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Abstract
BACKGROUND
It is controversial whether transjugular intrahepatic portosystemic shunt (TIPS) placement can improve long-term survival.

AIM
To assess whether TIPS placement improves survival in patients with hepatic-venous-pressure-gradient (HVPG) ≥ 16 mmHg, based on HVPG-related risk stratification.

METHODS
Consecutive variceal bleeding patients treated with endoscopic therapy+nonselective β-blockers (NSBBs) or covered TIPS placement were retrospectively enrolled between January 2013 and December 2019. HVPG measurements were performed before therapy. The primary outcome was transplant-free survival; secondary endpoints were rebleeding and overt hepatic encephalopathy (OHE).

RESULTS
A total of 184 patients were analyzed (mean age, 55.27 years ± 13.86, 107 males; 102 in the EVL+NSBB group, 82 in the covered TIPS group). Based on the HVPG-guided risk stratification, 70 patients had HVPG < 16 mmHg, and 114 patients had HVPG ≥ 16 mmHg. The median follow-up time of the cohort was 49.5 mo. There was no significant difference in transplant-free survival between the two treatment groups overall (hazard ratio [HR], 0.61; 95% confidence interval [CI]: 0.35, 1.05; P = 0.07). In the high-HVPG tier, transplant-free survival was higher in the TIPS group (HR, 0.44; 95%CI: 0.23, 0.85; P = 0.004). In the low-HVPG tier, transplant-free survival after the two treatments was similar (HR, 0.86; 95%CI: 0.33, 0.23; P = 0.74). Covered TIPS placement decreased the rate of rebleeding independent of the HVPG tier (P < 0.001). The difference in OHE between the two groups was not statistically significant (P = 0.09; P = 0.48).

CONCLUSION
TIPS placement can effectively improve transplant-free survival when the HVPG is greater than 16 mmHg.
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Core Tip: Hepatic venous pressure gradient helps clinicians to assess the prognosis of decompensated cirrhotic patients. The study included 184 patients showed that hepatic-venous-pressure-gradient (HVPG) before therapy as a risk stratification provides prognostic value. Treatment can be given with greater confidence with the management of patients by HVPG.

INTRODUCTION
As a result of portal hypertension related to cirrhosis, variceal bleeding (VB) has been the leading cause of death in cirrhotic patients[1]. More than 50% of cirrhotic patients who undergo the recommended hemostatic treatments are readmitted due to rebleeding within a year. Among them, the mortality rate is nearly 33%[2]. In view of the high rebleeding rate, further therapy to prevent rebleeding, which is defined as secondary prophylaxis, should be performed for patients surviving acute VB. Nonselective beta-blockers (NSBBs) can decrease the portal venous pressure by reducing the cardiac output and splanchnic vasodilation. In addition, to render varices ischemic and necrotic, some endoscopic treatments for VB have been developed. It is advocated that endoscopic variceal ligation (EVL), combined with NSBBs, should be the first line of therapy for the secondary prevention of VB, while transjugular intrahepatic portosystemic shunt (TIPS) placement should be performed in rebleeding patients and preemptive TIPS placement should only be performed for high-risk patients[3,4]. TIPS placement is a fluoroscopy-guided procedure in which a conduit is built between the systemic and portal venous systems with the intent of decreasing the portal pressure[5]. A study with a median follow-up of 16 mo concluded that early TIPS placement could reduce treatment failure and mortality among high-risk patients[6]. Preemptive treatment could also improve the survival of patients with acute-on-chronic liver failure and acute VB, as suggested in a European observational study[7]. However, diversion of the portal flow could also lead to hepatic encephalopathy (HE) resulting from hepatic hypoperfusion and liver failure[6,8]. Holster et al[5] noted that TIPS placement was associated with higher rates of early HE (within one year). Thus, it is not clear whether TIPS placement offers a survival benefit.
The hepatic venous pressure gradient (HVPG) has been shown to have prognostic value in both compensated and decompensated cirrhosis[3,4,9]. In patients with HVPG ≥ 16 mmHg, the mortality rate of acute variceal hemorrhage is increased[10]. Moreover, HVPG ≥ 20 mmHg has been a clinically effective predictor of early rebleeding[11]. In our previous study[12], which had a 1-year follow-up period, we concluded that covered TIPS placement was more effective than standard therapy in preventing rebleeding but that it did not improve survival.
On the basis of our earlier findings, we compared TIPS placement with EVL+NSBBs to assess whether TIPS placement improves survival in cirrhotic patients with VB based on HVPG-related risk stratification over a long-term period to obtain more precise individual treatments and better treatment effects.

