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Targeted puncture of left branch of intrahepatic portal vein in transjugular intrahepatic portosystemic shunt to reduce hepatic encephalopathy
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Abstract
[bookmark: OLE_LINK61]BACKGROUND
Transjugular intrahepatic portosystemic shunt (TIPS) is currently used for the treatment of complications of portal hypertension. The incidence of hepatic encephalopathy (HE) remains a problem in TIPS placement. It has been reported that the right branch mainly receives superior mesenteric venous blood while the left branch mainly receives blood from the splenic vein. We hypothesized that targeted puncture of the left portal vein would divert the non-nutritive blood from the splenic vein into the TIPS shunt; therefore, targeted puncture of the left branch of the intrahepatic portal vein during TIPS may reduce the risk of HE.

AIM 
To evaluate the influence of targeted puncture of left branch of portal vein in TIPS on HE.

METHODS
A retrospective analysis of 1244 patients with portal-hypertension-related complications of refractory ascites or variceal bleeding who underwent TIPS from January 2000 to January 2013 was performed. Patients were divided into group A (targeting left branch of portal vein, n = 937), and group B (targeting right branch of portal vein, n = 307). The TIPS-related HE and clinical outcomes were analyzed.

RESULTS 
The symptoms of ascites and variceal bleeding disappeared within a short time. By the endpoint of follow-up, recurrent bleeding and ascites did not differ significantly between groups A and B (P = 0.278, P = 0.561, respectively). Incidence of HE differed significantly between groups A and B at 1 mo (14.94% vs 36.80%, χ2 = 4.839, P = 0.028), 3 mo (12.48% vs 34.20%, χ2 = 5.054, P = 0.025), 6 mo (10.03% vs 32.24%, χ2 = 6.560, P = 0.010), 9 mo (9.17% vs 31.27%, χ2 = 5.357, P = 0.021), and 12 mo (8.21% vs 28.01, χ2 = 3.848, P = 0.051). There were no significant differences between groups A and B at 3 years (6.61% vs 7.16%, χ2 = 1.204, P = 0.272) and 5 years (5.01% vs 6.18%, χ2 = 0.072, P = 0.562). The total survival rate did not differ between groups A and B (χ2 = 0.226, P = 0.634, log-rank test).

CONCLUSION
Targeted puncture of the left branch of the intrahepatic portal vein during TIPS may reduce the risk of HE, but has no direct influence on prognosis of portal-hypertension-related complications.
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Core tip: We studied a large cohort of patients with cirrhosis who underwent transjugular intrahepatic portosystemic shunt (TIPS) for recurrent variceal bleeding and/or ascites. Targeted puncture of the left branch of the intrahepatic portal vein during transjugular intrahepatic portosystemic shuntTIPS did not directly influence the prognosis of portal-hypertension-related complications of refractory ascites or variceal bleeding, but may reduce the risk of hepatic encephalopathy.

Luo SH, Chu JG, Huang H, Zhao GR, Yao KC., Targeted puncture of left branch of intrahepatic portal vein in transjugular intrahepatic portosystemic shunt to reduce hepatic encephalopathy. World J Gastroenterol 2019; In press

INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS) is currently used for the treatment of complications of portal hypertension[1]. The establishment of TIPS is widely accepted as an alternative to surgery in the management of complications from portal hypertension such as variceal bleeding, refractory ascites, Budd-Chiari syndrome, hepatorenal syndrome, hepatic hydrothorax, and even hepatopulmonary syndrome[2]. After TIPS was introduced as an alternative treatment for complications related to portal hypertension, it was progressively recognized as an effective therapeutic option in a growing number of clinical situations[3,4].
  With the advances in materials, many experimental and clinical studies[5] have been conducted using covered stent grafts, especially stent grafts covered with polytetrafluoroethylene, to improve the long-term patency of TIPS[6]. The incidence of hepatic encephalopathy (HE) remains a problem in TIPS placement, and affects the quality of life and long-term outcomes of patients.
  It has been reported[7] that the reflux blood from the splenic and superior mesenteric veins is distributed hydrodynamically in the main portal vein, that is, alongside the trunk on both sides of the wall of the portal vein. However, it is not fully mixed and enters the left and right branches of the portal vein. The right branch mainly receives superior mesenteric venous blood while the left branch mainly receives blood from the splenic vein[8]. 
  We hypothesized (Figure 1) that targeted puncture of the left portal vein would divert the non-nutritive blood from the splenic vein into the TIPS shunt and reduce the incidence of HE. The purpose of this study was to evaluate the influence of targeted puncture of the left or right branches of the portal vein on the incidence of HE in patients who required TIPS placement for portal-hypertension-related complications of ascites or variceal bleeding.

