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Background: Liver cirrhosis is closely associated with cardiac dysfunction. The
aims of this study were to evaluate left ventricular systolic function in patients
with hepatitis B cirrhosis by non-invasive left ventricular pressure-strain loop
(LVPSL) technique, and to explore the correlation between myocardial work
indices and liver function classification.

Methods: According to the Child-Pugh classification, 90 patients with hepatitis B
cirrhosis were further divided into three groups: Child-Pugh A group (n=32),
Child-Pugh B group (n = 31), and Child-Pugh C group (n = 27). During the same
period, 30 healthy volunteers were recruited as the control (CON) group.
Myocardial work parameters, which included global work index (GWI), global
constructive work (GCW), global wasted work (GWW), and global work
efficiency (GWE), were derived from the LVPSL and compared among the four
groups. The correlation between myocardial work parameters and Child-Pugh
liver function classification was evaluated, and the independent risk factors
affecting left ventricular myocardial work in patients with cirrhosis were
investigated by univariable and multivariable linear regression analysis.

Results: GWI, GCW and GWE of Child-Pugh B and C groups were lower than those
of CON group, while GWW was higher than that of CON group, and the changes
were more obvious in Child-Pugh C group (P < 0.05). Correlation analysis revealed
that GWI, GCW, and GWE were negatively correlated with liver function
classification to various degrees (r=-0.54, —0.57, and —0.83, respectively, all
P <0.001), while GWW was positively correlated with liver function classification
(r=0.76, P<0.001). Multivariable linear regression analysis showed that GWE
was positively correlated with ALB (3= 0.17, P<0.001), and negatively correlated
with GLS (8= -0.24, P<0.001).

Conclusions: The changes in the left ventricular systolic function in patients with
hepatitis B cirrhosis were identified using non-invasive LVPSL technology, and
myocardial work parameters are significantly correlated with liver function
classification. This technique may provide a new method for the evaluation of
cardiac function in patients with cirrhosis.
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1. Introduction

Liver cirrhosis is a common chronic progressive liver disease
with a high mortality rate, which may cause multiple system
dysfunction in the advanced stage. In Asian populations, chronic
viral hepatitis B is the primary cause of liver cirrhosis (1).
Cirrhotic cardiomyopathy (CCM) is one of the significant
complications of cirrhosis and is closely related to the poor
prognosis of patients with liver cirrhosis (2). It comprises a triad
of impaired myocardial contractile responses to stress (systolic
(diastolic

in the
absence of any known cardiac disease (3). Patients with cirrhosis

dysfunction), inadequate ventricular relaxation

dysfunction), and electrophysiological abnormalities
may have various cardiovascular complications and even induce
heart failure under stress conditions such as load or clinical
invasive operation (4, 5). Heart failure due to CCM is claimed to
the third cause of mortality in liver transplant patients following
infection and rejection (6). Therefore, the evaluation of left
ventricular systolic function in patients with cirrhosis in the early
stage is extremely important for treatment and prognosis.

Left ventricular systolic function and myocardial oxygen
consumption can be accurately assessed with the use of pressure-
volume loop measured by cardiac catheterization, but this
method is an invasive examination with limited use in clinical
practice (7). The left ventricular global longitudinal strain (GLS)
measured by two-dimensional speckle tracking echocardiography
(2D-STE) can be used to quantitatively evaluate left ventricular
systolic function, but its load-dependent limitations affect the
objective evaluation of myocardial systolic function (8). The left
ventricular pressure-strain loop (LVPSL) is a new technique
developed on the basis of 2D-STE, which allows for a more
accurate assessment of left ventricular myocardial work by
considering the effect of afterload on strain (9, 10). The results of
LVPSL in
significantly correlated with the invasive cardiac catheterization
results (11). This
reproducible, allowing for a more objective and accurate

non-invasive assessing myocardial work were

method is simple, non-invasive, and
assessment of left ventricular function.

LVPSL technology has been widely used in the diagnosis of
many cardiovascular diseases, but no studies have yet applied it to
patients with cirrhosis. We hypothesized that LVPSL might
provide incremental value for the assessment of left ventricular
systolic function in patients with cirrhosis. The aim of this study
was (1) to evaluate the left ventricular myocardial work of patients
with different degrees of hepatitis B cirrhosis by using LVPSL
technology; (2) to explore the correlation between myocardial
work indices and liver function classification; (3) to find the
clinical factors impairing the left ventricular myocardial work.

2. Materials and methods
2.1. Study population

From July 2020 to May 2021, a total of 90 patients with
hepatitis B cirrhosis were recruited in this study, including 50
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males and 40 females. The diagnosis of liver cirrhosis is based
on clinical symptoms, laboratory data, imaging and pathological
examination (12). According to the Child-Pugh classification,
the patients with liver cirrhosis were divided into three groups:
Child-Pugh A group (n=32, 56% men, age 42.9 +9.4 years),
Child-Pugh B group (n=31, 55% men, age 41.8+7.6 years),
and Child-Pugh C group (n=27, 56% men, age 41.5+10.6
years). Thirty healthy volunteers were allocated to the control
(CON) group (57% men, age 41.9+10.9 years). The exclusion
criteria were as follows: (i) coronary atherosclerotic heart
disease, hypertension, congenital heart disease and other
cardiovascular diseases; (ii) patients with chronic kidney
disease, chronic respiratory disease, thyroid dysfunction and
other diseases that may lead to secondary heart damage; (iii)
patients with gastrointestinal bleeding in the last month; (iv)
diabetes, hyperlipidemia and obesity; (v)
The

illustrated in the flowchart in Figure 1. This study was

poor-quality of

ultrasound images. participant selection process is
approved by the ethics committee of Henan Provincial People’s
Hospital and informed consent was obtained from all subjects

before image acquisitions.

