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Background: The presence of left ventricular diastolic dysfunction (LVDD) in patients with cirrhosis leads to a
restriction of activities and a poor health related quality of life (HRQoL), which should be taken into consider-
ation when treating them for liver and cardiac complications. Aims: The prevalence, complications, predictors of
HRQoL and survival in cirrhotic patients with LVDDwere studied.Methods:We report a prospective cohort study
of 145 consecutive cirrhotic patients with LVDD who were evaluated for cardiac functional status at enrollment
and followed up for hepatic complications, cardiac events, outcome and HRQoL using the Minnesota Living
With Heart Failure Questionnaire (MLHFQ) over a period of 2 years. Results: In total, 145 (mean age 61 years,
59% male) patients were included. Seventeen patients died with 10.5%, 22.5% and 40% mortality rates in patients
with Grades 1, 2 and 3 LVDD respectively over 24 months. The parameters that were significant for predicting
mortality on bivariate analysis were MELD, MELDNa, hepatic venous pressure gradient, MLHFQ, and left ven-
tricular (LV) diastolic function (e0 and E/e0 ratio), but only MELD, MELDNa and E/e0 remained significant on
multivariate analysis. The E/e0 ratio (8.7 ± 3.3 in survivors vs. 9.1 ± 2.3 in non-survivors) predicted outcome.
On univariate analysis, the predictors of poor HRQoL were the Child-Pugh score $9.8 (OR 2.6; 95% confidence
intervals (CI) 2.3–9.1, P = 0.041), MELD score $ 15.7 (OR 2.48; 95% CI 1.4–3.9, P = 0.029), refractory ascites (OR
1.9; 95% CI 1.1–6.1, P = 0.050), and E/e0 ratio$7.6 (OR 1.9; 95% CI 1.8–7.1, P = 0.036) The presence of Class II/III
(P = 0.046) symptoms of heart failure and MLHFQ$ 45 (P = 0.042) were predictors of mortality at 24 months.
Conclusion: The grade of LVDD correlates with liver function, clinical events, risk of renal dysfunction and
HRQoL. Evaluation of novel therapies which target symptomatic improvement in LVDD, should be done with
suitable outcome measures, including HRQoL assessment. ( J CLIN EXP HEPATOL 2019;9:324–333)
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ities with prolonged QT interval, in the absence of other
known cardiac disease.1,2

The degree of severity can be graded according to
average E/e0 ratio.3 The prevalence of left ventricular dia-
stolic dysfunction (LVDD) is relatively high in patients
lth related Quality of Life, cirrhosis, Heart Failure
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with cirrhosis (43%–70%) despite a normal EF4 and is not
related to the etiology of liver disease.5–7 LVDD is
responsible for complications of cirrhosis including acute
kidney injury (AKI),8 hepatic encephalopathy (HE), and
sepsis induced shock,9,10 pulmonary edema following
liver transplantation,11,12 and after transjugular
intrahepatic portosystemic shunt (TIPS)13 Patients with
LVDD have greater probability of mortality8 with the echo-
cardiographic E/e0 ratio acting as an independent prog-
nostic factor for survival.14 Health related quality of life
(HRQoL) is a predictor of hospitalization and death in pa-
tients with heart failure(HF).15,16 It is a subjective, patient-
centered outcome that is recognized by researchers and cli-
nicians as an important outcome for patients with HF.17

We therefore performed a prospective cohort study aimed
at investigating the prognosis, predictors of survival and
HRQoL in cirrhotic patients with LVDD followed up
over a period of 2 years.
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Patients and Methods
Consecutive patients with histological or clinical cirrhosis
were screened for LVDD between November 2014 to
November 2015 at the outpatient hepatology clinic at
the Institute of Liver and Biliary Sciences (ILBS). The in-
clusion criteria were patients with cirrhosis aged between
18 and 65 years and having LVDD on 2D echocardiogra-
phy. The exclusion criteria were; patients $65 years,
chronic renal disease, pregnancy and peripartum cardio-
myopathy, hypertension, coronary artery disease (CAD),
valvular heart disease, sick sinus syndrome/pacemaker,
thyroid dysfunction, or were diagnosed with severe psy-
chiatric impairment other than depression or anxiety, se-
vere anemia or absence of consent to participate. We
excluded CAD by performing a battery of tests including
electrocardiograms, dobutamine stress echocardiography,
Holter examination and treadmill test for inducible
ischemia. Sample size was calculated using G*Power, a
statistical analysis program, with an effect size of 0.5,
alpha 0.05, and power 0.85. It was estimated that a total
sample size of 122 patients would be required. Assuming
an attrition of 15%, 145 patients were finally recruited for
the study. Patients with overt hepatic encephalopathy
and concurrent malignancy were excluded. The trial
was approved by the Institutional Ethics Committee
and was performed in accordance with the Declaration
of Helsinki. Patients were enrolled consecutively with
written informed consent.