MATERIALS AND METHODS
Patient information
Between January 2000 and January 2013, 1244 patients were referred to us on an intention-to-treat basis and underwent a TIPS procedure. Indications for stent graft shunt were variceal hemorrhage, refractory ascites, or both. The outcomes of recurrent variceal bleeding and/or ascites, mortality, and HE were compared between two groups. The Institutional Review Board approved the study protocol. The patients’ medical records and images were reviewed to gather information regarding the underlying etiology, clinical presentation, age, sex, and severity of cirrhosis (Table 1). 

Study design
This study was a single-center and retrospective study that compared the influence of targeted puncture of the left and right branches of the portal vein on the incidence of HE in patients who required TIPS placement for portal-hypertension-related complications of ascites or variceal bleeding. The patients were divided into two groups: A (targeting of left branch of portal vein, n = 937) and B (targeting of right branch of portal vein, n = 307) (Figure 2). The outcomes of HE, recurrent variceal bleeding and/or ascites, and mortality were compared and analyzed between the groups. The inclusion criteria were: Rrecurrent variceal bleeding after a session of variceal sclerotherapy, refractory ascites, or both that required TIPS placement with portal-hypertension-related complications. The exclusion criteria were: Vvariceal bleeding as an emergency indication, portal vein thrombosis, history of HE, severe right-sided heart failure, severe liver failure (bilirubin > 4 mg/dL), polycystic liver disease, dilated biliary ducts, age > 75 years, Child-Pugh score > 11, Model of End-Stage Liver Disease (MELD) score > 18, hepatic carcinoma, sepsis, spontaneous bacterial peritonitis, and patients who underwent liver transplantation

TIPS procedure
[bookmark: OLE_LINK62]TIPS was performed under standard local anesthesia as described previously[9]. The entire length of the intrahepatic tract was covered by the stent graft (BARD, Fluency, Voisins le Bretonneux, France; or Viatorr, W.L. Gore & Associates, Flagstaff, AZ, United States). Hepatic venous pressure gradient (HPVG) and portal vein pressure were measured during the procedure, and the shunts were dilated to their full nominal diameter to reach a target portosystemic gradient (PSG) of < 12 mmHg. Obvious gastroesophageal collateral vessels observed during the TIPS procedure were embolized with coils (Cook Inc., Bloomington, IL, United States; or Interlock Coil, Boston Scientific Corporation, Natikeshi, MA, United States). Subsequent direct portography was performed to evaluate whether the portal venous system was completely patent. After the TIPS procedure, intravenous heparin (4000 U/d; Chase Sun Pharma Co. Ltd., Tianjin, China) was administered for 3 d and oral warfarin was given at 2.5 mg/d (Orion Pharma Co. Ltd., Orionintie, Finland) to achieve an international normalized ratio (INR) ≤ 2.0, if prolonged international normalized ratioINR, oral warfarin was not given.

Follow-up
After TIPS deployment, baseline duplex sonography was performed on the day. Shunt velocities were compared with this baseline result during follow-up. Patients were placed into a routine follow-up protocol identical for each group. They were seen as outpatients 1 mo after the procedure and then 3, 6 and 9 mo and 1, 3 and 5 years, or whenever needed. Each consultation included a clinical examination, blood chemistry, upper abdominal ultrasonography, and assessment of HE. TIPS angiography was performed in patients with recurrent symptoms or suspected shunt dysfunction. TIPS revision was performed when a hemodynamically significant shunt stenosis (> 50%) was present with recurrent variceal bleeding, recurrent or gradually worsening ascites, and PSG ≥ 15 mmHg unless grade III/IV encephalopathy was present (Practice Guideline of the European Association for the Study of the Liver and the American Association for the Study of Liver Diseases). Patients lost to follow-up were censored at the time of the last known imaging of the shunt (duplex ultrasonography or shunt venography). 

