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Abstract
BACKGROUND
As transjugular intrahepatic portosystemic shunt (TIPS) creation alters the hemodynamic status of the portal system, whether reduced portal blood supply affects the synthetic reserve function of the liver has been the focus of clinical attention. Since the Viatorr stent entered the Chinese market in 2015, it has not yet been widely used in clinical practice. Further, unlike other countries, the main cause of liver cirrhosis in China is viral hepatitis. Therefore, use of the Viatorr stent to establish a TIPS channel in patients with liver cirrhosis with differing etiologies is of great clinical interest.

AIM
To investigate factors affecting changes in liver reserve function after TIPS Viatorr stent implantation.

METHODS
Clinical data from 200 patients with cirrhotic portal hypertension who received TIPS treatment from March 2016 to March 2020 were analyzed retrospectively. The patients were divided into three groups (A-C), according to their disease etiology, with post-hepatitis, autoimmune, and alcoholic cirrhosis, respectively. Preoperative and postoperative liver and renal function and coagulation data, Child-Pugh grade, and model for end-stage liver disease (MELD) scores were collected. Statistical analyses were performed using the t-test or chi-square test. The incidence and of hepatic encephalopathy and patient survival were calculated using Kaplan-Meier method.

RESULTS
The surgical success rate was 100%, with mean portal pressure gradient (mmHg) decreasing from 25.5 ± 5.22 to 10.04 ± 2.76 (t = 45.80; P < 0.001). After 24 mo, the cumulative incidence of hepatic encephalopathy in group A was significantly lower than that in group B/C, while the cumulative survival rate was significantly higher in group A than in group B/C (P < 0.05 for both). The Child-Pugh score for group A was 6.96 ± 1.21, which was significantly better than those of groups B (7.42 ± 0.99; t = -2.44; P = 0.016) and C (7.52 ± 1.12; t = -2.67; P = 0.009). Further, the MELD score for group A (9.62 ± 2.19) was significantly better than those for groups B (10.64 ± 1.90; t = -2.92; P = 0.004) and C (10.82 ± 2.01; t = -3.29; P = 0.001).

CONCLUSION
Insertion of 8 mm internal diameter Viatorr stent has no significant effects on liver reserve function. Changes of liver reserve function in the medium and long term may be related to the etiology and treatment of portal hypertension.
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Core Tip: As transjugular intrahepatic portosystemic shunt (TIPS) creation alters the hemodynamic status of the portal system, whether reduced portal blood supply affects the synthetic reserve function of the liver has been the focus of clinical attention. Since the Viatorr stent entered the Chinese market in 2015, it has not yet been widely used in clinical practice. Further, unlike other countries, the main cause of liver cirrhosis in China is viral hepatitis. Therefore, use of the Viatorr stent to establish a TIPS channel in patients with liver cirrhosis with differing etiologies is of great clinical interest. The purpose of this study was to investigate factors affecting changes in liver reserve function after TIPS Viatorr stent implantation, and to find ways to reduce the occurrence of liver failure and improve long-term survival rates.

INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS) can effectively reduce portal hypertension. It is a commonly used minimally invasive interventional therapy for many patients with complications of cirrhosis, which is safe, effective, and repeatable. As TIPS creation alters the hemodynamic status of the portal system, whether reduced portal blood supply affects the synthetic reserve function of the liver has been the focus of clinical attention. Early clinical studies were based on the Fluency stents in establishing a shunt in the portal vein; stents should be placed in the portal vein so that sufficient length remains for the stent to shunt blood from the portal trunk, and affect portal vein branch blood supply. The Viatorr stent can be used to establish a TIPS shunt channel, where the bare stent region is established in a branch of the portal vein, to ensure smooth blood flow in the portal vein and avoid excess blood that has not passed directly through the liver entering the systemic circulation. Since the Viatorr stent entered the Chinese market in 2015, it has not yet been widely used in clinical practice. Further, unlike other countries, the main cause of liver cirrhosis in China is viral hepatitis. Therefore, use of the Viatorr stent to establish a TIPS channel in patients with liver cirrhosis with differing etiologies is of great clinical interest. The purpose of this study was to investigate factors affecting changes in liver reserve function after TIPS Viatorr stent implantation, and to find ways to reduce the occurrence of liver failure and improve long-term survival rates.