Definitions
The diagnosis of cirrhosis was based on clinical criteria
(splenomegaly, ascites, hepatic encephalopathy or variceal
bleed, etc.), imaging (irregular surface, altered echotexture,
presence of collaterals or dilated portal vein) and endo-
scopic presence of varices. The American Society of Echo-
Journal of Clinical and Experimental Hepatology | May–June 2019 | Vol. 9 |
cardiography defines LVDD as the presence of septal e0 <
8 cm/s, lateral e0 < 10 cm/s, mitral inflow patterns and
LA volume index $ 34 mL/m2.3 The presence of CAD
was defined as a prior myocardial infarction or any degree
of obstruction on coronary imaging. The diagnosis of
HF was made according to published criteria.18 The classi-
fication of the etiologies of HF followed previous guide-
lines, and the diagnosis of HF was made through both
clinical and imagingmodalities.19 StandardMedical Treat-
ment: All patients were given standard medical treatment
including dietary advice, diuretics if indicated in the
form of spironolactone with frusemide, lactulose and/or ri-
faximin in patients with prior encephalopathy. Indications
for beta blocker therapy were hepatic venous pressure
gradient (HVPG) $12 mmHg, presence of large varices,
or prior variceal bleeding. None of the patients received
any other antihypertensive drugs like calcium channel
blockers, angiotensin receptor blocker (ARB) or inhibitor
(ACE) therapy.

At inclusion, demographic data, the patient history,
and medication were recorded. A full physical examina-
tion and a broad screening panel of tests (including liver
function tests, hematology, lipid profile, HbA1c, creati-
nine, and electrolytes) were performed. All patients un-
derwent hepatic venous and cardiac catheterization
from the femoral route at the time of enrollment with
calculation of HVPG, right atrial pressure (RAP), pulmo-
nary capillary wedge pressure (PCWP) and pulmonary ar-
tery pressure (PAP).
Health Related Quality of Life (HRQoL) assessment
The Minnesota Living with Heart Failure questionnaire
(MLHFQ) is a measure of HRQoL that is used to assess
the patient's perceptions of the influence of HF on phys-
ical and emotional aspects of life. The 21 items are
summed and ranged from 0 to 105 with higher scores
indicating worse HRQoL. The MLHFQ is a self-
administered disease-specific questionnaire for patients
with HF,20 comprising 21 items rated on six-point Likert
scales, representing different degrees of impact of HF on
HRQoL, from 0 (none) to 5 (very much). It provides a to-
tal score (range 0–105, from best to worst HRQoL), as
well as scores for two dimensions, physical (8 items,
range 0–40) and emotional (5 items, range 0–25). The
other eight items (of the total of 21) are only considered
for the calculation of the total score.21 This HRQoL scale
has been validated in several studies in patients with
heart failure22 and is available in multiple Indian vernac-
ular languages including Hindi, Punjabi, Telugu and
Marathi, making it a useful tool for estimating HRQoL
in India.23,24 Prior studies have classified a score of <24
on the MLHFQ represents a good QoL, a score $24
and < 45 represents a moderate QoL, and a score $ 45
represents a poor QoL.21
No. 3 | 324–333 325



544 pa ents with cirrhosis screened 
for LVDD between November 2014 
and November 2015. 

274 pa ents met criteria for LVDD 
Observed prevalence 50.3% in 
cirrhosis 

129 excluded due to following 
exclusion criteria; coronary artery 
disease in 42, valvular heart disease in 
23, atrial fibrilla on in 11, pacemaker 
in 3, poor echo window in 22, thyroid 
disease in 4, refusal to consent in 11, 
incomplete data in 13. 

