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Abstract

Background and aims The placement of Transjugular intrahepatic portosystemic shunt (TIPS) results in a sudden increase
in central circulating blood volume, which requires proper regulation of the cardiovascular system. We aimed to investigate
the impact of TIPS on cirrhotic cardiomyopathy (CCM).

Method A consecutive case series of patients with cirrhosis who underwent TIPS were evaluated by echocardiography and
pressure measurements before, immediately after TIPS and 2—4 days later (delayed). Furthermore, all patients underwent a
one-year follow-up.

Results In this study, 107 patients were enrolled, 38 (35.5%) with CCM. Echocardiography revealed an increase in postop-
erative left ventricular filling pressure accompanied by an elevation in left ventricular ejection fraction (LVEF). However,
patients in the CCM group exhibited lower LVEF and mean arterial pressure (MAP) compared to the non-CCM group.
Post-TIPS, CCM patients showed increased right atrium pressure (RAP) that normalized within 2—4 days, whereas non-
CCM patients had lower RAP than baseline. Compared to patient without CCM, CCM patients revealed lower immediate
(16.7+4.4 vs. 18.9+4.8, p=0.022) and delayed 15.9+3.7 vs. 17.7+5.3, p=0.044) portal vein pressures (PVP) and portal
pressure gradients (PPG) (7.7+3.4 vs. 9.2+3.6, p=0.032 and 10.1+3.1 vs. 12.3+4.9, p=0.013). The 1-year mortality
rates were 13.2% for CCM patients and 4.3% for non-CCM patients (log-rank test, p =0.093), with MELD score, and pre-
operative RAP significantly associated with the mortality.

Conclusion Cirrhotic patients with CCM exhibit lower PVP and PPG immediately after TIPS and 2—4 days later, without
significantly impacting one-year survival outcomes.

Keywords Portal hypertension - Cirrhosis + Transjugular intrahepatic portosystemic shunt (TIPS) - Cirrhotic
cardiomyopathy (CCM)
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Abbreviations

ALBI Albumin — bilirubin

BMI Body mass index

CCcC Cirrhotic Cardiomyopathy Consortium

CI Confidence interval

CcCM Cirrhotic cardiomyopathy

CK-MB Creatine kinase-MB

E/A Early maximal ventricular filling velocity /
atrial maximal filling velocity

HR Hazard ratio

HBV Hepeatitis B virus

INR International normalized ratio

vC Inferior vena cava

LAVi Left atrial volume indexed

LV Left ventricular

LVDD Left ventricular diastolic dysfunction

LVEF Left ventricular ejection fraction

LV-GLS Left ventricular global longitudinal strain

MAP Mean arterial pressure

MELD Model for end-stage liver disease

NT-proBNP  N-terminal pro-B-type natriuretic peptide

PPG Portal pressure gradient

PV Portal vein

RA Right atrium

Septal e’ Septal early diastolic tissue velocity

TR Tricuspid regurgitation

TIPS Transjugular intrahepatic portosystemic
shunt

Introduction

Portal hypertension-related complications are the lead-
ing cause of mortality among patients with cirrhosis [1].
Transjugular intrahepatic portosystemic shunt (TIPS) is a
commonly used method for managing portal hypertension,
effectively reducing the portal pressure gradient (PPG) [2—
4]. However, TIPS placement results in a sudden increase in
central circulating blood volume [5, 6], which requires pre-
cise regulation of the cardiovascular system. Unfortunately,
the cardiovascular autoregulatory capacity is impaired in
the presence of myocardial dysfunction, potentially leading
to adverse outcomes [7, 8].

Cirrhotic cardiomyopathy (CCM) constitutes a unique
form of cardiac dysfunction characterized by hyperdynamic
circulation, elevated cardiac output, and reduced systemic
vascular resistance in cirrhotic patients [9—11]. The Cirrhotic
Cardiomyopathy Consortium (CCC) recently proposed
a standardized algorithm for quantifying left ventricular
diastolic and systolic function using multiple echocardio-
graphic parameters in patients with end-stage liver disease
[9]. Prior research has indicated that CCM prevalence ranges
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from 27.5 to 34.7% in populations predominantly diagnosed
with alcoholic cirrhosis [8, 12—14]. However, data regarding
patients primarily affected by hepatitis B virus (HBV) infec-
tion remains limited. Latent cardiac dysfunction may lead
to unfavorable outcomes during abrupt hemodynamic shifts
due to TIPS or liver transplantation. Furthermore, impaired
cardiac function may influence PPG and right atrium (RA)
pressure measurements, potentially influencing the efficacy
of TIPS [15, 16]. Nonetheless, short-term alterations in
PPG and RA pressure measurements in patients with CCM
following TIPS placement remain unclear. Several studies
have identified diastolic dysfunction as a predictor of unfa-
vorable outcomes in cirrhotic patients undergoing TIPS [7,
8]. However, the prognostic significance of CCM, as evalu-
ated by the CCC algorithm in patients undergoing TIPS, has
not yet been established and requires further investigation
due to the limited available data.