MATERIALS AND METHODS
Study design
Data was collected from 280 patients with portal hypertension and cirrhosis treated by Viatorr stent TIPS from March 2016 to December 2019. The inclusion criteria were: (1) Patients with decompensated portal hypertension treated by TIPS for the first time; (2) only one stent (the Viatorr stent) was used; and (3) TIPS operation using a stent with  a diameter of 8 mm. The exclusion criteria were as follows: (1) Patients were excluded based on the results of imaging before surgery; (2) history of splenectomy; (3) stent dysfunction; (4) preoperative liver function Child-Pugh score > 13; (5) portal vein cavernous change or portal vein thrombosis; (6) history of hepatic encephalopathy, hepatorenal syndrome, or hepatopulmonary syndrome before operation; (7) previous liver lobectomy, surgical shunt, liver transplantation, or other major liver surgery; (8) severe coagulation disorder; (9) severe right heart failure and pulmonary hypertension; (10) uncontrolled intrahepatic or systemic infection; (11) pregnancy or lactation; (12) follow-up < 24 mo; or (13) cirrhosis treated with warfarin or other anticoagulants. Finally, 200 patients with cirrhosis, of whom 119 were men and 81 women, with an average age 56.2 ± 8.8 years, were included in the study. The patients were divided into groups according to disease etiology, as follows: n = 71, post-hepatitis cirrhosis (group A); n = 67, alcoholic cirrhosis (group B); n = 62, autoimmune cirrhosis (group C). All patients were treated in accordance with the United States TIPS guidelines[1]. This study was approved by the Hospital Ethics Committee. The patients and their families were fully informed and provided written consent for surgery.

Equipment and materials
The digital subtraction angiography equipment used was the AXIOM-Artist DSA system (Siemens, Germany) and Mark Ⅴ type high pressure syringe. The surgical materials used included RUPS-100 puncture kit, straight-headed multi-sided foramen catheter, Opta Pro balloon catheter, embolic spring coil, Cobra catheter (Cook Inc., United States), stiff exchange guide wire, and Viatorr stent (Goreand Associates Inc., United States).

Methodology
Preoperative preparation: The patients underwent routine blood evaluation, liver and kidney function tests, and prothrombin time examination. All patients underwent contrast-enhanced computed tomography (CT) of the liver and three-dimensional reconstruction of hepatic vein-portal vein vessels to analyze the anatomical relationship between the hepatic and portal veins and guide intraoperative puncture of the portal vein.

TIPS approach: All patients underwent surgery to the right jugular vein, by puncture through the superior vena cava, right atrium to right hepatic vein, or inferior vena cava, according to the patient's preoperative contrast-enhanced liver CT and three-dimensional reconstruction image of hepatic vein-portal vein, to guide portal vein branch puncture. Puncture safety was evaluated and portal vein pressure measured. Portal vein puncture and pressure parameter measurements were conducted as previously described[2,3]. An 8 mm diameter balloon and Viatorr stent were used for all patients. All operations were successfully completed by the same group of professionals, with no serious complications of surgery.

Postoperative follow-up: Patient data, including liver and renal function and coagulation data, were collected from preoperative examination, then at 1 wk and 1, 3, 6, 12, and 24 mo postoperative follow-up. Data from ultrasound examination and medical records were used to assess ascites and hepatic encephalopathy. Child-Pugh grade and model for end-stage liver disease (MELD) score were obtained. The end point of follow-up was defined as death or two consecutive follow-ups without response, liver transplantation, or deadline (December 2019). The methods used for follow-up assessment were published previously[4-6].

Statistical analysis
All data are expressed as the mean ± SD or percentages. Portal pressure was measured before and after treatment and the results were compared using the paired t test or chi-square test. The incidence of hepatic encephalopathy and patient survival were calculated using the Kaplan-Meier method. All statistical analyses were conducted using SPSS 22.0 software. P < 0.05 was considered statistically significant.