MATERIALS AND METHODS
Study design and patients
The study protocol was approved by the ethics committees of the Nanjing Drum Tower Hospital (Nanjing, Jiangsu Province, China). We retrospectively screened clinically stable cirrhotic patients with VB who were admitted to the Department of Gastroenterology of Nanjing Drum Tower Hospital from January 2013 to December 2019 in the prospectively maintained database (Figure 1). The included patients were diagnosed with liver cirrhosis by clinical, radiologic, and endoscopic examinations[13], and signed the informed consent form. The HVPG measurement was performed before therapy. Based on the HVPG-guided risk stratification (with the HVPG as a scale variable), patients with HVPG ≥ 16 mmHg were considered high-HVPG patients, and those with 10 mmHg ≤ HVPG < 16 mmHg were considered low-HVPG patients. The exclusion criteria of the study were as follows: (1) Non-standardized sequential endoscopic therapy; (2) previous secondary preventive intervention; (3) concomitant malignant tumors; (4) failure of sequential endoscopic therapy, i.e., rebleeding before the eradication of varices; (5) severe heart failure (New York Heart Association stage IV), respiratory failure (PaO2 < 60 mmHg) or severe kidney dysfunction (stage 5 chronic kidney disease); (6) pregnancy or lactation; and (7) missing follow-up data.
Finally, we included 184 patients in our study. All patients signed the informed consent form. Data for 83 of the 184 patients have been previously reported[12]. The prior article examined the effect of covered TIPS placement vs EVL+β-blockers in patients with HVPG ≥ 16 mmHg after 1 year, whereas in this study, which included all patients with HVPG ≥ 10 mmHg, we report the long-term outcomes after covered TIPS placement.

HVPG measurement
All included patients underwent preoperative examinations to rule out contraindications followed by HVPG measurements, which were performed under local anesthesia after 6-8 h of fasting (Figure 2). Briefly, the external zero reference point was set at the midaxillary line of the patient. Puncture through the right internal jugular vein was performed. In the TIPS group, a Cobra catheter (RUPS-100, COOK, Bloomington, IN, United States) was introduced into the right or middle hepatic vein, and hepatic venography was performed first to confirm whether stenosis or an obvious lateral shunt was present in the surrounding area. Measurements indicating large shunts were considered meaningless, while measurements indicating small or no shunts were considered meaningful. A 5.5-7 F balloon-tipped catheter (Edwards Lifesciences, Irvine, CA, United States) was guided into the hepatic vein. The free hepatic venous pressure (FHVP) was read after the pressure value stabilized. Air was injected to dilate the balloon to fully block hepatic vein blood flow. The wedged hepatic venous pressure (WHVP) was read after the pressure value stabilized for at least 40 s. The WHVP, FHVP, and inferior vena cava pressure were measured three times. Differences among the WHVP or FHVP measurements should not exceed 1 mmHg. The average of the 3 measurements was taken. After the pressure measurements were completed, a contrast agent was injected to confirm whether the obstruction was complete and whether hepatic vein-to-vein communications were present. The HVPG was calculated according to the following formula: HVPG=WHVP-FHVP.

Therapy
After the HVPG measurements were acquired, the details of the two therapies were explained to the patients, including the procedures, adverse reactions, cost, and so on. Doctors provided professional medical advice based on the patient’s performance status, past bleeding history, vascular conditions, and HVPG, among other factors. The final treatment was selected by the patients.
Endoscopic therapy and NSBB usage were the same as described in our previous article[12]; specific details are provided in the Supplementary Methods.
Eighty-two patients underwent covered TIPS placement (Figure 2). Briefly, the process of TIPS placement was the same as described in our previous article[12]; specific details are provided in the Supplementary Methods. All operations were completed by a professional gastroenterology interventional therapy team to avoid surgical complications as much as possible.
Etiological treatment was followed throughout the study.

Follow-up and endpoints
Outpatient follow-up was performed 1, 3, 6 and 12 mo after treatment and once a year thereafter. Follow-up examinations included postoperative history collection, routine blood tests and abdominal ultrasound. Any patients with complications during the follow-up period were admitted to the hospital for active treatment.
The primary endpoint of the study was the transplant-free survival time. The secondary endpoints were (1) Rebleeding and (2) the development of overt HE (OHE) diagnosed according to the American Association for the Study of Liver Diseases guidelines[14]. The patients were followed up until November 2021 or until death or liver transplantation. Two physicians regularly reviewed the data to detect errors. Two physicians assessed the accuracy of the data. After verification of the collected clinical variables in our study, statistical analysis was performed.

Statistical analysis
Our long-term observational study followed the Strengthening the Reporting of Observational Studies in Epidemiology guidelines[15]. Data are described as frequencies and percentages, means and standard deviations, or medians and interquartile ranges, as appropriate. Baseline characteristics were compared using Fisher’s exact test for categorical variables, t test for continuous variables, and the Wilcoxon rank-sum test for ordinal and continuous variables. Survival was estimated using the cumulative incidence function. Kaplan–Meier curves were used to illustrate the cumulative rates of survival and variceal rebleeding, and differences were assessed by the log-rank test. Associations of the risk factors with mortality were assessed by univariate and multivariate Cox proportional hazards regression models, and forward regression analysis was used to select the variables included in the multivariate model. All analyses were performed using GraphPad software (version 9.0), Statistical Package for Social Sciences (version 22.0) and R studio (version 4.0.1), and a level of significance was established at the two-sided 5% level.