Given this context, we conducted a prospective study
with the objectives of determining whether patients with
CCM can adapt to acute volume expansion induced by TIPS
placement and whether CCM affects patient survival after
TIPS in the short term.

Methods
Study population

This prospective observational study was conducted
between June 2020 and January 2022. A consecutive series
of cirrhotic patients undergoing TIPS were prospectively
evaluated. Inclusion criteria were: (1) diagnosis of liver cir-
rhosis, established through clinical, laboratory, imaging, or
histologic analysis, (2) age between 18 and 65 years, (3)
Child-Pugh score<13 and a MELD score<18. Exclu-
sion criteria included: the patients with American College
of Cardiology (ACC)/American Heart Association (AHA)
Stage C or D heart failure (HF) [17] and AHA/ACC stage C
or D untreated valvular heart disease(VHD) [ 18]; moderate-
severe pulmonary hypertension; chronic/acute respiratory
failure and acute renal failure; portal vein thrombosis; hepa-
tocellular carcinoma or other malignancy; prior TIPS or
liver transplantation; TIPS performed under general anes-
thesia; emergency TIPS without preoperative echocardiog-
raphy and refusal to participate. All participants provided
informed consent, and the study was approved by the Eth-
ics Committee of Zhongshan Hospital, Fudan University
(Approval No: B2020-122R).
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Echocardiography

All participants underwent comprehensive echocardiogra-
phy prior to (within 24 h) TIPS and 24 days after TIPS.
Transthoracic echocardiography (TTE) was performed
using a commercial ultrasound system (Vivid E95; Gen-
eral Electric Vingmed Ultrasound, Milwaukee, WI, USA).
Images were acquired in standard parasternal and apical
(apical 4, apical 2, and apical long) views at a frame rate
of 50-100 frames/s, recording 3—6 cardiac cycles. Images
were digitally stored for offline analysis (EchoPAC version
204; General Electric Vingmed). Mitral inflow was assessed
by pulsed-wave Doppler echocardiography, with the sample
volume between mitral leaflet tips during diastole. Mitral
annulus velocities were obtained from the septal and lateral
annulus by tissue Doppler imaging (TDI). Electrocardio-
gram (ECG) was continuously monitored. LVEF was cal-
culated using the biplane Simpson method. Left atrial (LA)
volume was measured from apical two- and four-chamber
views using the biplane Simpson method and indexed to
body surface area (BSA) (LAVi). Images from apical four-
and two-chamber and long-axis views were automatically
tracked throughout the cardiac cycle to measure LV global
longitudinal strain (LV-GLS). Echocardiographic assess-
ments were conducted by an experienced cardiologist. All
echocardiograms were digitally archived and subjected to
offline analyses on two distinct occasions. Differences were
rarely found between the two measurements. In instances
where variation did occur, mean values were computed to
reconcile the differences.
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Fig. 1 Intra-group comparison of the pressures of RA and PPG at dif-
ferent time. (A) The changes in RAP at different time points in the
CCM group and the non-CCM group; (B) The changes in PPG at dif-
ferent time points in the CCM group and the non-CCM group. Abbre-
viations CCM, Cirrhotic cardiomyopathy; PPG-pre, the portal pressure
gradient before stent implantation; PPG-post, the portal pressure gradi-

Diagnosis CCM

In line with the updated criteria from the Cirrhotic Car-
diomyopathy Consortium (CCC), the presence of Left
ventricular (LV) systolic dysfunction and/or LV diastolic
dysfunction constituted a diagnosis of CCM. The systolic
component of CCM was characterized as reduced LVEF
(£50%) or decline in LV-GLS (absolute value < 18). The
diastolic component was defined by having at least 3 of the
following: E/e’ (using the medial e’) ratio> 15, left atrial
volume index (LAVI) greater than 34 mL/m?, septal early
diastolic tissue velocity (septal e’) less than 7 cm/s, or tri-
cuspid regurgitation velocity (TR velocity) greater than
2.8 m/s in the absence of pulmonary hypertension [9].

