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Background We estimated the frequency of cirrhotic cardiomyopathy (CCΜ) using all of the 
proposed diagnostic criteria, to describe the whole spectrum of cardiac alterations, and to 
investigate the role of stress in unmasking latent cases of CCΜ.

Methods Ninety consecutive patients were recruited. CCΜ was evaluated using the Montreal, the 
American Society of Echocardiography 2009 criteria, and the 2019 modified criteria of the CCM 
consortium. A dobutamine stress test was also performed.

Results Left ventricular diastolic dysfunction (LVDD) was identified in 72  (80%), 36  (40%), 
and 10 (11.1%) patients based on the above criteria, respectively. None of the patients had right 
ventricular systolic dysfunction, either at rest or after stress. The dobutamine stress test revealed 
left systolic dysfunction in 4 (4.5%) patients. There was agreement among the 3 criteria that the 
presence of LVDD was not associated with the severity of liver disease, using Child-Pugh stage. 
However, patients with Child-B/C had longer QTc intervals (P=0.004), higher levels of brain 
natriuretic peptide (P=0.016), and greater echocardiographic E/e’ ratio (P<0.001) and E/e’(s) 
(P=0.003), compared to Child-A patients, while a significant correlation was demonstrated 
between Child-Pugh score and E/e’ (P<0.001), or E/e’(s) (P=0.002).

Conclusions The prevalence of LVDD seems to be lower than previously considered. Right 
ventricular function seems to remain unimpaired. A dobutamine stress uncovered only a small 
percentage of patients with left systolic dysfunction. Nevertheless, the aggravation of several 
sonographic variables during stress, particularly in Child-B/C patients, potentially indicates a 
higher risk for clinical heart failure during stressful invasive interventions.
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Introduction

In cirrhosis, liver dysfunction and the presence of portal 
hypertension result in splanchnic arterial vasodilation due to 
the overproduction, impaired degradation, and portosystemic 
shunting of vasodilator factors. The splanchnic arterial 
vasodilation and the reduced systemic vascular resistance leads 
to low blood pressure and reduced central blood volume with 
central or “effective” hypovolemia [1]. In order to compensate, 
the sympathetic nervous system is activated, leading to 
increased heart rate and output and to a hyperdynamic 
circulation. However, as liver dysfunction and portal 
hypertension aggravate, the splanchnic vasodilation worsens, 
and the increased heart rate and contractility are unable to 
further counterbalance the patient’s hemodynamic circulation. 
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As a consequence, the renin-angiotensin-aldosterone axis is 
activated and vasopressin is released, to increase the blood 
pressure and the arterial blood volume [1]. Nonetheless, the 
hemodynamic state still remains extremely susceptible to factors 
that might influence the splanchnic arterial vasodilation, such 
as bacterial infections and overproduction of proinflammatory 
cytokines [2]. Furthermore, it seems that, along with the 
progression of the liver disease and the exacerbation of 
portal pressure, cardiac dysfunction also develops, leading to 
further arterial hypoperfusion and circulatory impairment [3]. 
This clinical entity is called “cirrhotic cardiomyopathy” 
(CCΜ) and is characterized by altered diastolic relaxation, 
electrophysiological abnormalities and impaired contractility, 
under physiological or pharmacological stress, all occurring 
in the absence of other known causes of cardiac disease [4-6]. 
Diastolic dysfunction seems to precede, while systolic 
dysfunction is rarely present at rest, as the ejection fraction (EF) 
is usually preserved because of the arterial vasodilation and 
the concomitant reduced afterload. Any systolic abnormality 
is often unmasked under physiological or pharmacological 
stress [7]. Until now, the clinical significance of CCΜ has 
been clarified only in cases of transjugular intrahepatic 
portosystemic shunt (TIPS) insertion, or liver transplantation 
[8,9], while its role in the prognosis of patients who do not 
undergo any invasive procedure remains debatable [10-13]. 
Moreover, there is disagreement amongst researchers about the 
prevalence of CCΜ, as different diagnostic criteria have been 
used for its evaluation in the studies published so far [14-16]. 
In 2016, the American Society of Echocardiography and the 
European Association of Cardiovascular Imaging proposed 
new guidelines for the diagnosis of left ventricular diastolic 
dysfunction (LVDD) in patients with normal EF [17], and 
recently Izzy et al modified these to make them more suitable 
for patients with cirrhosis [18]. The aim of this study was to 
evaluate the prevalence of CCΜ according to all of the proposed 
guidelines and to underline the differences between them. 
Furthermore, we aimed to investigate whether a dobutamine 
echocardiographic stress test, as well as the evaluation of right 
cardiac function, might uncover missing cases of CCΜ.