RESULTS
According to the inclusion and exclusion criteria, 184 patients were analyzed. Based on the HVPG-guided risk stratification, 70 patients were in the low-HVPG tier, and 114 were in the high-HVPG tier. The patient characteristics are shown in Table 1. The median follow-up time was 49.5 mo. Patients who were lost to follow-up were excluded. The average time from registering to the end of research was not significantly different between the two groups. There were some differences in the baseline characteristics, which reflected the more severe conditions of the patients undergoing covered TIPS placement.

Transplant-free survival
In general, the mortality rate was not significantly different between the two therapies in the whole cohort of patients who were admitted with VB (P = 0.07) (Figure 3A). In the low-HVPG tier, few differences were observed between the two groups (P = 0.74) (Figure 3B). Interestingly, in the high-HVPG tier, covered TIPS placement markedly improved survival. In patients with HVPG ≥ 16 mmHg, 14 (24.1%) patients in the TIPS group and 19 (33.9%) in the EVL+NSBB group died during the follow-up period; 3 (5.4%) patients in the TIPS group and 3 (5.2%) in the EVL+NSBB group underwent liver transplantation. The transplant-free survival rate was higher in the TIPS group (hazard ratio [HR], 0.44; 95% confidence interval [CI]: 0.23, 0.85; P = 0.004) (Figure 3C). Similar trends were found among patients without a shunt in the hepatic vein (Supplementary Figure 1).
A subgroup analysis was performed according to etiology. For cirrhotic patients with viral hepatitis and alcoholic hepatitis, the difference in transplant-free survival was negligible (HR, 0.53; 95%CI: 0.26, 1.06; P = 0.07) (Figure 3D). Among these patients, TIPS placement did not improve transplant-free survival in the low-HVPG tier (HR, 0.91; 95%CI: 0.23, 3.61; P = 0.89) (Figure 3E) but did improve transplant-free survival in the high-HVPG tier (HR, 0.41; 95%CI: 0.18, 0.94; P = 0.04) (Figure 3F). For cirrhotic patients who had etiologies unrelated to viral and alcoholic hepatitis, TIPS placement did not confer a significant transplant-free survival benefit, as shown in Supplementary Figure 1.
Subgroup analysis was performed according to the endoscopic appearance of varices, whether there were cardiofundal varices or type 2 isolated gastric varices (IGV)[16]. Among patients suffering only from esophagogastric varices and/or type 1 gastroesophageal varices (GOV1), during the follow-up period, TIPS placement showed a significant transplant-free survival advantage in the high-HVPG tier (HR, 0.29; 95%CI: 0.11, 0.71; P = 0.007) (Supplementary Figure 1), while there was no significant difference between the two groups (HR, 0.75; 95%CI: 0.22, 2.54; P = 0.64) (Supplementary Figure 1). Among 57 patients with GOV2 and/or IGV, TIPS placement did not improve survival, as shown in Supplementary Figure 1.
In the univariate analysis, baseline age, total bilirubin (Tbil), aspartate aminotransferase, HVPG tier and therapy were included as candidate variables for the multivariate model. The final multivariate Cox regression model showed that age (HR, 1.03 per year of age; 95%CI: 1.02, 1.07), Tbil (HR, 1.03 per mol/L of Tbil; 95%CI: 1.00, 1.06), HVPG tier (HR, 2.01 compared with low-HVPG tier; 95%CI: 1.04, 3.89), and therapy (HR, 0.45 compared with EVL+NSBBs; 95%CI: 0.25, 0.81) were independent risk factors for mortality (Table 2).
Uncontrolled rebleeding, HE and multiple organ dysfunction syndrome were the most common causes of death (Table 3).

Rebleeding
In the whole cohort, covered TIPS placement significantly reduced rebleeding, as previous studies[17] have reported (P < 0.001) in both the low-HVPG and high-HVPG tiers (Figure 4). The same trends were found for the patients without stents and in the subgroup analyses (Supplementary Figure 2). TIPS placement definitely reduced rebleeding, even when ignoring the etiology and endoscopic appearance. The causes of rebleeding are shown in Table 4.

OHE
Thirteen patients (16.30%) experienced OHE, including 12 (13.33%) patients in the EVL+NSBB group and 18 (28.12%) in the covered TIPS group (Table 5). The occurrence of OHE was consistently similar between the two groups over the long term, while a significant difference was observed in the occurrence of OHE at 1 year (2.90% vs 10.98%, P = 0.02).