Statistical analysis
Results were expressed as mean ± standard deviation SD and compared using the independent sample t test or one-way analysis of variance (ANOVA), and categorical variables were expressed as frequencies and compared using χ2 tests. The differences between the groups were compared using one-way analysis of varianceANOVA followed by least significant difference t tests. Differences were considered significant at P < 0.05. The statistical analyses were performed with SPSS version 20.0 (SPSS, Armonk, NY, Chicago, IL, United States).

RESULTS
None of the 1244 patients died within 30 d after TIPS, with an early survival rate of 100%. Both TIPS procedures demonstrated similar efficacy in decreasing PSG before and after TIPS placement from 27.08 ± 5.47 to 10.75 ± 3.67 mmHg in group A (P = 0.003), and from 26.42 ± 3.53 to 10.96 ± 2.41 mmHg in group B (P = 0.001) (Table 2).
  HE occurrence in group A was lower than in group B at 1, 3, 6, 9, and 12 mo, and showed a downward trend (Figure 3). At 3 and 5 years, there was no significant difference in HE occurrence between the two groups. After drug treatment, the symptoms disappeared in patients with covert and grade II HE. In patients with grade III or IV HE, the symptoms disappeared after shunt reduction, but three patients who underwent shunt reduction still had hepatic myelopathy (Table 3).
  At 1 mo after TIPS placement, in group A, 140 patients manifested HE; among them, 44 cases were covert, 78 were grade II, 10 were grade III, and eight were grade IV. In group B, 113 patients manifested HE; among them, 27 cases were covert, 56 were grade II, 18 were grade III, and 12 were grade IV. The incidence of HE in group A was lower than in group B (14.94% vs 36.80%, χ2 = 4.839, P = 0.028). The symptoms in the 48 patients with grade III and IV HE disappeared after shunt reduction in both groups. 
  At 3 mo after TIPS placement, in group A, 117 patients manifested HE; among them, 34 cases were covert, 59 were grade II, 17 were grade III, and seven were grade IV. In group B, 105 patients manifested HE; among them, 26 cases were covert, 58 were grade II, 11 were grade III, and 10 were grade IV. The incidence of HE in group A was lower than that in group B (12.48% vs 34.20%, χ2 = 5.054, P = 0.025). The symptoms in the 42 patients with grade III and IV HE disappeared after shunt reduction in both groups. 
  At 6 mo after TIPS placement, in group A, 94 patients manifested HE; among them, 53 cases were covert, 32 were grade II, six were grade III, and three were grade IV. In group B, 99 patients manifested HE; among them, 36 cases were covert, 46 were grade II, nine were grade III, and eight were grade IV. The incidence of HE in group A was lower than that in group B (10.03% vs 32.24%, χ2 = 6.560, P = 0.010). The symptoms in the 26 patients with grade III and IV HE disappeared after shunt reduction.
  At 9 mo after TIPS placement, in group A, 86 patients manifested HE; among them, 42 cases were covert, 31 were grade II, seven were grade III, and six were grade IV. In group B, 96 patients manifested HE; among them, 46 cases were covert, 37 were grade II, nine were grade III, and four were grade IV. The incidence of HE in group A was lower than that in group B (9.17% vs 31.27%, χ2 = 5.357, P = 0.021). The symptoms in the 26 patients with grade III and IV HE disappeared after shunt reduction. 
  At 12 mo after TIPS placement, in group A, 77 patients manifested HE; among them, 34 cases were covert, 35 were grade II, six were grade III, and three were grade IV. In group B, 86 patients manifested HE; among them, 28 cases were covert, 39 were grade II, 11 were grade III, and eight were grade IV. The incidence of HE in group A was lower than that in group B (8.21% vs 28.01%, χ2 = 3.848, P = 0.051). The symptoms in the 25 patients with grade III and IV HE disappeared after shunt reduction, although three patients who underwent shunt reduction still had hepatic myelopathy. 
  At 3 years after TIPS placement, in group A, 62 patients manifested HE; among them, 25 cases were covert, 31 were grade II, six were grade III, and none were grade IV. In group B, 22 patients manifested HE; among them, 12 cases were covert, six were grade II, four were grade III, and none were IV. There was no significant difference in the incidence of HE between group A and group B (6.61% vs 7.16%, χ2 = 1.204, P = 0.272).
  At 5 years after TIPS placement, in group A, 47 patients manifested HE; among them, 23 cases were covert, 24 were grade II, and none were grade III or IV. In group B, 19 patients manifested HE; among them, 12 cases were covert, five were grade II, and two were grade III. There was no significant difference in the incidence of HE between group A and group B (5.01% vs 6.18%, χ2 = 0.072, P = 0.562).
  The symptom of ascites in 357 cases in group A and 119 cases in group B disappeared within the first week without paracentesis, and there was no significant difference between the groups (P = 0.364). No patient experienced re-bleeding within a week. By the endpoint of follow-up, 112 cases had recurrent bleeding in group A compared with 49 cases in group B, and there was no significant difference between the groups (P = 0.278). There were 185 patients with recurrent ascites in group A and 64 patients in group B, and there was no significant difference between the groups (P = 0.561). After stent revision, the symptoms disappeared (Table 4).
  During follow-up, at 1 year, 141/937 patients (84.95%) were lost to follow-up in group A and 62/307 patients (79.80%) in group B. At 3 years, 211/937 patients (77.48%) were lost to follow-up in group A and 88/307 patients (71.33%) in group B. The endpoint of this study was at 5 years, 305/937 patients (67.44%) were lost to follow-up in group A and 114/307 patients (62.86%) in group B. The 1-, 3-, and 5-year survival rates did not differ between groups A and B (χ2 = 0.326, P = 0.568; χ2 = 0.364, P = 0.564 and χ2 = 0.178, P = 0.673, respectively), and the total survival rates did not differ between groups A and B (χ2 = 0.226, P = 0.634, log-rank test) (Figure 4). Among them, 221 patients died from hepatic tumor, 151 from multiorgan failure, and 47 from other causes (Table 5). 	Comment by author: Check that these percentages are correct.

