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Abstract

Background and Aims: Further decompensation in cirrho-
sis is associated with increased mortality. However, reliable
tools to predict further decompensation after transjugular in-
trahepatic portosystemic shunt (TIPS) are currently limited.
This study aimed to investigate the incidence and risk fac-
tors of further decompensation within one year post-TIPS in
patients with cirrhosis and to develop a predictive model for
identifying high-risk individuals. Methods: This retrospective
cohort study enrolled 152 patients with cirrhosis undergoing
TIPS for variceal bleeding and/or refractory ascites (Janu-
ary 2018-January 2024). Patients were stratified accord-
ing to one-year decompensation outcomes. LASSO regres-
sion and multivariable logistic analysis were used to identify
predictors, and a nomogram was constructed and internally
validated using bootstrapping (1,000 replicates). Results:
Among the 152 patients (median age 57.5 years [IQR 50.0-
66.0]; 58.6% male; 58.6% viral/alcohol-associated etiol-
ogy), 65.8% (100/152) achieved clinical stability at one year
post-TIPS, while 34.2% (52/152) developed further decom-
pensation. LASSO regression identified right hepatic lobe vol-
ume, spleen volume, and portal pressure gradient (PPG) re-
duction as key predictors, all independently associated with
further decompensation risk in multivariable analysis (OR
[95% CI]: 0.683 [0.535-0.873], 1.435 [1.240-1.661], and
0.961 [0.927-0.996], respectively). The nomogram demon-
strated superior discrimination compared with PPG reduction
alone and benchmark prognostic scores (AUC 0.854 [0.792-
0.915] vs. 0.619-0.652; AAUC +0.201-+0.235, p < 0.001)
with 92.3% sensitivity. High-risk patients (score > 86) had
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a 10.7-fold higher risk of further decompensation than low-
risk patients (60.0% vs. 5.6%; p < 0.0001). Conclusions:
This validated model, combining hepatosplenic volumetry
and PPG reduction, accurately stratifies further decompensa-
tion risk post-TIPS and may guide targeted surveillance and
preventive interventions.

Citation of this article: Chen X, Lin Y, Jia K, Lv R, Tian J, Li
F, et al. Hepatosplenic Volumes and Portal Pressure Gradient
Identify One-year Further Decompensation Risk Post-tran-
sjugular Intrahepatic Portosystemic Shunt. J Clin Transl Hepa-
tol 2025;13(10):835-846. doi: 10.14218/JCTH.2025.00199.

Introduction

Portal hypertension is a critical pathophysiological determi-
nant in cirrhosis progression, with its severity directly corre-
lating with decompensation risk.! A hepatic venous pressure
gradient (HVPG) > 10 mmHg defines clinically significant
portal hypertension, while an HVPG > 12 mmHg markedly in-
creases the risk of variceal hemorrhage and ascites develop-
ment.2 Transjugular intrahepatic portosystemic shunt (TIPS)
serves as a cornerstone intervention for portal pressure (PP)
modulation.3# However, persistent portal hypertension after
TIPS occurs in a subset of patients, predisposing them to
Baveno VII-defined further decompensation endpoints, in-
cluding refractory ascites, recurrent variceal hemorrhage,
and overt hepatic encephalopathy (HE).2:> Current prognos-
tic models predominantly focus on serological biomarkers,
such as age, total bilirubin, and albumin levels, to predict
post-TIPS further decompensation and hepatic failure.t7 Im-
aging-derived morphometric parameters, however, remain
underutilized. The pathophysiological progression of cirrho-
sis is characterized by dynamic volumetric changes, where
hepatic atrophy parallels splenic enlargement, reflecting the
severity of parenchymal fibrosis and portal hypertension.8-10
Emerging evidence positions hepatic and splenic volumetry
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as reliable noninvasive indices for: (i) detecting clinically sig-
nificant portal hypertension (clinically significant portal hy-
pertension, HVPG =10 mmHg) with diagnostic accuracy up
to AUC 0.891%12; (ii) stratifying decompensation risk in com-
pensated cirrhosis!!; and (iii) predicting overt HE develop-
ment post-TIPS.3 Nevertheless, the prognostic utility of these
quantitative imaging biomarkers for identifying post-TIPS
further decompensation in already decompensated cirrhosis
remains undefined. This study systematically evaluates the
incidence of one-year post-TIPS further decompensation and
establishes a predictive framework integrating hemodynamic
and morphometric parameters to enable early identification
of high-risk patients, thereby optimizing candidate selection
and personalizing surveillance protocols.

Methods

Study design

This single-center, retrospective cohort study (conducted in
accordance with the STROBE guidelines) enrolled consecu-
tive patients with cirrhosis undergoing TIPS at Tianjin Third
Central Hospital (January 2018-January 2024) for portal hy-
pertension-related decompensation (variceal bleeding and/
or refractory ascites).