145 pa ents recruited with consent 
Classified as LVDD grades 1, 2 and 3. 
Baseline Clinical, Biochemical, 
Echocardiography and HRQoL data collected 
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Echocardiographic Assessment
Echocardiography was performed by an experienced oper-
ator in accordance with the recommendations of the Amer-
ican Society of Echocardiography. From a long axis
parasternal view, the left ventricular (LV) systolic and dia-
stolic septal wall thickness and the LV diameter [LV end
systolic diameter (LVESD) and LV end diastolic diameter
(LVEDD)] were measured in M-mode. LV volumes and
LV Ejection Fraction (LVEF) were estimated using Simp-
son's modified biplane method. An LVEF above 50% was
considered normal. The following parameters were re-
corded and measured: peak early (E wave) and atrial (A
wave) flow velocities, their ratio E/A, and the E wave decel-
eration time. Tissue Doppler Imaging (TDI) was obtained
from the four-chamber apical view and tissue velocity was
calculated. The myocardial peak systolic velocity (S0) was
measured in lateral mitral annulus to define systolic func-
tion. Tissue velocities were also measured in the lateral
mitral annulus during the diastole to obtain peak myocar-
dial velocities during early (E0) and atrial filling (A0) phases.
Isovolumetric Ventricular Relaxation Time (IVRT) was
measured by TDI. The intra observer variation for echocar-
diographic measurements was <10%. LVEDD and LVESD
are the left ventricular dimensions at the end of diastole
and systole respectively. Early (E) and late (A) peak velocity
was measured across the mitral valve. The mitral decelera-
tion time (DT) is the interval from the peak of the early ve-
locity until the end of early diastolic filling. The IVRT is the
interval from the closure of the aortic valve until mitral
valve opening. It was measured by continuous wave imag-
ing from the apical window, displaying aortic and mitral
flow together. The echocardiographic evaluation was
repeated in patients annually in Grade 1 LVDD and semi-
annually in Grades 2/3 LVDD. Beta blockers were withheld
two days prior to baseline echocardiographic evaluation
and were restarted after the procedure on the same day.
However, on follow up visits, betablockers were not with-
held. LVDD was defined and classified according to Amer-
ican Society of Echocardiography (ASE) guidelines.3,8 as
below:

Grade 1: e0 <8 cm/sec, E/e0 ratio <8, E/A ratio <0.8, and
deceleration time (DT) >200 ms;
Grade 2: e0 <8 cm/sec, E/e0 ratio 9–15, E/A ratio 0.8–1.5,
and DT 160–200 ms; and
Grade 3: e0 <8 cm/sec, E/e0 ratio >15, E/A ratio >2, and
DT <160 ms
Clinical and biochemical evalua on at every 
hospital visit q 3 months. 
Echocardiography every 6 months in LVDD 
grades 2/3 and annually in LVDD grade 1. 

Survival and clinical outcomes assessment at 
12 months and 24 months 

Figure 1 Patient enrollment flowchart.
Statistical Analysis
Patient characteristics were summarized as proportions
with means and standard deviations/range. The measure-
ments obtained by the above-mentioned studies were
used to calculate mean values for each patient and the
group. Categorical variables were compared using the
326 © 2018 Indian National Associa
chi-square test or Fisher's exact test. Normal continuous
variables were compared using the Student's t-test. P
value< 0.05 was considered significant. Qualitative vari-
ables were compared with Chi square test. Repeated mea-
sure analysis/Friedman test was applied followed by post
hoc comparison by Bonferroni method. Logistic regres-
sions, t-tests, Pearson correlation, Kaplan–Meier plots
with log-rank test, and Cox regressions were used to
explore the relationships among HRQoL, functional sta-
tus, and survival. Predictors of MLHFQ scores and mortal-
ity were analyzed using logistic regression. With bivariate
Cox proportional hazards models, we first estimated the
unadjusted relationship between each co variate and mor-
tality. Then the independent relationship between LVDD,
HRQoL and mortality, while adjusting for predictors of
mortality was evaluated. We then computed the adjusted
hazard ratios (HRs) and 95% confidence intervals (CI) to es-
timate the strength of association of each predictor with
time to the clinical event or death. With logistic regression
analysis, we also calculated the HR for mortality with vary-
ing HRQoL while adjusting for liver disease severity. Data
were analyzed with SPSS software version 22 (IBM SPSS
Statistics, Armonk, USA).
RESULTS

A total of 544 patients with cirrhosis were screened for
LVDD between November 2014 to November 2015, of
which 274 met criteria for LVDD, with an observed preva-
lence of 50.3% in cirrhosis. Of these, 129 were excluded
because of associated CAD in 42, significant valvular heart
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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disease in 23, atrial fibrillation in 11, pacemaker in situ in
3, poor echo window in 22, thyroid disease in 4, refusal to
consent in the protocol in 11 and incomplete HRQoL data
in 13 (Figure 1). Finally, 145 patients were included and
followed for a median duration of 20 months (range 3–
44 months). The mean age of included patients was 61
years (range 41–65 years) and 54 (59%) were men. The
mean body mass index was 24 � 4.0 kg/m2 (range 16–
31). The underlying etiology for cirrhosis was ethanol
(55.8%), nonalcoholic steatohepatitis (33.7%), chronic viral
hepatitis (5.5%), autoimmune hepatitis (1.3%), or crypto-
genic cirrhosis (3.4%). The mean CTP, MELD and
MELDNa scores were 9.3 � 1.6, 14.4 � 4.0 and
17.2 � 4.4 respectively. Seventy-seven (53.1%) patients
had clinical signs of decompensation prior to inclusion.
At baseline, patients (54%) had ascites, 17.9% had diabetes,
11% were either current or past smokers (11%) and 22.1%
had dyslipidemia. Sixty-one (42%) patients were treated
with lactulose, 61 (42%) with beta-blockers, 57 (39.3%)
with loop diuretics, and 49 (33.7%) with spironolactone.
No other antihypertensive drugs were used in this cohort.
Only 16 (%) of patients smoked; i.e. 11.7%, 7.5% and 15% in
grades 1, 2 and 3 LVDD respectively.