RESULTS
Patient characteristics
There were no significant differences in sex ratio, age, etiology, preoperative Child-Pugh grade, preoperative MELD score, or preoperative portal pressure gradient among the three patient groups (P > 0.05 for all) (Table 1).

TIPS operations
All patients had TIPS approached from the right jugular vein, and all 200 operations were successful. There was no abdominal cavity, bile duct hemorrhage, or other serious intraoperative complications. Collateral circulation and stent placement induction of esophageal and gastric varices were reduced by successful embolization. The success rate of operation was 100%, as was the recent hemostasis rate. Portal vein pressure (mmHg) decreased from 25.5 ± 5.22 preoperatively to 10.04 ± 2.76 postoperatively (t = 45.80, P = 0.001).

Incidence and survival of hepatic encephalopathy in the three patient groups
The cumulative incidences of hepatic encephalopathy in the three groups combined were 18.8% and 25.4% at 12 and 24 mo, respectively. There were 36 cases of hepatic encephalopathy after 12 mo, with a group A/B/C ratio of 5%/6%/7%, and cumulative incidence of 14.1%/18.3%/24.2%. There were 50 cases of hepatic encephalopathy at 24 mo, with a group A/B/C ratio of 6%/8%/11%, and cumulative incidence 21.2%/26.3%/29.4%. Among these cases, 22 cases of grade I hepatic encephalopathy and 28 cases of grade II were relieved by drug treatment (Figure 1A).
The median follow-up time was 24 mo, and the overall cumulative survival rate was 93.5% at 12 mo and 85.4% at 24 mo. The cumulative survival rate was significantly higher in group A than in group B/C after 24 mo (P < 0.05) (Figure 1B). There were 29 deaths during follow-up, comprising 8 (11.3%), 12 (17.9%), and 9 (12.9%) in groups A, B, and C, respectively. Of these, 11 patients died of liver failure, comprising 2 (2%), 5 (7%), and 4 (6%) in groups A, B, and C, respectively.

Comparison of liver function before and after surgery among the three groups
Total bilirubin (mainly indirect bilirubin) increased gradually in all three groups after surgery. The mean preoperative value was 32.93 ± 16.83 μmol/L, and the levels reached a peak value at 3 mo (56.07 ± 20.73 μmol/L; t = -10.86, P = 0.001). At 12 mo, the levels had recovered to baseline (33.49 ± 19.89; t = -0.27, P = 0.78). There was no significant difference between the two groups (Figure 2A).
During the first week following surgery, aspartate aminotransferase (AST) levels increased gradually in all the three groups. Mean preoperative AST was 50.82 ± 32.75 IU/L, compared with a peak of 69.95 ± 27.8 IU/L (t = -5.91, P < 0.001). Baseline value was 53.67 ± 1.56 IU/L (t =1.15, P = 0.25). At 1-mo follow-up, the level in patients with Child-Pugh class A was 55.67 ± 20.2 IU/L, which was significantly higher than the level in those with Child-Pugh class B (48.28 ± 16.1 IU/L; t = 2.83; P = 0.005) or C (44.8 ± 15.18 IU/L; t = 2.22; P = 0.029) (Figure 2B).
[bookmark: _Hlk58967801]Alanine aminotransferase (ALT) levels increased gradually during the first week following surgery in all the three groups. Mean preoperative ALT value was 36.73 ± 16.17 IU/L, compared with a peak of 49.88 ± 17.34 IU/L (t = -9.41; P < 0.001). The mean baseline value was 35.30 ± 10.43 IU/L (t = 1.15; P = 0.25). At 1 wk after surgery compared with preoperative value, ALT level in patients with Child-Pugh class A (77.10 ± 30.38 IU/L) was significantly higher than that of patients with Child-Pugh class B (67.74 ± 26.14; t =2.15; P = 0.03) or C (60.61 ± 18.92 IU/L; t = 2.07; P = 0.024) (Figure 2C).
Mean albumin level in the three groups combined was 36.11 ± 6.9 g/L, which was significantly higher than that before surgery (t = -2.91; P = 0.004). At 24 mo postoperatively, mean albumin level in group A (35.90 ± 5.36 g/L) was significantly higher than those in B group (33.34 ± 6.46 g/L; t = 2.54; P = 0.01) and group C (33.53 ± 5.46 g/L; t = 2.52; P = 0.01) (Figure 2D).