DISCUSSION
The use of TIPS in the treatment of portal-hypertension-related complications has progressively increased and has achieved good results[9,10]. However, the clinical benefit of this intervention has been hampered due to a high rate of HE, up to 20%-40% at 12 mo follow-up[3]. HE has become an important issue to be taken into consideration in TIPS candidates and a problem to be addressed after the procedure, which influence its widespread use in clinical practice.
  Numerous studies[11,12] have evaluated the risk factors associated with post-TIPS HE in patients with portal hypertension due to cirrhosis, such as the selection of candidates for TIPS placement, the patient’s age, and liver function, as measured by Child-Pugh or Model of End-Stage Liver DiseaseMELD scores. However, few studies focus on whether targeted puncture of right or left intrahepatic branch of portal vein in TIPS may reduce the incidence of post-TIPS HE[13].
  HE is mainly due to absorption of toxic substances from the intestinal portal vein system, through the shunt without the liver first pass effect into the systemic circulation, caused by dysfunction of the central nervous system; a syndrome with mental and nervous symptoms[14]. One of the toxic substances that causes HE is blood ammonia[15]. There are two aspects of the source of blood ammonia in the body, endogenous ammonia is produced by catabolism in vivo, and exogenous ammonia is produced by catabolism of nitrogenous substances in the intestine[16]. In the latter, 90% is found in blood urea and is diffused into the intestinal cavity through the gastrointestinal mucosal blood vessels, and decomposed by bacterial urease[17]. 
  The superior mesenteric vein and splenic vein are composed of two branches of main portal vein; the former mainly collects blood reflux in the small intestine, colon, and pancreatic head; the latter mainly collects blood from the spleen, pancreatic body and tail; and other parts, or inferior mesenteric vein collect blood reflux in the left colon[18]. Thus, exogenous ammonia is absorbed into the body mainly through the superior mesenteric vein. It is reported that the reflux blood from the splenic and superior mesenteric veins is distributed hydrodynamically in the main portal vein, that is, alongside the trunk on both sides of the wall of the portal vein. However, it is not fully mixed and enters the left and right branches of the portal vein. The right branch mainly receives superior mesenteric venous blood, while the left branch mainly receives blood from the splenic vein[7,8]. We hypothesized that targeted puncture of the left portal vein would divert the non-nutritive blood from the splenic vein into the TIPS shunt and reduce the incidence of HE.
  Normally, urea is produced by the circulation of ornithine through the liver[19]. However, almost no exogenous ammonia was produced in the blood collected from the splenic vein. The concentration of ammonia in the superior mesenteric vein was higher than that in the splenic vein and the left and right branches of the portal vein, and the latter was higher than in the vena cava[20]. The anatomy of the portal vein and its mechanism of ammonia production are consistent with those of the portal vein. Similar results[21] have been found in humans: blood ammonia concentration, superior mesenteric vein > portal vein > splenic vein > peripheral vein, and the differences are significant. Later, the isotope hypothesis[22,23] was used to confirm the hypothesis. The results showed that the concentration of ammonia in the superior mesenteric vein was higher than that in the splenic vein and vena cava, suggesting that exogenous ammonia removal was not timely and would cause systemic circulation of ammonia to increase rapidly. 
  In early TIPS technology, it was easier to use the right than left branch of the portal vein for puncture target[24]. Currently, experienced interventional radiologists can choose the left or right branch as a puncture target, with no technical difficulty and a near 100% success rate[25]. Further consideration is how to improve the clinical success rate and, reduce the incidence of HE and liver failure. It was hypothesized[26] that the blood components of the left and right branches of the intrahepatic portal vein are different. We believe that the choice of TIPS method plays a decisive role in treatment outcome.
