersté et al[45]  noticed that
using propranolol was related to a higher mortality compared to those not having β-
blocker therapy. Garcia-Tsao et al[46] in European Association for the Study of the Liver
(EASL)  Journal  of  Hepatology  stated  that  non-selective  β-blockers  should  be
discontinued in patients with liver cirrhosis who develop hypotension and any signs
of  impaired  organ  perfusion.  Kazankov  et  al[38]  investigated  that  there  was  no
difference in cardiac and liver function among the patients treated or not treated with
β-blockers. Devauchelle et al[39] did not notice a statistically significant difference (P =
0.7) in using β-blockers between LVDD and no LVDD groups. Even if the influence of
prophylactic treatment on LVDD was not assessed in all of our chosen studies, we
think it may have had an impact on the LVDD grade.

In  our  review we noticed that  patients  with  ascites  had a  higher  tendency to
develop LVDD (P = 0.04451). The diagnosis of diastolic dysfunction in patients with
liver cirrhosis is strongly influenced by circulatory dysfunction, predominantly by
splanchnic  vasodilatation,  which  triggers  fluid  retention[26,47-49,22].  Ascites  affects
ventricular filling probably by the increase in intra-thoracic pressure[50]. Removal of
ascitic fluid by paracentesis changes echocardiography parameters: Reduces the A
wave velocity and increases the E/A ratio, but compared with healthy controls it still
remains abnormal[50].  Ascites is an important factor included in Child-Pugh score
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Table 4  Left ventricle diastolic dysfunction and its’ grades in analysed studies

Author
Diagnosis of
LVDD in patients,
n (%)

Grade 1, n Grade 2, n Grade 3, n
Diagnosis of
LVDD in controls,
n (%)

Year of LVDD
guidelines used

Dadhich et al[31] 28 (70) 11 17 2009

Lee et al[32] 44 (62.8) 34 10 2009

Karagiannakis et
al[33]

17 (37.7) 9 8 2009

Alexopoulou et
al[34]

51 (67.1) 37 11 3 2009

Farouk et al[15] 9 (25.7) 9 2009

Bhuin et al[16] 57 (81.4) 29 28 2009

Cesari et al[35] 43 (37) 4 28 11 7 (16) 2009

Ru ız-del- Arbol, et
al[21]

37 (46.2) 19 18 2009

Rimbas et al[36] 22 (47.8) 12 8 2 2016

Hammami et al[25] 41 (51.2) 19 11 11 8 (10) 2016

Merli et al[37] 36 (40) 24 12 2009

Merli et al[26] 47 (63.5) 37 10 2009

Kazankov et al[38] 24 (54.5) 11 12 1 2009

Nazar et al[22] 58 (58) 42 16 2009

Devauchelle et al[39] 14 (35) 11 3 2009

Somani et al[24] 18 (30) 15 3 2009

Total 546 (51.2) 323 195 28 15 (4.7)

LVDD: Left ventricle diastolic dysfunction.

calculation and not in MELD score formula. This fact might have affected the results -
why we detected a relation between LVDD and Child-Pugh class but not with MELD
score. We believe that fluid retention in the abdomen have an influence on the left
ventricle diastolic function.

The risk of bias for each study was evaluated by using ROBINS-I tool (Table 2)[29].
Most  of  the  studies  had  bias  linked  with  confounding  and  selection  of  the
participants. There were doubts about the inclusion and exclusion criteria (there were
studies with no decent inclusion criteria), selecting the healthy controls, which may
have had an influence on the results (no precise definition of healthy individuals,
some cases of LVDD in controls group were observed in a couple of studies); not all
studies  excluded patients,  who were  taking  β-blockers,  or  other  medication,  as
antihypertensive  treatment,  diuretics,  which  could  have  affected  the  results  of
echocardiography. On the contrary, all studies perfectly fulfilled the evaluation of
LVDD and its grades. We considered a research as being at low risk of bias if all
domains were properly assured and no serious/critical bias was detected. More than
half of publications fulfilled the low risk of bias.