2.2. Clinical features

Clinical data of all subjects were collected, such as age, BMI,
BSA, heart rate (HR), systolic blood pressure (SBP), diastolic
blood pressure (DBP) and pulse pressure (PP). Albumin (ALB),
total bilirubin (TBil), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and brain natriuretic peptide (BNP)
level in patients with cirrhosis were obtained by standard
laboratory techniques.

2.3. Conventional ultrasonic parameters

All subjects underwent conventional

echocardiography examination according to the American

were

Society of Echocardiography guidelines (13), using a GE
Vivid E95 colour Doppler ultrasound system (GE Vingmed
Ultrasound AS, Horten, Norway) equipped with M5Sc-D
(1.4-4.6 MHz) and Cl1-6 (3.5-
5.0 MHz). Before examination, the brachial artery blood

transducer transducer

pressure was measured three times with an electronic
manometer, and then the average was taken for analysis
(assuming left ventricular systolic pressure equal to the
brachial artery pressure). All subjects were instructed to take
a supine position and breathe calmly. Using the C1-6 probe,
the portal vein inner diameter (Dpv) and its flow velocity
(Vpv) were obtained in the first longitudinal section of the
hepatic portal under the right costal margin. Then the
subjects were instructed to assume the left-lateral position
and the electrocardiogram was attached. By adjusting the
frequency, gain and image size, the endocardial surface was
clearly displayed. Conventional parameters were measured in

the parasternal long-axis view of the left ventricle, such as
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All study participants were included (n=138)

exclusion 18 participants were excluded:
1 1. Poor ultrasound image quality (n=11)
inclusion 2. Absence of laboratory data (n=7)
\ 4

30 normal participants

90 cirrhosis patients

y

, v

Child-Pugh A
(n=32)

Child-Pugh B

Child-Pugh C
(n=27)

(n=31)

A 4 A

Enrolled for analysis

FIGURE 1
Flowchart of study populations

FIGURE 2

global constructive work; GWW, global wasted work

k index

ANT_SEPT

Left ventricular myocardial work parameters were obtained by non-invasive PSL technique. Top left: PSL curve; Top right: the 17-segment myocardial
work index bull's eye diagram; Bottom left: comparison diagram of GCW (green column) and GWW (blue column); Bottom right: the parameters
regarding myocardial work. PSL, pressure-strain loop; GLS, global longitudinal strain; GWI, global work index; GWE, global work efficiency; GCW,

the left atrial diameter (LAD), left ventricular end-diastolic
(LVDd), left end-systolic
(LVDs), interventricular septum thickness (IVST) and left
thickness (LVPWT). Left
(LVEF) was calculated by
Simpson’s biplane method. The mitral and aortic valve

diameter ventricular diameter

ventricular  posterior  wall

ventricular ejection fraction
Doppler spectral images were obtained. Dynamic images
consisting of five consecutive cardiac cycles from the apical
four-, three-, and two-chamber views were collected at frame
rate of 50-70 frames/s, and the images were stored and
copied to a mobile hard disk for analysis.
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2.4. Quantitative analysis of GLS and
myocardial work parameters

The stored dynamic images were imported into the Echopac
version 203 workstation (GE vingmed ultrasound, Horten,
Norway) in original format for offline analysis. The aortic valve
closure time was marked by the anterior flow spectrogram of the
aortic valve to define the duration of isovolumic contraction,
ejection, and isovolumic diastolic. The software can automatically
identify and track the left ventricular myocardial motion
trajectory and the region of interest was adjusted by correcting
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the endocardial border or width until a satisfactory image was
obtained. Finally, after entering the mean brachial artery blood
pressure value, the software automatically obtained GLS, the
LVPSL curve, and myocardial work parameters, as shown in
Figure 2. The myocardial work parameters are as follows:

(1) Global work index (GWI): the total work within the area of
the LVPSL curve calculated from mitral valve closure to
mitral valve opening.

(2) Global constructive work (GCW): work performed by
shortening in systole and lengthening during the isovolumic
diastole phase.

(3) Global wasted work (GWW): the negative work performed by
lengthening in systole and shortening during the isolvolumic
diastole phase.

(4) Global work efficiency (GWE): the percentage of GCW in the
sum of GCW and GWW.

