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Objective: To develop and validate a nomogram for predicting massive ascites after hepatectomy in hepatocellular carcinoma (HCC)
patients.

Methods: A retrospective, single-center study of 232 HCC patients who underwent hepatectomy (February 2021 — July 2025) was
conducted. Patients with preoperative bile leakage or active hemorrhage were excluded. Patients were grouped by postoperative ascites
status (massive, n=66; non-massive, n=166). Predictors were screened via univariate and multivariate logistic regression. A nomogram
was built and internally validated using 1000 bootstrap samples. Performance was assessed via ROC analysis, calibration, and decision
curve analysis (DCA), Clinical Impact Curve (CIC.

Results: Multivariate analysis identified four independent predictors: platelet count (OR=0.985), AST (OR=1.027), portal hyperten-
sion (OR=5.288), and operative time (OR=5.011). The nomogram achieved an AUC of 0.837 (95% CI: 0.781-0.892) with good
calibration (H-L test, P=0.860). DCA showed clinical net benefit across thresholds [0.00-0.71] and [0.86—0.93]and the clinical impact
curve showing good concordance at risk thresholds above 0.4.

Conclusion: The nomogram accurately predicts massive ascites risk using four perioperative variables and demonstrates strong
clinical utility for individualized management.
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Introduction

According to the 2022 Global Cancer Statistics released by the International Agency for Research on Cancer (IARC),
liver cancer ranks sixth in global incidence and third in cancer-related mortality worldwide.' In China—a region with
a high burden of viral hepatitis—liver cancer is the fourth most commonly diagnosed malignancy and the second leading
cause of cancer death.” Current therapeutic strategies for hepatocellular carcinoma (HCC) are no longer limited to
conventional surgical intervention, and a growing number of novel research approaches have emerged. Natural com-
pounds represented by tocotrienols are regarded as promising alternative and adjuvant anticancer candidates, and their
underlying molecular mechanisms have attracted increasing research attention.® In patients with unresectable HCC,
combination therapies such as TACE plus microwave or radiofrequency ablation have been shown to improve tumor
response, as demonstrated in a randomized controlled study by Sheta et al* Nevertheless, hepatectomy remains the

primary curative treatment for HCC and can remarkably improve patients’ survival outcomes. However, HCC often
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arises in the context of underlying chronic liver disease, such as viral hepatitis, alcohol-related liver injury, or cirrhosis. In
addition, the liver’s complex anatomical architecture, abundant vascular supply, and central metabolic role make
hepatectomy a technically demanding procedure with a substantial risk of postoperative complications.’®
Post-hepatectomy complications occur in 20—40% of patients, among which ascites is one of the most common and
clinically challenging. Another post-hepatectomy complications include hemorrhage, infection, liver failure, bile leakage,
portal vein thrombosis, pleural effusion, and more. Among common complications following hepatectomy, ascites occurs
in 5-56% of cases.” Massive postoperative ascites can lead to a range of secondary sequelae, including abdominal
infection, electrolyte imbalance, and hypoalbuminemia. In severe instances, it may precipitate liver failure, substantially
prolong hospitalization and elevate healthcare expenditures. Beyond its clinical impact, massive ascites also adversely
affects quality of life and may increase the risk of tumor recurrence.® The underlying pathophysiology involves multiple
mechanisms, such as impaired hepatic albumin synthesis, dysregulation of fluid and sodium balance, portal hypertension,
and altered hepatic lymph production.”'® However, existing studies have predominantly examined ascites formation in
the context of an unperturbed liver, thereby failing to capture the clinical complexities associated with hepatic injury.
Intraoperative factors—including surgical trauma, anesthetic exposure, blood loss and transfusion, and parenchymal
transection—collectively perturb hepatic hemodynamics and metabolic homeostasis, rendering the pathogenesis of
postoperative ascites considerably more intricate. Consequently, conventional theories of ascites development may be
insufficient to fully account for the substantial fluid accumulation observed following surgical interventions. In recent
years, several preoperative indicators—including Child—Pugh classification, indocyanine green retention rate at 15 min-
utes (ICG-R15), magnetic resonance elastography (MRE), and Mac-2 binding protein glycosylated isomer (M2BPGi)—
have shown utility in predicting postoperative complications.''™"* These tools contribute to improved risk stratification
and support clinical efforts to reduce perioperative morbidity and mortality. Nevertheless, the prediction and management
of massive ascites following hepatectomy warrant further in-depth investigation. Although the number of studies on post-
hepatectomy ascites has been increasing globally, most remain focused on risk factor analysis, with a notable lack of