The baseline was defined as the time of TIPS placement.
The primary endpoint was further hepatic decompensation
within one year post-TIPS. Follow-up was terminated at the
earliest of:

1. Occurrence of further decompensation (primary end-
point);

2. Death or liver transplantation;

3. Completion of one year of follow-up without decompen-
sation.

Grouping criteria: According to the definition of Baveno
VII,2 further decompensation was defined by meeting one of
the following two criteria: 1) Occurrence of a second portal
hypertension-driven decompensation event (ascites, var-
iceal bleeding, or HE [stratified as early HE (<90 days post-
TIPS, TIPS procedure-related) or late HE (>90 days, disease
progression-related)])!3; and 2) Recurrent variceal bleeding,
worsening of ascites (=three high-volume punctures required
within one year), recurrent HE (similarly stratified),'3 and
development of spontaneous bacterial peritonitis (SBP) and/
or hepatorenal syndrome-acute kidney injury (HRS-AKI). All
events required clinical manifestations and imaging exclusion
of TIPS thrombosis; asymptomatic stent abnormalities were
not considered decompensation events. We classified all pa-
tients into two groups: (1) The further decompensation group:
Patients meeting Baveno VII criteria for further decompensa-
tion within one year post-TIPS. (2) The clinically stable group:
Patients who did not meet these criteria, with confirmation of
survival through the one-year follow-up period.

In the mechanistic subanalysis, patients with further de-
compensation were stratified by the type of the first further
decompensation event: portal hypertensive events (PHE:
new-onset or worsening ascites, variceal hemorrhage,
SBP)214 or HE. HRS-AKI was defined as functional renal im-
pairment without structural disease, typically manifesting as
a secondary decompensation.> Therefore, HRS-AKI did not
occur as the first decompensation event.

Eligibility criteria
Inclusion criteria (all required): (1) Age: 18-80 years
old; (2) Confirmed diagnosis of cirrhosis per the Guidelines

for the Diagnosis and Treatment of Cirrhosis of the Liver
(2020)1¢ based on clinical presentation, laboratory tests,

imaging examinations (e.g., ultrasonography, computed
tomography (CT), or magnetic resonance imaging), endo-
scopic, and/or biopsy findings; (3) Undergoing elective TIPS
placement for decompensated cirrhosis with variceal bleed-
ing and/or refractory ascites.

Exclusion criteria (any met): (1) Absence of triphasic ab-
dominal CT within three months preceding TIPS; (2) Prior
splenectomy; (3) Pre-existing hepatocellular carcinoma di-
agnosed before TIPS placement; (4) Incomplete follow-up
data; (5) Unavailability of liver volume or clinical data. (6)
Presence of non-cirrhotic portal hypertension (e.g., extrahe-
patic portal vein obstruction, congenital hepatic fibrosis).

Observation indicators, concepts, and therapies

Observational indicators: Demographics (gender, age); Past
history (smoking, alcohol use, diabetes mellitus, coronary
heart disease, hypertension); Laboratory parameters: com-
plete blood count, hepatic and renal function, prothrombin
time activity, serum sodium, blood ammonia; Hemodynamic
indices: PP, inferior vena cava pressure (IVCP), PPG, PPG re-
duction; Imaging indices: spontaneous portosystemic shunt,
portal vein thrombosis, portal vein cavernous transformation.

Etiology-specific therapeutic interventions: (a) Etiology-
eliminating therapy: Administration of antiviral agents for
>three months pre-TIPS in patients with hepatitis B virus
(HBV) or hepatitis C virus (HCV) infection, or sustained absti-
nence > three months pre-TIPS (verified by medical records
and structured telephone follow-up) in alcohol-associated
liver disease; (b) Disease-controlling therapy: Receiving
guideline-directed!” immunosuppression or ursodeoxycholic
acid (UDCA) for >three months for autoimmune hepatitis or
primary biliary cholangitis.

Assessment models: Child-Pugh score!8; model for end-
stage liver disease (MELD) = 9.57xIn (creatinine[mg/dL])
+ 3.78xIn(bilirubin[mg/dL]) + 11.2xIn(international nor-
malized ratio (INR)) + 6.43119; MELD-Na = MELD + 1.32x
(137-Na[mmol/L]) - [0.033 x MELD x (137-Na[mmol/L])].>
MELD 3.0 = 1.33 (if female) + 4.56 x log(bilirubin) + 0.82
X (137 — Na) — 0.24 x (137 — Na) x log.(bilirubin) + 9.09
x log.(INR) + 11.14 x log.(creatinine) + 1.85 x (3.5 — al-
bumin) — 1.83 x (3.5 — albumin) x log(creatinine) + 6.20

TIPS procedural protocol

The TIPS procedure was performed under local anesthesia
via right internal jugular vein access. Under fluoroscopic
guidance, a guidewire and sheath were sequentially ad-
vanced into the hepatic veins, followed by transhepatic punc-
ture into a portal venous branch. Portal venography and
real-time pressure measurements (PP, IVCP) were obtained
using calibrated transducers, with the PPG calculated as PPG
= PP - IVCP. The parenchymal tract was subsequently di-
lated using 8mm/6mm balloon catheters (Lepu Medical, Chi-
na) and stented with either Fluency Plus covered stents of
8mm diameter (Bard, USA) or Viatorr endoprostheses (Gore
& Associates, USA). Post-deployment PPG was remeasured
to calculate the hemodynamic response: PPG reduction =
[(Pre-shunt PPG - Post-shunt PPG)/Pre-shunt PPG]x100.

Abdominal enhanced CT examination and measure-
ment of liver and spleen volumes

All patients underwent imaging using the Siemens Health-
care Definition Flash dual-source CT scanner, covering the
area from the top of the diaphragm to the lower edge of
the liver and spleen. The scanning parameters included a
slice thickness of 5.0 mm, slice spacing of 5.0 mm, pitch
of 1.375:1, voltage of 120 kVp, and current of 250 mAs.
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Fig. 1. Hepatic and splenic segmentation using 3D Slicer software. (A) Axial view demonstrating hepatic segmentation results: green, right hepatic lobe; yel-
low, left hepatic lobe; brown, caudate lobe. (B) Three-dimensional hepatic segmentation. (C) Axial view of splenic segmentation (green). (D) Three-dimensional splenic

segmentation.