2.5. Statistical analysis

All statistical analyses were performed using SPSS version 26.0
software (IBM, Armonk, NY, USA). Continuous variables with
normal distribution were presented as mean + standard deviation,
and those with non-normal distribution were presented as median
(interquartile range). One-way analysis of variance was used for
comparison among multiple groups when the variances were
homogeneous, and the least significant difference t-test was used for
further pairwise comparison. The rank sum test was used to
compare non-normally distributed data. Categorical variables were
expressed as frequencies and percentages and compared by the x*-
test between the groups. Correlations between myocardial work
parameters and Child-Pugh liver function classification were
examined by Spearman correlation coefficients. The factors with P-
value <0.05 in univariable linear regression results were incorporated
into the multivariable linear regression analysis models by means of
stepwise selection to detect the independent predictors of abnormal
myocardial function in patients with liver cirrhosis. In the

TABLE 1 Clinical and laboratory parameters.

CON (n=30)

10.3389/fcvm.2023.1126590

multivariable linear regression model, there was no multicollinearity
between variables. Intra-observer and inter-observer variability of
myocardial work parameters were assessed in 15 cirrhosis patients
and 15 healthy volunteers selected randomly and tested using the
intraclass correlation coefficients (ICCs). All tests were two-sided,
and P <0.05 was considered statistically significant.

3. Results
3.1. Clinical and laboratory parameters

A total of 90 patients with liver cirrhosis were enrolled in this
study, with an average age of 42.1+9.1 years. The clinical and
laboratory characteristics of the study subjects are illustrated in
Table 1. Compared with the CON group, TBil, ALT, AST and
BNP were significantly increased, and ALB was decreased in the
liver cirrhosis groups, especially in the Child-Pugh C group (P <
0.05). There were no significant differences in sex, age, BMI,
BSA, HR, SBP, DBP, and PP among the four groups (P > 0.05).

3.2. Conventional ultrasound parameters

The conventional ultrasound parameters of each group are
summarized in Table 2. LAD, IVST and LVPWT in the cirrhosis
groups were increased compared to the CON group (P <0.05).
Compared with the CON group and the Child-Pugh A group,
Child-Pugh B and C groups had higher Dpv and lower Vpv (P <
0.05). No significant differences were identified among the four
groups in terms of LVDd, LVDs and LVEF (P> 0.05).

3.3. GLS and myocardial work parameters

The absolute value of GLS in the cirrhosis groups was
significantly decreased compared to the CON group, especially in

Child-Pugh A (n=32)

Child-Pugh B (n=31) Child-Pugh C (n =27) P-value

Male gender, n (%) 17 (57%) 18 (56%) 17 (55%) 15 (56%) 0.99
Age (years) 42.0+10.9 429+94 41.8+7.6 41.5+10.6 0.95
BMI (kg/m?) 234427 232+29 232+23 233+3.0 0.99
BSA (m?) 1.7+£03 1.7+£04 1.7+£04 1.7+04 0.99
HR (bpm) 68.8+9.6 704+9.6 71.7 +10.4 71.5+£6.6 0.62
SBP (mm Hg) 124.6£9.2 121.8 +11.8 119.4+9.4 1199 +11.3 0.21
DBP (mm Hg) 77.0+8.8 76.8 +8.8 752 +5.5 753+7.1 0.71
PP (mm Hg) 47.6£9.0 45.0+10.7 442+87 44.6+99 0.52
ALB (g/L) 43.7+6.7 39.4+5.3* 32.0 £8.40* 22.9 £ 6,10000x <0.001
TBil (pmol/L) 12.1£3.1 26.0 £6.8* 49.7 £10.9%** 66.6 + 142700 <0.001
ALT (U/L) 246+64 36.4+4.6* 52.1+£9.90** 69.0 &+ 12,400t <0.001
AST (U/L) 239+6.1 33.8+7.7* 52.9 + 14.30%* 81.4 + 1.9t <0.001
BNP (pg/ml) 34.5+9.0 68.7 +10.3* 128.5 + 14.5%** 186.8 £ 4230 <0.001

Data are expressed as mean + SD or as number (percentage).

BMI, body mass index; BSA, body surface area; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; ALB, Albumin; TBil, total

bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BNP, brain natriuretic peptide.

*P<0.05 vs. CON; **P<0.05 vs. Child-Pugh A; ***P < 0.05 vs. Child-Pugh B.

Frontiers in Cardiovascular Medicine
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TABLE 2 Conventional ultrasound parameters.

CON (n=30) Child-Pugh A (n=32) Child-Pugh B (n=31) Child-Pugh C (n=27) P-value
Dpv (mm) 99+14 106+ 1.6 12.7 + 1.6°* 14.3 + 1200000 <0.001
Vpv (m/s) 19.9 +4.1 181+3.0 15.8 +2.4%%* 13.8 £ 2.0% %0 <0.001
LAD (mm) 30.7+29 33.9+2.6* 35.1+4.7* 39.0 4 4,000 <0.001
LVDd (mm) 47.1+34 482+43 47.8+34 485+3.4 0.52
LVDs (mm) 27.8+3.9 28.8+3.8 283+4.0 29.1+3.8 0.63
IVST (mm) 84+12 9.9+1.2* 10.1 £ 1.5% 10.3 + 1.5% <0.001
LVPWT (mm) 8.6+0.9 9.6+1.2* 10.0 + 1.4* 102+ 1.4% <0.001
LVEF (%) 67.5+52 68.1+5.0 69.6+6.8 68.6+59 0.56

Data are expressed as mean + SD. Dpv, portal vein inner diameter; Vpv, portal vein flow velocity; LAD, left atrial diameter; LVDd, left ventricular end-diastolic diameter;
LVDs, left ventricular end-systolic diameter; IVST, interventricular septum thickness; LVPWT, left ventricular posterior wall thickness; LVEF, left ventricular ejection
fraction. *P<0.05 vs. CON; **P < 0.05 vs. Child-Pugh A; ***P <0.05 vs. Child-Pugh B.

