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Impressive recompensation in transjugular intrahepatic portosystemic shunt-treated individuals with complications of decompensated cirrhosis based on Baveno VII criteria
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Abstract
BACKGROUND
Transjugular intrahepatic portosystemic shunt (TIPS) is the standard second-line treatment option for individuals with complications of decompensated cirrhosis, such as variceal bleeding and refractory ascites.

AIM
To investigate whether recompensation existed in TIPS-treated patients with decompensated cirrhosis according to Baveno VII criteria.

METHODS
This retrospective analysis was performed on 64 patients who received TIPS for variceal bleeding or refractory ascites. The definition of recompensation referred to Baveno VII criteria and previous study. Clinical events, laboratory tests, and radiological examinations were regularly conducted during a preset follow-up period. The recompensation ratio in this cohort was calculated. Beyond that, univariate and multivariate regression models were conducted to identify the predictors of recompensation.

RESULTS
Of the 64 patients with a 12-mo follow-up, 20 (31%) achieved recompensation. Age [odds ratio (OR): 1.124; 95% confidence interval (CI): 1.034-1.222] and post-TIPS portal pressure gradient < 12 mmHg (OR: 0.119; 95% CI: 0.024-0.584) were identified as independent predictors of recompensation in patients with decompensated cirrhosis after TIPS.

CONCLUSION
The present study demonstrated that nearly one-third of the TIPS-treated patients achieved recompensation within this cohort. According to our findings, recompensation is more likely to be achieved in younger patients. In addition, postoperative portal pressure gradient reduction below 12 mmHg contributes to the occurrence of recompensation.
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Core Tip: Decompensated cirrhosis with complications of portal hypertension is often considered the end-stage of cirrhosis, with little chance of improvement. Despite this, recent studies have put forward the concept of recompensation. However, it remains unknown whether transjugular intrahepatic portosystemic shunts (TIPS) can achieve recompensation. Herein, we demonstrated that almost one-third of patients treated with TIPS achieved recompensation. Therefore, TIPS should be given greater priority in the treatment of decompensated cirrhosis with complications of portal hypertension, and prospective studies are necessary. In summary, the role of TIPS in achieving recompensation warrants further examination.

INTRODUCTION
Liver cirrhosis ranks as the 14th most common cause of adult deaths worldwide, causing 1.03 million deaths annually. Most cirrhotic complications and subsequent deaths result from portal hypertension rather than hepatocyte failure[1]. Serious health threats, such as variceal bleeding and refractory ascites, are common complications of portal hypertension, and they create a significant burden on healthcare economics[2-4]. Unlike liver fibrosis, cirrhosis has been considered an end-stage disease with limited chances of improvement in clinical practice. The therapeutic goals for cirrhosis are typically focused on symptom relief and avoiding liver transplantation, if possible[5].
However, recent studies have introduced the concept of recompensation, although there is currently no agreement on its definition[6]. The Baveno VII consensus proposed criteria for recompensation, but specific cutoff values for stable improvement of liver function have not yet been established[7]. More recently, Wang et al[8] validated the Baveno VII criteria for recompensation in entecavir-treated individuals with hepatitis B-related decompensated cirrhosis and proposed laboratory criteria to define recompensation. Nevertheless, it is still unclear whether this threshold can be applied to other treatments.
Transjugular intrahepatic portosystemic shunts (TIPS) is an effective treatment for cirrhosis patients who experience variceal bleeding or refractory ascites[9]. In cases of variceal bleeding, TIPS is typically used as a salvage therapy after the failure of standard medication combined with endoscopic therapy, with the goal of preventing rebleeding[10]. Studies have shown that early implantation of TIPS is recommended to improve survival in patients with acute variceal bleeding and high risk of early rebleeding who fulfill any of the following criteria: Child-Pugh class C < 14 points or Child-Pugh class B > 7 with active bleeding at initial endoscopy or hepatic venous pressure gradient > 20 mmHg at the time of hemorrhage[11-13].
For patients with refractory ascites, TIPS has been shown to effectively clear ascites, leading to nutritional improvement and even normalization of renal function[14]. In a prospective randomized trial involving 62 patients with cirrhosis and recurrent ascites, TIPS was found to increase the proportion of patients who survived transplantation-free for 1 year compared to patients who underwent repeated large-volume paracenteses and albumin (ALB) infusion. This supports TIPS as a first-line intervention in this scenario[15]. Despite these advantages, the role of TIPS in the treatment of portal hypertension complications in cirrhosis remains secondary, and it is often considered only as a bridge to liver transplantation. Additionally, it is still unknown whether TIPS can further achieve recompensation.
Based on the above analysis, we hypothesized that TIPS can aid in recompensation to some extent based on Baveno VII criteria for recompensation[7] and the laboratory threshold from Wang et al[8]. To verify our assumption, we retrospectively collected relative data and outcomes of TIPS-treated patients over a 12-mo follow-up.