A total of 90 mL of iodine contrast agent was administered
via the antecubital vein at a rate of 2.5-3.0 mL/s. Dynamic
scanning was conducted in three phases: arterial (25-30 s),
portal venous (70-75 s), and delayed (3 m). Subsequently,
thin-layer reconstruction was performed with a reconstructed
slice thickness and spacing of 1.25 mm, along with parallel
coronal and sagittal image reconstructions.

Hepatic lobar segmentation adhered to the Couinaud clas-
sification,2! defining the right hepatic lobe as segments V,
VI, VII, and VIII, and the left hepatic lobe as segments II,
I1I, and IV, demarcated by the principal plane (Cantlie line)
along the middle hepatic vein trajectory from the gallbladder
fossa to the inferior vena cava. The caudate lobe (segment I)
was defined by its anatomical boundaries: posteriorly by the
inferior vena cava fossa, anteriorly by the hepatic hilum, and
inferiorly by the left portal vein (Fig. 1).

Volumetric quantification utilized portal venous phase
contrast-enhanced CT images (5-mm slice thickness, helical
acquisition) processed through 3D Slicer software (v5.3.0).
Semi-automated segmentation with manual refinement was
performed on axial slices to delineate hepatic lobes and
splenic parenchyma. Liver and spleen volumes were outlined
by a medical student trained by the Chief of Radiology (>10
years of abdominal imaging experience). All segmentations
underwent expert verification by the same Chief Radiologist.
Volumetric analysis was conducted using voxel-based com-
putation with a spatial resolution of 0.69 mm (in-plane) x
5 mm (slice thickness). Volumes were standardized to 100
cm?3 increments for clinical interpretability. Volumetric sta-
bility was assessed by comparing repeat CT scans from 10
patients within three months pre-TIPS.

Statistical analysis
Data analysis utilized R 4.4.2, SPSS 27.0, and GraphPad

Prism 10. Continuous variables were expressed as mean %
SD or median (IQR), and categorical variables as n (%). Be-
tween-group comparisons employed Student’s t-test/Mann-
Whitney U test (continuous) and Chi-square/Fisher’s exact
test (categorical). Predictor selection involved univariable
logistic regression with LASSO regularization, followed by
multivariable logistic regression to derive adjusted ORs (95%
CI). Post hoc power analysis was performed using G*Power
(v3.1.9.2) with final model effect estimates under the follow-
ing parameters: a = 0.05 (two-tailed), n = 152, and normally
distributed predictors using cohort-derived means and SDs.
Although right hepatic lobe volume and spleen volume were
anticipated to exhibit skewness, the large sample size en-
sured robustness of parametric power estimates against de-
viations from normality. The resultant model was visualized
as a nomogram using RStudio, with internal validation via
1000 bootstrap resamples. Model performance was assessed
by ROC-AUC (Youden index-determined cutoff), Kaplan-Mei-
er curves (cumulative incidence), Hosmer-Lemeshow test
with calibration plots, and decision curve analysis. Sensitiv-
ity analyses addressed TIPS procedure-related confounding
by excluding early HE (<90 days) cases, supplemented by
interaction testing and DelLong’s test for AUC comparison.
Subgroup analyses were stratified by etiology and first de-
compensation event type, with additional stratification for
etiology-specific therapeutic interventions in elimination-
amenable etiologies (HBV/HCV, alcohol-associated cirrhosis).
All etiology-stratified outcomes were reported descriptively
without statistical comparisons due to anticipated small sub-
group samples. Intra-observer consistency was assessed
using intraclass correlation coefficient (ICC) (2,1). Biologi-
cal stability was evaluated via Bland-Altman mean difference
(bias) and paired tests. Statistical significance was defined as
two-tailed p < 0.05.
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Patients undergoing TIPS for the first
time for cirrhotic decompensation from

January 2018 to January 2024 (n=271)

Exclusion (n=119)

-Lack of enhanced CT
examination of the
abdomen (n=24)
-Splenectomy (n=3)

Inclusion of patients

meeting criteria (n=152)

-HCC (n=12)

-Lost to follow-up
(n=73)

-Incomplete
imaging/clinical data

(n=7)
%

Further
decompensation
group (n=52)

l

Clinically stable group
(n=100)

Fig. 2. Process for the selection of patients. CT, computed tomography; TIPS, transjugular intrahepatic portosystemic shunt; HCC, hepatocellular carcinoma.

Model implementation

A web-based risk calculator was developed using R Shiny
(version 4.4.2) to operationalize the final prediction model,
hosted on the Shinyapps.io platform.

Missing data handling

Missing data were imputed using multiple imputation via the
fully conditional specification algorithm in SPSS 27.0. Five
imputed datasets were generated, incorporating all baseline
predictors and outcome variables (decompensation status).
Pooled estimates were calculated using Rubin’s rules, with
convergence confirmed by trace plots over 10 iterations
(Supplementary Table 1).