TABLE 3 GLS and myocardial work parameters.

CON (n=30) Child-Pugh A (n=32) Child-Pugh B (n=31) Child-Pugh C (n=27) P-value
GLS (%) —21.2+23 —19.4+2.3* —17.4+33%% —15.0 + 25000 <0.001
GWI (mm Hg%) 2,030.2 +358.4 1,914.1+337.3 1,719.7 + 324.3* 1,518.0 % 198.0*+%*x <0.001
GCW (mm Hg%) 2,331.8 +384.1 2,140.0 + 381.6 1,935.6 + 218.5* 1,728.6 + 242.2% %+ <0.001
GWW (mm Hg%) 475 (16.5) 58.0 (19.3)* 71.0 (35.0)** 1200 (25.0)*+*** <0.001
GWE (%) 98.0 (0.3) 97.0 (1.0)* 96.0 (3.0 93.0 (2.0)* 0+ ** <0.001

Data are expressed as mean + SD or as median (quartile range). GLS, global longitudinal strain; GWI, global work index; GCW, global constructive work; GWW, global

wasted work; GWE, global work efficiency.
*P<0.05 vs. CON; **P<0.05 vs. Child-Pugh A; ***P < 0.05 vs. Child-Pugh B.

the Child-Pugh C group (P<0.05). Compared with the CON
group, GWI, GCW and GWE in Child-Pugh B and C groups
were significantly decreased, while GWW was increased (P <
0.05). Compared with Child-Pugh A and B groups, GWI, GCW
and GWE in Child-Pugh C group were further decreased, while
GWW was further increased (P < 0.05). (Table 3 and Figures 3, 4).

3.4. Correlation between myocardial work
parameters and Child-Pugh classification

Spearman correlation analysis results showed that GWI, GCW,
GWE were negatively correlated with Child-Pugh classification
(GWI: r=—-0.54, P<0.001; GCW: r=—0.57, P<0.001; GWE: r=
—0.83, P<0.001) and GWW was positively correlated with
Child-Pugh classification (GWW: r=0.76, P<0.001). GWE
showed more significant correlation than other myocardial work
parameters, as exhibited in Figure 5.

3.5. Potential associated factors for GWE in
cirrhosis patients

HR, ALB, TBil, Dpv, IVST, LVPWT and GLS were
incorporated into the multivariable linear regression analysis
model of GWE by means of stepwise selection based on the
univariable linear regression analysis results. The results showed
that GWE was positively correlated with ALB (=0.17, P<
0.001), and negatively correlated with GLS (f=—0.24, P <0.001).
The detailed data are listed in Table 4.

Frontiers in Cardiovascular Medicine

3.6. Reproducibility test

Intra-observer and inter-observer variability for myocardial
work parameters are summarized in Table 5. The results showed
good repeatability and reproducibility in global myocardial work
parameters.

4. Discussion

This study mainly illustrates the myocardial function of
patients with different degrees of hepatitis B cirrhosis by non-
invasive PSL technique. The main findings are as follows: (1)
Compared with the CON group, there was no significant change
in LVEF in the cirrhosis groups, but the myocardial work
parameters had changed. GWI, GCW and GWE in Child-Pugh B
and C groups were significantly lower than those in control
group, while GWW was significantly higher than that in control
group, and the change was more obvious in Child-Pugh C group.
(2) GWI, GCW and GWE were negatively correlated with Child-
Pugh classification, while GWW was positively correlated with
Child-Pugh classification. (3) GWE was independently correlated
with ALB and GLS respectively.

Liver cirrhosis is the terminal stage of various chronic liver
diseases with high mortality rate, which can damage the function
of other organs to varying degrees, and it has become a serious
public health problem (14). As one of the important
complications of cirrhosis, CCM is closely related to the
prognosis and survival rate of patients, and has gradually
received clinical attention in recent years. The onset of CCM is
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FIGURE 3
The bar chart showed differential changes of GWI and GCW among the four groups. GWI, global work index; GCW, global constructive work. *P < 0.05 vs.
CON. tP<0.05 vs. Child-Pugh A. AP <0.05 vs. Child-Pugh B.
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FIGURE 4
The boxplots showed differential changes of GWW (A) and GWE (B) among the four groups. GWW, global wasted work; GWE, global work efficiency. *P <
0.05 vs. CON. tP < 0.05 vs. Child-Pugh A. AP <0.05 vs. Child-Pugh B.

usually insidious and the myocardial damage is not obvious in the
resting state, but it may cause serious adverse consequences during
some clinical procedures that affect hemodynamics (15). Therefore,
early detection of cardiac function impairment in patients with
cirrhosis and evaluation of its relationship with the progression
of cirrhosis may be crucial for clinical diagnosis and treatment,
prognosis assessment and prevention of cardiovascular adverse
events.