7814 Specifically, a practical nomogram designed solely for massive ascites—

systematic predictive model development.
as distinct from any ascites or post-hepatectomy liver failure—using only routine perioperative variables is currently
unavailable. As an intuitive and individualized predictive tool, the nomogram can integrate multiple predictors to provide
a quantitative basis for clinical decision-making. Therefore, this study seeks to construct and validate a nomogram for
predicting massive ascites after hepatectomy in patients with hepatocellular carcinoma (HCC), aiming to offer a novel

approach for precise risk assessment and perioperative strategy optimization.

Materials and Methods

Research Participants

We conducted a retrospective cohort study, systematically collecting clinical data from 312 patients who underwent
hepatectomy for primary hepatocellular carcinoma (HCC) at the Department of Hepatobiliary and Pancreatic Surgery,
General Hospital of Northern Theater Command, from February 2021 to July 2025. The inclusion criteria were as
follows: (1) diagnosis of HCC consistent with the Guidelines for the Diagnosis and Treatment of Primary Liver Cancer
(2024 Edition),'> with postoperative pathological confirmation; (2) availability of complete clinical data without critical
missing information; and (3) undergoing primary hepatectomy as the initial treatment. Patients were excluded based on
the following criteria: (1) preoperative receipt of any conversion therapy for liver cancer, such as transarterial
chemoembolization (TACE), radiofrequency ablation (RFA), targeted therapy, immunotherapy, chemotherapy, or radio-
therapy, which may influence intraoperative bleeding or postoperative recovery; (2) significant incompleteness of clinical
data; (3) prior history of hepatic surgery (eg, pericardial devascularization or portosystemic shunt) that could alter hepatic
hemodynamics; (4) occurrence of postoperative complications such as bile leakage or hemorrhage, which could confound
the assessment of ascites volume. Following rigorous application of the inclusion and exclusion criteria, 80 patients were
excluded from the study. Specific reasons for exclusion included: preoperative conversion therapy (n=14), substantially
incomplete clinical data (n=37), prior hepatic surgery for portal hypertension (specifically, pericardial devascularization,
n=1), previous liver surgery for hepatocellular carcinoma (n=18), and postoperative complications such as bile leakage
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(n=10). A total of 232 patients were consequently included in the final cohort. Comprehensive preoperative, intraopera-
tive, and postoperative clinical data were collected for all enrolled patients. Based on the presence of massive post-
operative ascites—defined as either a maximum daily drainage volume exceeding 10 mL/kg of preoperative body weight
or a cumulative drainage volume greater than 1500 mL within one week after surgery'®—patients were categorized into
a massive ascites group (n=66) and a non-massive ascites group (n=166). Owing to the invasive nature of portal venous
pressure measurement, it is not routinely performed in clinical practice and was therefore excluded from preoperative
assessment in this study. Preoperative diagnosis of portal hypertension was primarily based on imaging findings, with
laboratory parameters serving as complementary indicators. Specifically, portal hypertension was diagnosed when
imaging (computed tomography, magnetic resonance imaging, or ultrasonography) demonstrated at least two of the
following: (1) splenomegaly with persistent thrombocytopenia (platelet count <100 x 10%/L); (2) definite portosystemic
collateral vessels, accompanied by imaging-detected ascites; and/or (3) esophagogastric varices, along with cirrhotic
features such as nodular liver surface and caudate lobe hypertrophy.'’