  In addition, from the anatomical point of view[27], the right branch of the portal vein supplies more of the right liver, and if it is partially or completely diverted, liver function impairment is aggravated. Moreover, the mesenteric vein blood, which contains a large number of toxins (including ammonia) and the liver factor[28], enters the right branch of the portal vein, and then is diverted, which increases the concentration of circulating blood ammonia. Liver failure and the high concentration of ammonia in the systemic circulation are the main causes of portal body shunt encephalopathy[29,30]. The pathogenesis of HE is complex, especially in TIPS treatment. In addition to being shunted around the liver, blood ammonia is not cleared, but because the liver blood supply is reduced after shunting, liver dysfunction and decreased removal of ammonia lead to the occurrence of HE. The hepatic dysfunction after shunting is related to the shunt flow and the quality of the shunt. As with insulin, high concentrations of glucagon and other liver factors in the blood likely lead to the occurrence of liver failure[31]. 
  We can only correctly select the TIPS procedure after fully understanding the important differences between the delivery and concentration of substances in the left and right branches of the portal vein, and the complications of shunting. The results of the present study provide evidence that after TIPS treatment, targeted puncture of the left branch of the intrahepatic portal vein may reduce the risk of HE. In group A, the incidence of HE was lower than that in group B and the occurrence of HE showed a downward trend. Our results confirmed that in the TIPS process that, targeted puncture of the left portal vein diverted the non-nutritive blood that came from the splenic vein into the TIPS shunt and minimized the incidence of HE. 
  The previous literature[15] only compared the overall incidence of HE in 3 years, and showed that HE occurred one year after TIPS[32]. Therefore, we compared the occurrence of HE after 1, 3, 6, 9 and 12 mo, and the total incidence of HE after 5 years. We showed that targeted puncture of the left branch of the intrahepatic portal vein reduced the risk of HE, but it had no direct influence on prognosis of portal-hypertension-related complications of refractory ascites or variceal bleeding. 
  In our study, the survival rate, and recurrence rate for ascites and bleeding did not differ between the two groups. These results indicate the prognostic importance of TIPS placement for portal-hypertension-related complications. We believe that, as long as intrahepatic vein angiography shows that the anatomical structure meets the requirements, we should puncture the left portal vein, which significantly decreases the incidence of HE.
  This study had several limitations. First, randomized controlled trials are needed to verify our results. Second, targeted puncture of the left intrahepatic portal vein during TIPS procedure is difficult for those who are used to targeted puncture of the right intrahepatic portal vein, which will take some time for such change Finally, our hypothesis need to be validated by animal experiments and further study.
  In conclusion, targeted puncture of the left branch of the intrahepatic portal vein during TIPS does not directly influence the prognosis of portal-hypertension-related complications of refractory ascites or variceal bleeding, but may reduce the risk of HE.
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ARTICLE HIGHLIGHTS 
Research background
Transjugular intrahepatic portosystemic shunt (TIPS) is currently used for the treatment of complications of portal hypertension. The incidence of hepatic encephalopathy (HE) remains a problem in TIPS placement. It has been reported that the right branch mainly receives superior mesenteric venous blood, while the left branch mainly receives blood from the splenic vein. We hypothesized that targeted puncture of the left portal vein would divert the non-nutritive blood from the splenic vein into the TIPS shunt; therefore, targeted puncture of the left branch of the intrahepatic portal vein during TIPS may reduce the risk of HE.