Previous studies have shown that GLS can reflect left
ventricular systolic function sensitively (16, 17). In this study, the
absolute value of GLS in cirrhosis patients was lower than that in
the control group. With the deterioration of liver function, the
absolute value of GLS further decreased, which was consistent
with the results of Sampaio et al. (18). However, GLS was load-
dependent, and the increase of afterload will underestimate the
true value of myocardial strain, which might affect the accuracy
of its evaluation of cardiac function. Compared with GLS, non-
invasive PSL technology can evaluate cardiac systolic function

Frontiers in Cardiovascular Medicine
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more objectively and accurately and reflect myocardial oxygen
consumption by
deformation and afterload (19). At present, this technique has
made significant progress in the diagnosis of cardiovascular
diseases, dilated
myocardial amyloidosis, and coronary artery diseases with
preserved ejection fraction, and its feasibility and application

comprehensively  considering myocardial

such as hypertension, cardiomyopathy,

value have been confirmed (20-22).

The results of this study showed that GWI, GCW, GWE and
GWW in Child-Pugh B and C groups were significantly different
from controls, but there was no significant difference in LVEF
This that
parameters may reflect subclinical myocardial function damage.
Impaired liver function and portal hypertension in patients with

among all groups. indicates myocardial work

cirrhosis can lead to increase vasodilator substances in the body,
which may result in peripheral vascular dilatation and reduced
afterload (23). In addition, the blood volume was redistributed
and the circulation was in a hyperdynamic state in patients with
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FIGURE 5
Correlation of GWI (A), GCW (B), GWW (C), GWE (D) with Child-Pugh classification. GWI, global work index; GCW, global constructive work; GWW, global
wasted work; GWE, global work efficiency.

cirrhosis, which masked the performance of reduced left
ventricular systolic function, resulting in no significant change in
LVEF (24, 25). In addition, compared with Child-Pugh A and B
groups, the GWI, GCW and GWE in Child-Pugh C group were

TABLE 4 Potential associated factors of GWE in cirrhosis patients.

further decreased, while the GWW was further
indicating that the left ventricular systolic function of patients

increased,

with cirrhosis decreased gradually with the deterioration of liver
function. This may be related to impaired function of B-receptors
on the surface of myocardial membrane, altered transmembrane
currents and overproduction of cardiodepressant factors such as
nitric oxide, endocannabinoid and cytokines, which can inhibite
the contraction of myocardial cells (26). These reasons may lead
to the decrease of the myocardial work index and effective work,
manifesting as the decrease of GWI, GCW and GWE.
Meanwhile, the electrical signal conduction of myocardium in

TABLE 5 Reproducibility test.

Intra-observer variability

Inter-observer variability

Variables Univariable Multivariable
analysis analysis
P-value P-value

Age —0.01 0.57 - -
BSA —0.46 0.42 - -
BMI 0.03 0.76 - -
HR —0.05 0.04 - -
ALB 021 <0.001 0.17 <0.001
TBil —0.05 <0.001 - -
Dpv —0.65 <0.001 - -
IVST 045 <0.001 - -
LVPWT —0.44 0.004 - -
LVEF -0.05 0.19 - -
GLS —0.48 <0.001 —0.24 <0.001

ICC 95% Cl P-value ICC 95% Cl P-value
GWI 098 | 0.96-0.99 <0.001 098 | 0.95-0.99 <0.001
GCW | 097 | 0.94-0.99 <0.001 096 | 0.89-0.98 <0.001
GWW | 097 | 093-0.99 <0.001 096 | 0.93-0.98 <0.001
GWE 097 | 0.94-0.99 <0.001 098 | 0.95-0.99 <0.001

GWE, global work efficiency; BSA, body surface area; BMI, body mass index; HR,
heart rate; ALB, albumin; TBil, total bilirubin; Dpv, portal vein inner diameter;
IVST, interventricular septum thickness; LVPWT, left ventricular posterior wall
thickness; LVEF, left ventricular ejection fraction; GLS, global longitudinal strain.
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ICC, intraclass correlation coefficient; Cl, confidence interval; GWI, global work
index; GCW, global constructive work; GWW, global wasted work; GWE, global
work efficiency.
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patients with cirrhosis is interrupted or delayed due to myocardial
fibrosis, which may lead to asynchronous myocardial contraction,
as shown by the elongation of myocardial cells during systole
phase, resulting in reduced GCW and increased GWW (27). In
addition, the correlation analysis results showed that GWI, GCW
and GWE were correlated with  Child-Pugh
classification, while GWW was positively correlated with Child-

negatively

Pugh classification. This also indicates that with the aggravation
of cirrhosis, the left ventricular systolic function decreased
gradually. GWW is on the rise, and GWI, GCW and GWE are
on the decline.