Preoperative and postoperative Child-Pugh scores and ratios in the three patient groups
Mean Child-Pugh score for the three groups combined was 7.43 ± 1.43, with a maximum of 8.28 ± 1.45 (t = -6.10, P < 0.001). The scores returned to baseline value (7.48 ± 1.91; t = -0.46) at 12 mo (P = 0.65). The mean Child-Pugh score for group A was 6.96 ± 1.21, which was significantly better than those for groups B (7.42 ± 0.99; t = -2.44; P = 0.016) and C (7.52 ± 1.12; t = -2.67; P = 0.009) (Figure 3).
There was no significant difference in the Child-Pugh grade ratio among the three groups (A/B/C; P > 0.05). The composition ratio of the Child-Pugh score was 54% in group A, which was significantly higher than that preoperatively (25.4%; 2 = 11.51; P = 0.001). The composition ratio for group B was 44.4%, which was lower than that preoperatively (63.4%; 2 = 4.83; P = 0.03). Similarly, the composition ratio for group C was 1.6%, which was significantly lower than that preoperatively (11.3%; 2 = 4.99; P = 0.02). There was no significant difference in the Child-Pugh A/B/C grade composition ratio or preoperative composition ratio in group B (2 = 0.17; P = 0.92), nor was there a significant difference between the Child-Pugh score A/B/C grade composition ratio in group C (2 = 0.93; P = 0.63) (Table 2).

Changes in preoperative and postoperative MELD scores in the three patient groups
Before surgery, the mean MELD score for the three patient groups combined was 10.12 ± 3.1, rising to a peak of 12.01 ± 3.02 (t = -6.45; P = 0.001) at 3 mo following surgery, and recovering to the baseline value (10.50 ± 2.36; t = -1.44; P = 0.15) at 12 mo. The mean MELD score for patients in group A was 9.62 ± 2.19 after 24 mo, which was significantly better than those for group B (10.64 ± 1.90; t = -2.92; P = 0.004) and group C (10.82 ± 2.01; t = -3.29; P = 0.001) (Figure 4).