TIPS procedure and related pressure measurement

TIPS was created under local anesthesia with lidocaine, and
intravenous oxycodone hydrochloride was used for analge-
sia. Celiac arteriography was conducted via radial access
using a 4-French MPA catheter (Cordis, Mexico, USA) to
obtain an indirect portal venogram. DSA overlay software
merged hepatic artery and portal vein images to create a portal
vein puncture navigation map. After transjugular approach,
the 10 F sheath was advanced into the inferior vena cava.
Simply, the hepatic vein was catheterized by Rosch-Uchida
transjugular liver access set (RUPS-100; Cook, Blooming-
ton, Ind) and then the first branch of the right or left PV
was punctuated. A 2.4-French microcatheter (Progreat;
TERUMO, Fujinomiya City, Japan) was then inserted into
the selected hepatic artery branch with its tip serving as a
marker. After confirming portal vein (PV) access via con-
trast medium injection, a 0.035-inch, 260 cm guidewire
(TERUMO, Fujinomiya City, Japan) was introduced into
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ent at the time of TIPS completion; PPG-del, the portal pressure gradi-
ent at 2—4 days after TIPS; RAP-pre, the right atrium pressure before
stent implantation; RAP-post, the right atrium pressure at the time of
TIPS completion; RAP-del, the right atrium pressure at 2—4 days after
TIPS; TIPS, transjugular intrahepatic portosystemic shunt
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the splenic vein using a 4-French pigtail catheter (Cordis,
Mexico, USA) for direct portal venography and portal vein
pressure measurement. Based on the patient’s clinical status,
an 8-millimeter balloon (RIVAL; BARD, Arizona, USA)
was employed to dilate the puncture route. Subsequently, an
8-millimeter VIATORR stent (GORE VIATORR; GORE,
Arizona, USA) was implanted, and an 8-millimeter balloon
(RIVAL; BARD, Arizona, USA) was used for re-dilation.
Post-TIPS portal venography was performed after TIPS
creation, and portal pressure was measured. Hepatic arte-
riography was conducted to exclude hepatic artery injury,
arterioportal fistula, and arteriovenous fistula. Pressure mea-
surements were taken in the right atrium, inferior vena cava
(at the hepatic vein level), and portal vein (at the confluence
of splenic and superior mesenteric veins) using a 4-Fr pig-
tail catheter before and after stent placement, with pressure
tracings permanently recorded on paper. The definition of
a successful is a PPG reduction to below 12 mmHg or a
decrease of more than 50%, as recommended by the guide-
lines. All enrolled patients met this standard. In the period
of 2-4 days post-TIPS, delayed pressure measurement is
conducted via the transjugular approach using a 4-Fr pigtail
catheter to measure pressures in the portal vein (at the con-
fluence of splenic and superior mesenteric veins), inferior
vena cava (at the hepatic vein level), and right atrium. For
all measurements, the pressure transducer was calibrated to
0 mmHg at the level of the patient’s mid-axillary line. Each
measurement was performed three times and then averaged.
The pressure tracings were permanently recorded on paper.
In this study, PPG is defined as the pressure differences
between PV and IVC. Record the patient’s blood pressure
measured by arm cuff, and calculate the mean arterial pres-
sure (MAP). Immediate and delayed PPG measurements
quantify the pressure differences between the PV and IVC
at the time of TIPS completion and 2—4 days afterwards,
respectively. Post-TIPS, patients received symptomatic and
supportive therapies until discharge.

Follow-up

Patients were followed up at months one, three, and six, and
every six months thereafter, or in case of clinical relapse or
events necessitating hospitalization. Telephone follow-ups
were conducted between scheduled visits to prevent missing
patient status or clinical event information. Each follow-up
includes assessment of clinical symptoms, physical exami-
nation, laboratory tests, and survival status. If the patient
dies during the follow-up period, the date and cause of death
are recorded in detail. The primary study endpoint was all-
cause mortality post-TIPS.