Association of Severity of LVDD and Circulatory
Dysfunction
We found that 58.6%, 27.5% and 13.7% of the 145 subjects
had grades 1, 2 and 3 LVDD respectively. LVDD was char-
acterized by a reduced e, and an increased E/e0 ratio. Pa-
tients with grades 2 and grade 3 LVDD had higher E/e0,
IVRT, LA volume, RAP and PAP, and lower MAP, than in
patients with grade 1 LVDD. E/e0 ratio and left atrial
(LA) volume increased with higher grades of LVDD. All pa-
tients had preserved EF (50–55%). Left ventricular systolic
function, estimated by CO, left ventricular stroke work
and cardiac chronotropic function were reduced in pa-
tients with grade 2 as compared to grade 1 LVDD. Patients
with grade 2 LVDD showed lowerMAP, as compared to pa-
tients with grade 1 LVDD. HVPG was higher in the pa-
tients with grades 3 vs 1 LVDD (17.9 � 4.0 vs 15.7 � 3.4;
P = 0.034) (Table 1).

Association of LVDD with Severity and
Complications of Cirrhosis
We also studied the incidence of cirrhosis related complica-
tions over the two-year period of follow up. The episodes
AKI were more likely to occur in grades 2/3 vs grade 1
LVDD (OR 6.273; CI-2.89–35.4, P = 0.027). The episodes
of HE were more likely to occur in the grade 2/3 LVDD
as compared with grade 1 LVDD. (OR 5.6; CI-2.9–8.7, P =
0.024). Seventeen patients were admitted with variceal
bleeding. Three patients underwent successful liver trans-
plantation and two patients received a TIPS insertion.
Spontaneous bacterial peritonitis was diagnosed in 8
Journal of Clinical and Experimental Hepatology | May–June 2019 | Vol. 9 |
(5.5%) patients and 29 (20%) developed other bacterial in-
fections like pneumonia (8.2%) and urinary tract infection
(2.7%) that required hospitalization. Twenty-five (17.2%)
patients developed overt HE, and 18 (12.4%) developed
hepatorenal syndrome. Kaplan Meier curves showed a
trend of reduced survival with increasing grades of
LVDD (Figure 2a).

Predictors of Mortality in Patients with LVDD
There were 17 deaths in our study cohort with 10.5%, 22.5%
and 40% mortality rates in patients with Grades 1, 2 and 3
LVDD respectively over a period of 24 months (See
Figure 2b). Nine patients were lost to follow up. Causes
of death included severe sepsis (58%), refractory gastroin-
testinal bleed (17%) and hepatocellular carcinoma
(11.7%). Table 2 shows the baseline characteristics that pre-
dicted survival at 12 months. On bivariate analysis, the pa-
rameters that were significant for predictingmortality were
CTP, MELD, and MELDNa, HVPG, MLHFQ and LV dia-
stolic function (e0 and E/e0 ratio). In multivariate analysis,
MELD, MELD Na and E/e0 score were significant for pre-
dicting 2-year mortality. The E/e0 ratio (8.7 � 3.3 in survi-
vors vs. 9.1 � 2.3 in non-survivors) and the IVRT
(86.5 � 15.6 ms in survivors and 98.2 � 16.3 in non-
survivors) also predicted outcomes (P = 0.043) (Table 3)
Cox proportional hazards models were used to find a direct
association between degree of LVDD and mortality across
three models with different levels of adjustment. In both
the partially adjusted models i.e. Model 1 with adjustment
for age and gender, andModel 2 with adjustment as Model
1 and presence of diabetes and dyslipidemia, we found a
direct association of grades 2 and 3 LVDD with mortality.
In case of Model 3 where adjustment was done as for
Model 2 and baseline MELD, the strength of association
remained significant for Grade 3 LVDD alone, not Grade
2 (Table 4).