The limitation of our systematic review is relatively small number of patients and
the bias  of  confounding and selection domains.  Not  all  the studies  reviewed all
prognostic  factors,  which could have affected the presence of  LVDD. There was
insufficient  data,  which also  could have affected the  measurement  of  outcomes.
Nevertheless, several studies in our review did not observe MELD scores, so we could
not assess its relation with LVDD.

CONCLUSIONS
Cardiac involvement in patients with liver cirrhosis seems to be clear, and there is
correlation between the severity of cirrhosis and LVDD.

Although the data of our study and published results of other studies included in
present review had limited number of participants, their systemic analysis suggests
that LVDD and its severity depends on the stage of liver cirrhosis. To our knowledge
this is the first systematic review which summarizes the investigations demonstrating
the  association  between  the  severity  of  liver  cirrhosis  and  LVDD.  The  cardiac
assessment  in  patients  with  Child-Pugh  class  B  and  C  would  be  useful  for  the

WJG https://www.wjgnet.com August 28, 2019 Volume 25 Issue 32

Stundiene I et al. Liver cirrhosis and LVDD

4788



Figure 2

Figure 2  Ratio of left ventricle diastolic dysfunction grades in different Child-Pugh classes (P < 0.001,
Fisher’s exact test).

prevention of mortality risk because of heart function impairment. Echocardiography
should be done at least once in patients‘ case history. However, larger studies are
needed for final and detailed conclusions.
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Table 5  Difference in means of Child-Pugh scores between left ventricle diastolic dysfunction grades

Author Number of cases, n

Difference in means
of Child-Pugh scores
between LVDD
grades Yes/No/Not
assessed

Mean Child-Pugh
scores in patients
without LVDD

Mean Child-Pugh
scores in patients
with LVDD

P value

Dadhich et al[31] 40 NA NA NA -

Lee et al[32] 70 NA NA NA -

Karagiannakis et al[33] 45 No 6.5 ± 2.1 6.4 ± 1.6 NS

Alexopoulou et al[34] 76 No 9 ± 2.8 9.2 ± 2.6 NS

Farouk et al[15] 35 NA NA NA -

Bhuin et al[16] 70 NA NA NA -

Cesari et al[35] 117 NA NA NA -

Ru ız-del- Arbol, et
al[21]

80 Yes 8 ± 2 (7-9) 10 ± 2 (9-11) aP < 0.01

Rimbas et al[36] 46 Yes 7.1 ± 2 7.3 ± 2.1 aP < 0.01

Hammami et al[25] 80 NA NA -

Merli et al[37] 90 NA NA NA -

Merli et al[26] 74 NA NA NA -

Kazankov et al[38] 44 No ND ND NS

Nazar et al[22] 100 NA NA NA -

Devauchelle et al[39] 40 NA NA NA -

Somani et al[24] 60 NA NA NA -

aLVDD grade 2 with respect to the values of  LVDD grade 0.  NA: Not assessed;  ND: No data;  NS: Not significant;  LVDD: Left  ventricle diastolic
dysfunction.

Table 6  The difference in means of MELD scores between with and without left ventricle diastolic dysfunction groups

Author MELD1 score in patients with LVDD MELD1 score in patients without LVDD P value

Lee et al[32] 13.9 ± 5.7 14.5 ± 6.4 NS

Karagiannakis et al[33] 11 ± 3.5 11.7 ± 4.6 NS

Alexopoulou et al[34] 15.5 ± 6.5 14.3 ± 5.7 NS

Nazar et al[22] 16 ± 8 14 ± 6 P = 0.07

Somani et al[24] 14.6 ± 4.3 15.2 ± 4.6 NS

Rimbas et al[36] 13 ± 6 13 ± 5 NS

Ru ız-del- Arbol, et al[21] 16 ± 53 and 21 ± 64 15 ± 6 aP < 0.005

Kazankov et al[38] ND ND ND

Devauchelle et al[39] 14 (4)2 16 (11)2 NS

1Values are expressed as mean ± standard deviation;
2Values are expressed as medians (interquartile range);
3MELD scores of grade 1 left ventricle diastolic (LVDD);
4MELD scores of grade 2 LVDD;
aLVDD grade 2 with respect to the values of LVDD grade 0. LVDD: Left ventricle diastolic dysfunction; ND: No data; NS: Not significant.
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Table 7  The presence of ascites association with left ventricle diastolic dysfunction

