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To investigate the diagnostic utility of a noninvasive method based on spleen volume for the accurate 
diagnosis of severe portal hypertension (PH). We enrolled 260 patients undergoing hepatic venous 
pressure gradient (HVPG) assessment and enhanced CT at Tianjin Third Central Hospital (December 
2019–July 2023), with clinical data collected. Patients were stratified by HVPG levels: ≥16 mmHg 
(severe PH group) and < 16 mmHg (non-severe PH group). We included 120 cirrhotic patients who met 
the inclusion criteria. Splenic volume exhibited a linear correlation with HVPG (r = 0.364, p < 0.001). 
Univariate and multivariate logistic regression analyses identified spleen volume, age, and serum 
albumin as independent risk factors for severe PH (p < 0.05). Accordingly, a clinical diagnostic model 
was developed, named the “S-HVPG” score. The area under the curve (AUC) for the “S-HVPG” score 
was 0.803, with an optimal threshold of 0.694, achieving sensitivity, specificity, positive predictive 
value(PPV), and negative predictive value (NPV) of 78.8%, 74.3%, 88.2%, and 59.1%, respectively. 
The spleen volume-based “S-HVPG” scoring system introduces a novel, straightforward, noninvasive 
approach for diagnosing severe PH. A cutoff value of 0.694 for the S-HVPG score effectively 
distinguishes patients with severe PH from those with cirrhosis.
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Cirrhosis develops following prolonged inflammation, where healthy liver tissue is progressively replaced by 
fibrous tissue and regenerative nodules, leading to portal hypertension1. Portal hypertension resulting from 
cirrhosis can lead to severe complications such as variceal hemorrhage, ascites, and hepatic encephalopathy2–4. 
Hepatic venous pressure gradient (HVPG) serves as the gold standard for assessing portal pressure5,6. Cirrhotic 
patients with HVPG ≥ 16 mmHg were considered to be severe PH. HVPG ≥ 16 mmHg indicates portal 
hypertension with an increased risk of mortality, predisposing patients to complications associated with difficult-
to-control or recurrent decompensated cirrhosis. It is a robust predictor of poor prognosis and signifies a 
significantly heightened mortality risk among patients with cirrhotic portal hypertension7,8. HVPG ≥ 16 mmHg 
has also been linked to increased short-term mortality in patients undergoing non-hepatic abdominal surgeries5. 
However, HVPG measurement has inherent drawbacks: (1) it requires skilled operators and specialized hospital 
facilities; (2) it is costly and invasive; (3) it poses challenges in monitoring patient dynamics9–11. Consequently, 
there is a growing interest in developing simpler, non-invasive approaches for diagnosing and monitoring portal 
hypertension in patients with hepatic disorders12. Several noninvasive imaging-based tests have been proposed, 
including computed tomography (CT)-based assessments of liver and spleen volumes to predict HVPG in 
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patients with hepatocellular carcinoma and cirrhosis, enabling accurate diagnosis of clinically significant portal 
hypertension9,13,14. However, previous studies have predominantly focused on clinically significant portal 
hypertension in patients with cirrhosis or hepatocellular carcinoma, using HVPG ≥ 10 mmHg as the diagnostic 
threshold, with fewer studies addressing the noninvasive diagnosis of portal hypertension across varying 
severities in cirrhotic patients15.

This study aims to explore the correlation between spleen volume and HVPG in cirrhotic patients, develop a 
noninvasive model for diagnosing severe PH, and assess the accuracy of this model.

Patients and methods
Study population
Study Population: This retrospective study included patients who visited the Third Central Hospital of Tianjin, 
China, between December 2019 and July 2023 for HVPG testing(N = 203).

Inclusion Criteria: (1) age above or equal to 18-year‐old; (2) undergoing HVPG measurements and enhanced 
CT examination; (3) Patients diagnosed with cirrhosis (according to the diagnostic criteria of the Guidelines for 
the Diagnosis and Treatment of Cirrhosis of the Liver, 2020 edition)16; (4) Availability of complete clinical data.

Exclusion Criteria: (1) Patients who underwent HVPG measurements and CT examination more than 3 
months apart; (2) previous treatment with splenectomy, liver surgery, transjugular intrahepatic portosystemic 
shunt, or liver transplantation; (3) diagnosis of hepatocellular carcinoma; (4) non-sinusoidal portal hypertension 
(e.g., idiopathic portal hypertension, Budd-Chiari syndrome)4;

Grouping Methods: Patients were classified based on HVPG ≥ 16 mmHg5,7, dividing them into a group with 
severe portal hypertension (PH) and a group with non-severe PH17.