Association of HRQoL with Event Free Survival
On univariate analysis, the predictors of poor HRQoL
were the Child-Pugh score $ 9.8 (OR 2.6; 95% CI 2.3–
9.1, P = 0.041), MELD score $ 15.7 (OR 2.48; 95% CI
1.4–3.9, P = 0.029), refractory ascites (OR 1.9; 95% CI
1.1–6.1, P = 0.050), and E/e0 ratio $7.6 (OR 1.9; 95% CI
1.8–7.1, P = 0.036) On multivariate analysis, only
MELD, refractory ascites and E/e0 remained significant.
Kaplan–Meier plots with log-rank tests demonstrated
that survival was significantly worse in patients with
poor MLHFQ (P = 0.023) (Figure 2b). After controlling
for age, gender and MELD, patients who had MLHFQ
$53 had increased risk of developing AKI (OR 1.4, CI
1.1–2.3; P = 0.050) and HE (OR 1.5, CI 1.1–2.9; P =
0.048) compared to patients who had better HRQoL
(<53). For every two-point increase in MLHFQ score, the
risk of a decompensation event during follow-up
No. 3 | 324–333 327



Table 1 Demographic, Clinical, Biochemical, Echocardiographic, Hemodynamic, Functional Status and HRQoL Data of Patients
with Cirrhosis at Time of Inclusion Classified According to Grade of LVDD.

Characteristics Grade 1 LVDD
N = 85
(1)

Grade 2 LVDD
N = 40
(2)

Grade 3 LVDD
N = 20
(3)

P Value
(1 vs 2)

P Value
(1 vs 3)

Mean ± standard deviation

Age (years) 52.3 � 7.8 54.8 � 8.2 51.8 � 7.2 0.411 0.544

Body Mass Index (kg/m2) 22.4 � 3.8 19.4 � 2.8 20.3 � 2.1 0.032 0.421

Child-Pugh score 9.0 � 1.6 9.0 � 1.8 10.1 � 1.2 0.538 0.065

MELD score 13.1 � 4.0 13.6 � 4.1 16.6 � 4.8 0.943 0.014

MELD Na score 15.9 � 5.4 16.9 � 5.9 19.4 � 4.3 0.027 0.041

Diabetes mellitus n (%) 18 (21.1%) 4 (10%) 4 (20%) 0.058 0.155

Dyslipidemia n (%) 23 (27%) 5 (12.5%) 4 (20%) 0.047 0.344

Smoking n (%) 10 (11.7%) 3 (7.5%) 3 (15%) 0.452 0.092

Echocardiographic data

Diastolic function

e0, cm/sec 8.3 � 1.6 6.8 � 1.6 6.8 � 1.6 0.000 0.000

E/e0 ratio 9.1 � 1.2 11.1 � 2.1 12.1 � 2.5 0.010 0.020

LA size cm 4.0 � 2.2 4.4 � 2.8 4.8 � 2.3 0.157 0.054

DT ms 228.1 � 26.2 186.7 � 32.1 179.7 � 22.1 0.012 0.032

RA size cm 3.5 � 0.35 3.6 � 0.44 3.4 � 0.74 0.074 0.031

E/A ratio 1.1 � 0.36 0.9 � 0.43 0.7 � 0.43 0.000 0.000

Systolic function

LVEF, % 55–60% 55–60% 55–60% NS NS

LVEDV, mL 45.3 � 6.3 45.9 � 7.4 48.9 � 7.4 0.274 0.042

LVESV, mL 23.9 � 5.2 24.4 � 5.5 26.4 � 4.5 0.619 0.033

Hemodynamic assessment and portal hepatic measurements

MAP, mmHg 89.6 � 5.8 86.6 � 6.2 82 � 5.2 0.290 0.032

HR, bpm 85.3 � 10.6 83.9 � 12.4 92 � 8.2 0.236 0.051

RAP, mmHg 4.0 � 1.1 4.4 � 1.2 4.8 � 1.4 0.074 0.033

PAP, mmHg 15.7 � 2.3 15.8 � 3.2 13.8 � 3.2 0.457 0.544

PCWP, mmHg 11.9 � 2.1 11.9 � 1.5 13.9 � 2.5 0.962 0.352

HVPG, mmHg 15.7 � 3.4 17.5 � 4.0 17.9 � 4.0 0.079 0.034

CO, L/min 6.3 � 1.2 5.9 � 1.1 5.5 � 1.4 0.405 0.027

HRQoL Parameters

NYHA Classification

I 55 (64.7%) 24 (60.0%) 12 (60.0%) 0.433 0.346

II 27 (31.7%) 16 (40.0%) 8 (40.0%) 0.344 0.452

III 3 (3.5%) – –

IV – – –

MLHFQ score, (mean � SD)

Physical subscale 22.40 � 9.5 22.40 � 9.5 32.40 � 9.5 0.394 0.023

Emotional subscale 12.40 � 8.8 15.40 � 4.8 18.4 � 5.8 0.037 0.044

Total scale 39.4 � 12.2 51.8 � 19.9 64.8 � 21.9 0.012 0.002

CARDIAC DYSFUNCTION IN CIRRHOSIS PREMKUMAR ET AL
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Figure 2 a: Kaplan Meir Curve showing survival over a period of 2 years according to grade of LVDD. b: Kaplan Meir Curve showing survival of over a
period of two years according to MLHFQ Score.