DISCUSSION
In recent years, the treatment of portal hypertension complications of cirrhosis has entered the era of minimally invasive intervention, as represented by TIPS surgery. The application of Viatorr stents in the clinic has basically resolved the major complication of postoperative stent dysfunction[7], and the effects on the heart and changes in liver reserve function have become the focus of clinical attention. Reports from outside China[8] indicate that a small number of patients develop postoperative liver infarction and acute liver failure following TIPS, resulting in high mortality rates. Experts in China[9] report that hepatic function can be affected by the use of contrast enhanced liver CT and three-dimensional reconstruction of the hepatic vein and portal vein, instead of indirect portal angiography, and controlled stent diameter reduction. Our center began applying 8 mm diameter balloon and Viatorr stents in the clinic in March 2016. Child-Pugh grade and MELD score were used to assess liver reserve function.
TIPS treatment of cirrhosis with different causes can lead to portal hypertension complications, where portal vein pressure gradient decreases significantly. No postoperative hepatic infarction or acute liver failure occurred in any of the patients included in this study. Previous clinical studies in China have been based on the establishment of a shunt channel in the portal vein using Fluency covered stents. These stents should be placed in the length of the portal vein, where they influence the blood supply of the portal branch. Viatorr supports have excellent flexibility and strong radial support, provided the stent is covered by liver parenchyma. To avoid stent obstruction of the portal branch or trunk blood supply, sufficient length in the hepatic vein is required to prevent liver infarction, which can prevent the occurrence of postoperative acute liver failure.
Liver reserve function is an indicator of the potential size of the liver and is the sum of all liver cells with normal physiological function. In patients with cirrhosis, liver function damage following TIPS surgery has been linked to a reduction of portal blood supply by scholars outside China[6,10] as reported in the literature[11].
According to the 2019 Guidelines for Clinical Practice of Transjugular Intrahepatic Portal Splitting with Portal High Pressure in China[12], the hemodynamic changes associated with TIPS can lead to liver ischemia, which is more common in patients with high Child-Pugh scores. In this study we found that the liver function 1 wk after TIPS surgery in patients with liver cirrhosis with different etiologies were more serious in patients with class A Child-Pugh scores than in those with class B/C. ALT and AST were initially elevated. We propose that the reduction of pressure caused by TIPS in the posterior vein and hepatic sinus can lead to congestion of the spleen and gastrointestinal tract. Patients with Child-Pugh grade A have better liver reserve function, which increases the amount of circulating blood in the periphery. This means that they are less likely to experience sudden ischemia, acute injury, or impaired liver function, than patients with Child-Pugh class B/C.
Researchers from outside China[13] have proposed that increased bilirubin and the establishment of a TIPS shunt, can result in puncture of the liver, and placement of the stent can lead to the extrusion of liver tissue, impeding normal bile discharge. Simultaneously, portal vein blood shunt decreases liver perfusion and metabolic function. In this study, we found that postoperative bilirubin (mainly indirect bilirubin) gradually increased within 1 wk of surgery, then recovered to the baseline level at 12 mo, which was later than the recovery of enzymatic liver injury indices. We consider that the observed short-term increase in bilirubin may be related to partial shunt of blood non-liver metabolism, since 70%-80% of bilirubin is derived from the decomposition of hemoglobin from aging red blood cells. Liver cells are required for the uptake, transport, esterification, and excretion of bilirubin. Following shunt surgery, partial non-liver metabolism of bilirubin in the systemic circulation causes an increase in bilirubin. Surgically-induced liver injury is infrequent and self-limited, or requires only conservative treatment, in most patients. Due to limitation of the stent shunt to 8 mm diameter, bilirubin will gradually return to baseline levels, leading to a rebalancing of the systemic blood metabolism. Albumin levels were better in all patients after 12 mo of follow-up than those before the operation, and there were no significant differences in Child-Pugh or MELD scores, indicating that the use of an 8 mm Viatorr stent to establish a shunt channel had no clear effect on liver reserve function in the short term, while some liver function indices could be improved.
Current Chinese guidelines for TIPS do not explain the effects of TIPS on long-term liver reserve function following surgery, while studies from other countries have shown that TIPS surgery has no effect on long-term liver reserve function[14]. In this study, follow-up examination demonstrated that the incidence of hepatic encephalopathy was lower in group A 24 mo after surgery than in group B/C, while the cumulative survival rate was higher in group A than in group B/C.
Effective perfusion of the liver and levels of portal vein endotoxin are important factors affecting liver function and influencing the development of hepatic encephalopathy under normal conditions. In view of the consistency of preoperative Child-Pugh class, preoperative MELD score, and preoperative portal pressure gradient, and the consistency of the internal diameter of the shunt stent, we propose that this difference may not be caused by the TIPS-mediated decrease in hepatic perfusion in the portal vein, consistent with numerous previous publications[15,16]. We suggest that the differences described above may be related to the compensatory capacity of residual liver cells in patients with liver cirrhosis with different etiologies. Hepatocyte damage can be reduced, or even terminated, after anti-hepatitis virus treatment in patients with post-hepatitis cirrhosis, and liver reserve function can be improved by hepatocyte regeneration. Patients with hepatitis B and hepatitis C were treated with antiviral and basic therapy following surgery. Alcoholic cirrhosis is a form of small nodular cirrhosis, and the regeneration of liver cells in nodules is often not clinically significant, because patients are unable to abstain from alcohol in long term, leading to a decline in liver reserve function, and death in severe cases, due to liver failure. Once in the cirrhosis phase, hepatocytes are the target of immune attack in autoimmune liver disease, and immune damage will continue to occur following stent placement, since immune intervention maintenance treatment is rare because of a fear of the negative effects of hormone therapy. Clinical practice has proven that etiological and basic treatments for alcoholic and autoimmune forms of cirrhosis are particularly important, and key to reducing the incidence of hepatic encephalopathy and improving post-surgery survival rates. Management of patients after surgery using individualized regimens is worthy of further clinical exploration.