@ Springer

Statistical analysis

Quantitative variables were expressed as median (25th -75th)
or means =+ standard deviation (SD) and compared using
one-way ANOVA analysis, Kruskal-Wallis tests or student
t test, accordingly. Qualitative variables were presented as
numbers (percentages) and compared by chi-squared test
or Fisher’s exact test as appropriate. Cumulative risks were
assessed with Kaplan—Meier curves and compared using
the log-rank test. The independent predictors for survival
were calculated using the Cox regression model. Covariates
incorporated into the multivariate analysis were variables
reaching statistical significance (p <0.1) in univariate anal-
ysis. Exploratory subgroup analyses with statistical tests of
interaction were performed to estimate heterogeneity in the
effect of Normal and CCM on all-cause mortality in the pre-
specified subgroups (sex, age, BMI, etiology of cirrhosis,
Child—Pugh class, ascites, pre-TIPS RAP, post-TIPS PPG).
The subgroup analyses were performed using R software,
version 4.2.2, along with MSTATA software (www.mstata.
com). Two-tailed p-values <0.05 were considered statisti-
cally significant.

Results
Study population and baseline characteristics

According to inclusion and exclusion criteria, 107 patients
were ultimately included from June 2020 to January 2022.
According to the algorithm proposed by the CCC, 38(35.5%)
patients are considered CCM. Of these, 25(23.4%) patients
had systolic dysfunction, while 21(19.6%) patients had
diastolic dysfunction. Baseline characteristics of the study
population are summarized in Table 1. We did not observe
significant differences between the two groups in terms of
etiology, indications, liver function, or other clinical base-
lines. Meanwhile, all enrolled patients underwent each
hemodynamic assessment.

Effect of TIPS on cardiac function

A comparison of echocardiographic variables before and
after TIPS was shown in Table 2. Patients with CCM
had significantly higher peak TR velocity (2.2+0.49 VS
2.65+0.47 m/sec, p<0.001) and E/e’ ratio (8.78 +2.16 VS
10.08 +2.49, p=0.006), lower septal e’ velocity (7.9+2.0
VS 59+1.2 cm/sec, p<0.001), LV-GLS (-21.39+1.82
VS -17.6+3.43%, p<0.001) and LVEF (60.93+4.71 VS
55.5+3.68%, p=0.001), and larger LAVi (35.64+12.39
VS 41.08 +6.25 ml/m?, p=0.001) compared to those with-
out CCM at baseline. At 48 h after TIPS, in patients with
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Table 1 Baseline characteristics of all included patients

Characteristics Study cohort(n=107) Normal (n=69) CCM (n=38) P
Age(years) 54.9+6.8 54.36+6.72 55.97+6.9 0.667
Male sex, n(%) 83(77.6%) 53(76.8%) 30(78.9%) 0.801
BMI 23.1+3.8 22.45+3.30 24.38+4.27 0.082
Hypertension, n(%) 23(21.5%) 14(20.3%) 9(23.4%) 0.684
Diabetes, n(%) 25(23.4%) 15(21.7%) 10(26.3%) 0.594
Etiology of cirrhosis, n (%) 0.604
Hepatitis B virus infection 79(73.8%) 52(75.4%) 27(71.1%)

Hepatitis C virus infection 10(9.3) 7(10.1%) 3(7.9%)

Alcoholic liver disease 7(6.5%) 3(4.3%) 4(10.5%)

Others 11(10.3%) 7(10.1%) 4(10.5%)

Indication for TIPS, n (%) 0.788
Variceal bleeding, secondary prevention 83(77.6%) 54(78.3%) 29(76.3%)

Refractory ascites 17(15.9) 11(15.9%) 6(15.8%)

Refractory hydrothorax 7(6.5%) 4(5.8%) 3(7.9%)

Laboratory tests

Hemoglobin, g/L 87.7+16.8 86.81+15.43 88.18+17.55 0.142
Count of WBC, 10°/L 3.0+0.7 3.19+0.62 2.60+0.72 0.04
Count of platelet, 10°/L 71.5+39.0 71.5+43.7 71.4+29.1 0.371
International normalized ratio 1.34+0.08 1.32+0.07- 1.37+0.09 0.49
Serum creatinine, pmol/L 72.5+6.5 73.46+6.37 70.59+6.50 0.804
Sodium, mmol/L 140.2+2.5 140.21+1.68 139.79+3.89 <0.001
Liver function test

Child-Pugh classifcation, n (%) 0.53
A 59(55.1%) 37(53.6%) 22(57.9%)

B 48(44.9%) 32(44.4%) 16(42.1%)

MELD score 9.1+2.5 8.8+2.5 9.5+2.6 0.184
ALBI grades 0.366
Grade 1 61(57.0%) 42(60.9%) 19(50%)