Jaundice and hyperbilirubinemia
Changes in Tbil after therapy occurred in 184 patients (EVL+NSBB group vs covered TIPS group, 102 vs 82) at baseline, 156 patients at the 1-year follow-up (92 vs 74), and 141 patients at the 2-year follow-up (77 vs 64). The TBIL values for 181 patients were registered at the end of follow-up.
Among the included patients (n = 184), excluding those without complete follow-up examinations (n = 43), the changes in the actual values and in the P values after Bonferroni correction at each point are shown in Figure 5A and B. TIPS placement did not induce hyperbilirubinemia (Tbil > 34 μmol/L[18]) in the low-HVPG tier (Figure 5C and D), while in the high-HVPG tier, more patients who underwent TIPS placement experienced hyperbilirubinemia (Figure 5E and F), as shown in Table 5.

Ascites
Changes in the depth of ascites after therapy were obtained, as described for Tbil.
The average of the actual values and the P values after Bonferroni correction at each point are shown in Figure 6 and Table 5. In our research, the depth of ascites in the patients after covered TIPS placement decreased, while after endoscopy therapy with NSBBs, it did not, which agreed with the previously reported findings[19].

Hypercreatinemia, hyponatremia and hepatorenal syndrome
The changes in serum creatine and Na+ after therapy were the same as the changes in Tbil.
TIPS placement had no effects on hypercreatinemia (creatine > 110 μmol/L for males, > 100 μmol/L for females) or hyponatremia (Na+ < 135 mmol/L) compared with EVL+NSBBs (Supplemental Figure 3), ignoring the HVPG.

Changes in the model for end-stage liver disease score
Changes in the model for end-stage liver disease score after therapy were determined the same as described for changes in the Tbil level[20].
In the whole cohort, the scores gradually increased over follow-up after both of the therapies (Figure 7A and B). The patients treated with EVL+NSBBs in the low-HVPG tier showed increased scores after the second year (Figure 7C), while those treated with covered TIPS placement did not. the scores of patients in the high-HVPG tier increased earlier (Figure 7E and F).

Shunt dysfunction
In our study, stent loss occurred in 12 of 82 patients, including 3 (12.50%) in the low-HVPG tier and 9 (16.07%) in the high-HVPG tier. Stent dysfunction was discovered in 6 (66.67%) patients in the high-HVPG tier due to rebleeding or ascites, while stent dysfunction was discovered in patients in the low-HVPG tier during regular follow-up.

DISCUSSION
It would be extremely helpful to be able to distinguish patients with a high risk of uncontrolled rebleeding. Risk stratification is pivotal for secondary prophylaxis in VB. A recent expert consensus has suggested that HVPG-guided treatment is a reasonable clinical strategy[4]. A study in 2015 concluded that HVPG measurement was useful for making decisions in selecting therapies for secondary prophylaxis[21]. However, the HVPG cutoff for risk stratification has not been clearly demonstrated. In 1991, a study demonstrated that the lowest pressure associated with continued bleeding or rebleeding was 16 mmHg[22]. Furthermore, Villanueva et al[23] pointed out that HVPG > 16 mmHg was a predictor of treatment failure. The latest expert consensus is that early TIPS placement reduces treatment failure in patients with HVPG ≥ 20 mmHg[4]. There is established evidence for an HVPG-stratified approach to treatment among compensated cirrhotic patients but very limited data for decompensated patients. On the basis of earlier findings[12], at the beginning of our study and according to the present guidelines, the included patients were divided into 2 groups: the high-HVPG (≥ 16 mmHg) and low-HVPG (10 mmHg ≤ HVPG < 16 mmHg) groups. Consequently, if there were no contraindications, TIPS placement improved survival in patients with HVPG ≥ 16 mmHg (HR, 0.4385; 95%CI: 0.2255-0.8525; P = 0.0037), even though patients who underwent TIPS placement had worse baseline clinical indicators.
A previous study could not conclude whether there were any beneficial effects of TIPS placement on transplant-free survival in all patients. Notably, the median follow-up in all previous studies was shorter than 24 mo, while our median follow-up was 49.5 mo. In our study, the survival benefit can be viewed in the long term. Moreover, the main causes of death were significantly different. Rebleeding in patients treated with covered TIPS placement, which was generally due to stent dysfunction, was controlled in most patients, providing an opportunity for further therapy, while rebleeding in some patients treated with EVL+NSBBs was turbulent.
Our study of HVPG-guided treatment indicated that patients with high HVPG values have a high risk of rebleeding despite treatment with EVL+NSBBs, and in patients with HVPG ≥ 16 mmHg, percutaneous transhepatic variceal embolization or TIPS placement may be a favorable alternative to EVL+NSBBs.
Considering the high rate of OHE in patients treated with covered TIPS placement mentioned in previous research[8,24], we opted for the placement of small-diameter (8 mm) stents, which can provide adequate bleeding prophylaxis and decrease the OHE rate. Regarding the patients in the low-HVPG tier, there was a trend of growth in the rate of OHE among patients treated with covered TIPS placement, and these results are in accordance with earlier findings. Covered TIPS placement did not increase the rate of OHE among patients in the high-HVPG tier. The differences in encephalopathy between the two treatment groups were the largest in the first year, and this result is in accordance with that of a previous study[6]. A Chinese study proposed that the HVPG is a risk factor for liver failure after TIPS placement[24]. Therefore, we assessed hyperbilirubinemia after therapy. Our results were in accordance with those of a previous study[24].
Based on the HVPG-guided risk stratification, patients with a high HVPG were more likely to benefit from TIPS placement in our study. For patients with a low HVPG, the significant reduction in rebleeding did not improve survival outcomes due to the complications of TIPS placement. Furthermore, HVPG-guided risk stratification may be applied in the evaluation of OHE and hyperbilirubinemia syndrome after TIPS: patients with a high HVPG have a higher probability of OHE and hyperbilirubinemia than those with a low HVPG. Rebleeding and ascites might occur earlier in patients with a high HVPG who underwent TIPS placement and developed stent dysfunction, but this needs further study. Further research is needed to evaluate whether HVPG-guided risk stratification should be performed before splenectomy.
Notably, our results cannot be extrapolated to older patients or patients with occlusive portal vein thrombosis or hepatocellular carcinoma, as these populations were not included in our study. Additionally, in our study, the numbers of patients with IGV and/or GOV2 were not sufficient, which contributed to the fact that the differences between the two therapies were not significant; as such, the findings could not confirm previous research[25]. Due to the nature of single-center observational studies, an inherent risk of selection bias is inevitable. Another potential bias may be the lower-than-expected attention to the clinical symptoms in patients. Furthermore, selection bias could not be ignored because the therapy was ultimately chosen by the patient. Even with these limitations, this study produced robust data. Further randomized controlled trials need to be performed to prove the benefit of covered TIPS placement in the secondary prevention of VB.