Ethics Statement

This study was conducted in accordance with the Declaration of Helsinki. The protocol for this retrospective study was
reviewed and approved by the Ethics Committee of the General Hospital of the Northern Theater Command on July 2,
2025 (Approval No: Y(2025) 302). This was a retrospective, single-center study that did not involve direct interventions
or additional invasive examinations. Accordingly, the ethics committee waived the need for informed consent. All patient
medical records were anonymized and de-identified prior to analysis to ensure strict confidentiality. Data were handled in
compliance with relevant institutional and national privacy protection regulations.

Clinical Data Collection

Patient data were systematically collected, encompassing demographic characteristics (age, sex, body mass index), comor-
bidities (coronary heart disease, hypertension, diabetes), laboratory test results, and tumor-related parameters. Laboratory
assessments included platelet count, hemoglobin, alpha-fetoprotein, aspartate aminotransferase, alanine aminotransferase,
albumin, total bilirubin, prothrombin activity, activated partial thromboplastin time, blood urea nitrogen, creatinine, and
alkaline phosphatase. Disease-specific variables consisted of hepatitis history, portal hypertension status, and Child—Pugh
classificationIntraoperative variables recorded included the presence of cirrhosis, extent of hepatectomy (major resection was
defined as removal of >3 segments, minor as <3 segments),'® duration of hepatic inflow occlusion, intraoperative blood
transfusion, operative time, and surgical approach (laparoscopic, open, or conversion to laparotomy). Postoperative patholo-
gical data were also collected, with emphasis on microvascular invasion (MVI), capsular invasion, maximum tumor diameter,
tumor number, histological grade, and the presence of vascular tumor thrombus.

Perioperative Management and Surgical Technique

All enrolled patients underwent comprehensive preoperative imaging to delineate tumor number, size, location, and
anatomical relationships with intra- and extrahepatic vasculature and bile ducts. Patients with preoperative liver
dysfunction received routine hepatoprotective therapy. All hepatectomies were performed by experienced attending
surgeons (associate senior title or higher). Intraoperatively, perihepatic ligaments were mobilized, and tumor-feeding
vessels were ligated. The Pringle maneuver was applied when indicated for hepatic inflow control. Liver transection was
performed incrementally using an ultrasonic dissector, electrocautery, or the clamp-crush technique. Hemostasis at the
resection margin was achieved by ligation, suture, or electrocoagulation, supplemented by absorbable hemostatic gauze.
After thorough irrigation and confirmation of hemostasis and absence of bile leakage, drains were placed at the resection
surface and Winslow’s foramen as needed. Postoperatively, abdominal drainage was closely monitored for volume,
character, and color to promptly identify complications such as infection, hemorrhage, or bile leak.

Non-contrast or contrast-enhanced computed tomography (CT) of the hepatobiliary-pancreatic system was routinely
performed within one week after surgery to evaluate drainage catheter placement and detect fluid collections in the
surgical area. When necessary, CT- or ultrasonography-guided percutaneous catheter drainage was utilized to manage
inadequate drainage. All patients were managed according to a standardized postoperative protocol, which included
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prophylactic antibiotics, intravenous fluid support, and hepatoprotective therapy. Symptom-directed treatments—such as
analgesics, acid suppressants, and antipyretics—were administered as needed, along with intermittent pneumatic com-
pression for deep vein thrombosis prophylaxis. After the return of bowel function (evidenced by flatus or defecation),
oral intake was gradually advanced from semi-liquid to liquid and eventually to a regular diet. Laboratory tests—
including complete blood count and liver and kidney function panels—were performed daily for the first three post-
operative days and every three days thereafter. Treatment plans were adjusted dynamically based on hepatic function
recovery and strict fluid balance records. The drainage tube may be removed when imaging examination rules out
intraperitoneal fluid collection, and the drainage fluid is clear with a volume of less than 20 mL.

For patients diagnosed with massive ascites, intensive hepatoprotective therapy was initiated. When serum albumin
levels dropped below 30 g/L, human albumin was promptly supplemented at a daily dose of 20 g, combined with
intravenous loop diuretics (eg, furosemide 20 mg twice daily) and oral aldosterone antagonists (eg, spironolactone 20 mg
three times daily) or arginine vasopressin V2 receptor antagonists (eg, tolvaptan 15 mg daily) until significant resolution
of ascites was achieved.