MATERIALS AND METHODS
Study population
This single-center, retrospective, single-arm study was conducted at the First Hospital of Shanxi Medical University between April 2019 and August 2022, which complied with the ethical guidelines of the 2013 Declaration of Helsinki and was approved by the ethics committee of the First Hospital of Shanxi Medical University (approval No. K-K231). Prior to enrolling the subjects, all participants or their legal guardian gave written informed consent.
The inclusion criteria were as follows: (1) 18-75 years of age; (2) receipt of etiological treatment before or immediately after enrollment; (3) meeting of clinical, biochemical, hematological, radiological, or histological diagnostic criteria for cirrhosis; (4) fulfillment of indication for TIPS; and (5) agreement to be treated with TIPS for variceal bleeding or refractory ascites. The exclusion criteria were as follows: (1) Concomitant hepatocellular carcinoma or other malignancies; (2) previous history of hepatic encephalopathy (HE), hepatorenal syndrome, or hepatopulmonary syndrome; (3) prothrombin time > 20 s or international normalized ratio (INR) > 2.0; (4) creatinine > 3 mg/dL; (5) comorbidity of any malignancy (excluding cured); (6) previous history of heart, lung, kidney, brain, blood, or other vital organ dysfunction; and (7) Other scenarios that did not meet the inclusion criteria.

TIPS procedure and follow-up
All TIPS procedures were performed by three interventional radiologists with more than 10 years of TIPS experience. No participant had active variceal bleeding at the time of the procedure. The TIPS procedure was performed under local anesthesia as previously described[10,16,17]. The portosystemic pressure gradient (PPG) values were recorded before and after stent placement. In all patients, 8-mm expanded e-polytetrafluoroethylene-covered stent grafts (VIATORR; W.L. Gore and Associates, Inc, Newark, NJ, United States) were used. The varices were embolized with coils (Interlock; Boston Scientific, Marlborough, MA, United States) and N-butyl cyanoacrylate (B. Braun Melsungen AG, Melsungen, Germany), mixed with iodine oil (Guerbet, Villepinte, France) at a 1:2 ratio.
At baseline (1-7 d prior to TIPS), the patient’s demographics, clinical features, biochemical and radiological findings, and other related data were collected. After that, all patients were re-examined at 3-d, 1-mo, 3-mo, and 6-mo postoperative, and then every 6 mo thereafter. At each time point, data from laboratory tests, radiological examinations, and reports of clinical events were collected via outpatient follow-up or inpatient follow-up if necessary.

Etiological treatment
Besides TIPS treatment, all patients received necessary medication or lifestyle interventions for treating their respective causes according to the Guidelines of the European Association for the Study of the Liver study on chronic hepatitis B[18], hepatitis C[19], alcoholic liver disease[20], nonalcoholic fatty liver disease[21], autoimmune liver disease[22], and cholestatic liver disease[23]. These interventions were aimed at achieving the removal/suppression of the primary cause of cirrhosis.

Definition of recompensation and research endpoints
Based on the Baveno VII consensus[7] and a previous report[8], the definition of recompensation in this study fulfilled three items: (1) Removal of etiology of cirrhosis; (2) regression of ascites or resolution of ascites (off diuretics) and encephalopathy (off lactulose/rifaximin), and absence of recurrent variceal bleeding (for at least 12 mo); and (3) stable improvement of liver function tests, such as model for end-stage liver disease (MELD) score < 10 and/or liver function tests within Child-Pugh A [ALB > 35 g/L, INR < 1.50, and total bilirubin (TBIL) < 34 μmol/L].
The primary endpoint was the clinical occurrence of recompensation in TIPS-treated patients according to the above criteria. The secondary endpoints were changes in Child-Pugh scores, MELD scores, abdominal ultrasound parameters, PPG values, and the predictors of recompensation.