Furthermore, this study showed that ALB and GLS were
independent predictors for GWE in patients with cirrhosis. The
decrease of plasma colloid osmotic pressure and insufficient
effective blood volume in patients with cirrhosis can activate the
sympathetic nervous system and the renin-angiotensin-
aldosterone system, resulting in a compensatory state of
hyperkinetic circulation with high cardiac output and low
peripheral resistance (28). Patients with lower ALB levels may be
in a state of greater cardiac volume overload. GLS mainly reflects
the longitudinal strain of myocardium in the subendocardial
region, which is prone to ischemia and fibrosis (29). The higher
cardiac capacity load and greater stress on the subendocardial
myocardium in patients with cirrhosis may be prone to
microvascular dysfunction, fibrosis and other changes resulting in
CCM that

absolute values of GLS can be used to detect left ventricular

systolic  dysfunction. consortium recommended
systolic dysfunction in cirrhotic patients with preserved LVEF
(30). Recent studies have shown that GLS is also of great
significance in predicting poor prognosis and risk stratification in

patients with heart failure (31, 32).

5. Limitations

of the should be
acknowledged. Firstly, this is a retrospective, single-center study

Several limitations present study
with a small sample size and needs to be expanded for further
study to confirm our results. Secondly, most patients with
hepatitis B cirrhosis included in this study had taken drugs to
control disease progression, and the effects of drugs on left
ventricular function cannot be ruled out. Thirdly, we only
evaluated the global myocardial function of left ventricle, and the
regional myocardial work of 17 segments was not assessed.
Finally, we only included patients with cirrhosis caused by
hepatitis B virus, and excluded patients with alcoholic cirrhosis
or other causes, which may limit the generalizability of our

findings in clinical applications.

6. Conclusions

The non-invasive LVPSL technology can quantitatively analyze
the changes of left ventricular myocardial function in patients with
hepatitis B cirrhosis under different disease states. The myocardial
work parameters of left ventricular were significantly correlated
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with liver function classification. GWE was independently
correlated with ALB and GLS respectively. This technique can
sensitively detect abnormal cardiac function in cirrhosis patients
with preserved LVEF, which has a broad prospect of clinical
application.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

Ethics statement

The studies involving human participants were reviewed and
approved by Medical Ethics Committee of Henan Provincial
People’s Hospital.

The patients/participants provided their

written informed consent to participate in this study.

Author contributions

YC and HZ analyzed images, collected data, and wrote the
manuscript. SL, SL, SS, JC, TY assisted in recruitment and data
analysis. XZ, JY contributed to the study design and manuscript
revision. All authors contributed to the article and approved the
submitted version.

Funding

This
Technological Research Project of Henan Provincial Science and
Technology Department (212102310652) and the key project of

study was supported by Medical Scientific and

Medical ~Science and Technology in Henan Province
(SBGJ202102013).
Acknowledgments

The authors acknowledge Songyan Liu (GE Company,
Zhengzhou, China) for his technical support. We would also like
to acknowledge the editors of this manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1126590
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Cao et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Asrani SK, Devarbhavi H, Eaton J, Kamath PS. Burden of liver diseases in the
world. J Hepatol. (2019) 70:151-71. doi: 10.1016/j.jhep.2018.09.014

2. Liu H, Lee SS. Diagnostic criteria of cirrhotic cardiomyopathy: out with the old, in
with the new? Hepatology. (2021) 74:3523-5. doi: 10.1002/hep.32021

3. Shahvaran SA, Menyhart O, Csedrik L, Patai AV. Diagnosis and prevalence of
cirrhotic cardiomyopathy: a systematic review and meta-analysis. Curr Probl
Cardiol. (2021) 46:100821. doi: 10.1016/j.cpcardiol.2021.100821

4. Wiese S, Hove JD, Bendtsen F, Moller S. Cirrhotic cardiomyopathy: pathogenesis
and clinical relevance. Nat Rev Gastroenterol Hepatol. (2014) 11:177-86. doi: 10.1038/
nrgastro.2013.210

5. Liu H, Yoon KT, Zhang ], Lee SS. Advances in cirrhotic cardiomyopathy. Curr
Opin Gastroenterol. (2021) 37:187-93. doi: 10.1097/MOG.0000000000000733

6. Lee RF, Glenn TK, Lee SS. Cardiac dysfunction in cirrhosis. Best Pract Res Clin
Gastro Enterol. (2007) 21:125-40. doi: 10.1016/j.bpg.2006.06.003

7. Tulner SAF, Klautz RJM, van Rijk-Zwikker GL, Engbers FHM, Bax JJ, Baan J,
et al. Perioperative assessment of left ventricular function by pressure-volume loops
using the conductance catheter method. Anesth Analg. (2003) 97:950-7. doi: 10.
1213/01.ANE.0000078814.81889.B3

8. Manganaro R, Marchetta S, Dulgheru R, Ilardi F, Sugimoto T, Robinet S, et al.
Echocardiographic reference ranges for normal non-invasive myocardial work
indices: results from the EACVI NORRE study. Eur Heart ] Cardiovasc Imaging.
(2019) 20:582-90. doi: 10.1093/ehjci/jey188

9. Boe E, Skulstad H, Smiseth OA. Myocardial work by echocardiography: a novel
method ready for clinical testing. Eur Heart ] Cardiovasc Imaging. (2019) 20:18-20.
doi: 10.1093/ehjci/jey156