Statistical Analysis

All data were managed in Microsoft Excel and analyzed using SPSS version 27.0.1. Study variables encompassed
preoperative, intraoperative, and postoperative parameters. The Shapiro—Wilk test was used to assess normality.
Normally distributed continuous variables were expressed as mean + standard deviation (SD) and compared using the
independent samples #-test; non-normally distributed variables were summarized as median with interquartile range [M
(P25-P75)] and compared using the Mann—Whitney U-test. Categorical variables were presented as frequencies and
compared with the chi-square test. A two-tailed P-value < 0.05 was considered statistically significant.

Univariate and multivariate binary logistic regression analyses were performed to identify risk factors for massive
ascites, with results reported as odds ratios (ORs) and 95% confidence intervals (CIs). Variables significantly associated
with the outcome (P < 0.05) in the multivariate model were considered independent risk factors. A nomogram was
developed using the “rms” package in R (version 4.1.0) based on independent predictors identified through multivariate
logistic regression. The model’s discriminative performance was evaluated by the area under the receiver operating
characteristic (ROC) curve. Calibration was assessed using the Hosmer—Lemeshow test and a calibration plot. In
addition, decision curve analysis (DCA) and clinical impact curve (CIC) were performed to quantify the net clinical
benefit and clinical utility of the nomogram across different threshold probabilities.

Results

This study included 232 patients, comprising 191 (82.3%) males and 41 (17.7%) females. The mean age was 62 years,
with a range of 24 to 84 years. Postoperative massive ascites occurred in 66 patients (28.4%), demarcating the massive
ascites group, while the remaining 166 patients (71.6%) constituted the non-massive ascites group. The detailed baseline
characteristics of all enrolled patients are summarized in Table 1.

Univariate Analysis of Massive Ascites in Patients with HCC

Univariate logistic regression was performed to identify factors associated with massive ascites following hepatectomy in
232 hepatocellular carcinoma patients. The analysis identified eleven variables with statistically significant differences
between the massive and non-massive ascites groups: platelet count (PLT), AFP, albumin (ALB), aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), portal hypertension, Cirrhosis of the Liver, Pringle Maneuver Time,
Intraoperative Blood Transfusion Status, Intraoperative Blood Loss and operative time. These results indicate their
potential association with the occurrence of postoperative massive ascites. Detailed results are provided in Table 2.

Multivariate Analysis of Massive Ascites in Patients with HCC
Eleven variables in the univariate analysis were included in the multivariate binary logistic regression model.
Multivariate analysis identified four independent risk factors for massive postoperative ascites: PLT (OR = 0.985, 95%
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Table | Baseline Characteristics of Hepatocellular Carcinoma Patients

Term Numerical Value

Gender [n (%)] (Male/Female) 191(82.3)/141(17.7)

Age (years) 62.0(57.0-69.0)

BMI 20.13(18.96-23.31)

Coronary Heart Disease (CHD) [n (%)] (No/Yes) | 220(94.8)/12(5.2)

Diabetes mellitus (DM) [n (%)] (No/Yes) 190(81.9)/42(18.1)

Hypertension [n (%)] (No/Yes) 173(74.6)/59(25.4)

PLT (x10°/L) 149.00£76.00

HB (g/L) [n (%)] 136(120-148)

<100 66 (28.4)

=100 166 (71.6)

AFP (ng/mL) [n (%)] 20.33(4.35-208.00)

<20 118 (50.8)

220 114 (49.2)

AST (U/L) 41.12£22.58

ALT (U/L) 39.00+19.80

ALB (g/L) 35.35+2.65

TB (umol/L) [n (%)] 13.30(9.70-17.30)

<342 226 (2.6)

234.2 6 (97.4)

PTA (%) 94.70+44.40

APTT (S) [n (%)] 28.80(26.40-36.60)