Grade 2 46(43.0%) 27(39.1%) 19(50%)

Cardiac biomarkers

NT-proBNP, ng/L 189.9+163.7 138.5+£124.0 285.2+184.6 <0.001
Cardiac troponins T, ng/L 18.0+13.2 15.7+14.9 222479 0.443
CK-MB, ng/ml 1.2+0.8 1.1+0.9 1.3+0.6 0.273

Abbreviations ALBI albumin — bilirubin, BMI body mass index, CCM Cirrhotic cardiomyopathy, CK-MB creatine kinase-MB, MELD model
for end-stage liver disease, NT-proBNP N-terminal pro-B-type natriuretic peptide, TIPS Transjugular Intrahepatic Portosystemic Shunt

Data were expressed as numbers (percentages) or means + standard deviation

*Results are expressed using absolute values

normal cardiac function, elevations in LAVI and E/e’ ratios
were concomitant with a marked rise in the E/A ratio, indi-
cating elevated left ventricular filling pressures. Addition-
ally, the rise in TR velocity and PASP velocity suggested
increased pulmonary artery pressures attributed to the acute
shift of portal venous blood into the systemic circulation. In
patients with CCM, a comparable phenomenon of increased
left ventricular filling pressures and pulmonary artery pres-
sures was noted, which also significantly higher than the
normal group. But MAP (80.47 +6.68 VS 77.75+6.15 mm
Hg, p=0.040) and LVEF (61.74+3.6 VS 60.13 +3.98%,
p=0.036) were significantly lower than normal group after
TIPS.

Effect of CMM on TIPS hemodynamics and survival

Figure 1 illustrated intra-group comparison of the pres-
sures of RA and PPG measured before stent implantation,
immediately after TIPS completion (Immediate pressure),
and 2—4 days after TIPS (Delayed pressure). As shown in
Fig. 1, after TIPS, the normal group exhibited an imme-
diate significant rise in RAP (Pre-RAP VS Immediate-
RAP:5.7+32mmHg VS 8.8+3.2mmHg, p<0.001) but
fell below preoperative levels at 48 h (Pre-RAP VS Delay-
RAP:5.7+3.2mmHg VS 4.6+3.1lmmHg, p=0.002). In
contrast, CCM group also had an immediate rise (Pre-RAP
VS Immediate-RAP:5.5+2.6mmHg VS 8.5+2.3mmHg,
p<0.001) but reverted to preoperative baselines within
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Table 2 Echocardiographic variables 48 h post-TIPS in two groups

Normal (n=69) CCM (n=38)

Pre-TIPS 48 h after TIPS p* Pre-TIPS 48 h after TIPS  p* pT pit
MAP, mm Hg 86.52+9.76 80.47+£6.68 <0.001  86.37+6.65 77.75+6.15 <0.001  0.929 0.040
LVEF (%) 60.93+4.71 61.74+3.6 0.085 55.5+3.68 60.13+3.98 <0.001  0.001 0.036
LV GLS (%) -21.39+1.82 -20.06+2.34 0.214 -17.6+3.43 -18.84+1.58 0.021 <0.001  0.005
e’, cm/sec 7.9+£2.0 93+23 <0.001 59+12 83+1.3 <0.001 <0.001 0.010
E/e’ ratio 8.78+2.16 9.84+2.74 <0.001  10.08+2.49 11.06 +2.69 0.014 0.006 0.014
LAVi, ml/m? 35.64+12.39 39.62+9.36 0.002 41.08+6.25 43.81+7.42 0.133 0.013 0.019
E/A ratio 1.00+0.24 1.08+0.22 0.006 1.02+0.21 1.10+0.15 0.027 0.621 0.529
TRV, m/sec 2.2+0.49 2.54+0.66 <0.001  2.65+0.47 2.86+0.57 0.005 <0.001  0.012
PASP, mm Hg 29.45+4.81 31.84+4.68 <0.001  30.5+3.63 3537+5.27 <0.001  0.243 <0.001

