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Abstract
Nowadays, transjugular intrahepatic portosystemic shunt (TIPS) has become a mainstay treatment option for the management of portal hypertension-related complications in liver cirrhosis. Accumulated evidence has shown that its indications are being gradually expanded. Notwithstanding, less attention has been paid for the selection of an appropriate stent during a TIPS procedure. Herein, we attempt to review the current evidence regarding the diameter, type, brand, and position of TIPS stents. Several following recommendations may be considered in the clinical practice: (1) a 10-mm stent may be more effective than an 8-mm stent for the management of portal hypertension, and may be superior to a 12-mm stent for the improvement of survival and shunt patency; (2) covered stents are superior to bare stents for reducing the development of shunt dysfunction; (3) if available, Viatorr stent-grafts may be recommended due to a higher rate of shunt patency; and (4) the placement of a TIPS stent in the left portal vein branch may be more reasonable for decreasing the development of hepatic encephalopathy. However, given relatively low quality of evidence, prospective well-designed studies should be warranted to further confirm these recommendations.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This review suggests the following: first, a 10-mm stent may be more effective than an 8-mm or 12-mm stent for the management of portal hypertension in liver cirrhosis; second, Viatorr covered stents may be recommended for maintaining the shunt patency; finally, the placement of a transjugular intrahepatic portosystemic shunt stent in the left portal vein branch may be more reasonable for decreasing the development of hepatic encephalopathy.
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INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS) refers to an interventional creation of a shunt between the portal vein and the hepatic vein or inferior vena cava by deploying an expandable stent, thereby reducing the portosystemic pressure gradient[1,2]. Compared with the traditional surgical portosystemic shunt, the major advantages of TIPS include local anaesthesia and less invasiveness. Since its first clinical application, TIPS has been widely used for the treatment of portal hypertension-related complications in liver cirrhosis for nearly 25 years[3]. Existing and well-established evidence supports the following indications for TIPS[4,5]. First, TIPS should be recommended as the second-line treatment option for the prevention of variceal rebleeding in liver cirrhosis[4]. This recommendation is mainly based on the results of 5 meta-analyses[6-10] and 12 randomized controlled trials[11-22] (Table 1). Although TIPS significantly reduces the incidence of variceal rebleeding in liver cirrhosis, it cannot improve the survival with a significantly higher rate of hepatic encephalopathy and shunt dysfunction. Second, TIPS should be used as the rescue treatment for acute varcieal bleeding that is not responsive to medical and/or endoscopic therapy in liver cirrhosis[4]. However, a recent multi-center randomized trial has shown a significant survival benefit of early TIPS with covered stents for the treatment of acute variceal bleeding in high-risk cirrhotic patients[23], which potentially challenges the current recommendation[24]. Third, TIPS should be used for the treatment of refractory ascites that is not responsive to large volume paracentesis[4]. This recommendation primarily originates from the results of 6 meta-analyses[25-30] and 6 randomized controlled trials[31-35] (Table 2). Notably, the subgroup meta-analyses have shown that TIPS can significantly reduce the mortality in patients with recidivant ascites[29] and those with better hepatic and renal function[25]. More importantly, a meta-analysis of individual data has revealed that TIPS can significantly improve the transplant-free survival[26]. This positive conclusion is also confirmed by our recent meta-analysis using hazard ratios (our unpublished data). However, due to a high incidence of post-TIPS hepatic encephalopathy, it is still regarded as the second-line therapy of choice. Apart from these classical indications, emerging evidence has attempted to establish the novel indications for TIPS, such as the management of gastric variceal bleeding[36,37], ectopic variceal bleeding[37-39], hepatic hydrothorax[40-42], hepatorenal syndrome[42-44], portal vein thrombosis[45-49], and Budd-Chiari syndrome (BCS)[50-52].

Generally, accumulated evidence has witnessed the essential role of TIPS for the management of portal hypertension in liver cirrhosis. Notwithstanding, the technical details remain controversial, such as the selection of stents and puncture position, necessity of adjunctive variceal embolization (see a recent meta-analysis[53]), and benefit of postoperative anticoagulation or anti-platelets (see previous randomized controlled trials[54,55]). In this paper, we focus on reviewing the current evidence regarding the diameter, type, brand, and position of TIPS stents. Other issues are beyond the scope of this review.

DIAMETER OF TIPS STENTS: 8-MM, 10-MM VS 12-MM

Theoretically, a larger diameter of TIPS stent can reach the target portosystemic pressure gradient more effectively and rapidly. However, the excessive shunting of portal blood flow can induce the development of hepatic dysfunction and encephalopathy. Therefore, it is important to choose an appropriate diameter of stent to balance between the efficacy and complications of TIPS.

An early retrospective study compared the outcomes of TIPS between cirrhotic patients receiving 10-mm (n = 23) and 12-mm (n = 23) Wallstents[56]. The 1-d occlusion rate was significantly higher in the 12-mm stent group than in the 10-mm stent group (17% vs 0%). But the long-term primary and secondary patency rates were similar between the two groups. Additionally, the 1-mo mortality rate was higher in the 12-mm stent group than in the 10-mm stent group (26% vs 4%). More importantly, the survival time was significantly shorter in the 12-mm stent group than in the 10-mm stent group (P < 0.03) over the course of the study.