<45 224 (3.4)

245 8 (96.6)

BUN (mmol/L) [n (%)] 5.47(4.48-6.56)

<7.1 203 (87.5)

27.1 29 (12.5)

Cr (umol/L) [n (%)] 65.04(56.9-75.25)

<133 227(97.8)

=133 5(2.2)

AKP (U/L) [n (%)] 84.17(70-104.5)

<150 216 (93.1)

=150 16 (6.9)

Hepatitis [n (%)]

No 37(15.9)

HBV 158(68.1)

HCV 32(13.8)

HBV+HCV 5(2)

Child-pugh [n (%)] (A/B) 206(88.8)/26(11.2)

Cirrhosis of the Liver [n (%)] (No/Yes) 203(87.5)/29(12.5)

Portal Hypertension [n (%)] (No/Yes) 159(68.5)/73(31.5)

Surgical Approach [n (%)]

Laparoscope 148(63.8)

Laparotomy 69(29.7)

Laparoscopic Conversion to Laparotomy 15(6.5)

Extent of Liver Resection [n (%)]

Less than 3 Hepatic Segments 191(82.3)

More than 3 Hepatic Segments 41(17.7)

Pringle Maneuver Time 43.00(25.00-73.00)

<15 min 33 (14.2)

215 min 199 (85.8)
(Continued)
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Table | (Continued).

Term

Numerical Value

Intraoperative Blood Transfusion Status (No/Yes)
Intraoperative Blood Loss

Operation time (2180 mins/<180 mins)
Pathological type

Well-differentiated

Moderately to poorly differentiated
Tumor capsular invasion status (No/Yes)
Number of tumors (Solitary/Multiple)
Maximum tumor diameter (25 cm/<5 cm)
Ki-67 (230%/<30%)

MVI [n (%)] (No/Yes)

44(19)
188(81)

159(68.5)/73(31.5)
300(112.5-500.0)
199(85.8)/33(14.2)

161(69.4)/71(30.6)
207(89.2)/25(10.8)
87(37.5)/145(62.5)
187(80.6)/45(19.4)
180(77.6)/52(22.4)

Massive Ascites

Table 2 Univariate Logistic Regression Analysis of Postoperative

Term OR 95% CI P-value
Gender 1.286 | 0.591-2.799 | 0.526
Age (years) 0.983 | 0.954-1.012 | 0.248
BMI 1.005 | 0.919-1.098 | 0.920
CHD 0.831 | 0.218-3.169 | 0.786
DM 1.007 | 0.481-2.111 0.984
Hypertension 1.024 | 0.533-1.969 0.943
PLT (x10°/L) 099 | 0.981-1 0.043
HB (g/L) 0.533 | 0.233-1.220 | 0.137
AFP (ng/mL) 0.953 | 0.539-1.686 | 0.086
AST (U/L) 1.044 | 1.025-1.063 <0.001
ALT (U/L) 1.036 | 1.020-1.053 <0.001
ALB (g/L) 0.895 | 0.802-0.999 | 0.048
TB (umol/L) 1.226 | 0.226-7.08I 0.789
PTA (%) | 0.985-1.015 | 0.976
APTT (S) 2,631 | 0.634-10.772 | 0.184
BUN (mmol/L) 1.644 | 0.730-3.702 | 0.230
Cr (umol/L) 1.698 | 0.227-10.400 | 0.567
AKP (U/L) 1.560 | 0.543—4.480 | 0.409
Hepatitis 1.859 | 0.773—4.472 | 0.166
Child-pugh 1.384 | 0.583-3.282 | 0.461
Cirrhosis of the Liver 2.748 | 0.918-8.231 0.071
Portal Hypertension 6.867 | 3.66—12.886 <0.001
Surgical Approach 1.170 | 0.714-1.849 | 0.500
Extent of Liver Resection 1.386 | 0.675-2.847 0.374
Pringle Maneuver Time 2475 | 0.912-6.716 0.075
Intraoperative Blood Transfusion Status | 1.806 | 0.994-3.281 0.052
Intraoperative Blood Loss 1.001 | 1-1.001 0.086
Operation time 6.774 | 1.568-29.264 | 0.010
Pathological type 0.806 | 0.380-1.709 | 0.574
Tumor capsular invasion status 1.591 | 0.871-2.905 0.131
Number of tumors 1.209 | 0.495-2.954 | 0.677
Maximum tumor diameter 0.852 | 0.470-1.546 | 0.599
Ki-67 1.496 | 0.693-3.229 | 0.305
MVI 1.103 | 0.552-2.204 | 0.782

https:

Journal of Hepatocellular Carcinoma 2026:13



Men et al

Table 3 Multivariate Logistic Regression Analysis of Postoperative Massive Ascites

Variables Estimates SE Wald OR P-value 95%CI

PLT -0.016 0.006 | 6.705 | 0.985 0.0l 0.973-0.996
AST 0.026 0.013 | 4.045 | 1.027 0.026 1.001-1.054
Portal-Hypertension 1.665 0.375 19.7 | 5.288 | <0.001 2.535-11.033
Operation Time 1.612 0.805 | 4.004 | 5.011 0.045 1.034-24.296

CI: 0.973-0.996), AST (OR = 1.027, 95% CI: 1.001-1.054), portal hypertension (OR = 5.288, 95% CI: 2.535-11.033),
and operative duration (OR = 5.011, 95% CI: 1.034-24.296). Detailed results are provided in Table 3.

Establishment of the Nomogram Model for Predicting Postoperative Massive Ascites
Based on the independent predictors identified by multivariate logistic regression—PLT, AST, portal hypertension, and
operative duration—we constructed a nomogram for predicting massive ascites (Figure 1).

The predictive performance of the nomogram was evaluated using receiver operating characteristic (ROC) analysis.
As shown in Figure 2, the model achieved an area under the curve (AUC) of 0.837 (95% CI: 0.781-0.892), indicating
strong discriminative ability in stratifying the risk of postoperative massive ascites.

The calibration of the nomogram was evaluated using a calibration curve (Figure 3) and the Hosmer—Lemeshow (HL)
test. The HL test result (x> = 3.968, P = 0.860) indicated no significant deviation between predicted and observed
outcomes, suggesting good model fit. Both the calibration plot and HL test confirmed that the nomogram is well-
calibrated, with predicted probabilities closely aligning with actual event rates. This supports its reliability as
a quantitative tool for individualized risk assessment of massive ascites.

Decision curve analysis (DCA) was conducted to evaluate the clinical utility of the nomogram (Figure 4). The results
indicated that the model provides a positive net benefit across a wide range of threshold probabilities, specifically from
0.00 to 0.71 and again from 0.86 to 0.93.

The clinical impact curve (CIC) further supported these findings (Figure 5). At threshold probabilities above 0.4, the
number of individuals classified as high-risk by the model closely aligned with the actual number of observed events,
demonstrating high concordance between prediction and observation and confirming the model’s practical diagnostic

value.
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Figure 1 Nomogram for predicting massive ascites after hepatectomy.
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Figure 2 ROC curve of the nomogram for predicting postoperative massive ascites.
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Figure 3 Calibration curve of the nomogram for predicting postoperative massive ascites.

Discussion

The reported incidence of massive postoperative ascites varies considerably, ranging from 3.5% to 37% across studies,
largely attributable to inconsistent diagnostic criteria. Some studies define it as a daily drainage volume exceeding 500 mL
beyond the third postoperative day until drain remova
body weight. Ishizawa et al proposed an alternative definition based on a maximum daily drainage volume of >10 mL/kg of
preoperative body weight.”'® Nevertheless, daily drainage volumes can be influenced by multiple transient factors, such as
tube patency, patient positioning, peritoneal lavage, and wound exudate. To improve reliability, our study defined massive
ascites as either a maximum daily drainage volume >10 mL/kg of preoperative body weight or a cumulative drainage