Abdominal ultrasound measurement methods
The ultrasound measurement procedures were performed by the same observer with more than 10 years of experience in ultrasound examinations. All patients were examined after an overnight fast. Operations were performed in strict accordance with standards using a convex array probe (Resona 6W; Mindray, Mahwah, NJ, United States) or a LFP5-1U probe (Resona 6W; Mindray) for real-time grey-scale imaging and measurement and sound touch quantification (STQ)[24]. The portal vein diameter and peak ﬂow velocity were measured approximately 1-2 cm in front of the branches emanating from the portal vein trunk. The formula for calculating spleen volume was: (Maximum length × maximum width × maximum thickness × 0.52)[25]. Severity of ascites were measured as: Grade 1 (mild), < 3 cm depth of ascites; grade 2 (moderate), 3-10 cm; and grade 3 (severe), ≥ 10 cm [26]. All measurements were repeated three times and averaged.

Statistical analysis
All analyses were conducted using SPSS statistical software (version 26.0; IBM Corp., Armonk, NY, United States) and GraphPad Prism (version 8.0). Sankey diagram was performed on the Tutools platform (https://www.cloudtutu.com). Before analysis, normality tests or P-P plots were used to check the normality of the variables. Continuous variables were expressed as mean ± SD or median interquartile range (IQR), while categorical variables were expressed as frequency (proportion). Comparison of two groups for quantitative variables was performed with a Student’s t-test or with the Mann-Whitney U test. Categorical variables for comparison of two groups was performed with a χ2 test or Fisher’s exact test. Differences in biochemistry, ultrasound parameters, MELD scores, and Child-Pugh scores were compared at each time point using paired samples t-test/independent samples t-test or repeated measures analysis of variance. Sankey plots were generated to represent the change in Child-Pugh scores from baseline to month 12 of treatment. A univariate logistic regression analysis was used to investigate the factors of recompensation. Covariates with a P value less than 0.1 were further included in the multivariate logistic analysis with stepwise method (likelihood ratio) to test the association. In all cases, bilateral P values < 0.05 were considered statistically significant.

RESULTS
Baseline characteristics of the enrolled patients
Eligibility screening of 163 patients undergoing TIPS for cirrhotic decompensated events was retrospective conducted. After excluding 93 patients for various reasons, 70 patients were enrolled. We further excluded 6 patients with new hepatic malignancies. For the remaining 64 patients, data were collected (Figure 1).
The baseline characteristics of the patients are shown in Table 1. The mean age was 56 ± 13 years, of which 53% (34/64) were male. The mean alanine aminotransferase (ALT) level was 19 (IQR 16-27) IU/L, with 4.7% (3/64) having elevated ALT (> 40 IU/L). Prior to TIPS insertion, the median PPG was 25.50 (IQR 22.00-28.25) mmHg. The median Child-Pugh score was 7.50 (IQR 6.00-8.25), and the mean MELD score was 10.60 ± 4.13. All patients were successfully stented, and the mean PPG for the entire cohort decreased to 14.21 ± 4.59 mmHg postoperatively.

Follow-up of major laboratory test parameters and Child-Pugh and MELD scores after TIPS
Liver function tests changed significantly after TIPS (Figure 2, Supplementary Table 1). ALT increased significantly in the 12th month [from a median of 19 (IQR 16-27) IU/L to 30 (IQR 20-36) IU/L, P < 0.001] (Figure 2A). Similarly, aspartate aminotransferase level also increased significantly from baseline in the 12th month (P < 0.001) (Figure 2B). ALB levels were not different from baseline levels (P = 0.060) (Figure 2C). TBIL level continued to rise from baseline levels and reached a maximum in the 3rd postoperative month (P < 0.001). Then, the TBIL level decreased to level similar to baseline (Figure 2D). Creatinine continued to decrease postoperatively [baseline 67.18 ± 16.20 μmol/L vs 44.47 (IQR 40.08- 48.58) μmol/L in the 12th month, P < 0.001] (Figure 2E). Platelet level increased significantly from baseline in the 12th month (P < 0.001) (Figure 2F). The INR increased to a maximum in the 6th postoperative month (P < 0.001) and then returned to baseline levels (Figure 2G). Child-Pugh scores increased on the 3rd postoperative day then decreased in the 12th postoperative month (P < 0.001) (Figure 2H). MELD scores remained high from baseline for 6 mo (P < 0.001) and then decreased to baseline levels in the 12th postoperative month (Figure 2I).