Abbreviations for the table: CO, cardiac output; e0, early diastolic mitral annular velocity; E/A, early diastolic mitral inflow velocity/late diastolic; E/e0

ratio, E-wave transmitral/early diastolic mitral annular velocity; EF, ejection fraction; IVRT, isovolumic ventricular relaxation time; HR, heart Rate;
HVPG, hepatic venous pressure gradient; ejection fraction; LA, left atrium; LV, left ventricle; LVEDV, LV end diastolic volume; LVESV, LV end systolic
volume; MAP, mean arterial pressure; MELD, Model for End-Stage Liver Disease; MLHFQ, Minnesota Living with Heart Failure questionnaire; NYHA
New York Heart Association classification of heart failure symptoms. PAP, Pulmonary arterial pressure; RAP, right atrial pressure; PCWP, Pulmonary
capillary wedge pressure.
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Table 2 Comparison of Baseline Clinical, Biochemical,
Echocardiographic and Hemodynamic Characteristics of
Patients at Baseline as per Survival at 24 Months.

Characteristics Survivor
(n = 128)

Non survivor
(n = 17)

P Value

BMI (kg/m2) 21.4 � 3.6 20.4 � 2.2 0.364

Diabetes mellitus
(n = 26)

22 (84.6%) 4 (15.3%) 0.570

Dyslipidemia
(n = 32)

23 (71.8%) 9 (28.1%) 0.470

Etiology of Cirrhosis

Alcohol 72 (56.2%) 8 (47%) 0.206

NASH 44 (34.3%) 5 (29.4%) 0.107

Other 12 (9.3%) 4 (23.5%) 0.241

Child-Pugh score 9.0 � 0.9 10.0 � 0.62 0.000

MELD score 13.0 � 3.7 17.5 � 4.2 0.000

MELD Na 16.9 � 4.9 22.07 � 4.2 0.000

MLHFQ Score 42.4 � 16.9 59.5 � 22.2 0.044

Echocardiographic data

Diastolic function

e0, cm/sec 10.6 � 2.3 11.8 � 4.4 0.332

E/e0 ratio 8.7 � 3.3 9.1 � 2.3 0.058

IVRT, ms 86.5 � 15.6 98.2 � 16.3 0.043

E/A ratio 1.1 � 0.2 1.1 � 0.3 0.643

DT, ms 217.8 � 33 224.7 � 48 0.467

Systolic function

LVEF, % 55–60% 55–60%

LVEDV, mL 45.4 � 6.7 45.9 � 9.4 0.854

LVESV, mL 24.1 � 5.3 24.1 � 6.2 0.860

Hemodynamic assessment and portal hepatic measurements
at baseline

MAP, mmHg 89.9 � 6.1 89.6 � 4.6 0.809

HR, bpm 84.2 � 11.5 87.7 � 7.3 0.100

RAP, mmHg 4.24 � 1.24 4.57 � 1.3 0.395

PAP, mmHg 15.6 � 3.1 16.5 � 3.8

PCWP, mmHg 12 � 1.8 12.9 � 2.03 0.103

CO, L/min 6.4 � 1.4 6.0 � 0.9

HVPG, mmHg 16.7 � 3.8 19.3 � 4.9 0.023

Abbreviations for the table: BMI, body mass index; CO, cardiac
output; e0, early diastolic mitral annular velocity; E/A, early diastolic
mitral inflow velocity/late diastolic; E/e0 ratio, E-wave transmitral/
early diastolic mitral annular velocity; EF, ejection fraction; IVRT, iso-
volumic ventricular relaxation time; HR, heart Rate; HVPG, hepatic
venous pressure gradient; MLHFQ, Minnesota Living with Heart Fail-
ure questionnaire;; LV, left ventricle; LVEDV, LV end diastolic vol-
ume; LVESV, LV end systolic volume; MAP, mean arterial pressure;
MELD, Model for End-Stage Liver Disease; PAP, Pulmonary arterial
pressure; RAP, right atrial pressure; PCWP, Pulmonary capillary
wedge pressure.

Table 3 Results of Cox Proportional Hazards Regression
Analysis to Assess Predictors of 24- Month Mortality on
Bivariate and Multivariate Analysis.