Research motivation
TIPS is currently used for the treatment of complications of portal hypertension. With the advances in materials, many experimental and clinical studies have been conducted using covered stent grafts, especially stent grafts covered with polytetrafluoroethylene, to improve the long-term patency of TIPS. However, the incidence of HE remains a problem in TIPS placement, and affects the quality of life and long-term outcomes of patients. 
  It has been reported that the reflux blood from the splenic and superior mesenteric veins is distributed hydrodynamically in the main portal vein, that is, alongside the trunk on both sides of the wall of the portal vein. However, it is not fully mixed and enters the left and right branches of the portal vein. The right branch mainly receives superior mesenteric venous blood, while the left branch mainly receives blood from the splenic vein. We hypothesized that targeted puncture of the left portal vein would divert the non-nutritive blood from the splenic vein into the TIPS shunt and reduce the incidence of HE. The purpose of this study was to compare the effect of the left and right branches of the portal vein as TIPS shunt on the incidence of HE in patients who required TIPS placement for portal-hypertension-related complications of ascites or variceal bleeding. In the future, randomized controlled trials are needed to verify our results, and our hypothesis needs to be validated by animal experiments and further study.

Research objectives
The main objective was to establish whether the left branch of the intrahepatic portal vein as TIPS shunt reduced the risk of HE. If we realized this objective for future clinical practice in TIPS, we should target puncturing the left branch of the intrahepatic portal vein during TIPS as far as possible, because we hypothesized that targeted puncture of the left portal vein would divert the non-nutritive blood from the splenic vein into the TIPS shunt and reduce the incidence of HE.

Research methods
We hypothesized that targeted puncture of the left portal vein would divert the non-nutritive blood from the splenic vein into the TIPS shunt and reduce the incidence of HE. To achieve this objective, we conducted a single-center retrospective study that compared the influence of targeted puncture of the left and right branches of the portal vein on the incidence of HE in patients who required TIPS placement for portal-hypertension-related complications of ascites or variceal bleeding. The patients were divided into two groups: A (targeting of left branch of portal vein, n = 937) and B (targeting of right branch of portal vein, n = 307) (Figure 2). The outcomes of HE, recurrent variceal bleeding and/or ascites, and mortality were compared and analyzed between the groups. This study was not reported previously. Results were expressed as mean ± standard deviation and compared using the independent sample t test or one-way analysis of variance (ANOVA), and categorical variables were expressed as frequencies and compared using χ2 tests. The differences between the groups were compared using one-way analysis of varianceANOVA followed by least significant difference t tests. Differences were considered significant at P < 0.05. The statistical analyses were performed with SPSS version 20.0 (SPSS, Chicago, IL, United States).

Research results
This study showed that targeted puncture of the left branch of the intrahepatic portal vein during TIPS reduced the risk of HE, although it did not directly influence the prognosis of portal-hypertension-related complications of refractory ascites or variceal bleeding. It verified the hypothesis that the reflux blood from the splenic and superior mesenteric veins is distributed hydrodynamically in the main portal vein, that is, alongside the trunk on both sides of the wall of the portal vein. However, it is not fully mixed and enters the left and right branches of the portal vein. The right branch mainly receives superior mesenteric venous blood, while the left branch mainly receives blood from the splenic vein indirectly.

Research conclusions
We found that the left branch of the intrahepatic portal vein during TIPS reduced the risk of HE. One of the toxic substances that causes HE is blood ammonia. HE is mainly caused by absorption of toxic substances from the intestinal portal vein system, through the shunt without the liver first pass effect into the systemic circulation, caused by dysfunction of the central nervous system. It has been reported that the reflux blood from the splenic and superior mesenteric veins is distributed hydrodynamically in the main portal vein, that is, alongside the trunk on both sides of the wall of the portal vein. However, it is not fully mixed and enters the left and right branches of the portal vein. The right branch mainly receives superior mesenteric venous blood, while the left branch mainly receives blood from the splenic vein. We hypothesized that targeted puncture of the left portal vein would divert the non-nutritive blood from the splenic vein into the TIPS shunt and reduce the incidence of HE. As far as possible, we should target puncturing the left branch of the intrahepatic portal vein during TIPS procedure for clinical practice in the future.