Results

Patient flow and decompensation event distribution

Among 271 consecutive patients with decompensated cir-
rhosis undergoing TIPS at Tianjin Third Central Hospital
(2018-2024), 152 met the inclusion criteria after exclusions:
no pre-TIPS contrast-enhanced CT within three months (n =
24), prior splenectomy (n = 3), hepatocellular carcinoma (n
= 12), loss to follow-up (n = 73), and incomplete data (n =
7) (Fig. 2). At one year post-TIPS, 100 patients (65.8%) re-
mained clinically stable, while 52 (34.2%) developed further
decompensation. All further decompensation events includ-
ed new-onset/worsening ascites (24.3%, n = 37), overt HE
(10.5%, n = 16), variceal hemorrhage (7.2%, n = 11), SBP
(4.6%, n = 7), and HRS-AKI (1.3%, n = 2). Analysis of first
decompensation events in these 52 patients identified 38
PHEs (73.1%: new-onset or worsening ascites n = 28, var-
iceal hemorrhage n = 10; no SBP as first presentation) and
14 HE cases (26.9%), with five (35.7%) occurring as early
HE (<90 days post-TIPS) and nine (64.3%) as late HE (>90
days). No decompensation event was attributable to TIPS
thrombosis. A single case of asymptomatic stent graft intimal

hyperplasia was radiologically detected at two months post-
TIPS, but did not progress to clinical significance or require
intervention.

Baseline demographic and laboratory characteristics

The study cohort included 152 patients with a median age
of 57.50 years (IQR 50.00-66.00), including 89 males
(58.55%). The median follow-up was 12.0 months (IQR:
7.8-12.0 months). Etiologies of cirrhosis were distributed
as follows: HBV-related cirrhosis (28.94%, n = 44), HCV-
related cirrhosis (5.92%, n = 9), alcohol-associated cirrho-
sis (23.68%, n = 36), autoimmune hepatitis/primary biliary
cholangitis-related cirrhosis (20.39%, n = 31), and other
causes (21.05%, n = 32). Patients were stratified into clini-
cally stable (65.8%, n = 100) and further decompensation
(34.2%, n = 52) groups. Significant intergroup differences
(all p < 0.05) were observed in the Child-Pugh grade (x2 test,
X2 = 7.78), MELD score (Mann-Whitney U test, Z = —3.05),
MELD-Na score (Student’s t-test, t = —3.17), platelet count
(Z = —4.58), total bilirubin (Z = —2.61), and prothrombin
time activity (Z = 2.75), with no other parameters showing
statistical significance (Table 1).

Baseline imaging/hemodynamic characteristics and
measurement reliability

Repeat CTs (n = 10, median 2.2-month interval) showed
excellent measurement reliability (ICC > 0.95) and volume
stability (hepatic LoA: —1.4~1.6x100 cm3; splenic LoA:
—1.0~2.6%x100 cm3; all p > 0.77) (Supplementary Table 2).
Building on this stable metric, comparative analysis in the
full cohort (n = 152) revealed that the further decompensa-
tion group showed significantly lower right hepatic lobe vol-
ume (Mann-Whitney U test, Z = —3.50) and PPG reduction
(Student’s t-test, t = 2.91) while exhibiting higher spleen
volume (Z = —6.04), post-shunt PP (t = —3.12), pre-shunt
PPG (t = —2.11), and post-shunt PPG (t = —3.62) (all p <
0.05, Table 2).
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Fig. 3. Predictive Variables Selected by Lasso Regression Model. (A) Coefficient trajectories of candidate variables across varying penalty parameters (A) in
Lasso regression. (B) Optimal feature selection through 10-fold cross-validation in the Lasso regression model.

Risk factor selection and power analysis for further
decompensation within one year post-TIPS: Univari-
able, LASSO regression, and post hoc assessment

Univariable logistic regression (p < 0.10 threshold) identified
11 candidate predictors for one-year post-TIPS decompen-
sation (Supplementary Table 3). Given the potential clinical
relevance of TIPS indication, particularly the trend toward
reduced further decompensation risk observed in combined
indications (bleeding and ascites) versus variceal bleeding
alone (OR 0.40, 95% CI 0.13-1.20, p = 0.101), this variable
was added to LASSO regression. Due to significant collinear-
ity between post-shunt PPG and PPG reduction (Pearson’s r =
0.820, p < 0.001), versus nonsignificant correlation between
pre-shunt PPG and PPG reduction (r = 0.078, p = 0.339)
(Supplementary Fig. 1), post-shunt PPG was excluded.
LASSO regression with 10-fold cross-validation (optimal A =
0.066) selected three predictors: right hepatic lobe volume,
spleen volume, and PPG reduction (Fig. 3); notably, all TIPS
indication categories were excluded by the A-1se criterion.

0 10 20 30

The A-1se model (AUC = 0.854) demonstrated comparable
performance to A-min (AUC = 0.865) but improved simplic-
ity, thus retained for final analysis. Post hoc power analysis
of these final predictors revealed: 99.9% power for spleen
volume, 79.2% for hepatic volume, and 21.6% for PPG re-
duction, aligning with their respective OR magnitudes.

Nomogram development and validation for post-
TIPS one-year further decompensation risk

Multivariable analysis confirmed independent associations of
right hepatic lobe volume (OR = 0.683, 95% CI = 0.535-
0.873), spleen volume (OR = 1.435, 95% CI = 1.240-1.661),
and PPG reduction (OR = 0.961, 95% CI = 0.927-0.996)
with post-TIPS further decompensation (all p < 0.05) (Sup-
plementary Table 4). A 100 cm? increase in right hepatic lobe
volume reduced risk by 31.7%, whereas equivalent spleen
volume expansion increased risk by 43.5%; each 1% PPG
reduction decreased risk by 3.9%.