NT-proBNP, ng/L  137.46+123.96  309.35+213.71 <0.001

28520+184.59 683.90+470.53 <0.001 <0.001 <0.001

Abbreviations CCM Cirrhotic cardiomyopathy, E /A early maximal ventricular filling velocity / atrial maximal filling velocity, LAVi left atrial
volume indexed, LVEF left ventricular ejection fraction, LV GLS left ventricular global longitudinal strain, MAP mean arterial pressure, Septal
¢’ septal early diastolic tissue velocity, PASP, pulmonary arterial systolic pressure, TIPS Transjugular Intrahepatic Portosystemic Shunt, TRV

tricuspid regurgitation velocity

p*: Pre-TIPS VS 48 h after TIPS

p T: Pre-TIPS Normal VS CCM

p t1: 48 h after TIPS Normal VS CCM

the same postoperative period (Pre-RAP VS Delay-
RAP:5.7+3.2mmHg VS 5.3 +2.2mmHg, p=0.669). Inter-
group comparisons of pressure measurement at different
time are presented in Table 3 .Our results also showed that
in patients with CCM, their PV pressures were significantly
lower than those in the normal group, both measured in
the immediate (Normal VS CCM: 18.9+4.8mmHg VS
16.7+4.4mmHg, p=0.022) and delayed (Normal VS CCM:
17.7+5.3mmHg VS 15.9 +3.7mmHg, p =0.044), as well as
PPG (Immediate-PPG Normal VS CCM: 9.2+3.6 mmHg
VS 7.7+3.4 mmHg, p=0.032; Delayed-PPG Normal VS
CCM: 12.3+4.9 mmHg VS 10.1+3.1 mmHg, p=0.013).
At the end of follow-up, 8(7.5%) patients died. The
1-year probability of all-cause mortality for CCM and no-
CCM groups were 13.2% and 4.3% (log-rank test, p =0.093,

Table 3 Inter-group comparisons of pressure measurement at different
time

Characteristics Normal CCM P
(n=69) (n=38)

Pre-TIPS RA pressure, mmHg 57432 55+26 0.769

Pre-TIPS IVC pressure, mmHg 6.8+3.0 6.5+2.7 0.595

Pre-TIPS PV pressure, mmHg 285+52 28.1+5.1 0.725

Pre-TIPS PPG, mmHg 21.6+53 21.6+52 0.956

Immediate RA pressure, mmHg 8.8+3.2 8.5+2.3 0.659
Immediate IVC pressure, mmHg 9.7+3.1 8.9+26 0.226
Immediate PV pressure, mmHg 189+4.8 16.7+4.4 0.022

Immediate PPG, mmHg 92+3.6 77«34 0.032
Delayed RA pressure, mmHg 46+3.1 53x22 0251
Delayed IVC pressure, mmHg 54+3.0 58+21 0398
Delayed PV pressure, mmHg 17.7453 159+3.7 0.044
Delayed PPG, mmHg 123+4.9 10.1+3.1 0.013

Abbreviations CCM: Cirrhotic cardiomyopathy, IVC: inferior vena
cava, PPG: portal pressure gradient, PV: portal vein, RA: right atrium
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HR 0.313, 95%CI [0.075-1.309]) (Fig. 2). MELD score
(»p=0.014, HR=2.03, 95%CI [1.156-3.561]) and preop-
erative RAP (p=0.003, HR=1.66, 95%CI [1.188-2.323])
were significantly associated with the mortality in multi-
variate Cox proportional hazard model, which adjusted by
age (Table 4). In a subgroup analysis, we did not find any
evidence of heterogeneity in the effect of Normal vs. CCM
on all-cause mortality across the subsets (Fig. 3). Causes of
death were Sepsis/pneumonia(n=3), hepatic failure(n=3),
cardiac failure(n=2). Notably, all cases of cardiac failure
were observed in CCM group. However, due to the limited
sample size, no statistically significant conclusions could be
drawn from these findings (Normal VS CCM: 0% VS 5.3%,
p=0.124).

Discussion

Our findings indicate that patients maintained effective
regulated hemodynamic alterations induced by TIPS in the
short term, with the CCM group showing a lower PVP and
PPG immediately after TIPS and 2—4 days later. Addition-
ally, CCM did not serve as independent prognostic factors
for one-year all-cause mortality post-TIPS.

Our study revealed a 35.5% incidence of CCM, simi-
lar to previous findings (27.5-34.7%) [8, 12]. Research
to date, predominantly from Europe and North America,
focuses on alcoholic cirrhosis as the primary cause, leav-
ing the prevalence among hepatitis B as the primary etiol-
ogy populations less defined. As the patients enrolled in our
study were decompensated cirrhosis the true incidence of
CCM may potentially be higher than the reported result.