Study method
HVPG measurements
HVPG measurements were performed by an experienced interventional radiologist using the Seldinger technique 
via the right internal jugular vein. A catheter sheath and 5.5 F Fogarty balloon catheter were advanced to the 
main trunk of the right hepatic vein branch (approximately 4 cm from the opening), with three measurements 
taken and the average recorded as the representative HVPG. HVPG was calculated as the difference between the 
wedged hepatic venous pressure (WHVP) and the free hepatic venous pressure (FHVP). The HVPG formula 
used was HVPG = WHVP - FHVP18.

Abdominal enhanced CT examination and spleen volume measurement
All patients underwent imaging using the Siemens Healthcare 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 layer thickness of 5.0 mm, layer spacing of 5.0 mm, pitch of 1.375:1, voltage of 120 kVp, and current 
of 250 mAs. 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 min). Subsequently, thin-layer reconstruction was performed with a reconstructed layer thickness 
and spacing of 1.25 mm, along with parallel coronal and sagittal image reconstructions.

The spleen was outlined in 5-mm-thick portal venous phase images acquired through continuous spiral 
scanning, using 3D Slicer software by two medical students (Fig. 1). A radiologist provided guidance to the 
students, supervised their work, and verified the measurements.

Fig. 1.  Spleen volume segmentation using 3D Slicer software. (a) Axial image displaying spleen organ 
segmentation (green), overlaid on a CT scan image. (b) Three-dimensional segmentation of the spleen. CT: 
computed tomography.
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Laboratory-Clinical-Endoscopic profiling evaluations
General patient data, including age, gender, height, hospitalization diagnosis, and treatment history, were 
recorded for all included patients. Clinical indices collected included platelets (PLT), hemoglobin (HB), 
International Normalized Ratio (INR), aspartate transaminase (AST), alanine transaminase (ALT), albumin 
(ALB), total bilirubin (TBIL), urea, and creatinine. Additionally, liver function scores such as the Child-Pugh 
score, Albumin-Liverin (ALBI) score, and AAR score were calculated based on clinical data.

The grading criteria for esophagogastric varices follow the criteria established by the Japan Society for Portal 
Hypertension19. Endoscopic indicators associated with high bleeding risk in varices were characterized by the 
presence of prominent bluish vascular protrusions (classified as F2 or F3) exhibiting substantial red color signs 
on their luminal surfaces20. The patients were stratified into high-risk and low-risk groups for esophagogastric 
variceal hemorrhage based on the criteria above.

Calculation method of relevant scores and parameters
ALBI = 0.66 × log10 bilirubin (µmol/L) − 0.085 × albumin (g/L); AAR = AST/ALT.

Statistical analysis
Data were analyzed using R 4.3.1, SPSS 27.0, and GraphPad Prism 10. Descriptive statistics were used to 
summarize the data. Normally distributed data are presented as mean ± standard deviation (x ̅±s) and were 
compared using the paired t-test. Non-normally distributed data are presented as median (interquartile range, 
IQR) and were compared using the Mann-Whitney U test. Categorical data were compared using the χ2 test. 
Spearman’s correlation coefficient assessed the relationships between variables. Influence factor analysis was 
conducted using logistic regression models to determine odds ratios (ORs) and 95% confidence intervals (CIs) 
for risk factors. Sensitivity, specificity, PPV, and NPV were calculated to evaluate parameter diagnostic efficacy. 
Receiver operating characteristic (ROC) curves assessed model discriminatory power, calculating area under 
the curve (AUC) values. Calibration curves evaluated model calibration, and the Hosmer-Lemeshow goodness-
of-fit test assessed model precision. Decision curves compared net clinical benefits among models. Internal 
validation used bootstrapping for model accuracy assessment. Statistical significance was set at P < 0.05.

Model validation
To assess the accuracy of the diagnostic model, internal validation was performed using bootstrap sampling21. 
The process of internal validation included the following steps: (a) Resampling: A resampled dataset of the same 
size as the original model development cohort was generated using bootstrap sampling as the training set. (b) 
Model Training: The diagnostic model was fully trained using the resampled training set, and its performance 
was evaluated within this training set. (c) Performance Assessment: The performance of the trained model was 
then assessed using the original model development cohort, and the difference in performance between the two 
models was computed as the bias estimate. (d) Iteration: This process was repeated 100 times to generate 100 bias 
estimates. The average of these bias estimates provided an adjusted bias estimate. (e) Performance Calculation: 
The adjusted bias estimate was subtracted from the fitted value of the performance in the original data, yielding 
the model’s performance in internal validation22. Compared to traditional randomization validation methods, 
bootstrap resampling validation optimizes data utilization efficiency and mitigates issues associated with small 
validation sample sizes22.