Author Overall patients with
LVDD, n (%)

LVDD in patients with
ascites, n (%)

LVDD in patients without
ascites, n (%) P value

Dadhich et al[31] 28/70 16/80 12/60 P = 0.09

Lee et al[32] NA

Karagiannakis et al[33] 17/37.8 9/40.9 8/34.8 NA

Alexopoulou et al[34] 51/67.1 14/93.3 37/60.7 P = 0.016

Farouk et al[15] NA

Bhuin et al[16] 47/67.1 47/67.1 0

Cesari et al[35] 37/32.7 22/28.6 15/41.7 P < 0.005

Ru ız-del- Arbol et al[21] 37/46.3 31/57.4 6/23.1 aP < 0.01 and bP < 0.025

Rimbas et al[36] NA

Hammami et al[25] 49/61.0 25/64.1 24/58.5 NA

Merli et al[37] NA

Merli et al[26] P = 0.04

Kazankov et al[38] NA

Nazar et al[22] 58/58.0 47/63.5 11/42.3 P = 0.03

Devauchelle et al[39] NA

Somani et al[24] NA

aLeft ventricle diastolic dysfunction (LVDD) grade 2 with respect to values of LVDD grade 0;
bLVDD grade 2 with respect to values of LVDD grade 1. LVDD: Left ventricle diastolic dysfunction; NA: Not assessed.

Table 8  Older age association with the presence of left ventricle diastolic dysfunction

Author Number of cases, n

Older age association
with the presence of
LVDD, Yes/No/Not
assessed

Age (patients without
LVDD)1

Age (patients with
LVDD)1

P value

Dadhich et al[31] 40 No ND ND NS

Lee et al[32] 70 Yes 47.8 ± 8.0 58.2 ± 9.9 P < 0.001

Karagiannakis et al[33] 45 Yes 53.8 ± 13 62.8 ± 9 P = 0.016

Alexopoulou et al[34] 76 Yes 53.4 ± 16.5 62.4 ± 12.7 P = 0.04

Farouk et al[15] 35 NA NA NA -

Bhuin et al[16] 70 NA NA NA -

Cesari et al[35] 117 Yes ND ND P = 0.005

Ru ız-del- Arbol et al[21] 80 No ND ND NS

Rimbas et al[36] 46 NA NA NA -

Hammami et al[25] 80 NA NA NA -

Merli et al[37] 90 NA NA NA -

Merli et al[26] 74 NA NA NA -

Kazankov et al[38] 44 No ND ND NS

Nazar et al[22] 100 No 55 ± 10 57 ± 10 NS

Devauchelle et al[39] 40 No 57 (10) 59 (13) NS

Somani et al[24] 60 No 50.5 ± 9.9 49.5 ± 8.5 NS

1Values are expressed as mean ± standard deviation. LVDD: Left ventricle diastolic dysfunction; NA: Not assessed; NS: Not significant.
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Figure 3

Figure 3  Ratio of left ventricle diastolic dysfunction grades in two groups of cirrhotic patients[16,21,25,37] (P = 0.044, Pearson's Chi-squared test).

ARTICLE HIGHLIGHTS
Research background
Cardiovascular  abnormalities  occur  in  patients  with liver  cirrhosis.  The prevalence of  left
ventricle diastolic dysfunction (LVDD) in cirrhotic patients ranges from 25.7% to as high as
81.4% as reported in different studies. In several studies the severity of diastolic dysfunction
(DD) correlated with a degree of liver failure and the rate of dysfunction was higher in patients
with decompensated cirrhosis compared with compensated. It is important to assess cardiac
changes in especially those patients who are waiting for the liver transplantation, paracentesis or
transjugular intrahepatic portosystemic shunt (TIPSS) implantation, because cardiovascular
decompensation can be the main cause of operative failure.