CONCLUSION
We conclude that the use of Viatorr stent for TIPS surgery in patients with cirrhosis complications of portal hypertension has no significant effect on postoperative liver reserve function. For patients with cirrhosis, portal pressure is continuously and effectively controlled and, while etiological and basic treatment are equally important, comprehensive treatment can significantly improve survival rates and reduce the occurrence of hepatic encephalopathy. The results presented here are from a single-center retrospective study and, as the long-term efficacy of TIPS surgery is related to clinical factors, postoperative patient management, and many other variables, clinical research from multi-center studies with large samples is required to further support our findings.

ARTICLE HIGHLIGHTS
Research background
As transjugular intrahepatic portosystemic shunt (TIPS) creation alters the hemodynamic status of the portal system, whether reduced portal blood supply affects the synthetic reserve function of the liver has been the focus of clinical attention.

Research motivation
Early clinical studies were based on the Fluency stents in establishing a shunt in the portal vein; stents should be placed in the portal vein so that sufficient length remains for the stent to shunt blood from the portal trunk, and affect portal vein branch blood supply. The Viatorr stent can be used to establish a TIPS shunt channel, where the bare stent region is established in a branch of the portal vein, to ensure smooth blood flow in the portal vein and avoid excess blood that has not passed directly through the liver entering the systemic circulation. Since the Viatorr stent entered the Chinese market in 2015, it has not yet been widely used in clinical practice. Further, unlike other countries, the main cause of liver cirrhosis in China is viral hepatitis. Therefore, use of the Viatorr stent to establish a TIPS channel in patients with liver cirrhosis with differing etiologies is of great clinical interest.

Research objectives
The purpose of this study was to investigate factors affecting changes in liver reserve function after TIPS Viatorr stent implantation, and to find ways to reduce the occurrence of liver failure and improve long-term survival rates.

Research methods
Clinical data from 200 patients with cirrhotic portal hypertension who received TIPS treatment from March 2016 to March 2020 were analyzed retrospectively. The patients were divided into three groups (A-C), according to their disease etiology, with post-hepatitis, autoimmune, and alcoholic cirrhosis, respectively. Preoperative and postoperative liver and renal function and coagulation data, Child-Pugh class, and model for end-stage liver disease (MELD) scores were collected. Statistical analyses were performed using the t-test or chi-square test. The incidence of hepatic encephalopathy and patient survival were calculated using the Kaplan-Meier method.

Research results
The surgical success rate was 100%, with mean portal pressure gradient (mmHg) decreasing from 25.5 ± 5.22 to 10.04 ± 2.76 (t = 45.80; P < 0.001). After 24 mo, the cumulative incidence of hepatic encephalopathy in group A was significantly lower than that in group B/C, while the cumulative survival rate was significantly higher in group A than in group B/C (P < 0.0.5 for both). The Child-Pugh score for group A was 6.96 ± 1.21, which was significantly better than those of groups B (7.42 ± 0.99; t = -2.44; P = 0.016) and C (7.52 ± 1.12; t = -2.67; P = 0.009). Further, the MELD score for group A (9.62 ± 2.19) was significantly better than those for groups B (10.64 ± 1.90; t = -2.92; P = 0.004) and C (10.82 ± 2.01; t = -3.29; P = 0.001).

Research conclusions
Insertion of a Viatorr stent with an internal diameter of 8 mm has no significant effects on liver reserve function.

Research perspectives
Changes of liver reserve function in the medium and long term may be related to the etiology and treatment of portal hypertension.
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Figure Legends
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Figure 1 Incidence of hepatic encephalopathy and survival in the three patient groups.
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Figure 2 Comparison of liver function before and after surgery among the three groups. A: Total bilirubin; B: Aspartate aminotransferase; C: Alanine aminotransferase; D: Albumin. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.
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Figure 3 Preoperative and postoperative Child-Pugh scores and ratios in the three patient groups.
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Figure 4 Changes in preoperative and postoperative model for end-stage liver disease scores in the three patient groups. MELD: Model for end-stage liver disease.