1’8,17

Mean absolute error=0.03 n=232

although this criterion does not account for variations in patient
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Figure 4 Decision curve analysis of the nomogram for postoperative massive ascites.
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Figure 5 Clinical impact curve of the nomogram for postoperative massive ascites.

volume >1500 mL within the first postoperative week, thus integrating cumulative volume to mitigate the influence of
transient or incidental factors. In this study, all patients received early postoperative oral intake and nutritional support, with
no clinically significant changes in body weight. Therefore, admission body weight was uniformly used for ascites-related
calculations. We analyzed preoperative, intraoperative, and postoperative variables from 232 patients who underwent
hepatectomy for hepatocellular carcinoma. Multivariate analysis identified platelet count, aspartate aminotransferase level,
portal hypertension, and operative time as independent risk factors for massive postoperative ascites. These factors were
incorporated into a nomogram that demonstrated strong discriminative ability, with an area under the receiver operating
characteristic curve (AUC) of 0.837. The nomogram also exhibited satisfactory calibration and clinical utility, supporting
its use as a practical predictive tool.
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The pathophysiology of postoperative ascites following hepatectomy in hepatocellular carcinoma (HCC) patients,
though previously explored, remains incompletely understood. Impaired hepatic functional reserve is widely recognized
as a pivotal contributor. Emerging evidence suggests that immune dysregulation, including the accumulation of
myeloid-derived suppressor cells (MDSCs), may also contribute to ascites formation and the immunosuppressive
tumor microenvironment in HCC patients.'® In this study, the mean platelet count (PLT) was significantly lower in the
massive ascites group than in the non-massive ascites group (121 x 10°/L vs. 151 x 10°/L). This difference may be partly
explained by hypersplenism secondary to cirrhotic portal hypertension, a condition that also promotes ascites formation,
which in turn may further accelerate platelet consumption.”’ These observations align with our finding that portal
hypertension constitutes an independent risk factor for postoperative ascites. Notably, platelet count remained significant
in the multivariate regression, suggesting that thrombocytopenia alone cannot fully account for poor outcomes. Emerging
evidence indicates that platelets may also facilitate HCC progression and liver fibrosis through the release of cytokines
such as VEGF and TGF-p, thereby indirectly contributing to the pathophysiology of ascites.”'

Furthermore, accumulating evidence has established preoperative thrombocytopenia as an independent predictor of
postoperative complications and perioperative mortality in liver surgery, corroborating our findings.”'*!*?*2% Aspartate
aminotransferase (AST), a sensitive marker of hepatocellular injury, reflects the degree of hepatic inflammation and
sinusoidal endothelial dysfunction. Elevated AST levels are associated with increased sinusoidal permeability, which
facilitates the extravasation of albumin and fluid into the peritoneal space. This process may also promote intrahepatic
fibrogenesis, thereby contributing to a self-sustaining cycle in ascites pathogenesis. Previous studies have consistently
linked high preoperative AST levels with an increased risk of postoperative complications, including ascites,*> which
aligns with our results. Preoperative portal hypertension not only exacerbates underlying hepatic dysfunction but also
serves as a critical prognostic indicator of post-hepatectomy complications.®***° Mechanistically, hepatectomy disrupts
intrahepatic portosystemic shunts, leading to a sharp rise in sinusoidal and splanchnic vascular pressure, which in turn
promotes fluid transudation. Additionally, portal hypertension stimulates hepatic lymph production beyond the drainage
capacity of the thoracic duct, resulting in lymphatic leakage into the abdominal cavity>'~** It has also been suggested that
this elevated venous pressure, combined with reduced colloid osmotic pressure due to impaired albumin synthesis,
disrupts the Starling equilibrium, establishing a vicious cycle that perpetuates ascites accumulation.*® In line with these
pathophysiological insights, the American Association for the Study of Liver Diseases guidelines recognize preoperative
portal hypertension as a relative contraindication to hepatectomy, providing further support for our conclusions.**