Patients and methods

Patients

Over a period of 18  months (July 2020-December 2021), 
consecutive patients aged from 18-80  years who attended 
our clinic with cirrhosis of any etiology and severity were 
considered for inclusion in the study. The diagnosis of cirrhosis 
was based on clinical and laboratory findings, endoscopy and 

imaging studies, and was confirmed by liver elastography. 
Only patients with liver stiffness ≥13 kPa by 2-dimensional 
shear wave elastography were finally included [19]. Exclusion 
criteria were history of arterial hypertension, chronic cardiac, 
pulmonary or renal disease, diabetes mellitus, active bacterial 
infection, recent gastrointestinal bleeding (<1  month), 
hepatocellular carcinoma, recent or active ethanol abuse 
(<6 months) [20], and treatment with drugs that could affect 
cardiac function or circulatory parameters, such as vasoactive 
drugs or nitrates. Active bacterial infection was ruled out by 
history, clinical examination, blood tests, culture of urine, 
chest radiograph, and in ascitic patients by culture and white 
cell count of ascitic fluid. Large-volume paracentesis was 
not performed in our ascitic patients during the last month 
before their recruitment in the study. Patients with alcoholic 
cirrhosis had prolonged periods of abstinence, confirmed by 
detailed history, discussion with relatives, and non-scheduled 
plasma alcohol determinations during their visits. Patients 
under treatment with β-blockers for the prevention of variceal 
bleeding had temporarily discontinued them at least 15 days 
prior to their cardiological assessment.

The study protocol conformed to the ethical guidelines 
in the 2000 revision (Edinburgh) of the 1975  Declaration of 
Helsinki, and was approved by the Ethics Committee of the 
“Laiko” General Hospital of Athens, Greece. Written consent 
was obtained from each patient.

Electrocardiography and echocardiography protocol

The resting electrocardiogram (ECG) was recorded by a 
conventional electrocardiograph (Cardioline ar 600, Italy). QT 
intervals were corrected (QTc) with Bazett’s formula. Pulsed 
wave (PW) Doppler echocardiography with tissue Doppler 
imaging (TDI) (General Electric, Vivid 3, USA) was used to 
estimate the following cardiac parameters: heart rate (HR), left 
ventricular end-diastolic diameter (LVEDD), left ventricular 
end-systolic diameter (LVESD), left atrial volume (LAvol), left 
ventricular EF at rest, cardiac index (CI), systemic vascular 
resistance index (SVRI), peak early filling velocity during early 
ventricular diastole (E wave), late diastolic filling velocity during 
atrial systole (A wave), E/A ratio (E/A), deceleration time of 
the E wave (DT), isovolumetric relaxation time (IVRT), early 
diastolic mitral annular velocity from the septal side (e’ septal), 
early diastolic mitral annular velocity from the lateral side (e’ 
lateral), average early diastolic mitral annular velocity (e’av), 
E/e’av ratio (E/e’av), pulmonary artery systolic pressure (PASP), 
tricuspid regurgitation velocity (TRV), tricuspid annular plane 
systolic excursion (TAPSE), and systolic right ventricular 
function (SRV). After the assessment of cardiac function at 
rest, a dobutamine stress test was performed and CI after stress 
[CI(s)], early diastolic mitral annular velocity from the septal 
side after stress [e’ septal(s)], E/e’av after stress [E/e’av(s)], 
TAPSE after stress [TAPSE(s)], systolic right ventricular 
function after stress [SRV(s)] and tricuspid regurgitation 
velocity after stress [TRV(s)], were evaluated. Three long-axis 
and 3 short-axis slices (basal, mid-ventricular and apical) were 
acquired in order to cover 16 myocardial segments [21]. Serum 
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brain natriuretic peptide (BNP) was estimated (BNP test kit-
immunofluorescence assay; Getein Biotech, Inc). Dobutamine 
was infused intravenously at 3-min stages. The initial dose was 
2.5 μg/kg/min, followed by a gradual increase to 5, 7.5, 10, and 
20 μg/kg/min and, if needed, atropine injection to reach the 
maximum cardiac strain. Repeated short-axis and long-axis 
images were acquired at the end of each stage. During the 
dobutamine test, the patients’ symptoms, HR, blood pressure 
and ECG were monitored. All examinations were performed 
by a single, experienced cardiologist (GA). The results were 
stored digitally and analyzed offline twice at different times. 
Differences were rarely found between the 2 measurements. If 
this happened, the average values were used.