The nomogram (Fig. 4) demonstrated discriminative ca-

40 50 60 70 80 90 100
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PPG Reduction

95 80 65 50 35
Right Hepatic

r
Lobe Volume 14 12 10

T T T
8 7 6

Spleen Volume

Total Points

Risk
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01 030507 09

Fig. 4. Nomogram for predicting the risk of further decompensation within one year after TIPS in patients with decompensated cirrhosis. Sum points
for PPG reduction, right hepatic lobe volume, and spleen volume to calculate total points; draw a vertical line from the total points axis to the risk axis to determine
the probability of further decompensation within one year. Further decompensation risk score = —4.39 x (right hepatic lobe volume) + 4.17 x (spleen volume) - 0.46
x (PPG reduction) + 105.21. TIPS, transjugular intrahepatic portosystemic shunt; PPG, portal pressure gradient.
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Fig. 5. Cumulative probability of further decompensation within one
year after TIPS stratified by nomogram model cut-off scores. High: nom-
ogram model scores > 86 points, low: nomogram model scores < 86 points.
Patients scoring >86 points (high-risk group) had a 10.7-fold increased risk of
further decompensation within one year compared to those scoring <86 points
(low-risk group) (p < 0.001 by log-rank test). TIPS, transjugular intrahepatic
portosystemic shunt.

pacity (AUC = 0.854, 95% CI = 0.792-0.915; Supplemen-
tary Fig. 2) with sensitivity = 92.3% and specificity = 68.0%.
Bootstrap validation (1,000 resamples) confirmed discrimi-
native ability (AUC = 0.784), calibration (Hosmer-Lemeshow
x2 = 13.053, p = 0.110; MAE = 0.035; Supplementary Fig.
3), and clinical utility (net benefit across 10%-90% thresh-
olds; Supplementary Fig. 4).

Compared to PPG reduction and benchmark prognostic
scores, the model showed superior AUC: +0.229 vs. PPG
reduction alone (0.625 vs. 0.854; Delong’s p < 0.001),
+0.235 vs. Child-Pugh (0.619 vs. 0.854; p < 0.001), +0.201
vs. MELD (0.653 vs. 0.854; p < 0.001), +0.202 vs. MELD-
Na (0.652 vs. 0.854; p < 0.001), and +0.223 vs. MELD 3.0
(0.631 vs. 0.854; p < 0.001) (Supplementary Fig. 5, Sup-
plementary Table 5).

Validation of KM curves for a predictive model of the
risk of further decompensation at one year after TIPS

The ROC-derived optimal risk cutoff of 86 points (AUC =
0.854, 95% CI = 0.792-0.915) stratified patients into high-
(n =80, > 86) and low-risk (n = 72, <86) groups. Score dis-
tribution analysis revealed distinct patterns: low-risk scores
clustered at 40-80 (peak = 20 cases), while high-risk scores
exceeded 80 (100%) (Supplementary Fig. 6). High-risk pa-
tients had higher one-year decompensation rates (60.0% vs.
5.6%, p < 0.001) and cumulative risk (HR = 15.03, 95% CI
= 8.70-25.98; Log-rank p < 0.0001; Fig. 5, Supplementary
Table 6). The model quantifies high-risk features (reduced
right hepatic lobe volume, splenomegaly, limited PPG reduc-
tion), guiding prioritized post-TIPS interventions and indi-
vidualized management. Using the ROC-derived cutoff (86
points), we implemented a publicly available web calculator
(https://doi.org/10.5281/zenodo.16619257; operational:
https://post-tips.shinyapps.io/Post-TIPS/) with an interface

shown in Supplementary Figure 7.

Sensitivity analysis excluding patients with early HE

Sensitivity analyses excluding early HE (<90 days post-TIPS,
n = 5) demonstrated minimal absolute changes in predictor
effect sizes: right hepatic lobe volume (AOR = +0.020, Pin-
teraction = 0.874), spleen volume (AOR = +0.039, Pinterac-
tion = 0.808), and PPG reduction (AOR = —0.004, Pinterac-
tion = 0.891), with non-significant improvement in model
discrimination (AAUC = 0.016, Delong’s p = 0.711) (Sup-
plementary Table 7).

Subgroup analysis of etiology, etiology-specific
therapy, and first decompensation events

Analysis across etiological subgroups (viral, alcohol-associat-
ed, primary biliary cholangitis, autoimmune, other) revealed
no significant differences in spleen volume (p = 0.117), PPG
reduction (p = 0.263), and further decompensation incidence
(p = 0.608) (Supplementary Table 8). However, baseline
right hepatic lobe volume differed significantly (p < 0.001),
with alcohol-associated cirrhosis patients exhibiting larger
volumes (median 7.09 x 100 cm3; IQR 5.71-9.77 cm?3).

In elimination-amenable etiologies, treated cohorts exhib-
ited post-TIPS further decompensation rates of 39.47% for
antiviral-treated HBV (n = 38), 42.86% for antiviral-treated
HCV (n = 7), and 25.00% for abstinent alcohol-associated
cirrhosis (n = 20). The addition of etiology-specific therapy
resulted in minimal perturbation of core predictors (max AOR
= 0.003) without significant discrimination improvement
(AAUC = 0.003, DeLong’s p = 0.19). Complete outcomes are
in Supplementary Table 9 and model metrics in Supplemen-
tary Table 10.