Characteristic Bivariate analysis Multivariate analysis

HR 95% CI P Value HR 95% CI P Value

MELD 1.63 1.21–1.44 0.029 1.42 1.22–1.75 0.030

MELD Na 2.48 1.4–2.3.9 0.031 1.35 1.18–1.77 0.043

E/e0 1.42 1.22–1.62 0.023 1.19 1.13–1.5 0.045

e0 1.15 0.98–1.56 0.057

HVPG 1.28 1.11–1.55 0.044

MLHFQ 1.18 1.12–1.45 0.056

CTP 1.15 1.02–1.77 0.046

Abbreviations: CTP, Child Turcotte Pugh Score; HR, hazard ratio; 95% CI,
95% confidence interval; e0, early diastolic mitral annular velocity; E/e0

ratio, E-wave transmitral/early diastolic mitral annular velocity; HVPG,
hepatic venous pressure gradient; INR, international normalized ratio;
MLHFQ, Minnesota Living with Heart Failure questionnaire; MELD,
Model for end stage liver disease; MELD Na, Model for end stage liver
disease Na.

CARDIAC DYSFUNCTION IN CIRRHOSIS PREMKUMAR ET AL

330 © 2018 Indian National Associa

Liver
C
irrh

o
sis
increased 1.5–1.6%. The mean HRQoL score as measured
by MLHFQ was 38.3 � 20.6 (median: 42). Table 5 shows
the results of Cox proportional hazards regression model
analysis for mortality as per degree of diastolic heart fail-
ure and health related quality of life adjusted for baseline
MELD. The presence of Class II/III (P = 0.042) symptoms
of heart failure and MLHFQ$ 45 (P = 0.042) were predic-
tors of mortality at 24 months.
DISCUSSION

Left ventricular diastolic dysfunction is commonly associ-
ated with advanced hepatic dysfunction, even though sys-
tolic function remains preserved.25 Patients with
decompensated cirrhosis show impairment in effective
arterial blood volume and arterial hypotension, lower CO
and LV stroke work when compared to those without asci-
tes.26 Our study shows a prevalence of LVDD in 50.3% of
cirrhosis and describes the clinical features, degree of car-
diac dysfunction, disease progression and HRQoL and
mortality in a prospective cohort of cirrhotics followed
up for a period of 2 years.

Association of LVDD with Outcomes
Most studies have diagnosed LVDD based on the E/A ratio
<1 using 2D echocardiography. E/e0 ratio being the single
best screening tool for diagnosis of LVDD using pulsed
TDI, as opposed to conventional echocardiography Valer-
iano et al demonstrated a lower mean E/A ratio in patients
with ascites.27 Ruiz del Arbol et al showed LVDD, present
in 46% of patients, was a sensitive marker of advanced
cirrhosis, type 1 hepatorenal syndrome development, and
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 4 Cox Proportional Hazards Models With Adjustment; Hazard Ratios (HR) for Mortality Over 24 Months by Grade of LVDD
Across Three Models With Different Levels of Adjustment.

Category of
LVDD

Multivariate HR (95% CI)
Model 1b

P Value Multivariate HR (95% CI)
Model 2c

P Value Multivariate HR (95% CI)
Model 3d

P Value

Grade 1a 1.0 (reference) 1.0 (reference) 1.0 (reference)

Grade 2 1.64 (1.41–1.98) 0.046 1.56 (1.38–1.77) 0.052 1.16 (1.04–1.49) 0.098

Grade 3 1.76 (1.54–2.3) 0.033 1.72 (1.32–1.92) 0.046 1.67 (1.34–1.88) 0.043

aLeft ventricular diastolic dysfunction (LVDD) grade 1 was used as reference for analysis.
bModel 1: Adjusted for age and gender.
cModel 2: Adjusted as Model 1, and presence of diabetes and dyslipidemia.
dModel 3: Adjusted as Model 2, and baseline MELD.(Model for end stage liver disease).
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mortality8 Finucci et al found impaired LV relaxation,
decreased E/A ratio, and delayed early diastolic transmittal
filling in patients with cirrhosis compared with controls.28

E/e0 ratio as an independent prognostic factor for survival.8

The inability to sustain an increase in cardiac output effi-
ciently to cope with the hemodynamic requirements is of
crucial importance specially under stress.29 So, the
increased mortality risk associated with LVDD could be
related to deterioration in cardiocirculatory functions
with progressive liver failure.12 We found a direct associa-
tion of grades 2 and 3 LVDD with mortality in adjusted
models independent of confounding variables like age,
gender, diabetes, dyslipidemia. However, the strength of as-
sociation with mortality remained significant for grade 3
LVDD alone when adjusted for baseline MELD. Our study
suggests that degree of LVDD correlates with liver func-
tion, and the clinical events including renal dysfunction,
sepsis and encephalopathy are related to worsening of cir-
culatory function, consistent with prior studies.7,8,10,29 The
grade of LVDD and poor HRQoL may be a sensitive and
independent marker for mortality even after adjustment
Table 5 Multivariate Cox Proportional Hazards Regression
Model Analysis for Mortality as per Degree of Diastolic Heart
Failure and Health Related Quality of Life Adjusted for Baseline
MELD.