Results
Study process
A total of 260 patients underwent HVPG measurements from December 2019 to July 2023. Exclusions included 
7 patients without cirrhosis, 82 with portal vein thrombosis, 25 with non-sinusoidal portal hypertension, 10 with 
hepatocellular carcinoma, 6 who had undergone splenectomy, and 10 with poor quality abdominal CT scans. 
Ultimately, 120 cases were included in the study. The patient selection process is illustrated in Fig. 2.

Patient characteristics
The median age of all patients was 57.50 years (IQR 48.33–64.00). There were 78 male patients (65.00%) and 
42 female patients (35.00%). The etiology included viral cirrhosis in 48 patients (40.00%), alcoholic cirrhosis 
in 33 patients (27.50%), and other etiologies such as non-alcoholic fatty cirrhosis and cryptogenic cirrhosis in 
39 patients (32.5%). The median HVPG was 19.0 mmHg (IQR 15.0–22.0) in the total cohort. All patients had a 
median MELD score of 12.0 (IQR 6.0–12.0). Child-Pugh grading showed class A in 48 patients (40.00%), class 
B in 57 patients (47.50%), and class C in 15 patients (12.50%). Median spleen volume was 719.24 cm3 (IQR 
504.35–952.98)(Table 1).

Using HVPG ≥ 16 mmHg as the criterion, patients were categorized into two groups: severe PH (n = 85) 
and non-severe PH (n = 35). Both groups were compared for etiology, HB, INR, ALB, HVPG, MELD score, 
splenic volume, bleeding risk of esophageal varices, and bleeding risk of gastric varices all showing statistically 
significant differences (P values < 0.05).

Relationship analysis between spleen volume and HVPG
Spleen volume showed a moderate positive correlation with HVPG (r = 0.364, p < 0.001) (Fig. 3).

Univariate and multivariate logistic regression analysis of Observational Indicators and 
severe PH
A univariate logistic regression analysis was conducted with severe PH as the dependent variable and clinical 
and imaging indicators of cirrhotic patients as independent variables to assess their correlations (Table 2). The 
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Variable
Total
(n = 120)

Non-severe PH
(n = 35)

Severe PH
(n = 85)

P-
value

Age, years 57.5 (48.3–64.0) 57.0 (44.0–62.0) 57.3 ± 10.3 0.139

Male 78 (65.0) 21 (60.0) 57 (67.1) 0.461

Etiology 0.020

Viral hepatitis 48 (40.0) 16 (45.7) 32 (37.7)

HBV 40 (33.3) 14 (40.0) 26 (30.6)

HCV 8 (6.7) 2 (5.7) 6 (7.1)

Alcohol-related 33 (27.5) 3 (8.6) 30 (35.3)

Other 39 (32.5) 15 (42.9) 23 (27.1)

Laboratory parameters

Platelets,×109/L 73.5 (50.0–98.8) 85.0 (52.0–125.0) 68.0 (49.5–91.0) 0.065

Hemoglobin, g/L 102.0 ± 29.4 124.0 (85.0–133.0) 97.5 ± 27.5 0.007

INR 1.3 (1.1–1.4) 1.2 (1.1–1.3) 1.3 (1.2–1.4) 0.008

Albumin, g/L 35.5 ± 6.1 38.7 ± 6.0 34.1 ± 5.6 < 0.001

ALT, U/L 20.0 (14.0–28.0) 22.0 (16.0–38.0) 20.0(13.0–26.0) 0.227

AST, U/L 30.0 (23.0–41.0) 28.0 (21.0–39.0) 32.0 (23.0–41.0) 0.274

Bilirubin, µmol/L 23.7 (17.2–40.6) 21.2 (15.8–35.2) 25.2 (17.3–42.2) 0.299

Urea, mmol/L 4.9 (3.8–6.9) 4.8 (3.9–5.5) 5.1 (3.8–7.1) 0.448

Creatinine, µmol/L 63.0 (55.0–77.8) 63.0 (55.0–76.0) 63.0 (53.5–80.5) 0.968

HVPG, mmHg 19.0 (15.0–22.0) 10.0 (8.0–14.0) 21.0 (18.5–23.0) < 0.001

MELD score 12.0(6.0–12.0) 12.0 (12.0–12.0) 12.0 (6.0–12.0) 0.045

Child-Pugh grade 0.068

A (scores 5–6) 48 (40.0) 19 (54.3) 29 (34.1)