Criteria for the diagnosis of LVDD

[a]  Criteria of Montreal (2005) [22]:
E/A<1, or DT>200 msec, or IVRT> 80 msec
[b]  Criteria of the American Society of Echocardiography 

(2009) [23]:
e’ septal<8 cm/sec, e’ lateral<10 cm/sec, LAvol≥34 mL/m2

[c]  Criteria of the American Society of Echocardiography 
and the European Association of Cardiovascular Imaging 
(2016) [17], modified in 2019 by the CCΜ consortium [18]:

e’ septal<7  cm/sec, E/e’ septal≥15  cm/sec, LAvol>34  mL/m2, 
TRV>2.8 m/sec
LVDD is defined as 3 of the above 4 parameters being 

abnormal. If there are 2 abnormal and 2 normal parameters, 
the LVDD cannot be assessed (indeterminate state), whereas 
if 1 parameter is normal and 3 abnormal, LVDD is excluded.

Left ventricular diastolic function was further assessed 
after a dobutamine stress test, to uncover any latent diastolic 
dysfunction not apparent at rest.

Criteria for the diagnosis of left ventricular systolic 
dysfunction (LVSD)

According to the Updated Recommendations from the 
American Society of Echocardiography and the European 
Association of Cardiovascular Imaging for Cardiac Chamber 
Quantification by Echocardiography in Adults [24], and 
the modified criteria of the CCM consortium (2019) [18], 
LVSD is defined by an EF≤50% at rest, or an absolute 
global longitudinal strain (GLS) by speckle-tracking 
echocardiography <18% at rest, while stress testing is no 
longer recommended. However, in the current study we did 
not measure GLS, as the technique was not available in our 
department, whereas a dobutamine stress test was necessary 
in order to assess left ventricular diastolic function during 
stress, as described above, and could also be used to assess 
right ventricular systolic function as described below. Thus, 
the diagnosis of LVSD was based on EF≤50% at rest, or on an 
inadequate increase in EF (ΔEF) or CI (ΔCI) of less than 10% 
at peak dobutamine infusion [22].

Criteria for the diagnosis of right ventricular systolic 
dysfunction (RVSD)

TAPSE<17  mm, or SRV<9.5  cm/sec at rest, or TAPSE(s) 
<17 mm, or SRV(s) <9.5 cm/sec during the dobutamine stress 
test [25,26].

Statistical analysis

Statistical analysis was performed using SPSS (SPSS 
software; SPSS Inc, Chicago, IL, USA). Quantitative variables 
were compared using the independent Student’s t-test or 
the Mann-Whitney test for normally and non-normally 
distributed variables, respectively. Data are presented as 
mean ± standard deviation, or median (range) respectively. 
Qualitative variables were compared using the corrected chi-
squared test or a 2-sided Fisher’s exact test, as appropriate. The 
concordance of different diagnostic criteria was determined 
using the proportion of agreement, and inter-rater agreement 
kappa (k), which was interpreted as follows: <0.20, poor; 0.21-
0.40, fair; 0.41-0.60, moderate; 0.61-0.80, good; and 0.81-1.00, 
very good. The relationship between parameters was estimated 
using Spearman’s correlation coefficient. All tests were 2-sided 
and P-values <0.05 were considered to be significant.

Results

Demographic and clinical data

Over the study period 107 cirrhotic patients visited our 
clinic. Seventeen of them were excluded, as 3 were diagnosed 
with liver cancer, 5 had known heart disease (coronary artery 
disease, valvular disorders, etc.), 4 had arterial hypertension, 
and 5 had diabetes mellitus. Therefore, 90 patients were finally 
recruited, of whom 60  (66.7%) were male and 30  (33.3%) 
female. The median age was 55  (33-78) years. The patients’ 
demographics are summarized in Table 1.