Follow-up of abdominal ultrasound after TIPS
As shown in Supplementary Table 2, portal vein blood flow velocity was faster than at baseline (P < 0.001) and reached a maximum flow velocity of 33.69 ± 12.37 cm/s in the 6th postoperative month, accompanied by a maximum portal vein inner diameter of 1.45 ± 0.42 cm (P < 0.001) in the 6th postoperative month (Figure 3A and B). Liver STQ and spleen STQ decreased from baseline in the 12th postoperative month (P < 0.001) (Figure 3C and D). Spleen length decreased by 10.8% in the 6th postoperative month (P < 0.001) (Figure 3E). Similarly, spleen volume shrank to 75% of baseline in the 3rd postoperative month (P = 0.035) (Figure 3F).

Baseline and on-treatment characteristics in patients with and without recompensation
According to whether recompensation had occurred, the patients were divided into a recompensated group (n = 20) or a no recompensation group (n = 44). The baseline characteristics of the two groups are presented in Supplementary Table 3. The difference in Child-Pugh scores between the two groups at baseline was not statistically significant [6.5 (IQR 6.0-8.0) vs 8.0 (IQR 6.0-9.0), P = 0.174]. The patients without recompensation had higher MELD scores than patients with recompensation (11.41 ± 4.04 vs 8.81 ± 3.85, P = 0.019). In addition, the patients without recompensation tended to have higher TBIL, portal vein velocity, spleen length, spleen volume, and post-TIPS PPG, although they were not statistically different (P > 0.05).
There was a more profound improvement in Child-Pugh and MELD scores from the 6th postoperative month to the 12th postoperative month in the patients with recompensation compared to the patients without recompensation (Figure 4A and B). We plotted Sankey plots to represent the change in Child-Pugh scores from baseline to the 12th postoperative month, and the results showed significantly more favorable outcomes in the group with recompensation (Figure 4C-E). Although there was no statistical difference between the two groups at baseline, the proportion of patients with Child-Pugh A increased significantly over time in the recompensation group (Figure 4D).

Univariate and multivariate logistic analyses of predictors for recompensation
All baseline data were first analyzed using the univariate logistic regression model, which revealed no statistical differences between the two groups in terms of etiology and sex (Supplementary Table 4). Only age and post-TIPS PPG < 12 mmHg were significant (P < 0.05) and included in the multivariate regression model (Figure 5A). In the multivariate analysis, age [odds ratio (OR): 1.124; 95% confidence interval (CI): 1.034-1.222] and post-TIPS PPG < 12 mmHg (OR: 0.119; 95% CI: 0.024-0.584) were independent predictors of recompensation after TIPS (Figure 5B).

Characteristics in patients with or without new-onset HE
In general, 19 patients had HE within 12 mo and no patients had variceal bleeding. The baseline characteristics of those 19 patients with new-onset HE and 45 patients without new-onset HE are shown in Supplementary Table 5. Compared with patients without new-onset HE, patients with new-onset HE had higher age (53 ± 11 years vs 64 ± 13 years, P = 0.002) and pre-TIPS PPG [27.00 (IQR 25.50-29.50) mmHg vs 23.00 (IQR 21.00-26.25) mmHg, P = 0.031].