Research perspectives
We can learn from this study that, to reduce the risk of HE, we should target puncturing the left branch of the intrahepatic portal vein during TIPS for clinical practice in the future. We believe that, as long as intrahepatic vein angiography shows that the anatomical structure meets the requirements, we should puncture the left portal vein, which significantly decreases the incidence of HE. In future research, randomized controlled trials are needed to verify our results, and it will take some time to switch to the targeted puncture of the left intrahepatic portal vein during TIPS procedure. Finally, our hypothesis needs to be validated by animal experiments to find direct evidence for hydrodynamics of blood.
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Table 1 Baseline characteristics in the two groups
	Characteristics
	Group A
	Group B
	P value

	Gender, M/F 
	398/539
	166/141
	0.308

	Age (mean ± SD) in (yr, mean ± SD)
	44.48 ± 18.23
	40.80 ± 17.76
	0.381

	Child-Pugh A/B/C 
	79/729/137
	25/160/122
	0.753

	MELD score, (mean ± SD)
	13.19 ± 7.35
	12.26 ± 8.47
	0.591

	Viral hepatitis
	585
	194
	0.947

	Chronic ethanol consumption
	210
	61
	0.651

	Autoimmune hepatitis
	53
	23
	0.463

	Metabolic liver disease
	89
	29
	0.527

	Variceal hemorrhage 
	653
	236
	0.163

	Refractory ascites 
	384
	117
	0.125

	Laboratory tests
	
	
	

	Alanine transaminase in (U/L)
	69.13 ± 12.21
	56.24 ± 11.17
	0.615

	Aspartate transaminase in U/L (U/L)
	56.14 ± 14.19
	49.53 ± 12.24
	0.653

	Alkaline phosphatase in U/L(U/L)
	129.63 ± 26.32
	136.46 ± 27.02
	0.534

	γ-glutamyl transpeptidase in U/L(U/L)
	236.23 ± 62.46
	248.13 ± 53.32
	0.561

	Total bilirubin in (μmol/L)
	24.32 ± 5.63
	26.46 ± 6.37
	0.482

	Albumin in (g/L)
	29.14 ± 7.22
	31.23 ± 6.52
	0.237

	Prothrombin time in (s)
	16.03 ± 7.31
	18.46 ± 5.17
	0.316

	Clinical presentations
	
	
	

	Abdominal distention
	627
	193
	0.164

	Abdominal pain
	48
	17
	0.237

	Weakness
	473
	136
	0.253

	Poor appetite
	729
	275
	0.428

	Jaundice
	15
	6
	0.107

	Splenomegaly
	482
	174
	0.316

	Lower limbs edema
	136
	57
	0.263

	Endoscopic therapy
	1736
	625
	0.421

	Ascites paracentesis
	1492
	479
	0.304


No difference could be seen in terms of age, sex, Child-Pugh score, Model of End-Stage Liver Disease score, laboratory tests and clinical presentations (P > 0.05). MELD: Model of End-Stage Liver Disease; SD: Standard deviation.

Table 2 Portosystemic gradient changes in the two groups
	Groups
	PSG in (mmHg)
	t value
	P value

	
	Before
	After
	
	

	Group A
	27.08 ± 5.47
	10.75 ± 3.67
	13.79
	0.001

	Group B
	26.42 ± 3.53
	10.96 ± 2.41
	18.64
	0.003

	
	(T value) 0.622
	0.284
	
	
	

	
	(P value) 0.536
	0.777
	
	
	


Both transjugular intrahepatic portosystemic shunt (TIPS) procedures demonstrated a similar efficacy in decreasing portosystemic gradient before and after TIPS placement. PSG: Portosystemic gradient; TIPS: transjugular intrahepatic portosystemic shunt..