CONCLUSION
In conclusion, covered TIPS placement increases long-term transplant-free survival in patients with HVPG ≥ 16 mmHg who are admitted with VB, but this advantage may not be observed in patients with 10 mmHg ≤ HVPG < 16 mmHg. More appropriate management and treatment of cirrhotic patients may be achieved by stratification according to HVPG measurements obtained before therapy.

ARTICLE HIGHLIGHTS
Research background
It is controversial whether transjugular intrahepatic portosystemic shunt (TIPS) placement can improve long-term survival.

Research motivation
To clarify the feasibility of hepatic venous pressure gradient (HVPG) as a risk stratification strategy for patients with decompensated cirrhosis.

Research objectives
To assess whether TIPS placement improves survival in patients with HVPG ≥ 16 mmHg based on HVPG-related risk stratification.

Research methods
Consecutive variceal bleeding patients treated with endoscopic variceal ligation (EVL)+nonselective β-blockers (NSBBs) or covered TIPS placement were retrospectively enrolled between January 2013 and December 2019. HVPG measurements were performed before therapy. The primary outcome was transplant-free survival; secondary endpoints were rebleeding and overt hepatic encephalopathy (OHE).

Research results
A total of 184 patients were analyzed (mean age, 55.27 years ± 13.86, 107 males; 102 in the EVL+NSBB group, 82 in the covered TIPS group). Based on the HVPG-guided risk stratification, 70 patients had HVPG < 16 mmHg, and 114 patients had HVPG ≥ 16 mmHg. The median follow-up time of the cohort was 49.5 mo. There was no significant difference in transplant-free survival between the two treatment groups overall (hazard ratio [HR], 0.61; 95% confidence interval [CI]: 0.35, 1.05; P = 0.07). In the high-HVPG tier, transplant-free survival was higher in the TIPS group (HR, 0.44; 95%CI: 0.23, 0.85; P = 0.004). In the low-HVPG tier, transplant-free survival after the two treatments was similar (HR, 0.86; 95%CI: 0.33, 0.23; P = 0.74). Covered TIPS placement decreased the rate of rebleeding independent of the HVPG tier (P < 0.001). The difference in OHE between the two groups was not statistically significant (P = 0.09; P = 0.48).

Research conclusions
TIPS placement can effectively improve transplant-free survival when the HVPG is greater.