LVDD

According to the Montreal criteria [a], 72 (80%) patients had 
LVDD. Using the criteria of 2009 [b], 36  (40%) patients were 
diagnosed with LVDD. The agreement between the 2 methods was 
“good” (k value: 0.754; reclassification rate 11%, P<0.001). Based 
on the latest criteria of 2019 [c], 4/90 (4.45%) patients had LVDD, 
while 10/90  (11.1%) were characterized as “undetermined”. 
The latter group of patients was further evaluated according 
to the proposed algorithm and 6 of the 10 were subsequently 
diagnosed with LVDD. Therefore, 10 of the 90 (11.1%) patients 
were diagnosed with LVDD at the end of the evaluation. The 
percentage of patients detected with LVDD did not change after 
the administration of dobutamine, as no new case of LVDD was 
revealed during stress. The agreement between the latest criteria 
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of 2019 [c] and those of Montreal [a] was “fair” (k value: 0.338; 
reclassification rate: 23%, P<0.001), while the agreement between 
the criteria of 2019 [c] and those of 2009 [b] was again “fair” (k 
value: 0.316; reclassification rate: 28.9%, P<0.001).

The presence of LVDD according to the Montreal criteria was 
not associated with the Child-Pugh stage (A vs. B/C; P=0.21) 
or the patient’s sex (P=0.575), while it had a trend towards 
association with a non-alcoholic etiology of liver disease 
(P=0.071). The presence of LVDD according to the 2009 criteria 
[b] was significantly associated with male sex (χ2: 4.583; P=0.032) 
and a non-alcoholic etiology of liver disease (χ2: 5.030; P=0.032), 
but not with Child-Pugh stage (P=0.575). Based on the recent 
guidelines [c], the development of LVDD was not significantly 
associated with sex (P=0.447), etiology of cirrhosis (alcoholic vs. 
non-alcoholic) (P=0.505), or Child-Pugh stage (P=0.306).

LVSD and RVSD

Regardless of the criteria applied, LVSD was not detected 
at rest, as none of our patients had EF≤50%. Four patients 
(4.45%) were found to be incapable of increasing their CI 
adequately (ΔCI<10%) during the dobutamine stress test. No 
RVSD was noticed at rest, as not even a single patient had 
TAPSE<17 cm/sec, or SRV<9.5 cm/sec. No new case of RVSD 
was identified after stress testing, as TAPSE(s) and SRV(s) 
remained over 17  cm/sec and 9.5  cm/sec, respectively, in all 
patients.

Comparison of the ultrasonographic parameters between 
patients diagnosed with LVDD according to the latest 
guidelines [c] and those without

Patients with LVDD had significantly prolonged QTc 
(P=0.002), increased A (P=0.007), lower E/A (P=0.025), 

increased IVRT (P<0.001), lower e’ septal (P<0.001), larger 
LAvol (P<0.001), higher TRV (P=0.009), and lower SVRI 
(P=0.04), compared to patients without LVDD. The former 
group of patients tended to be older (P=0.072), with higher 
BNP levels (P=0.081) and a lower e’ lateral (P=0.064) compared 
to patients without LVDD, but the differences did not reach 
statistical significance. Regarding the dobutamine stress test 
parameters, patients with LVDD had statistically significantly 
lower e’ septal(s) (P=0.012), lower SRV(s) (P<0.001), lower 
CI(s) (P=0.022), lower ΔCI (P=0.009) and lower ΔSRV 
(P<0.001), in comparison to patients without LVDD. The 2 
groups had no differences in Child-Pugh (P=0.581) or model 
for end-stage liver disease (MELD) score (P=0.223). Table  2 
summarizes the differences between the 2 groups of patients.

Differences in echocardiographic parameters between 
compensated and decompensated cirrhotic patients

Patients with Child-Pugh stage B/C had statistically 
longer QTc (P=0.004), greater E (P=0.032), higher BNP levels 
(P=0.016), higher A (P=0.001), higher E/e’av (P<0.001), greater 
SRV (P=0.018), higher CI (P<0.001), greater PASP (P=0.003), 
higher TRV (P=0.028), lower SVRI (P<0.001), greater E(s) 
(P<0.001), higher E/e’av(s) (P=0.003) and greater TAPSE(s) 
(P=0.021), compared to patients with Child-Pugh stage A. 
Table  3 highlights the differences in the comparing variables 
between the 2 groups.