Abdominal Radiology (2024) 49:3507-3516 3513
Fig. 2 Kaplan-Meier curves for survival. Curves are shown 1.0 -_l_l_‘—l—' Normal
according to the presence of CCM. Abbreviations CCM, Cirrhotic = 0.9 - oM
cardiomyopathy; CI, confidence interval; HR, hazard ratio g 0.8
5 0.7 1
» 0.6
£ 054
F 0.4
S 0.3
e
3 o1 Log-rank Test P=0.093
I 1 1 1
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Days
Number at risk
Normal 69 68 67 67 66
CCM 38 35 34 33 33

Table4 Univariate and multivariate analysis of factors associated with
all-cause mortality

Variable Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) )4
value

Age 1.01(0.914,1.125) 0.787

PASP 1.16(1.004,1.335) 0.044

E/e’ 1.617(1.238,2.113) <0.001

LAVi 1.07(1.015,1.116)  0.009

RAP-pre  1.32(1.153,1.526) <0.001 1.66(1.188,2.323) 0.003

MELD 1.46(1.138,1.868) 0.003  2.03(1.156,3.561) 0.014

score

NT-proBNP 1.01(1.00,1.006)  0.064

Only the variables with p values < 0.1were shown

Variables selected into univariate analysis included gender, age,
hemoglobin, count of white blood cell, count of platelet, serum
albumin, international normalized ratio, serum sodium, serum cre-
atinine, Child—Pugh score, MELD score, NT-proBNP, left atrial vol-
ume indexed, septal early diastolic tissue velocity, PASP, pulmonary
arterial systolic pressure, E/e’ ratio, tricuspid regurgitation velocity,
left ventricular ejection fraction, left ventricular global longitudinal
strain, CCM, portal pressure gradient, right atrium pressure

However, since our study had a relatively small sample size,
multicenter and larger-scale studies are needed to examine
whether the incidence of CCM varies across different liver
diseases.

TIPS-induced acute volume expansion is noteworthy as
it may negatively impact short-term hyperdynamic circu-
lation, requiring cardiac and renal function compensation
[19, 20]. CCM is especially characterized by the inability to
increase ejection fraction adequately due to blunted contrac-
tility as a response to stress. Impaired myocardial contractil-
ity may affect organ perfusion, which might development
the organ failure, acute-on- chronic liver failure and death,
as well as further affecting the efficacy of TIPS. Compar-
ing the postoperative cardiac function changes between the
two groups, we found that patients with cardiac dysfunc-
tion exhibited higher left ventricular filling pressures on
days 2—4 post-TIPS.RAP changes were immediately appar-
ent after TIPS, showing an initial increase, followed by a

decrease to preoperative levels within 2—4 days, whereas in
the normal group, it dropped below the preoperative base-
line levels, despite no significant differences in RAP at any
measured time point across both groups. Additionally, our
results also indicate that patients with cardiac dysfunction
showed lower PVP immediately after TIPS and 2—4 days
later. The postoperative echocardiography results also indi-
cated an increase in LV-GLS synchronicity with LVEF, an
elevation attributed to the increased cardiac load. However,
the postoperative LVEF and MAP were significantly lower
than those in the no-CCM group, suggesting a blunted
response to volume changes in the CCM group. This pattern
of increased central venous pressure (elevated preload) and
decreased visceral blood supply (reduced afterload) leads to
a comparatively lower PPG. These observations align with
theories previously put forth by Réssle, M et al. [16], under-
scoring the complex interplay between cardiac function and
portal hemodynamics postoperatively. Additionally, previ-
ous research indicates that a lower delayed PPG is associ-
ated with a reduced risk of rebleeding [21]. But researches
also demonstrated that post-TIPS PPGs under 5 mmHg or
reductions over 60% significantly escalate low-pressure
gradient complications (e.g., hepatic encephalopathy, acute
liver failure), detrimentally influencing patient prognosis
[22, 23]. Meanwhile, it must also be acknowledged that the
hemodynamic changes after TIPS are influenced by mul-
tiple factors, with cardiac regulation being just one aspect.
It remains unclear whether patients require a longer period
to achieve a more stable hemodynamic state. The role and
impact of cardiac regulation in the process of postoperative
hemodynamic alterations require further, more in-depth
research.