Research perspectives
Further randomized controlled trials need to be performed to prove the benefit of covered TIPS placement in the secondary prevention of decompensated cirrhosis.
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Figure Legends
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Figure 1 Flow chart of the patients involved. HVPG: Hepatic venous pressure gradient; TIPS: Transjugular intrahepatic portosystemic shunt.
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Figure 2 Images taken in hepatic venous pressure gradient measurement and transjugular intrahepatic portosystemic shunts. A: A 68-year-old male received endoscopic therapy with non-selective β-blockers, whose hepatic venous pressure gradient (HVPG) is 16mmHg; B: A 57-year-old female received covered transjugular intrahepatic portosystemic shunts, whose HVPG is 19.6 mmHg.
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Figure 3 Comparison of transplant-free survival rates between the patients with endoscopic therapy+non-selective β-blockers and covered transjugular intrahepatic portosystemic shunts during the whole follow-up period. A: The total cohort; B: Patients on low-hepatic venous pressure gradient (HVPG) tier; C: Patients on high-HVPG tier; D: Patients with viral cirrhosis or alcoholic cirrhosis; E: Patients with viral cirrhosis or alcoholic cirrhosis on low-HVPG tier; F: Patients with viral cirrhosis or alcoholic cirrhosis on high-HVPG tier; TIPS: Transjugular intrahepatic portosystemic shunt; NSBBs: Non-selective β-blockers.
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Figure 4 Comparison of the rebleeding-free rate between the patients with endoscopic therapy+non-selective β-blockers and covered transjugular intrahepatic portosystemic shunts. A: The total cohort; B: Patients on low-hepatic venous pressure gradient (HVPG) tier; C: Patients on high-HVPG tier; TIPS: Transjugular intrahepatic portosystemic shunt; NSBBs: Non-selective β-blockers.
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Figure 5 Changes in total bilirubin after therapy at baseline, 1-year follow-up, 2-year follow-up and the endpoint of follow-up. A: Patients received endoscopy therapy + non-selective β-blockers (NSBBs); B: Patients received covered transjugular intrahepatic portosystemic shunt (TIPS); C: Patients received endoscopy therapy + NSBBs in the low-hepatic venous pressure gradient (HVPG) tier; D: Patients received covered TIPS in the low-HVPG tier; E: Patients received endoscopy therapy + NSBBs in the high-HVPG tier; F: Patients received covered TIPS in the high-HVPG tier.

[image: ]
Figure 6 Changes in the depths of ascites after therapy at baseline, 1-year follow-up, 2-year follow-up and the endpoint of follow-up. A: Patients received endoscopy therapy + non-selective β-blockers (NSBBs); B: Patients received covered transjugular intrahepatic portosystemic shunt (TIPS); C: Patients received endoscopy therapy + NSBBs in the low-hepatic venous pressure gradient (HVPG) tier; D: Patients received covered TIPS in the low-HVPG tier; E: Patients received endoscopy therapy + NSBBs in the high-HVPG tier; F: Patients received covered TIPS in the high-HVPG tier.
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Figure 7 Changes in the model for end-stage liver disease scores after therapy at baseline, 1-year follow-up, 2-year follow-up and the endpoint of follow-up. A: Patients received endoscopy therapy+non-selective β-blockers (NSBBs); B: Patients received covered transjugular intrahepatic portosystemic shunt (TIPS); C: Patients received endoscopy therapy + NSBBs in the low-hepatic venous pressure gradient (HVPG) tier; D: Patients received covered TIPS in the low-HVPG tier; E: Patients received endoscopy therapy + NSBBs in the high-HVPG tier; F: Patients received covered TIPS in the high-HVPG tier.

Table 1 Baseline characteristics
	Parameter
	10 mmHg ≤ HVPG < 16 mmHg (n = 70)
	
	HVPG ≥ 16 mmHg (n = 114)

	
	Total
	Endoscopic therapy + NSBBs (n = 46)
	Covered TIPS (n = 24)
	P value
	Total
	Endoscopic therapy + NSBBs (n = 56)
	Covered TIPS (n = 58)
	P value

	Mean age (yr)
	55.27 ± 13.86
	55.74 ± 13.44
	54.38 ± 14.87
	0.7
	58.12 ± 11.22
	57.30 ± 10.89
	58.91 ± 11.57
	0.45

	Sex
	
	
	
	
	
	
	
	

	Male/female
	39/31
	28/18
	11/13
	0.31
	68/46
	34/22
	34/24
	0.85

	Previous bleeding history
	
	
	
	
	
	
	
	

	0/1-2/> 3
	41/26/3
	31/15/0
	10/11/3
	0.02
	77/26/11
	41/10/5
	36/16/6
	0.41

	Virus/alcoholic/immune/others
	29/6/16/19
	23/3/10/10
	6/3/6/9
	0.21
	74/8/15/17
	40/3/4/9
	34/5/11/8
	0.23

	PLT (× 10^9/L)
	69.80 ± 41.48
	67.56 ± 34.80
	74.00 ± 52.37
	0.54
	73.3 ± 52.60
	67.71 ± 38.00
	78.6 ± 63.32
	0.27

	ALT (U/L)
	28.24 ± 20.56
	30.10 ± 22.65
	23.94 ± 14.22
	0.28
	29.97 ± 21.50
	30.5 ± 21.56
	29.47 ± 21.63
	0.80

	AST (U/L)
	33.09 ± 19.42
	34.87 ± 21.50
	29.11 ± 13.27
	0.27
	36.26 ± 23.93
	34.72 ± 17.89
	37.75 ± 28.67
	0.51

	Tbil (μmol/L)
	21.60 ± 13.80
	21.76 ± 18.16
	21.28 ± 12.20
	0.94
	20.69 ± 13.19
	18.61 ± 11.60
	22.6 9± 14.37
	0.10

	Creatinine (μmol/L)
	64.79 ± 29.51
	62.23 ± 18.36
	70.91 ± 46.74
	0.30
	62.78 ± 17.31
	62.89 ± 17.31
	62.67 ± 17.48
	0.95