10. Russell K, Eriksen M, Aaberge L, Wilhelmsen N, Skulstad H, Remme EW, et al.
A novel clinical method for quantification of regional left ventricular pressure-strain
loop area: a non-invasive index of myocardial work. Eur Heart J. (2012) 33:724-33.
doi: 10.1093/eurheartj/ehs016

11. Hubert A, Rolle VL, Leclercq C, Galli E, Samset E, Casset C, et al. Estimation of
myocardial work from pressure-strain loops analysis: an experimental evaluation. Eur
Heart ] Cardiovasc Imaging. (2018) 19:1372-9. doi: 10.1093/ehjci/jey024

12. Ruiz-del-Arbol L, Achécar L, Serradilla R, Rodriguez-Gandia MA, Rivero M,
Garrido E, et al. Diastolic dysfunction is a predictor of poor outcomes in patients
with cirrhosis, portal hypertension, and a normal creatinine. Hepatology. (2013)
58:1732-41. doi: 10.1002/hep.26509

13. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al.
Recommendations for cardiac chamber quantification by echocardiography in
adults: an update from the American society of echocardiography and the European
association of cardiovascular imaging. Eur Heart ] Cardiovasc Imaging. (2015)
16:233-70. doi: 10.1093/ehjci/jev014

14. Xiao J, Wang F, Wong NK, He J, Zhang R, Sun R, et al. Global liver disease
burdens and research trends: analysis from a Chinese perspective. ] Hepatol. (2019)
71:212-21. doi: 10.1016/j.jhep.2019.03.004

15. Moller S, Bernardi M. Interactions of the heart and the liver. Eur Heart J. (2013)
34:2804-11. doi: 10.1093/eurheartj/eht246

16. Alashi A, Mentias A, Abdallah A, Feng K, Gillinov M, Rodriguez L, et al.
Incremental prognostic utility of left ventricular global longitudinal strain in
asymptomatic patients with significant chronic aortic regurgitation and preserved
left ventricular ejection fraction. JACC Cardiovasc Imaging. (2018) 11:673-82.
doi: 10.1016/1.jcmg.2017.02.016

17. Sun JP, Xu TY, Ni XD, Yang XS, Hu JL, Wang SC, et al. Echocardiographic
strain in hypertrophic cardiomyopathy and hypertensive left ventricular
hypertrophy. Echocardiography. (2019) 36:257-65. doi: 10.1111/echo.14222

Frontiers in Cardiovascular Medicine

09

10.3389/fcvm.2023.1126590

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

18. Sampaio F, Pimenta J, Bettencourt N, Fontes-Carvalho R, Silva AP, Valente J,
et al. Systolic and diastolic dysfunction in cirrhosis: a tissue-Doppler and speckle
tracking echocardiography study. Liver Int. (2013) 33:1158-65. doi: 10.1111/liv.
12187

19. Zhu H, Guo Y, Wang X, Yang C, Li Y, Meng X, et al. Myocardial work by
speckle tracking echocardiography accurately assesses left ventricular function of
coronary artery disease patients. Front Cardiovasc Med. (2021) 8:727389. doi: 10.
3389/fcvm.2021.727389

20. Chan ], Edwards NFA, Khandheria BK, Shiino K, Sabapathy S, Anderson B, et al.
A new approach to assess myocardial work by non-invasive left ventricular pressure-
strain relations in hypertension and dilated cardiomyopathy. Eur Heart ] Cardiovasc
Imaging. (2019) 20:31-9. doi: 10.1093/ehjci/jey131

21. Clemmensen TS, Eiskjeer H, Ladefoged B, Mikkelsen F, Serensen J, Granstam
SO, et al. Prognostic implications of left ventricular myocardial work indices in
cardiac amyloidosis. Eur Heart ] Cardiovasc Imaging. (2021) 22:695-704. doi: 10.
1093/ehjci/jeaa097

22. Edwards NFA, Scalia GM, Shiino K, Sabapathy S, Anderson B, Chamberlain R,
et al. Global myocardial work is superior to global longitudinal strain to predict
significant coronary artery disease in patients with normal left ventricular function
and wall motion. ] Am Soc Echocardiogr. (2019) 32:947-57. doi: 10.1016/j.echo.
2019.02.014

23. Goldberg DS, Fallon MB. The art and science of diagnosing and treating lung
and heart disease secondary to liver disease. Clin Gastroenterol Hepatol. (2015)
13:2118-27. doi: 10.1016/j.cgh.2015.04.024

24. Moller S, Bendtsen F. The pathophysiology of arterial vasodilatation and
hyperdynamic circulation in cirrhosis. Liver Int. (2018) 38:570-80. doi: 10.1111/liv.
13589

25. Moller S, Lee SS. Cirrhotic cardiomyopathy. ] Hepatol. (2018) 69:958-60. doi: 10.
1016/j.jhep.2018.01.006

26. Carvalho MVH, Kroll PC, Kroll RTM, Carvalho VN. Cirrhotic cardiomyopathy:
the liver affects the heart. Braz ] Med Biol Res. (2019) 52:€7809. doi: 10.1590/1414-
431X20187809