Table 1 Basic clinical data
	Clinical factor
	Hepatitis cirrhosis (n = 71)
	Alcoholic cirrhosis (n = 67)
	Autoimmune cirrhosis (n = 62)
	Statistic
	P value

	Gender (n)
	
	
	
	2 = 3.43
	0.18

	Male
	46
	42
	31
	
	

	Female
	25
	25
	31
	
	

	Age (yr, mean ± SD)
	55.5 ± 8.7
	54.7 ± 8.5
	55.3 ± 9.6
	F = 0.15
	0.87

	Child-Pugh Classification
	
	
	
	2 = 3.19
	0.53

	A
	32
	25
	19
	
	

	B
	34
	35
	37
	
	

	C
	5
	7
	6
	
	

	Child-Pugh score
	7.25 ± 1.54
	7.55 ± 1.45
	7.48 ± 1.29
	F = 0.82
	0.44

	MELD score
	10.24 ± 3.52
	9.67 ± 2.90
	10.47 ± 2.97
	F = 1.11
	0.33

	Prothrombin time (s)
	14.59 ± 2.79
	14.98 ± 2.46
	14.74 ± 2.92
	F = 0.36
	0.69

	ALT (IU/L) 
	35.28 ± 16.40
	37.75 ± 12.17
	36.95 ± 10.82
	F = 0.42
	0.67

	AST (IU/L)
	48.87 ± 24.43
	50.13 ± 23.10
	50. 75 ± 24.34
	F = 0.06
	0.94

	Albumin (g/L)
	35.09 ± 6.33
	34.14 ± 4.52
	34.23 ± 4.44
	F = 0.69
	0.50

	Total bilirubin (μmol/L)
	33.53 ± 12.99
	32.75 ± 14.88
	32.47 ± 16.84
	F = 0.04
	0.96

	PPG before TIPS (mmHg)
	24.58 ± 4.79
	25.45 ± 5.16
	25.27 ± 5.65
	F = 1.78
	0.17

	PPG after TIPS (mmHg)
	9.94 ± 2.55
	10.22 ± 3.07
	10.01 ± 2.65
	F = 0.22
	0.80

	Deaths in 24 mo, n (%)
	8 (11.3)
	12 (17.9)
	9 (14.5)
	2 = 1.23
	0.54

	HE in 24 mo, n (%)
	15 (21.1)
	17 (25.4)
	18 (29.0)
	2 = 1.11
	0.57


MELD: Model for end-stage liver disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TIPS: Transjugular intrahepatic portosystemic shunt; PPG: Portal pressure gradient; HE: Hepatic encephalopathy.
[bookmark: _GoBack]
Table 2 Child-Pugh constituent ratio
	
	Baseline
	1 wk
	1 mo
	3 mo
	6 mo
	12 mo
	24 mo

	Hepatitis cirrhosis (n)
	18/45/8 (71)
	14/46/11 (71)
	10/52/9 (71)
	9/53/9 (71)
	16/49/5 (70)
	23/42/3 (68)
	34/28/1 (63)

	Child-Pugh A/B/C (%)
	25.4/63.4/11.3
	19.7/64.8/15.5
	14.1/73.2/12.7
	12.7/74.6/12.7
	22.9/70.0/7.1
	33.8/61.8/4.4
	54.0/44.4/1.6

	Alcoholic cirrhosis (n)
	14/46/7 (67)
	7/52/8 (67)
	8/51/8 (67)
	6/49/12 (67)
	12/45/8 (65)
	15/41/5 (61)
	13/37/5 (55)

	Child-Pugh A/B/C (%)
	20.8/68.7/10.4
	10.4/77.6/11.9
	11.9/76.1/12.0
	8.9/73.2/17.9
	18.5/69.2/12.3
	24.6/67.2/8.2
	23.6/67.3/9.1

	Autoimmune cirrhosis (n)
	12/45/5 (62)
	7/49/6 (62)
	10/43/8(61)
	8/41/12 (61)
	11/43/6 (60)
	13/43/2 (58)
	14/35/4 (53)

	Child-Pugh A/B/C (%)
	19.4/72.6/8.1
	11.3/79.0/9.7
	16.4/70.5/13.1
	13.1/67.2/19.7
	18.3/71.7/10.0
	22.4/74.1/3.5
	26.4/66.1/7.5
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