	Albumin (g/L)
	35.05 ± 4.31
	36.27 ± 3.89
	32.71 ± 4.18
	< 0.01 
	34.06 ± 5.11
	34.98 ± 4.71
	33.16 ± 5.37
	0.06

	Prothrombin time (s)
	14.24 ± 2.33
	14.05 ± 2.16
	14.67 ± 2.69
	0.35
	14.89 ± 2.24
	14.14 ± 1.84
	15.59 ± 2.37
	< 0.001

	INR
	1.24 ± 0.20
	1.22 ± 0.19
	1.27 ± 0.23
	0.4
	1.28 ± 0.19
	1.23 ± 0.16
	1.34 ± 0.21
	< 0.001

	Child–Pugh scores
	6.26 ± 1.15
	6.02 ± 1.13
	6.71 ± 1.08
	0.02
	6.89 ± 1.37
	6.46 ± 1.21
	7.31 ± 1.40
	< 0.001

	Child–Pugh stage (A/B/C)
	46/23/1
	35/10/1
	11/13/0
	0.02
	50/59/5
	31/24/1
	19/35/4
	0.03

	MELD score
	16 ± 5.82
	15 ± 5.83
	17 ± 5.59
	0.12
	16 ± 4.95
	16 ± 4.37
	17 ± 5.44
	0.27

	Ascites (yes/no)
	35/35
	27/19
	8/16
	0.12
	24/90
	19/36
	5/54
	< 0.001

	Shunt (yes/no)
	10/60
	6/40
	4/20
	0.73
	9/105
	6/50
	3/55
	0.27

	Baseline HVPG (mmHg)
	13.04 ± 1.75
	12.88 ± 1.78
	13.35 ± 1.69
	0.30
	21.17 ± 4.40
	18.82 ± 2.45
	23.44 ± 4.68
	< 0.001

	Baseline WHVP (mmHg)
	21.32 ± 3.98
	21.37 ± 3.96
	21.23 ± 4.13
	0.90
	29.14 ± 5.24
	26.79 ± 4.01
	31.41 ± 5.31
	< 0.001

	Baseline FHVP (mmHg)
	8.42 ± 3.11
	8.71 ± 3.05
	7.88 ± 3.24
	0.30
	7.98 ± 3.26
	7.96 ± 3.07
	8.01 ± 3.47
	0.93

	Baseline IVCP (mmHg)
	7.58 ± 3.15
	7.75 ± 3.10
	7.25 ± 3.30
	0.53
	7.12 ± 3.18
	7.20 ± 3.07
	7.05 ± 3.30
	0.81

	Baseline RAP (mmHg)
	6.24 ± 3.05
	6.34 ± 3.05
	6.06 ± 3.11
	0.72
	5.68 ± 3.10
	5.70 ± 3.10
	5.66 ± 3.12
	0.94

	Severity of varicosity
	
	
	
	
	
	
	
	

	(Mild/Moderate/Severe)
	11/23/36
	7/13/26
	4/10/10
	0.46
	17/30/67
	11/13/32
	6/17/35
	0.35

	EV/GOV1/GOV2 /or IGV (no/yes)
	47/25/16/3
	31/16/9/1
	16/9/7/2
	0.66
	63/31/29/9
	31/12/14/4
	32/19/15/5
	0.80

	Numbers of endoscopic therapy (times)
	-
	2.21 ± 1.32
	-
	-
	-
	2.36 ± 1.19
	-
	-

	Pre-TIPS PPG (mmHg)
	-
	-
	28.69 ± 5.67
	-
	-
	-
	32.18 ± 5.90
	-

	post-TIPS PPG (mmHg)
	-
	-
	18.79 ± 5.23
	-
	-
	-
	21.69 ± 5.99
	-

	Interventions required due to stent dysfunction
	-
	-
	3
	-
	-
	-
	9
	-

	Registration time to research ending (mo)
	65.14 ± 19.83
	62.47 ± 15.82
	70.29 ± 25.46
	0.18
	55.94 ± 19.90
	52.91 ± 17.33
	58.86 ± 21.86
	0.11

	Median follow-up time (mo)
	56
	56
	58.5
	-
	49.5
	45
	51.5
	-


HVPG: Hepatic venous pressure gradient; NSBBs: Non-selective β-blockers; TIPS: Transjugular intrahepatic portosystemic shunts; PLT: Platelets; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; Tbil: Total bilirubin; INR: International normalized ratio; MELD: The model for end-stage liver disease; WHVP: Wedged hepatic venous pressure; FHVP: Free hepatic venous pressure; IVCP: Inferior vena cava pressure; RAP: Right atrium pressure; EV: Esophageal varices; GOV: Gastroesophageal varices; IGV: Isolated gastric varices; PPG: Portal pressure gradient.