27. Kim SA, Kim MN, Shim W], Park SM. Layer-specific dyssynchrony and its
relationship to the change of left ventricular function in hypertensive patients.
Heart Vessels. (2016) 31:528-34. doi: 10.1007/s00380-014-0626-0

28. Bernardi M, Moreau R, Angeli P, Schnabl B, Arroyo V. Mechanisms of
decompensation and organ failure in cirrhosis: from peripheral arterial vasodilation
to systemic inflammation hypothesis. ] Hepatol. (2015) 63:1272-84. doi: 10.1016/j.
jhep.2015.07.004

29. Langeland S, D Hooge J, Wouters PF, Leather A, Claus P, Bijnens B, et al.
Experimental validation of a new ultrasound method for the simultaneous
assessment of radial and longitudinal myocardial deformation independent of
insonation angle. Circulation. (2005) 112:2157-62. doi: 10.1161/
CIRCULATIONAHA.105.554006

30. Izzy M, VanWagner LB, Lin G, Altieri M, Findlay JY, Oh JK, et al. Redefining
cirrhotic cardiomyopathy for the modern era. Hepatology. (2020) 71:334-45.
doi: 10.1002/hep.30875

31. Bax J], Delgado V, Sogaard P, Singh JP, Abraham WT, Borer JS, et al. Prognostic
implications of left ventricular global longitudinal strain in heart failure patients with
narrow QRS complex treated with cardiac resynchronization therapy: a subanalysis of
the randomized EchoCRT trial. Eur Heart J. (2017) 38:720-6. doi: 10.1093/eurheartj/
ehw506

32. Halliday BP, Senior R, Pennell DJ. Assessing left ventricular systolic function:
from ejection fraction to strain analysis. Eur Heart J. (2021) 42:789-97. doi: 10.
1093/eurheartj/ehaa587

frontiersin.org


https://doi.org/10.1016/j.jhep.2018.09.014
https://doi.org/10.1002/hep.32021
https://doi.org/10.1016/j.cpcardiol.2021.100821
https://doi.org/10.1038/nrgastro.2013.210
https://doi.org/10.1038/nrgastro.2013.210
https://doi.org/10.1097/MOG.0000000000000733
https://doi.org/10.1016/j.bpg.2006.06.003
https://doi.org/10.1213/01.ANE.0000078814.81889.B3
https://doi.org/10.1213/01.ANE.0000078814.81889.B3
https://doi.org/10.1093/ehjci/jey188
https://doi.org/10.1093/ehjci/jey156
https://doi.org/10.1093/eurheartj/ehs016
https://doi.org/10.1093/ehjci/jey024
https://doi.org/10.1002/hep.26509
https://doi.org/10.1093/ehjci/jev014
https://doi.org/10.1016/j.jhep.2019.03.004
https://doi.org/10.1093/eurheartj/eht246
https://doi.org/10.1016/j.jcmg.2017.02.016
https://doi.org/10.1111/echo.14222
https://doi.org/10.1111/liv.12187
https://doi.org/10.1111/liv.12187
https://doi.org/10.3389/fcvm.2021.727389
https://doi.org/10.3389/fcvm.2021.727389
https://doi.org/10.1093/ehjci/jey131
https://doi.org/10.1093/ehjci/jeaa097
https://doi.org/10.1093/ehjci/jeaa097
https://doi.org/10.1016/j.echo.2019.02.014
https://doi.org/10.1016/j.echo.2019.02.014
https://doi.org/10.1016/j.cgh.2015.04.024
https://doi.org/10.1111/liv.13589
https://doi.org/10.1111/liv.13589
https://doi.org/10.1016/j.jhep.2018.01.006
https://doi.org/10.1016/j.jhep.2018.01.006
https://doi.org/10.1590/1414-431X20187809
https://doi.org/10.1590/1414-431X20187809
https://doi.org/10.1007/s00380-014-0626-0
https://doi.org/10.1016/j.jhep.2015.07.004
https://doi.org/10.1016/j.jhep.2015.07.004
https://doi.org/10.1161/CIRCULATIONAHA.105.554006
https://doi.org/10.1161/CIRCULATIONAHA.105.554006
https://doi.org/10.1002/hep.30875
https://doi.org/10.1093/eurheartj/ehw506
https://doi.org/10.1093/eurheartj/ehw506
https://doi.org/10.1093/eurheartj/ehaa587
https://doi.org/10.1093/eurheartj/ehaa587
https://doi.org/10.3389/fcvm.2023.1126590
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Correlation analysis between myocardial work indices and liver function classification in patients with hepatitis B cirrhosis: A study with non-invasive left ventricular pressure-strain loop
	Introduction
	Materials and methods
	Study population
	Clinical features
	Conventional ultrasonic parameters
	Quantitative analysis of GLS and myocardial work parameters
	Statistical analysis

	Results
	Clinical and laboratory parameters
	Conventional ultrasound parameters
	GLS and myocardial work parameters
	Correlation between myocardial work parameters and Child-Pugh classification
	Potential associated factors for GWE in cirrhosis patients
	Reproducibility test

	Discussion
	Limitations
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