Correlations between Child-Pugh score and sonographic 
parameters

A statistically significant positive correlation was verified 
between Child-Pugh score and QTc (rho=0.356, P=0.001), E 
(rho=0.29, P=0.006), BNP (rho=0.347, P=0.001), A (rho=0.379, 
P<0.001), E/e’av (rho=0.418, P<0.001), CI (rho=0.54, P<0.001), 
PASP (rho=0.278, P=0.009), E(s) (rho=0.418, P<0.001), 
E/e’av(s) (rho=0.321, P=0.002) and TAPSE(s) (rho=0.291, 
P=0.01), while a trend towards a positive correlation with TRV 
was determined (rho=0.209, P=0.051). A  significant negative 
relationship was found between Child-Pugh score and SVRI 
(rho=-0.595, P<0.001).

Discussion

In cirrhosis, a hyperdynamic circulation is developed 
along with the aggravation of liver dysfunction and portal 
hypertension. Furthermore, in some patients a blunted cardiac 
function, defined as CCΜ, is also present, further enhancing 
the circulatory dysfunction of cirrhosis [7]. The prevalence 
of this entity remains controversial, as several studies have 
shown conflicting results [14-16]. Different criteria applied 
for the evaluation of CCM could probably explain this 
disagreement. According to the Montreal criteria [a], the 

Table 1 Patients’ characteristics

Characteristics Patients (n=90)

Sex
Male
Female

60 (66.7%)
30 (33.3%)

Age (years) 55 (33-78)

Etiology of cirrhosis
Alcohol
HBV/HCV
NAFLD

48 (53.3%)
36 (40%)
6 (6.7%)

Child-Pugh score 6 (5-14)

Child-Pugh stage
A
B/C
Unavailable

52 (57.8%)
36 (40%)
2 (2.2%)

MELD score 11 (6-27)
Variables are expressed as median (range) values
HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, nonalcoholic fatty 
liver disease; MELD, model for end-stage liver disease
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prevalence of LVDD, which is the primary component of 
CCΜ, has been reported as up to 70% [7]. In a previous study 

from our group, using the 2009 criteria, a prevalence close to 
37% was documented  [15]. The current study showed a lower 

Table 2 Differences between patients with or without left ventricular diastolic dysfunction (LVDD)