Our findings suggest that the risk of massive postoperative ascites is not solely dependent on liver function
parameters, but rather stems from the interplay of multiple determinants. Operative duration emerged as a significant
risk factor in our analysis, consistent with previous reports.”® A large-scale national analysis of 21,443 hepatectomy
cases demonstrated that procedures exceeding 3 hours may induce immunosuppression, tissue hypoperfusion, and
infectious complications, thereby increasing postoperative morbidity and mortality.*

While some studies have reported associations between surgical approach and massive ascites incidence,>** we did
not observe significant differences in this regard. Nevertheless, we speculate that as our institution’s experience with
laparoscopic hepatectomy expands and surgical techniques continue to evolve, the physiological advantages of minimally
invasive approaches—including preserved hepatic hemodynamics, reduced surgical trauma, and earlier recovery of oral
intake—may become particularly beneficial for cirrhotic patients. These benefits could potentially translate into
a substantial reduction in post-hepatectomy ascites risk with the accumulation of experience and technical refinement.

Based on our findings, preoperative thrombocytopenia, elevated aspartate aminotransferase (AST), prolonged
operative time, and the presence of portal hypertension were identified as significant risk factors for massive post-
operative ascites. Accordingly, we propose the following clinical recommendations. For patients with progressive
preoperative thrombocytopenia, timely platelet transfusion should be considered to correct coagulation dysfunction.
In cases of preoperative AST elevation or early signs of ascites, perioperative hepatoprotective therapy should be
promptly initiated to facilitate AST normalization and prevent worsening of fluid accumulation. Intraoperatively,
surgical efficiency should be optimized—through standardized hilar dissection and judicious inflow occlusion—and
minimally invasive approaches should be prioritized when feasible to reduce operative duration. The strength of this
study lies in the development of the first nomogram specifically designed to predict massive ascites following
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hepatectomy for hepatocellular carcinoma. We adopted a dual-definition approach (maximum daily drainage volume
>10mL/kg or cumulative drainage >1500 mL within the first postoperative week), which improves reliability by
mitigating transient or incidental factors. After internal validation using 1000 bootstrap samples, the model demon-
strated acceptable predictive performance, with an AUC of 0.837 and a Hosmer-Lemeshow test P value of 0.860.
However, it should be regarded as a preliminary tool that requires external validation in larger, multicenter cohorts with
standardized postoperative management before clinical application. Several limitations of this study should be acknowl-
edged. Several limitations of this study should be acknowledged. First, its retrospective and single-center design
introduces potential selection bias and unmeasured confounding, despite statistical adjustments. Second, the modest
sample size (232 cases) limits the generalizability of the findings; external validation through multicenter prospective
studies is warranted. Third, certain potential predictors of post-operative ascites—such as tumor diameter, indocyanine
green retention rate at 15 minutes (ICG-R15), and liver stiffness measurement (LSM)—were not incorporated into the
model. ICG-R15 and LSM were not routinely performed in all patients at our institution due to constraints including
equipment availability, cost, and a lengthy procedural workflow, as well as the fact that many patients had small tumors
amenable to local hepatectomy with minimal or no cirrhosis. Fourth, we did not systematically record or compare
postoperative interventions such as diuretics and albumin administration between the two groups, which may have
influenced the occurrence or severity of ascites and introduced confounding bias. Future prospective studies with
standardized medication protocols and detailed documentation are needed to further validate our nomogram while
controlling for these factors. Fifth, Excluding patients with postoperative bile leakage or hemorrhage may have
introduced selection bias and could result in an underestimation of the overall incidence of massive ascites. Our
findings should therefore be interpreted as applicable to patients without these complications; generalizability to those
with bile leakage or hemorrhage remains to be determined. Finally, the lack of post-operative follow-up data precluded

an assessment of the long-term prognostic impact of massive ascites on survival or recurrence.

Conclusion

In summary, massive ascites after hepatectomy for HCC results from a multifactorial interplay of perioperative
variables. The proposed nomogram offers a preliminary approach to risk stratification that advances current knowl-
edge by providing the first such tool using only routine clinical variables, though its clinical readiness requires
confirmation through external validation in larger, prospective multicenter studies with standardized postoperative
protocols.
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