Category Multivariate HR (95% CI)
Model 1a

P Value

Degree of Heart Failure

NYHA Class I* 1.0 (reference)

NYHA Class II/IIIb 1.44 (1.31–1.98) 0.042

HRQoL assessment by MLHFQc

MLHFQ <24 (good) 1.0 (reference)

MLHFQ $24 < 45 (moderate) 1.09 (0.85–1.34) 0.189

MLHFQ $45 (poor) 1.76 (1.3–3.45) 0.042

Abbreviations: HR, hazard ratios; NYHA, New York Heart Association,
HRQoL, health related quality of life; MLHFQ, Minnesota Living with
Heart Failure questionnaire; MELD, Model for end stage liver disease.
aModel 1: Adjusted for baseline MELD.
bNYHA Class II and III were clubbed together due to low numbers.
c< 24 on the MLHFQ represents a good QoL, a score $24 < 45 repre-
sents a moderate QoL, and a score $ 45 represents a poor QoL.
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for the severity of the underlying liver disease, age or
gender.30

The severity of cardiac dysfunction is a marker of
advanced cirrhosis and mortality, and hence future
research should be aimed at improving LVDD and out-
comes in cirrhosis.31,32

Association of Other Factors with HRQoL
Patients with a low BMI were more likely to have a worse
HRQoL. Our results concur with studies showing that
the Child-Pugh, MELD score and low BMI are associated
with poor quality of life.

Marchesini et al showed significant differences in most
HRQoL domains when comparing patients without ascites
to those with either mild-to-moderate or severe ascites.32 A
Dutch study also showed that patients resolution of ascites
is associated with an improvement in HRQoL to levels seen
in compensated disease, implying that there is potential to
vastly improve patient HRQoL through effective treatment
of decompensation.33 Our study showed that LVDD was
associated with poorer HRQoL, affecting predominantly
physical components of the MLHFQ. The assessment of
HRQoL in LVDD is now being incorporated in heart fail-
ure clinical trials. Patients with better HRQoL scores at
baseline have longer survival in various complications of
cirrhosis such as HCC.34 Thus an analogy can be drawn be-
tween the development of LVDD and impairment of
QoL.35,36

Seven of the 17 deaths occurred in patients who were
classed as Child-Pugh group B. Most of these patients
had previous signs of decompensated liver disease with
ascites, variceal bleeding, spontaneous bacterial perito-
nitis, or overt HE. Our results support the theory that de-
compensating events as well as Child-Pugh and MELD
scores predict long-term prognosis in LVDD. The
increased risk of infections concurs with previous evi-
dence.31

Limitations
Several limitations of the study merit further discussion.
Firstly, although the study was designed prospectively, it
is subject to the limitations inherent in single centre
No. 3 | 324–333 331



CARDIAC DYSFUNCTION IN CIRRHOSIS PREMKUMAR ET AL

Liver
C
irrh

o
sis
observational studies. The clinical visit may be insufficient
to detect compliance with therapy, and the use of the
MLHFQ as a measure of HRQoL is subject to self-
reporting errors. More than 42% of the patients were
treated with beta-blockers and 39.3% with diuretics, the
maximal tolerated doses and the duration of these treat-
ments was not recorded, which is relevant to outcomes.
Also, despite multivariate analyses, we cannot exclude
that residual measured and unmeasured confounding ac-
counts for some of these observations. Nonetheless, given
the overall large number of patients observed, and long
follow up period of 24 months, our results are clinically
relevant, subject to a validation study with a control group
of cirrhotics without LVDD. Despite these limitations, this
analysis provides new insights into the factors contrib-
uting to LVDD related complications and impaired
HRQoL in cirrhosis.
CONCLUSION

This study shows that nearly 50% of cirrhotic patients have
LVDD and the of grade diastolic dysfunction correlates
with liver function, clinical events, risk of renal dysfunc-
tion and HRQoL. Pulsed tissue doppler imaging is useful
for diagnosing LVDD, with the E/e0 ratio being the best
screening criterion. LVDD is a predictor of mortality inde-
pendent of the severity of underlying liver disease. Because
patients with LVDD and HF tend to experience poorer
HRQoL, hence clinicians should assess HRQoL and func-
tional status in these patients, and provide tailored,
evidence-based interventions to improve outcomes in
cirrhosis. Additional studies are needed to identify the
most efficient management strategies to improve the prog-
nosis as well as the quality of life. Interventions directed
against LVDD may help achieve this goal.
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