DISCUSSION
It is unknown whether the TIPS procedure is able to achieve recompensation. Our present study showed 31% of patients (n = 20/64) achieved recompensation after TIPS. Beyond that, we found that age and post-TIPS PPG < 12 mmHg were independent predictors of recompensation (Figure 5). Therefore, we suggest that TIPS should be given more priority for treatment of decompensated cirrhosis with complications of portal hypertension in the above scenarios. To the best of our knowledge, this is the first study to examine recompensation after TIPS based on the Baveno VII definition of recompensation[7] and recent research[8].
Baveno VII proposed criteria to define recompensation, including the elimination or control of the underlying cause, absence of recurrent events for at least 12 mo, and stable improvement in liver function tests. However, the detailed criteria for stable improvement of liver function tests were still absent. Fortunately, a recent study validated the Baveno VII definition of recompensation and precisely defined the cutoff values for stable improvement of liver function tests, which require a MELD score < 10 and/or a liver function test in the Child-Pugh A range (ALB > 35 g/L, INR < 1.50, and TBIL < 34 μmol/L).
We chose the above criteria to conduct our current study for several reasons. First, it was easier to draw credible conclusions from mostly similar etiology and demographic backgrounds. Second, the nature of multicenter prospective clinical research determined the high evidence-based value. Third, the explanations of threshold setting (such as using INR instead of prothrombin time) was logical and acceptable.
TIPS is regarded as the bridge before liver transplantation and remains the second-line option either for gastrointestinal hemorrhage or refractory ascites[10,16], mainly attributed to the larger trauma of TIPS and postoperative HE[27,28]. However, since a previous milestone study reported that early use of TIPS in patients with cirrhosis and variceal bleeding at high risk for treatment failure was associated with significant reductions in treatment failure and in mortality[13], more and more studies have confirmed that TIPS provides significant survival benefits over traditional first-line treatment (i.e. endoscopic therapy or medication) in selected patients[29-31]. Lv et al[11] revealed that early TIPS could improve transplantation-free survival in selected patients with advanced cirrhosis and acute variceal bleeding compared to standard first-line treatment with no significant difference in adverse events. Furthermore, Wang et al[32] showed that TIPS with 8-mm covered stents achieved similar shunt function to 10-mm covered stents and halved the risk of spontaneous overt HE and reduced hepatic impairment.
In addition, a more recent meta-analysis of data from 1327 patients with cirrhosis reconfirmed that preemptive TIPS increased the proportion who survived for 1 year compared with drugs plus endoscopy in both subgroups separately[30]. Nevertheless, none of these studies clarified the detailed mechanism for the survival benefits associated with TIPS, such as cirrhosis recompensation.
Our current study indicated that nearly one-third of patients achieved recompensation after TIPS during the 12-mo follow-up, which was impressive and encouraging for TIPS practitioners. As previous research confirmed, the stiffness of the liver and spleen had a good correlation with hepatic vein pressure gradient, which served as the gold standard for assessing severity of portal hypertension. However, in our cohort, we were unable to draw the same conclusion. Although the stiffness of the liver and spleen decreased 12 mo after TIPS compared to baseline (Figure 3C and D), it did not show statistical significance in predicting recompensation in univariate and multivariate logistic regression analysis (Supplementary Table 4). This may be due to the fact that the patients included in our study had not responded to repeated medical treatment, indicating that their cirrhosis was more severe and could not be easily reversed[5].
Previous research had shown that low MELD score and high platelet levels at admission predicted delisting after improvement[33]. Accordingly, we originally believed that the MELD score could predict recompensation, and it did show statistical significance in univariate analysis. However, surprisingly, there was no statistical significance in multivariate analysis for MELD score to predict recompensation (Figure 5). This finding highlights the possible impact that a small sample size can have on studies and the importance of replicative investigations with large sample sizes for validation. Additionally, we found that older patients were more likely to develop new-onset HE (Supplementary Table 5), which was consistent with previous research[2,34].
To examine possible causes, we further compared relevant characteristics of patients with or without new-onset HE and found that the preoperative PPG of the former was significantly higher than that of the latter (Supplementary Table 5). This may be attributed to the fact that higher PPG predicted poorer liver function and therefore greater susceptibility to HE. Although preoperative PPG itself cannot predict the risk of HE, it can still be considered as a risk factor for early onset HE after TIPS, as evidenced by other studies[17,34].
While it had been documented that addressing the underlying causes can lead to cirrhosis recompensation, the severity of decompensation in the cirrhosis patients involved in these studies was reported to be mild[8,35]. However, in our study, the enrolled patients had already met the indications for TIPS, indicating an already advanced stage of liver cirrhosis in these individuals. Consequently, relying solely on etiological treatment proved woefully insufficient in suppressing the recurrence of life-threatening portal hypertension complications, not to mention facilitating cirrhosis recompensation. Given this context, we firmly believed that in our study, the pivotal factor driving liver cirrhosis recompensation was the reversal of portal hypertension achieved through TIPS, rather than the sole emphasis on etiological treatment.
There are several rational explanations for postoperative recompensation after TIPS. First, since predisposition for decompensation in cirrhosis was mainly due to the progress of portal hypertension, radically reduced portal pressure after TIPS was a prerequisite for recompensation[36]. Second, TIPS increased the cardiac output and thereby the effective blood volume, which further improved perfusion of vital organs, especially that of the kidneys and liver[37]. Finally, portal hypertension is highly correlated with systemic inflammation. As a result, the reduction of portal vein pressure can in turn reduce systemic inflammation to some extent, especially the inflammation of hepatic sinuses[33]. In this regard, the reversal of abnormal intestinal flora, attributed to intestinal congestion of portal hypertension, also led to an improvement in systemic and logical inflammation[34]. In addition, the improvement in nutritional status after TIPS, especially in sarcopenia, was beneficial to recompensation and further reduced the risk of death[2].
Our study had certain limitations. First, the nature of retrospective research determined that the level of evidence-based medical evidence for our present work was not high enough. Second, the relatively small sample size limited the credibility of this study. Third, this work was performed in our single-center, which inevitably leads to selection bias. In addition, the etiology of cirrhosis in the enrolled patients was not entirely hepatitis B. Consequently, the laboratory criteria we selected to define recompensation may not be entirely accurate. Last but not the least, this study did not incorporate a control group for ethical and practical considerations, since etiological treatment such as antiviral therapy or alcohol abstinence had become the standard of care. In other words, once a patient met the indications for TIPS, it would have been both ethically and clinically inappropriate to administer treatment focused solely on either the underlying causes or TIPS in isolation.