Parameter No LVDD LVDD P-value

Age (years) 55 (33-78) 70 (45-77) 0.072

HR (bpm) 76 (59-110) 81 (59-95) 0.979

QTc (msecs) 433 (368-492) 465 (449-497) 0.002

EF (%) 65 (56-75) 64 (57-74) 0.632

E (cm/sec) 76.5 (50-128) 64 (58-105) 0.354

BNP (pg/mL) 24.3 (5-286) 106 (5-369) 0.081

A (cm/sec) 76 (42-127) 101 (64-114) 0.007

E/A (ratio) 1 (0.6-2) 0.6 (0.56-1.4) 0.025

DT (ms) 220 (121-317) 233.5 (220-253) 0.182

IVRT (ms) 105 (70-130) 120 (118-127) <0.001

TAPSE (mm) 24 (21-37) 23 (21-27) 0.109

e’ septal (cm/sec) 8.9 (5.3-15.3) 6.5 (5-6.9) <0.001

e’ lateral (cm/sec) 12.4 (7.5-19.7) 10.5 (7-16.5) 0.064

E/e’av (ratio) 7.2 (3.7-13.6) 6.9 (6.6-10.6) 0.329

SRV (cm/sec) 16.5 (11.9-28) 15.4 (13.2-18.7) 0.248

CI (L/min/m2) 3 (2.1-5.1) 3.3 (2.4-4.3) 0.08

LA (ml/m2) 22.8 (12.1-36.2) 38.3 (24-42.9) <0.001

LVEDD (mm) 50 (40-62) 49 (42-62) 0.562

LVESD (mm) 31 (22-37) 33 (24-37) 0.628

PASP (mmHg) 31.5 (18-43) 35 (30-45) 0.117

TRV (m/sec) 2.5 (1.8-3) 2.9 (2.5-3) 0.009

SVRI (dyn/sec/m2/cm-5) 2425.5 (1355-3607) 1963 (1517-2606) 0.04

Child-Pugh score 6 (5-14) 7 (5-9) 0.581

MELD score 11 (6-27) 11 (8-16) 0.223

E(s) (cm/sec) 76 (50-182) 69 (49-137) 0.292

e’ septal(s) (cm/sec) 10.5 (5.5-20.5) 8.3 (7.5-12.7) 0.033

e’ lateral(s) (cm/sec) 13.5 (7.3-22) 12.9 (9.3-21) 0.355

E/e’av(s) (ratio) 6.3 (3.3-10.2) 6.9 (3.8-9.7) 0.258

TAPSE(s) (mm) 29 (21-34) 27 (23-28) 0.012

SRV(s) (cm/sec) 26.3 (16-41) 17.2 (12.3-25) <0.001

CI(s) (L/min/m2) 5.2 (2.4-10.5) 4 (3.5-8) 0.022

ΔSRV (cm/sec) 0.5 (0.03-1.8) 0.12 (-0.07 – 0.34) <0.001

ΔTAPSE (mm) 0.14 (-0.18 – 0.42) 0.95 (0.04-0.17) 0.337

ΔCI (L/min/m2) 0.8 (-0.04 – 2.5) 0.3 (0.13-0.86) 0.009

ΔE/e’av -0.11 (-0.43 – 0.6) -0.38 (-0.44 – 0.06) 0.681
Variables are expressed as median (range) values
HR, heart rate; LVEDD, left ventricular end diastolic diameter; LVESD, left ventricular end systolic diameter; LA vol, left atrium volume; EF, ejection fraction at 
rest; CI, cardiac index; SVRI, systemic vascular resistance index; E, peak early filling velocity during early ventricle diastole; A, late diastolic filling velocity during 
atrial systole; DT, deceleration time of E wave; IVRT, isovolumetric relaxation time; e’ septal, early diastolic mitral annular velocity from the septal side; e’ lateral, 
early diastolic mitral annular velocity from the lateral side; e’av, average early diastolic mitral annular velocity; PASP, pulmonary artery systolic pressure; TRV, 
tricuspid regurgitation velocity; TAPSE, tricuspid annular plane systolic excursion; SRV, systolic right ventricular function; CI(s), CI after stress; e’ septal(s), early 
diastolic mitral annular velocity from the septal side after stress; TAPSE(s), TAPSE after stress; SRV(s), SRV after stress; TRV(s), TRV after stress



Prevalence of cirrhotic cardiomyopathy 569

Annals of Gastroenterology 36

prevalence of LVDD when, instead of the Montreal guidelines 
[a], those of 2009 [b] or the 2019 guidelines [c] were applied. 
Razpotnik et al have also reported this correspondence 
between the prevalence of LVDD and the criteria used for 
its evaluation. Thus, according to the Montreal criteria [a] 

the authors found a prevalence of 67%, which dropped to 
35% and 7.5%, respectively, when the 2009 [b] and 2019 [c] 
criteria were applied [27].

The difference in prevalence of LVDD among the 3 
criteria raises questions about which is the most accurate 