Table 3 Hepatic encephalopathy (HE) occurrence in the two groups
	Time
	Group
	HE occurrence
	HE occurrence rate, (%)
	
	HE
	grade
	
	χ2
	P value

	
	
	Yes
	No
	
	Covert
	II
	III
	IV
	
	

	1 mo
	A
	140
	797
	14.94
	44
	78
	10
	8
	4.839
	0.028

	
	B
	113
	194
	36.80
	27
	56
	18
	12
	
	

	3 mo
	A
	117
	820
	12.48
	34
	59
	17
	7
	5.054
	0.025

	
	B
	105
	202
	34.20
	26
	58
	11
	10
	
	

	6 mo
	A
	94
	843
	10.03
	53
	32
	6
	3
	6.560
	0.010

	
	B
	99
	208
	32.24
	36
	46
	9
	8
	
	

	9 mo
	A
	86
	851
	9.17
	42
	31
	7
	6
	5.357
	0.021

	
	B
	96
	211
	31.27
	46
	37
	9
	4
	
	

	12 mo
	A
	77
	860
	8.21
	34
	35
	6
	3
	3.848
	0.051

	
	B
	86
	221
	28.01
	28
	39
	11
	8
	
	

	3 yr
	A
	62
	875
	6.61
	25
	31
	6
	0
	1.204
	0.272

	
	B
	22
	285
	7.16
	12
	6
	4
	0
	
	

	5 yr
	A
	47
	890
	5.01
	23
	24
	0
	0
	0.072
	0.562

	
	B
	19
	288
	6.18
	12
	5
	2
	0
	
	


There was a significant difference in incidence of hepatic encephalopathy in group A compared with group B at 1, 3, 6, 9 and 12 mo (P < 0.05), whereas at 3 and 5 years, there were no significant differences between the groups (P > 0.05). P = 0.562 by Fisher’s exact test. HE: Hepatic encephalopathy.


Table 4 Outcomes of symptoms in the two groups
	Symptoms
	Group A
	Group B
	P value

	Absorption of ascites within the first week
	357
	11
	0.364

	Recurrence of bleeding
	112
	49
	0.278

	Recurrence of ascites
	185
	64
	0.561


The symptom of ascites within the first week without paracentesis did not differ significantly between the groups (P = 0.364). By the endpoint of follow-up, recurrent bleeding and ascites did not differ significantly between the groups (P = 0.278, P = 0.561, respectively).

Table 5 One-, three- and five-year survival rates in the two groups
	Time
	Group
	Survival
	Survival rate, (%)
	χ2
	P value

	
	
	Yes
	No
	
	
	

	1 yr
	A
	796
	141
	84.95
	0.326
	0.568

	
	B
	245
	62
	79.80
	
	

	3 yr
	A
	726
	211
	77.48
	0.364
	0.564

	
	B
	219
	88
	71.33
	
	

	5 yr
	A
	632
	305
	67.44
	0.178
	0.673

	
	B
	193
	114
	62.86
	
	


The 1-, 3-, and 5-year survival rates did not differ between groups A and B (χ2 = 0.326, P = 0.568; χ2 = 0.364, P = 0.564 and χ2 = 0.178, P = 0.673, respectively). 


[image: QQ截图20181108165514]
Figure 1 Blood distributed hydrodynamically in the main portal vein. It is reported that the reflux blood from the splenic and superior mesenteric veins is distributed hydrodynamically in the main portal vein, that is, alongside the trunk on both sides of the wall of the portal vein. However, it is not fully mixed and enters the left and right branches of the portal vein. The right branch mainly receives superior mesenteric venous blood, while the left branch mainly receives blood from the splenic vein.


[image: 44589-Image File figure 2-1] [image: 44589-Image File figure 5]B

A


Figure 2 Shunt in the left or right branch of portal vein. A: indicates the sShunt in the left branch of portal vein; and B: indicates the sShunt in the right branch of portal vein.


[image: 44589-Image File figure 3]
Figure 3 HEepatic encephalopathy occurrence in the two groups. Hepatic encephalopathy (HE) occurrence rate in group A was lower than that in group B at 1, 3, 6, 9, and 12 mo, and the occurrence of HE showed a downward trend. HE: Hepatic encephalopathy.


[image: ]
Figure 4 Total survival rate in the two groups. The total survival rate did not differ between groups A and B (χ2 = 0.226, P = 0.634, log-rank test).
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