There is limited research using the 2019 CCC algo-
rithm to investigate the impact of CCM on survival post-
TIPS. Our study suggested that the presence of CCM did
not affect survival up to one years after TIPS. A study with
long-term follow-up and the comprehensive clinical and
echocardiographic assessments similarly showing that
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Fig. 3 Forest plots showing the Subgroup Normal CCM : HR(95% CI) P(interaction)
effects of Normal vs. CCM in All 69 38 C : 0.31(0.08-1.31)
subgroups on the all-cause mor- Sex ' 0.800
tality after TIPS. Abbreviations Male 53 30 C : 0.22(0.20-2.40)
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CI, confidence interval; HR, Age E 0.380
hazard ratio; PPG, portal pres- <55yr 37 17 ® : 0.14(0.02-1.37)
sure gradient; RAP, right atrium =55 yr 32 21 . : 0.64(0.08-4.51)
pressure; TIPS, transjugular intra- ~ 30dy-mass index : 0.218
hepatic portosystemic shunt =20 a8 e ® ] L )
=24 26 19 » . 0.01(0.00-143.43)
Etiology of cirrhosis . 0.388
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others 10 8 . T 0.35(0.03-3.84)
Child-pugh class . 0.528
class A 26 12 o 0.44(0.03-7.07)
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Pre-TIPS RAP i 0.886
<10mmHg 63 35 L2 : 0.18(0.02-1.74)
=10mmHg 6 3 ® * 0.29(0.05-2.48)
Post-TIPS PPG . 0.095
<12mmHg 50 33 * : 0.21(0.06-1.69)
=12mmHg 19 5 ® ; 0.27(0.02-4.32)
T

diastolic dysfunction does not predict survival after TIPS
[24]. However, it has also been shown that diastolic and
systolic dysfunction affect survival after TIPS, contrary to
our finding [7, 8]. The reasons for this difference may be
the following. Firstly, in prior research, alcoholic cirrhosis
was predominantly the main etiological factor for cirrhosis,
whereas in our study, HBV infection serves as the principal
cause. Alcohol consumption can detrimentally affect car-
diac function, potentially resulting in confounding factors
due to alcoholic cardiomyopathy in the outcomes of these
investigations [25, 26]. Secondly, our study population may
exhibit better liver function, with the degree of liver func-
tion severity being intricately connected to the prognosis
following TIPS treatment. Thirdly, in China, shunts with an
8 mm diameter are commonly utilized, in contrast to the
West, where larger diameter shunts are typically employed.
This leads to an increased volume of blood flow diverted
directly from the portal system into the systemic circulation,
potentially imposing a greater cardiac burden and exacer-
bating liver dysfunction [5, 16, 27]. Finally, our results also
demonstrate that patients without CCM exhibited a higher
survival rate, although there was no significant statistical
difference between the two groups. This may be attrib-
uted to the relatively small number of patients with CCM
included in our study, necessitating larger sample sizes for
validation. These factors might account for the observed
discrepancies between our research outcomes and those of
previous investigations. Comparing the baseline levels of
the two groups of patients, it is evident that there are no
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significant differences in age, gender, etiology, liver func-
tion, etc., between the groups. Furthermore, the baseline
levels of the enrolled patients are also similar to those from
other large prospective cohort studies in China [28, 29]. Our
study also paid particular attention to this point, and these
factors were analysed in subgroups in the results, which
showed homogeneous across subgroups. Our findings also
demonstrated that higher RAP was associated with overall
mortality in patients undergoing TIPS, consistent with prior
research [20]. Increased RAP can elevate back pressure in
the liver, be linked to heart failure, and limit TIPS efficacy
in reducing the PPG [20, 30, 31], which may affect the prog-
nosis of patients.

Our study has several limitations. Firstly, it was an obser-
vational single-center prospective cohort study. Therefore,
further validation through multi-center, large population,
and prospective studies is necessary. Secondly, as most
patients had cirrhosis due to HBV, the generalizability of
the findings is limited. Thirdly, our study does not provide
insights into long-term cardiac outcomes post-TIPS, neces-
sitating further research to elucidate whether TIPS exacer-
bates or ameliorates cardiac function over a longer follow-up
period. Finally, we did not perform cardiac catheterization
to obtain additional hemodynamic information, which could
help elucidate the hemodynamic changes caused by TIPS
and their impact on patients with CCM.

In conclusion, cirrhotic patients with CCM exhibit lower
PVP and PPG immediately after TIPS and 2—4 days later
in response to hemodynamic alterations elicited by TIPS,
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without adversely impacting one-year survival outcomes.
These findings need to be further investigated the long-term
effects and the corresponding clinical course of the patients.
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