Table 3 Comparison of patients according to the Child-Pugh stage

Parameter Child-Pugh A Child-Pugh B/C P-value

Age (years) 57 (33-78) 57.5 (38-77) 0.476

HR (bpm) 77 (59-110) 78.5 (59-91) 0.646

QTc (msec) 428 (368-490) 454 (416-497) 0.004

EF (%) 65 (56-75) 65 (57-70) 0.125

E (cm/sec) 72 (53-119) 90 (51-128) 0.032

BNP (pg/mL) 18.5 (5-145) 46 (6.8-369) 0.016

A (cm/sec) 72 (42-120) 87 (53-127) 0.001

E/A (ratio) 1 (0.6-1.9) 0.9 (0.56-1.85) 0.234

DT (msec) 219 (121-262) 227.5 (169-272) 0.301

IVRT (msec) 111 (83-130) 100.5 (70-127) 0.172

TAPSE (mm) 24 (21-29) 25 (21-37) 0.066

e’ septal (cm/sec) 8.9 (5.3-15.3) 8.4 (5-14.2) 0.164

e’ lateral (cm/sec) 12.2 (8.8-19.7) 11.5 (7-17) 0.61

E/e’ av (ratio) 6.7 (4.5-11.2) 9.3 (3.7-13.6) <0.001

SRV (cm/sec) 15.3 (12.2-22.1) 17.1 (11.9-28) 0.018

CI (L/min/m2) 2.9 (2.1-5.1) 3.3 (2.1-4.7) <0.001

LA vol (ml/m2) 23.3 (12.1-42.9) 24.4 (18.1-39.3) 0.164

LVEDD (mm) 49.5 (40-62) 51 (42-62) 0.232

LVESD (mm) 31 (22-37) 31 (24-37) 0.877

PASP (mmHg) 30 (18-45) 35 (30-43) 0.003

TRV (m/sec) 2.5 (1.8-3) 2.7 (2.3-3) 0.028

SVRI (dyn/sec/m2/cm-5) 2527.5 (1396-3607) 1811 (1355-3580) <0.001

E(s) (cm/sec) 74 (49-116) 83 (50-182) <0.001

e’ septal(s) (cm/sec) 10.2 (6.8-18.8) 10.5 (5.5-20.5) 0.396

e’ lateral(s) (cm/sec) 13.2 (10-18.4) 13.9 (7.3-22) 0.659

E/e’av(s) (ratio) 6.1 (3.8-7.9) 8 (3.2-10.2) 0.003

TAPSE(s) (mm) 28 (21-34) 29 (23-34) 0.021

SRV(s) (cm/sec) 24 (12.3-41) 26.3 (13.3-41) 0.61

CI(s) (L/min/m2) 5.1 (2.4-8) 5.3 (3.1-10.5) 0.3

ΔSRV (cm/sec) 0.53 (-0.07-1.8) 0.43 (0.001-1.32) 0.27

ΔTAPSE (mm) 0.13 (-0.18-0.42) 0.12 (-0.14-0.33) 0.853

ΔCI (L/min/m2) 0.8 (-0.04-2.5) 0.66 (0.13-1.76) 0.241

ΔΕ/e’av -0.07 (-0.44-0.3) -0.15 (-0.43-0.06) 0.263
Variables are expressed as median (range) values
HR, heart rate; LVEDD, left ventricular end diastolic diameter; LVESD, left ventricular end systolic diameter; LA vol, left atrium volume; EF, ejection fraction at 
rest; CI, cardiac index; SVRI, systemic vascular resistance index; E, peak early filling velocity during early ventricle diastole; A, late diastolic filling velocity during 
atrial systole; DT, deceleration time of E wave; IVRT, isovolumetric relaxation time; e’ septal, early diastolic mitral annular velocity from the septal side; e’ lateral, 
early diastolic mitral annular velocity from the lateral side; e’av, average early diastolic mitral annular velocity; PASP, pulmonary artery systolic pressure; TRV, 
tricuspid regurgitation velocity; TAPSE, tricuspid annular plane systolic excursion; SRV, systolic right ventricular function; Cis(s) CI after stress; e’ septal(s), early 
diastolic mitral annular velocity from the septal side after stress; TAPSE(s), TAPSE after stress; SRV(s), SRV after stress; TRV(s), TRV after stress
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for patients with cirrhosis. The recent 2019 [c] algorithm 
is more complicated, but probably more appropriate for the 
estimation of LVDD in cirrhotic patients, as it combines 
several factors that are less dependent on the alterations 
of preload and afterload that are affected in cirrhosis [18]. 
Nevertheless, it seems that, regardless of its good specificity, 
its sensitivity and negative predictive value (NPV) are 
moderate. Obokata et al reported sensitivity rates of 34% 
and an NPV of 53% in patients with diastolic dysfunction 
and preserved EF [28]. Ommen et al showed that the E/e’, 
one of the components of the 2019 criteria, had excellent 
specificity in identifying increased filling pressures. 
Nevertheless, they also found that many patients with 
increased filling pressures had normal E/e’. This finding 
raised concerns about the sensitivity of this parameter. The 
authors concluded that an elevated E/e’ strongly supports the 
existence of high left filling pressures and high pulmonary 
capillary wedge pressure, and thus LVDD, but a normal E/e’ 
does not exclude LVDD [29].

The addition of a stress test has been considered to increase 
the sensitivity and the NPV of the method [28]. Moreover, 
it has been shown that abnormalities in diastolic function, 
possibly not apparent or mild at rest, are often induced or 
exacerbated during stress [30,31]. Therefore, we reevaluated 
diastolic cardiac function after the administration of 
dobutamine. Notably, not even a single patient without LVDD 
at rest, according to the 2019 criteria [c], fulfilled the criteria 
of LVDD during stress.