Analysis of first decompensation events revealed no sig-
nificant differences between the PHE (n = 38) and HE (n =
14) groups in right hepatic lobe volume (median 4.7 cm3
vs. 3.85 x 100 cm3, p = 0.247), spleen volume (median
10.85 cm3 vs. 9.58 x 100 cm3, p = 0.101), or PPG reduction
(58.39% = 10.04% vs. 60.98% =+ 9.83%, p = 0.411) (Sup-
plementary Table 11).

Discussion

Hepatic decompensation constitutes a pivotal clinical event
in cirrhosis progression, profoundly impacting patient out-
comes.?2 The latest consensus defines decompensation as
the onset of overt portal hypertension-related complications,
particularly refractory ascites, variceal hemorrhage, or overt
HE.23 Cirrhosis naturally progresses from a compensated
state to decompensation, often followed by recurrent de-
compensation events.2* While median survival exceeds 12
years in treated compensated patients, this drops to <1.5
years post-decompensation.23 Approximately 60% of de-
compensated patients experience further decompensation
episodes without intervention, significantly elevating mortal-
ity.2> A PREDICT study stratified one-year mortality as 9.5%
vs. 35.6% in stable vs. unstable decompensated cohorts.26
Consequently, mitigating further decompensation is para-
mount for reducing hospitalization and mortality risks.27:28
Etiology-targeted interventions (e.g., antiviral therapy for vi-
ral hepatitis, alcohol cessation) may achieve recompensation
in select patients.2® TIPS, by reducing PP through intrahe-
patic portocaval shunting, demonstrates similar recompen-
sation potential. Meta-analytic evidence demonstrates that
TIPS placement confers a 44% reduction in further decom-
pensation risk across etiologies compared to conventional
medical therapy.! Our findings corroborate this therapeutic
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efficacy, with 65.79% of patients maintaining clinical stabil-
ity and 35.92% attaining hepatic recompensation within one
year post-TIPS (unpublished observations), validating TIPS
as an effective intervention for promoting hepatic recompen-
sation. However, therapeutic responses vary among patients
with cirrhosis undergoing TIPS. Our cohort analysis found
that 34.2% (52/152) experienced further decompensation
post-TIPS. This underscores the critical need for preoperative
risk stratification to guide personalized intervention strate-
gies and implement targeted preventive measures against
decompensation recurrence.

Current investigations into predictors of further hepatic
decompensation post-TIPS remain limited.® Sturm et al.®
demonstrated that the Freiburg index of post-TIPS survival,
incorporating age, serum creatinine, bilirubin, and albumin,
predicts further decompensation. Furthermore, their find-
ing that TIPS indications lack independent prognostic value
aligns with our results. Critically, this study is the first to vali-
date the independent predictive value of right hepatic lobe
volume (OR = 0.683), spleen volume (OR = 1.435), and PPG
reduction (OR = 0.961) for post-TIPS further decompensa-
tion. Integration of these parameters yielded a nomogram
model with discriminative capacity (AUC = 0.854), providing
radiologically grounded criteria for preoperative identification
of TIPS candidates most likely to achieve clinical benefit.

Hepatic and splenic volumetry quantifies parenchymal
changes in cirrhosis and serves as validated biomarkers of
disease severity.30 Our volumetric methodology showed ex-
cellent measurement precision (ICC > 0.950 for liver lobes/
total liver; ICC = 0.982 for spleen), while Bland-Altman re-
sults reflect biological variability. Splenomegaly, driven by
portal hypertension-induced splenic venous congestion,931
constitutes an established prognostic predictor.® Consistent
with multicenter evidence demonstrating 3D hepatic/splen-
ic morphometry predicts overt HE post-TIPS,3 our findings
identify spleen volume as an independent risk factor for fur-
ther decompensation (OR = 1.435), with each 100 cm3 in-
crement elevating risk by 43.5%. Hepatic volumetry reflects
functional reserve through viable hepatocyte mass quantifi-
cation,10 paralleling observations by Patel et al.32 of reduced
total/functional liver volumes and increased spleen volumes
in decompensated cirrhosis. A cross-sectional study33 re-
vealed segment-specific volumetric alterations in patients
with cirrhosis, demonstrating relative atrophy of the right
lobe and medial sector of the left lobe (Couinaud segments
IV-VIII) alongside hypertrophy of the left lateral sector and
caudate lobe (segments I-III). However, the prognostic im-
plications of lobar volumetric changes for post-TIPS further
decompensation remain underexplored. We investigated as-
sociations between hepatic lobar volumetry and post-TIPS
further decompensation risk. Notably, right hepatic lobe
volume emerged as a protective factor against one-year
decompensation (OR = 0.683, 95% CI 0.535-0.873), with
each 100 cm3 increment conferring a 31.7% risk reduction.
In contrast, left lobe and caudate lobe volumes showed no
significant associations, possibly due to limited sample size
and lack of subsegmental left lobe analysis. Given that meas-
urement precision ensures anatomical capture (ICC > 0.95)
and observed biological variations are clinically insignificant,
single-timepoint assessment provides valid baseline data for
pre-TIPS planning without repeat imaging.