CONCLUSION
For the first time, our study demonstrated that nearly one-third of individuals achieved recompensation after TIPS according to the Baveno VII definition of recompensation and previous research. Preoperative PPG < 12 mmHg and age were demonstrated as independent predictors of recompensation. Additional prospective trials are warranted to further validate our findings.

ARTICLE HIGHLIGHTS
Research background
Decompensated cirrhosis with complications of portal hypertension is often considered the end-stage of cirrhosis, with little chance of improvement. Despite this, recent studies have put forward the concept of recompensation.

Research motivation
Transjugular intrahepatic portosystemic shunts (TIPS) are the standard second-line treatment option for individuals with complications of decompensated cirrhosis, such as variceal bleeding and refractory ascites. However, it remains unknown whether TIPS can achieve recompensation.

Research objectives
Herein, we investigated whether recompensation existed in TIPS-treated patients with decompensated cirrhosis according to the Baveno VII criteria.

Research methods
This retrospective analysis was performed on 64 patients who received TIPS for variceal bleeding or refractory ascites. The definition of recompensation referred to the Baveno VII criteria and a previous study. Clinical events, laboratory tests, and radiological examinations were regularly conducted during the follow-up period. The recompensation ratio in this cohort was calculated. Beyond that, univariate and multivariate regression models were conducted to identify the predictors of recompensation.

Research results
In this present cohort, nearly one-third of the TIPS-treated patients achieved recompensation. TIPS-treated patients will benefit from recompensation if portosystemic pressure gradient (PPG) drops below 12 mmHg. Age is recommended as the observation index of recompensation. PPG and age were identified as the independent predictors of recompensation in TIPS-treated patients with decompensated cirrhosis.

Research conclusions
Therefore, TIPS should be given greater priority in the treatment of decompensated cirrhosis with complications of portal hypertension, and prospective studies are necessary.