Concerning left ventricular systolic function, none of our 
patients was diagnosed with LVSD at rest. However, LVSD was 
revealed in a minority of them (4.5%) during stress, as they 
did not manage to increase their CI adequately (ΔCI<10%). 
As RVSD may be present in patients with otherwise normal 
left ventricular systolic function and preserved EF, we also 
evaluated the right ventricular systolic function [32,33]. 
Interestingly, no RVSD was verified at rest or during stress, 
though patients with LVDD had significantly lower TAPSE(s), 
SRV(s) and ΔSRV during stress, indicating a tendency towards 
RVSD.

Apart from the differences among the 3 guidelines, 
they all agree that the presence of LVDD is not associated 
with the severity of liver disease as expressed by the Child-
Pugh stage. In a previous study from our group, using the 
2009 criteria [b], we had already shown that patients with 
LVDD did not differ in their Child-Pugh or MELD score in 
comparison to those without LVDD [15]. Likewise, in the 
present study, patients with LVDD according to the latest 
criteria [c], had no significant differences in Child-Pugh or 
MELD score compared to those without LVDD. However, the 
significantly longer QTc, higher BNP and greater E/e’av and 
E/e’av(s) observed in Child-Pugh B/C patients, in addition 
to the significant correlation between the Child-Pugh score 
and each of the above parameters, indicate an aggravated 
LVDD in this group of patients. Apart from LVDD, the 
higher values of PASP, SRV and TAPSE(s) also demonstrate 
a more defective right ventricular systolic function. These 

findings are of great importance, as Child-Pugh B/C 
individuals are usually treated with TIPS implementation or 
liver transplantation, procedures with a poor outcome in the 
presence of cardiac dysfunction [34-36]. Consequently, these 
more advanced cirrhotic patients may need further cardiac 
evaluation, apart from the TDI test, before undergoing 
invasive interventions [37]. Cardiovascular magnetic 
resonance imaging (MRI) using dobutamine stress, which is 
considered a superior method, could probably be helpful in 
these cases [38]. However, its high cost and low availability 
rule out its use on a routine basis. Probably, the subgroup 
of Child-Pugh B/C patients with a concomitant prolonged 
QTc and/or high BNP, should have prioritization for a stress 
cardiac MRI preoperatively, as these parameters have been 
implicated in higher post-procedure mortality rates [39-41].

Our study had some limitations. First, the absence of a 
control group. However, our purpose was not to compare 
the prevalence of cardiac dysfunction between cirrhotic 
and non-cirrhotic patients, but to elucidate the prevalence 
of CCM in cirrhotic patients according to the different 
diagnostic algorithms. Second, systolic dysfunction was 
not evaluated by measuring GLS, which seems capable of 
identifying abnormal contraction patterns in the setting 
of an apparently normal EF [42]. Furthermore, Lang et al 
have shown that more than half of cirrhotic patients are 
diagnosed with LVSD when this method is applied [27]. This 
is a major limitation of our study. However, as has already 
been mentioned, GLS was unfortunately not available in our 
center.

On the other hand, our study has some strengths. To 
our knowledge, it is the first time that both left and right 
ventricular function have been evaluated in cirrhotic 
patients. Moreover, left ventricular diastolic function and 
right ventricular systolic function were estimated not only at 
rest, but also during stress.

In conclusion, the prevalence of LVDD is lower when 
estimated using the more recent guidelines, whereas 
the evaluation of left ventricular diastolic function after 
stress does not seem to increase the number of patients 
diagnosed with LVDD. However, Child-Pugh B/C patients 
present significant aggravation of left ventricular diastolic 
parameters during stress. Regarding LVSD, it seems to be 
absent at rest if assessed by TDI, while a small number 
of cases are revealed during the dobutamine stress test. 
Similarly, no RVSD is detected at rest. However, significant 
worsening of right ventricular systolic parameters during 
stress is demonstrated in subjects with LVDD. Our results 
increase the concerns about missing cirrhotics with cardiac 
alterations when the proposed guidelines are applied. It is 
probably better to evaluate diastolic cardiac function not 
only at rest, but also during stress, particularly when subjects 
with more advanced liver disease are being investigated. In 
addition, the systolic cardiac capacity must be estimated 
after the evaluation of both left and right ventricular systolic 
function, but further studies are needed in order to confirm 
this issue.
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What is already known:
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diagnostic algorithms
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What the new findings are:
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