Table 2 Cox regression evaluation of factors associated with mortality
	Univariate Analysis
	Multivariate Analysis

	Hazard Ratio
	P value
	Hazard Ratio
	P value

	1.03 (1.01, 1.06)
	0.04
	1.03 (1.01, 1.06）
	0.02

	1.01 (1.01, 1.02)
	0.01
	-
	-

	1.01 (1.00, 1.02)
	0.03
	1.03 (1.00, 1.06)
	0.01

	1.63 (0.92, 2.89)
	0.09
	2.01 (1.04, 3.89)
	0.04

	0.610 (0.35, 1.05)
	0.07
	0.447 (0.25, 0.81)
	0.01


AST: Aspartate aminotransferase; Tbil: Total bilirubin; HVPG: Hepatic venous pressure gradient; NSBBs: Non-selective β-blockers; TIPS: Transjugular intrahepatic portosystemic shunts.

Table 3 Distribution of the causes of endpoint
	
	Uncontrolled rebleeding
	OHE
	MODS
	Liver transplantation
	Nonliver related death

	HVPG ≥ 16 mmHg (n = 114)
	Endoscopic therapy + NSBBs (n = 56)
	10
	6
	3
	3
	0

	
	Covered TIPS (n = 58)
	0
	10
	2
	3
	2

	10 mmHg ≤ HVPG < 16 mmHg (n = 70)
	Endoscopic therapy + NSBBs (n = 46)
	5
	0
	1
	2
	2

	
	Covered TIPS (n=24)
	0
	3
	0
	4
	0


HVPG: Hepatic venous pressure gradient; NSBBs: Non-selective β-blockers; TIPS: Transjugular intrahepatic portosystemic shunts; OHE: Overt hepatic encephalopathy; MODS: Multiple organ dysfunction syndrome.

Table 4 Distribution of the causes of rebleeding
	
	EGVB
	Ectopic variceal bleeding
	Ulcer bleeding
	Portal hypertensive gastropathy
	Venous invasion of HCC
	Hematobilia

	HVPG ≥ 16 mmHg (n = 114)
	Endoscopic therapy + NSBBs (n = 56)
	24
	0
	3
	1
	1
	0

	
	Covered TIPS (n = 58)
	9
	0
	1
	0
	0
	1

	10 mmHg ≤ HVPG < 16 mmHg (n = 70)
	Endoscopic therapy + NSBBs (n = 46)
	16
	1
	3
	1
	0
	1

	
	Covered TIPS (n = 24)
	3
	0
	0
	0
	0
	0


HVPG: Hepatic venous pressure gradient; NSBBs: Non-selective β-blockers; TIPS: Transjugular intrahepatic portosystemic shunts; EGVB: Esophageal and gastric varices bleeding; HCC: Hepatocellular carcinoma.

Table 5 Rates of complications in the endoscopic therapy+nonselective β-blockers and covered transjugular intrahepatic portosystemic shunt groups
	Complications
	10 mmHg ≤ HVPG < 16 mmHg (n = 70)
	HVPG ≥ 16 mmHg (n = 114)

	
	Total
	Endoscopic therapy + NSBBs (n = 46)
	Covered TIPS (n = 24)
	P value
	Total
	Endoscopic therapy + NSBBs (n = 56)
	Covered TIPS (n = 58)
	P value

	OHE during follow-up (yes/no)
	2/68
	0/46
	2/22
	0.11
	10/104
	3/53
	9/49
	0.049

	Jaundice during follow-up (yes/no)
	22/48
	14/32
	8/16
	0.79
	46/68
	17/39
	29/29
	0.04

	Ascites during follow-up (yes/no)
	29/41
	18/28
	11/13
	0.62
	75/39
	38/18
	37/21
	0.70

	Hypercreatinemia during follow-up(yes/no)
	10/60
	5/41
	5/19
	0.29
	13/101
	6/50
	7/51
	1.00

	Hyponatremia during follow-up (yes/no)
	11/59
	9/37
	2/22
	0.31
	8/106
	4/52
	4/54
	1.00

	OHE in 1 year (yes/no)
	8/62
	3/43
	5/19
	0.09
	22/92
	9/47
	13/45
	0.48

	Jaundice in 1 year(yes/no)
	11/59
	5/41
	6/18
	0.17
	29/85
	8/48
	21/37
	0.01

	Ascites in 1 year (yes/no)
	34/36
	23/23
	11/13
	0.80
	74/40
	35/21
	39/19
	0.70

	Hypercreatinemia in 1 year (yes/no)
	5/65
	2/44
	3/21
	0.33
	4/110
	3/53
	1/57
	0.36

	Hyponatremia in 1 year (yes/no)
	7/63
	5/41
	2/22
	1.00
	20/94
	12/44
	8/50
	0.33


HVPG: Hepatic venous pressure gradient; NSBBs: Non-selective β-blockers; TIPS: Transjugular intrahepatic portosystemic shunts; OHE: Overt hepatic encephalopathy. Non-selective β-blockers; TIPS: Transjugular intrahepatic portosystemic shunts; OHE: Overt hepatic encephalopathy.
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