Complementing these anatomical predictors, dynamic
monitoring of PPG holds critical prognostic value in patients
with cirrhosis and portal hypertension.34 Per the Baveno VII
consensus, post-shunt PPG thresholds (<12 mmHg absolute
value; >50% relative reduction) are established therapeutic
targets for preventing variceal rebleeding.? Notably, emerg-

ing evidence associates the magnitude of PPG reduction with
post-TIPS decompensation risk. Queck et al.3> demonstrated
that <60% PPG reduction significantly correlates with refrac-
tory ascites development within six weeks post-TIPS. How-
ever, the prognostic value of PPG reduction for post-TIPS
further decompensation was unclear. We found significant
collinearity between post-shunt PPG and PPG reduction mag-
nitude (Pearson’s r = 0.82, p < 0.001). PPG reduction was
prioritized as the core predictor given its superior sensitiv-
ity in quantifying the hemodynamic response to shunt crea-
tion. This selection was substantiated by two key pieces of
evidence: (1) The absence of a significant correlation be-
tween pre-shunt and PPG reduction (Pearson’s r = 0.078, p =
0.339), suggesting limited predictability of post-shunt hemo-
dynamic changes by pre-shunt PP levels; (2) PPG reduction
integrates pre- and post-procedural pressure dynamics and
avoids multicollinearity problems from using isolated post-
shunt PPG. Notably, our results demonstrated that each 1%
increase in PPG reduction decreased further decompensation
risk by 3.9%, confirming the prognostic value of monitoring
PPG changes.

Power analysis of this model revealed distinct clinical im-
plications: Spleen volume’s near-perfect power (>99.9%)
confirms it as a robust predictor of post-TIPS further decom-
pensation. Hepatic volume’s 79.2% power—supported by its
substantial protective effect (31.7% risk reduction per unit)
and biological plausibility in liver reserve assessment—re-
mains clinically actionable despite conventional 80% thresh-
olds. For PPG reduction (a Baveno VII-endorsed hemody-
namic target?), the 21.6% power reflects its modest effect
size (3.9% risk reduction per unit) rather than clinical irrel-
evance. Its inclusion preserves the physiological complete-
ness of the model.

The relatively low HBV-related cirrhosis proportion
(28.94%) aligns with recent Chinese data,3 likely reflecting
antiviral therapy’s effectiveness in preventing decompensa-
tion. Diverging from prior reports, age, bilirubin, and albu-
min showed no significant associations with post-TIPS fur-
ther decompensation in our cohort. This discrepancy may be
attributable to: (1) Population heterogeneity—HBV-related
cirrhosis predominance (58.55%) versus alcohol-associated
cohorts in previous reports; (2) Adjustment for strong con-
founders: Including robust predictors (right hepatic lobe/
spleen volumetry) may have masked associations of con-
ventional biomarkers; (3) Sample size limitations: Although
the cohort size (n = 152) met basic analytical requirements,
statistical power for subgroup analyses remained subopti-
mal—exemplified by elderly patients (>65 years) constitut-
ing only 28.95% of the cohort, potentially obscuring age-
related associations. These discrepancies suggest that the
generalizability of post-TIPS risk factors may be influenced
by population characteristics and study design, necessitat-
ing validation through multicenter, large-scale studies with
enhanced subgroup representation.

This study optimized conventional modeling approaches
through sequential univariable logistic regression, LASSO
regularization, and multivariable logistic regression. LASSO’s
regularization mechanism effectively prioritized variables
with multidimensional predictive contributions while reduc-
ing overfitting, generating a parsimonious yet generalizable
model.3¢ The A-1se criterion was selected over A-min to bal-
ance model complexity and clinical utility. Critically, the A-1se
LASSO objectively excluded TIPS indication variables while
retaining right hepatic lobe volume, spleen volume, and PPG
reduction—all independently significant predictors (p < 0.05)
in multivariable analysis. This aligns with the known patho-
physiology of post-TIPS decompensation. The resultant nom-
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ogram integrates statistical rigor with clinical interpretability,
offering a streamlined tool for risk stratification in TIPS clini-
cal decision-making.

The nomogram integrating hepatosplenic volumetry and
hemodynamic profiling (PPG reduction) had excellent dis-
crimination (AUC 0.854) and precise calibration (MAE 0.035).
Bootstrap validation confirmed generalizability (AUC 0.784,
Brier 0.180), while decision curve analysis demonstrated
clinical utility across risk thresholds. Critically, the absence
of TIPS thrombosis-related decompensation indicates that
observed decompensation events primarily reflect progres-
sive hepatic dysfunction. This aligns with contemporary
studies reporting low annual thrombosis rates (<6%) in
covered stents,37 confirming that our nomogram specifically
predicts the risk of hepato-functional decompensation, not
decompensation due to stent thrombosis. Furthermore, our
composite model outperformed both benchmark prognostic
scores (Child-Pugh, MELD, MELD-Na, MELD 3.0) and the iso-
lated hemodynamic parameter (PPG reduction). Benchmark
predictive scores rely exclusively on static serum biomark-
ers (e.g., bilirubin, INR) or electrolyte parameters (sodium).
While PPG reduction can directly measure PP, it provides
merely a cross-sectional hemodynamic snapshot. Neither
approach fully captures cumulative hepatosplenic damage
from chronic portal hypertension. Our model quantifies this
through integrated morphometric proxies (right liver atro-
phy, splenomegaly) and hemodynamic indicators (PPG re-
duction). Survival analysis based on the nomogram-derived
cutoff (86 points) revealed significantly elevated decompen-
sation risk in high-score patients. The visual scoring system
enhances clinical utility by explicitly quantifying risk contribu-
tors, enabling personalized postoperative risk stratification.