B (scores 7–9) 57 (47.5) 15 (42.8) 42 (49.4)

C (scores 10–15) 15 (12.5) 1 (2.9) 14 (16.5)

Spleen volume, cm3 719.24 (504.35–952.98) 615.85 ± 308.59 779.76
(567.96–1041.13) 0.005

Endoscopic parameters

bleeding risk of esophageal varices 0.003

low risk 32 (28.57) 16 (48.48) 16 (20.25)

high risk 80 (71.43) 17 (51.52) 63 (79.75)

bleeding risk of gastric varices 0.005

low risk 39 (34.82) 18 (54.55) 21 (26.58)

high risk 73 (65.18) 15 (45.45) 58 (73.42)

Table 1.  Baseline characteristics of the study population. Data are expressed as n/N (%), mean (SD) or median 
[IQR]. Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, international 
normalized ratio; HVPG, hepatic venous pressure gradient; MELD, Model of End-stage Liver Disease.

 

Fig. 2.  Patient selection procedure. HCC, hepatocellular carcinoma.
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Optimal threshold AUC (95% CI) Sensitivity (%) Specificity (%) PPV NPV

S-HVPG score 0.694 0.803 (0.708–0.899) 78.8 74.3 88.2% 59.1%

Spleen volume 638.48 0.663 (0.555–0.772) 69.4 60.0 80.8% 44.7%

CP grade 1.50 0.629 (0.524–0.735) 65.9 54.3 77.8% 39.6%

MELD 9.00 0.606 (0.501–0.711) 91.4 34.1 36.4% 90.6%

ALBI −1.842 0.706 (0.603–0.810) 47.1 88.6 90.9% 40.8%

AAR 1.756 0.661 (0.554–0.768) 40.0 88.6 89.5% 37.8%

Table 3.  Comparison of prediction model accuracies for severe PH. Abbreviations: MELD, Model of End-
stage Liver Disease.

 

Univariate Multivariate

Variable OR (95% CI) P Value OR (95% CI) p Value

Age 1.038(1.002,1.076) 0.040 1.054 (1.004,1.106) 0.033

Sex (M vs. F) 1.357 (0.602,3.602) 0.462

Platelets 0.989(0.980,0.999) 0.025 0.996 (0.984,1.008) 0.528

Hemoglobin 0.981 (0.967,0.995) 0.010 0.998 (0.978,1.017) 0.811

INR 9.589 (1.268, 72.483) 0.028 2.700 (0.249,29.242) 0.414

Albumin 0.875 (0.813,0.942) < 0.001 0.877 (0.782,0.984) 0.026

ALT 0.995(0.988,1.002) 0.149

AST 0.995(0.989,1.001) 0.105

Bilirubin 0.997 (0.991,1.004) 0.423

Urea 1.064(0.918,1.232) 0.409

Creatinine 1.004(0.987,1.021) 0.649

Spleen volume 1.002(1.000,1.003) 0.008 1.002(1.001,1.004) 0.041

bleeding risk of esophageal varices

low risk 1.00 (Reference) — 1.00 (Reference) —

high risk 3.706 (1.544 ~ 8.898) 0.003 2.251 (0.695,7.287) 0.176

bleeding risk of gastric varices

low risk 1.00 (Reference) — 1.00 (Reference) —

high risk 3.314 (1.420 ~ 7.737) 0.006 2.312 (0.750,7.127) 0.144

Table 2.  Univariate and multivariate analysis of factors associated with severe PH. Abbreviations: ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time; INR, international normalized 
ratio.

 

Fig. 3.  Spleen volume exhibited a linear correlation with HVPG in the experimental group.
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analysis demonstrated significant associations (P < 0.05) between age, PLT, HB, INR, ALB, bleeding risk of 
esophageal varices, bleeding risk of gastric varices, spleen volume, and the occurrence of severe PH, suggesting 
these factors could independently contribute to the diagnosis of severe PH. The potential diagnostic indicators 
identified from the univariate logistic regression analysis underwent multivariate logistic regression analysis. 
This analysis revealed that age (OR = 1.054, 95% CI: 1.004–1.106, p = 0.033), albumin levels (OR = 0.877, 95% 
CI: 0.782–0.984, p = 0.026), and spleen volume (OR = 1.002, 95% CI: 1.001–1.004, p = 0.041) were independent 
diagnostic factors associated with severe PH (Table 2).