Research perspectives
In summary, the role of TIPS in achieving recompensation warrants further examination.
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Figure Legends
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Figure 1 Flow chart of patient inclusion. TIPS: Transjugular intrahepatic portosystemic shunt.
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Figure 2 Dynamic changes of major laboratory test parameters and Child-Pugh/model for end-stage liver disease scores during the 12-mo follow-up. A: Alanine aminotransferase; B: Aspartate aminotransferase; C: Albumin; D: Total bilirubin; E: Creatinine; F: Platelets; G: International normalized ratio; H: Child-Pugh score; I: Model for end-stage liver disease score. aP < 0.05. BL: Baseline; 3D: Postoperative day 3; 1M: One month postoperatively; 3M: Three months postoperatively; 6M: Six months postoperatively; 12M: Twelve months postoperatively; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALB: Albumin; TBIL: Total bilirubin; CR: Creatinine; PLT: Platelets; INR: International normalized ratio; MELD: Model for end-stage liver disease.
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Figure 3 Dynamic changes in abdominal ultrasound measurement results during the 12-mo follow-up. A: Portal vein inner diameter; B: Portal vein velocity; C: Liver sound touch quantification; D: Spleen sound touch quantification; E: Spleen length; F: Spleen volume. aP < 0.05. BL: Baseline; 3D: Postoperative day 3; 1M: One month postoperatively; 3M: Three months postoperatively; 6M: Six months postoperatively; 12M: Twelve months postoperatively; PVD: Portal vein inner diameter; PVV: Portal vein velocity; LSTQ: Liver sound touch quantification; SSTQ: Spleen sound touch quantification; SL: Spleen length; SV: Spleen volume.
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Figure 4 Dynamic changes of liver function classification in patients with and without recompensation during the 12-mo follow-up. A and B: Mean Child-Pugh/model for end-stage liver disease (MELD) scores at baseline (BL) and follow-up in patients with or without recompensation (bars represent standard error of the mean). The differences in Child-Pugh/MELD scores in these two groups at each time point were compared using the Student’s t-test. The difference in Child-Pugh/MELD scores between BL and 12 mo after transjugular intrahepatic portosystemic shunt was compared separately for each group. Sankey diagrams were used to show the major transfers or flows of patients. The colors of the columns represent patients with different Child-Pugh classifications, with red representing Child-Pugh A, green representing Child-Pugh B, and blue representing Child-Pugh C. The length of the column represents the proportion of patients. The thicker the line, the greater the number of patients involved; C: Entire cohort (n = 64); D: Patients with recompensation (n = 20); E: Patients without recompensation (n = 44). BL: Baseline; 3D: Postoperative day 3; 1M: One month postoperatively; 3M: Three months postoperatively; 6M: Six months postoperatively; 12M: Twelve months postoperatively.
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Figure 5 Univariate and multivariate logistic regression analysis identified independent predictors of recompensation after transjugular intrahepatic portosystemic shunt. A: Univariate logistic regression analysis; B: Multivariate logistic regression analysis. Age and post-transjugular intrahepatic portosystemic shunt portosystemic pressure gradient < 12 mmHg could be identified as independent predictors of recompensation. All parameters with a P value < 0.1 in the univariate analysis were included in the multivariate logistic regression analysis. CI: Confidence interval; TIPS: Transjugular intrahepatic portosystemic shunt; OR: Odds ratio; PPG: Portosystemic pressure gradient; TBIL: Total bilirubin.
Table 1 Baseline study population characteristics, n (%)
	Variables
	Value

	Age in yr
	56 ± 13

	Male sex
	34 (53.1)

	Etiology
	

	Viral
	32 (50.0)

	Alcohol
	10 (15.6)

	Other
	22 (34.4)

	PLT as 109/L
	68.5 (44.5, 114.8)

	INR
	1.36 (1.23, 1.52)

	ALT in IU/L
	19 (16, 27)

	AST in IU/L
	29 (22, 35)

	ALB in g/L
	32.28 ± 4.46

	TBIL in μmol/L
	30.3 (18.2, 43.9)

	MELD score
	10.60 ± 4.13

	Child-Pugh score
	7.5 (6.0, 8.3)

	PPG in mmHg
	

	Pre-TIPS
	25.5 (22.0, 28.3)

	Post-TIPS
	14.21 ± 4.59

	Post-TIPS PPG < 12 mmHg
	15 (23.4)

	PPG reduction by TIPS
	9 (7, 14)


Data are mean ± SD, n (%), or median (interquartile range). ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; INR: International normalized ratio; MELD: Model for end-stage liver disease; PLT: Platelets; PPG: Portosystemic pressure gradient; TBIL: Total bilirubin; TIPS: Transjugular intrahepatic portosystemic shunt.
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