To enhance model generalizability, our cohort incorporated
patients with cirrhosis of heterogeneous etiologies, aligning
with established volume-related research methods in portal
hypertension research.3:12:38 While the model demonstrated
robust overall performance, subgroup analyses revealed eti-
ology-specific morphological variation: patients with alcohol-
associated cirrhosis exhibited significantly larger baseline
right hepatic lobe volumes than those with other etiologies,
consistent with the findings of Kim et al.3° This likely reflects
characteristic dual pathophysiological mechanisms in alco-
hol-related injury: hepatic steatosis-induced hypertrophy
and asymmetric fibrotic remodeling.4%41 Crucially, core pre-
dictors beyond hepatic volumetry—PPG reduction and spleen
volume—remained etiology-agnostic across subgroups, sup-
porting their utility as universal hemodynamic and portal hy-
pertension severity markers. When applying this model to
populations with markedly different etiology distributions,
such as cohorts with predominantly alcohol-associated cir-
rhosis, external validation in diverse populations is essen-
tial. Beyond these etiology-driven morphological variations,
the model demonstrated invariant robustness to therapeu-
tic heterogeneity. Despite descriptive variations in etiology-
specific decompensation rates, our predictive model main-
tained robustness when adjusted for elimination-amenable
therapies. The maximal effect size perturbation was <0.003
OR units with a non-significant discrimination change (p =
0.19), mechanistically affirming the stability of the nomo-
gram across therapeutic heterogeneity. Additionally, baseline
levels of key volumetric (hepatic/splenic) and hemodynamic
(PPG reduction) predictors showed no significant differences
between decompensation phenotypes (PHE vs. HE) in the
overall cohort. Although the subanalysis comparing first de-
compensation events (PHE, n = 38; HE, n = 14) was sta-
tistically underpowered due to the limited HE sample size,
directionally consistent trends suggested smaller hepatic

volumes, reduced splenic volumes, and greater PPG reduc-
tion in the HE group. Nevertheless, the consistent absence
of statistical significance across all analyses (all p > 0.10)
confirms that these core predictors operate independently
of decompensation phenotype. This supports their integra-
tion into a unified predictive model for post-TIPS further de-
compensation risk, regardless of initial clinical presentation.
Furthermore, sensitivity analyses excluding early HE demon-
strated minimal effect size perturbations (max AOR = 0.039)
with preserved discrimination (AAUC = 0.016, p = 0.711).
These findings substantiate that liver/spleen volumetry pri-
marily reflects disease progression rather than TIPS proce-
dure-related complications. The stability of predictor effects
supports the model’s applicability in broader patient cohorts,
including those with early HE.

The study presents two key innovations: First, for the first
time, right hepatic lobe volume, spleen volume, and PPG
reduction were identified as independent predictors of fur-
ther decompensation within one year after TIPS in patients
with decompensated cirrhosis. Second, the development of
a novel nomogram integrating hepatosplenic volumetry and
hemodynamic parameters with superior predictive accuracy
(AUC = 0.854). Three principal limitations warrant consid-
eration: First, this single-center retrospective design using
an HBV-predominant Chinese cohort may limit generalizabil-
ity. Future multi-center external validation in cohorts encom-
passing different etiologies of cirrhosis (e.g., alcohol-related
liver disease, non-alcoholic fatty liver disease) and geo-
graphically/ethnically diverse populations is essential. Sec-
ond, although 3D Slicer enables semi-automated volumetry,
the process remains time-consuming, requires specialized
training, and introduces inter-observer variability during
manual adjustments. This underscores the critical need for
fully automated tools. Future integration of validated AI-
based algorithms with Picture Archiving and Communication
Systems is crucial to eliminate observer dependency and
facilitate clinical implementation. Third, the small subgroup
sizes for rare etiologies (e.g., primary biliary cholangitis, n =
14) and for patients lacking etiology-specific therapies (e.g.,
untreated HBV, n = 6) limited statistical power. Future multi-
center studies with larger cohorts should incorporate strati-
fication by etiology and treatment exposure to validate the
broader applicability of the model. Despite these limitations,
this model enables early identification of high-risk patients
through a freely accessible web calculator, which provides in-
stantaneous risk quantification using the nomogram-derived
formula. This tool facilitates personalized surveillance pro-
tocols and therapeutic adjustments that may ultimately im-
prove clinical outcomes through enhanced survival rates and
reduced healthcare/societal burdens. The semi-automated
visceral volumetry approach presented here provides a prac-
tical foundation for developing Al-based prognostic tools.

Conclusions

In summary, 34.2% of decompensated patients with cir-
rhosis experience further decompensation post-TIPS, de-
spite improved outcomes in most. Right hepatic lobe volume
and post-shunt PPG reduction were identified as protective
factors against one-year further decompensation, whereas
spleen volume emerged as an independent risk factor. The
nomogram model constructed based on these indicators
demonstrated promising discriminative accuracy in stratify-
ing patients with decompensated cirrhosis who are at high
risk of post-TIPS further decompensation, serving as an ev-
idence-based decision-support tool to guide therapeutic se-
lection, risk quantification, and personalized management.
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