Derivation of the “S-HVPG” score
Based on multivariate logistic regression analysis, a clinical diagnostic model was developed for severe PH using 
HVPG ≥ 16 mmHg, termed the “S-HVPG” score. The formula for the model is logit(P = severe PH)= 0.003 * 
spleen volume + 0.049 * age − 0.161 * albumin + 2.068, where spleen volume is in cm3, age in years, and albumin 
in g/L.

Precision and Stability of the “S-HVPG” score
The Hosmer-Lemeshow test yielded a result of p = 0.076, and calibration curves demonstrated good agreement 
for the S-HVPG score, indicating no significant difference between predicted and observed values (S1 Fig). 
The S-HVPG score demonstrated superior diagnostic efficacy for identifying HVPG ≥ 16 mmHg, achieving an 
AUC of 0.803 (95% CI: 0.708–0.899), which significantly outperformed spleen volume alone, CP score, MELD 
score, ALBI, and AAR. At the optimal threshold of 0.694, the model exhibited balanced sensitivity (78.8%) and 
specificity (74.3%), with clinically meaningful predictive values: PPV = 88.2% and NPV = 59.1% (Table 3; Fig. 4). 
DCA curves showed that the S-HVPG score provided greater net clinical benefit compared to other models (S2 
Fig). A cutoff value of 0.694 for the S-HVPG score yielded optimal sensitivity of 78.8% and specificity of 74.3% 
for distinguishing severe PH in cirrhotic patients.

Bootstrap internal validation confirmed higher and less variable AUC values for the model, AUC (95% CI) 
= 0.805 (0.796–0.814), indicating good precision and stability (S3 Fig).

Discussion
The natural course of cirrhosis is characterized by a silent, asymptomatic phase until elevated portal pressure and 
impaired hepatic function manifest into clinical phenotypes. The decompensated phase of cirrhosis is marked by 
prominent clinical signs, with ascites, bleeding, and hepatic encephalopathy being the most common. After initial 
signs of decompensation appear, the disease typically progresses more rapidly towards death or necessitates liver 
transplant1,23. Measurement of HVPG via hepatic venous catheterization remains the gold standard for assessing 
portal hypertension in cirrhotic patients. HVPG values > 5 mmHg indicate sinusoidal portal hypertension; 
HVPG ≥ 10 mmHg defines “clinically significant portal hypertension”; HVPG ≥ 12 mmHg suggests a risk 
of variceal hemorrhage; HVPG ≥ 16 mmHg indicates a higher mortality risk; and HVPG ≥ 20 mmHg is 
associated with variceal bleeding, with ≥ 20 mmHg often leading to uncontrolled bleeding, early rebleeding, 
and mortality5,7,8. However, due to drawbacks such as invasiveness and technical complexity, several studies 
have explored non-invasive methods to replace HVPG measurement, including serum biomarkers, angiomics, 
imaging techniques, liver stiffness measurement, and combinations thereof6,24–27. Among these, significant 
advancements have been made in diagnosing CSPH using anatomical imaging. In patients with decompensated 
cirrhosis, monitoring HVPG reduces mortality and improves survival28. One study showed that HVPG ≥ 16 
mmHg was associated with persistent bleeding or rebleeding29. In addition, Villanueva et al. noted that HVPG 
> 16 mmHg was a predictor of treatment failure30. Xi-Xuan Wang’s study showed that patients with HVPG 
≥ 16 mmHg had increased mortality from acute variceal bleeding, and that covered TIPS placement increased 

Fig. 4.  Comparison of S-HVPG score with other methods in predicting severe PH.
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long-term graft-free survival in patients admitted with HVPG ≥ 16 mmHg combined with variceal bleeding31. 
Nonetheless, research on non-invasive diagnosis of HVPG ≥ 16 mmHg remains limited32,33. According to the 
Baveno VII consensus, patients at risk of endoscopic signs of portal hypertension can be predictively assessed 
using liver stiffness alone or in combination with PLT, spleen size, spleen stiffness, and other parameters5. This 
study aimed to investigate the correlation between spleen volume and HVPG in cirrhotic patients and develop 
a non-invasive model, combining clinical laboratory indices, to predict the risk of complications from difficult-
to-control or recurrent decompensated cirrhosis and higher mortality rates.