Research motivation
Due to the lack of studies, well designed studies are necessary to determine the role of assesment
of cardiac function in cirrhotic patients. Therefore, an attentive analysis of already performed
studies  on LVDD prevalence in cirrhotic  patients  is  very important  because LVDD has an
influence on patients’ quality of life and their survival, especially in patients with advanced liver
cirrhosis. Developing an appropriate treatment strategy for such patients also is the key to future
research. Future directions of comprehensive assessment of cardiac function in cirrhotic patients
might provide a better prognosis to these patients so it is an attractive field of research.

Research objectives
The aim of our study was to clarify the association between the severity of liver cirrhosis and left
ventricle diastolic dysfunction in the published studies.

Research methods
In January and February, 2019 at Vilnius University we conducted a systematic review of the
global existing literature on the prevalence of left ventricle diastolic dysfunction in patients with
liver cirrhosis.  We searched for articles in PubMed, Medline and Web of science databases.
Eligibility criteria were:  (1) Articles published in English only;  (2) Only patients with liver
cirrhosis diagnosed by clinical view, laboratory and imaging tests were included; (3) Severity of
liver cirrhosis was evaluated by using Model for End-Stage Liver Disease score, (MELD score)
or/and Child-Pugh classification A/B/C and scores; (4) Left ventricle diastolic function was
evaluated by tissue Doppler imaging method; and (5) Left ventricle diastolic dysfunction was
defined and its grading (I, II, III) classified according to ASE guidelines issued in 2009 or 2016.
Analyses were performed to evaluate the ratio and grades of left ventricle diastolic dysfunction
with respect to cirrhosis severity.

Research results
A total of 1149 articles and abstracts met the initial search criteria. 16 articles which met the
predefined eligibility criteria were included in the final analysis. Overall, 1067 patients (out of
them 723 men) with liver cirrhosis were evaluated for left ventricle diastolic dysfunction. In our
systemic analysis we have found that 51.2% of cirrhotic patients had left ventricle diastolic
dysfunction diagnosed and the grade 1 was the most prevalent (59.2 %, P < 0.001) among them,
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the grade 3 had been rarely diagnosed - only 5.1%. The data about the prevalence of diastolic
dysfunction‘s prevalence in cirrhotic patients depending on Child-Pugh Classes was available
from  5  studies  (365  patients  overall)  and  only  1  study  found  diastolic  dysfunction  being
associated with severity of liver cirrhosis (P < 0.005). We established that diastolic dysfunction
was diagnosed in 44.6% of Child-Pugh A class patients, in 62% of Child B class and in 63.3% of
Child C patients (P = 0.028). The proportion of patients with higher diastolic dysfunction grades
increases in more severe cirrhosis presentation (P < 0.001). There was no difference between
mean MELD scores in patients with and without diastolic dysfunction. In all studies diastolic
dysfunction  was  more  frequent  in  patients  with  ascites  (P  =  0.04451).  The  influence  of
prophylactic treatment with of β-blockers on LVDD grade was not assessed in all of our chosen
studies, but we think it may have had an impact on the cardiac function.

Research conclusions
To  our  knowledge  this  is  the  first  systematic  review  which  summarizes  the  articles
demonstrating the association between the severity of liver cirrhosis and LVDD. Our review of
the existing literature allowed us to interpret the data supporting the correlation between the
severity of liver cirrhosis evaluated by Child-Pugh classification and LVDD. Several studies in
our review did not observe MELD scores, so we could not assess its‘ potential relation with
LVDD. We highly recommend cardiac assessment of patients with Child-Pugh class B and C.
Echocardiography should be done at least once in patients‘ case history, because these patients
are at high risk of mortality. However, more extensive studies are needed for final and detailed
conclusions.

Research perspectives
Future directions of comprehensive assessment of cardiac function in cirrhotic patients might
provide a better prognosis for such patients. We highly suggest that future clinical trials should
evaluate how using of β-blockers in cirrhotics affects cardiac function, especially LVDD and its
grade. In order to clarify the correlation between the severity of liver cirrhosis and LVDD and to
elucidate the pathogenetic association between liver damages and cardiac impairment, the more
large-scale prospective research is needed.
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