Splenic size is recognized as a prognostic predictor in cirrhosis. Morphological changes in the spleen are 
common in cirrhotic patients, with approximately 60–65% exhibiting splenomegaly34. Ascites, splenomegaly, 
and the development of collateral circulation are the three main clinical manifestations of portal hypertension35. 
The clinical significance of portal hypertension arises from increased liver resistance to perfusion in advanced 
stages of chronic liver disease, particularly cirrhosis due to hepatic fibrosis. This leads to a compensatory rise 
in portal venous pressure transmitted retrogradely to the splenic veins, resulting in splenomegaly. Additionally, 
splenic vein blood flow obstruction in portal hypertension causes congestion and dilation of splenic sinuses, 
influencing spleen size34,36. Previous studies have indicated that spleen volume can non-invasively diagnose 
CSPH in patients with hepatocellular carcinoma13,14. Furthermore, one study demonstrated that spleen volume 
can diagnose HVPG > 12 mmHg in cirrhotic patients37. However, to the best of our knowledge, no studies 
have specifically examined spleen volume as a diagnostic tool for portal hypertension in cirrhotic patients with 
HVPG ≥ 16 mmHg.

Our study revealed a moderate linear positive correlation between spleen volume and HVPG in cirrhotic 
patients, suggesting spleen volume can serve as a diagnostic indicator for assessing portal venous pressure 
magnitude in this population. This finding aligns closely with previous research14. However, the correlation 
coefficient obtained in our study was not as high as reported in other literature, likely due to the majority of 
cirrhotic patients included being in the decompensated stage with HVPG > 10 mmHg. Multivariate logistic 
regression analysis identified spleen volume, age, and albumin levels as independent predictors of severe 
PH. While both esophageal and gastric varices showed significant associations in univariate analysis, these 
associations were attenuated upon multivariate adjustment. The loss of significance for esophagogastric 
variceal bleeding risk in the multivariate analysis may be attributed to limited statistical power due to sample 
size constraints, which may reduce sensitivity to detect modest effects when adjusting for multiple predictors. 
The clinical relevance of these findings requires further validation in large-scale prospective studies. From 
this analysis, we constructed a clinical diagnostic model S-HVPG score : logit(P = severe PH)= 0.003 * spleen 
volume + 0.049 * age − 0.161 * albumin + 2.068. The S-HVPG score demonstrated a higher AUC value compared 
to spleen volume alone and outperformed other scores including the Child-Pugh score, MELD score, ABRI, 
and AAR, indicating superior diagnostic performance for non-invasive diagnosis of severe PH. Internal 
validation through Bootstrap resampling confirmed consistent diagnostic efficacy of the S-HVPG score. ROC 
curve analysis identified a cutoff value of 0.694 for diagnosing severe PH, achieving a sensitivity of 78.8% and 
specificity of 74.3%. The model achieved a PPV of 88.2%. This high PPV indicates precise identification of severe 
portal hypertension, supporting its utility as a clinical decision-aid tool. In resource-constrained settings with 
limited access to hemodynamic monitoring, this performance translates to reduced requirements for invasive 
HVPG measurements. The Hosmer-Lemeshow test showed p > 0.05, suggesting acceptable calibration of the 
model. DCA further demonstrated that the S-HVPG score provided greater net clinical benefit compared to 
alternative models. The model was additionally validated for HVPG thresholds of ≥ 10 mmHg and ≥ 12 mmHg, 
demonstrating AUCs of 0.890 and 0.835, respectively; however, the limited sample sizes in these subgroups 
precluded further analysis in this study (unpublished data).

The innovations of this study are twofold. Firstly, we proposed the diagnosis of severe PH in cirrhotic patients 
with HVPG ≥ 16 mmHg for the first time. Secondly, we constructed a non-invasive model using spleen volume 
to diagnose severe PH, demonstrating a high AUC value and moderate diagnostic accuracy. However, there are 
several limitations in this research. Firstly, it was a single-center cross-sectional study with a limited number of 
cases, potentially introducing bias into the results. Secondly, the study population had a complex etiology, with 
relatively small numbers of cases for each etiology. Thirdly, external validation and prospective studies were 
lacking. Therefore, further research is essential to validate our findings.

In summary, we developed a non-invasive diagnostic model for severe PH based on spleen volume. This 
model exhibits good diagnostic accuracy and offers a straightforward, reliable, safe, and non-invasive initial 
screening tool for clinicians to assess severe PH in cirrhotic patients.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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