Recently, an Italian, single-center, randomized controlled trial compared the outcomes of TIPS between cirrhotic patients with variceal bleeding or refractory ascites receiving 8-mm (n = 22) and 10-mm (n = 23) PTFE-covered stents[57]. The 10-mm stents were more effective than the 8-mm stents for reducing the portosystemic pressure gradient after TIPS (6.5 ± 2.7 mmHg vs 8.9 ± 2.7 mmHg, P = 0.007). Accordingly, the 10-mm stent group was also superior to the 8-mm stent group for decreasing the 1-year rate of remaining free of recurrence and/or persistence of complications due to portal hypertension (82.9% vs 41.9%, P = 0.002, by Log-Rank test). In details, the difference was statistically significant in patients treated for refractory ascites, but was slight in those treated for variceal bleeding. In spite of its advantages in the improvement of portal hypertension, the 10-mm stent group was similar to the 8-mm stent group for the 1-year rate of remaining free of post-TIPS hepatic encephalopathy (46.7% vs 42.6%, P = 0.48, by Log-Rank test) and 1-year cumulative survival rate (79.6% vs 79.1%, P = 0.20, by Log-Rank test).

On the basis of these findings, it might be recommended that the 10-mm stent, rather than 12-mm or 8-mm stent, was more appropriate for TIPS procedure. Notably, the latter clinical trial was prematurely stopped due to the side effects of treatment failure from the 8-mm stent group[57]. The behavior might influence the weight of these conclusions. In this case, the statistical difference in the incidence of post-TIPS hepatic encephalopathy as the primary endpoint could not be reached. Additionally, the subgroup analysis of this trial did not show any significant improvement of variceal rebleeding in the 10-mm stent group[57]. Due to the potential limitations, a randomized controlled trial (ClinicalTrials.gov: NCT01410591) is ongoing to primarily compare the incidence of shunt dysfunction as the primary endpoint in cirrhotic patients with at least one episode of variceal bleeding receiving 10-mm and 8-mm covered stents.

TYPE OF STENTS: COVERED VS BARE

In the era of bare stents, a high incidence of shunt dysfunction is one of the most severe complications of TIPS. Since the introduction of covered stents, numerous comparative studies[45,58-69] (Table 3) and case series[70-77] (Table 4) have shown their remarkable benefit in the improvement of shunt patency. However, only one of these studies was randomized controlled trial[68]. In this European, multi-national, randomized controlled trial, 80 cirrhotic patients were assigned to the covered (n = 39) and bare (n = 41) stent groups[68]. The preliminary analysis confirmed a lower incidence of shunt dysfunction (5/39 vs 18/41, P < 0.001) and clinical relapse (3/39 vs 12/41, P < 0.05) in the covered stent group. Subsequently, an extended follow-up analysis further demonstrated a higher actuarial rate of remaining free of hepatic encephalopathy (67% vs 51%, P < 0.05) in the covered stent group[69]. But no survival benefit from the covered stents was found[68,69]. Thus, the wide application of covered stents during a TIPS procedure was greatly prompted by these promising findings. But the potentially lethal complication associated with covered stents should not be neglected, such as segmental liver ischemia due to the obstruction of hepatic venous outflow caused by covered stents[78-80].

Recently, a meta-analysis of 6 studies, including 346 and 929 patients receiving covered and bare stents, respectively, showed not only a significant improvement of primary patency (HR = 0.28) and a significant reduction of risk of hepatic encephalopathy (HR = 0.65) but also a significant decrease of mortality in the covered stent group (HR = 0.76)[81]. In addition, the heterogeneity among studies was not significant in all analyses. But it should be noted that the indication for TIPS was heterogeneous among these included studies.

Taken together, covered stents should be recommended for the TIPS procedure. More importantly, because bare stents were employed in all previous randomized controlled trials comparing the outcome between cirrhotic patients with portal hypertension receiving TIPS and those receiving other treatments, the role of TIPS with covered stents in the management of portal hypertension should be reconsidered in future trials[82]. Until now, one completed trial (Current Controlled Trials number: ISRCTN58150114) has shown positive results that the early use of TIPS with covered stents can significantly reduce the treatment failure and mortality of acute variceal bleeding in high-risk cirrhotic patients[23]. Additionally, several ongoing trials have attempted to further update the indications of TIPS, as follows: (1) whether TIPS with coated stents or paracentesis plus albumin administration is better for the treatment of refractory ascites in patients with cirrhosis (ClinicalTrials.gov: NCT00222014); (2) whether TIPS with covered stents or endoscopic band ligation is better in cirrhosis with recurrent variceal bleeding non-responding to medical therapy (ClinicalTrials.gov: NCT00570973); (3) whether TIPS endoprosthesis or large volume paracentesis is better for the treatment of ascites in patients with portal hypertension (ClinicalTrials.gov: NCT01236339); (4) whether early TIPS with covered stents or non-selective beta blocker plus endoscopic treatment is better for acute variceal bleeding in high-risk cirrhotic patients (ClinicalTrials.gov: NCT01370161); and (5) whether TIPS with covered stents or conventional treatment is better for the prevention of variceal rebleeding in cirrhotic patients with portal vein thrombosis (ClinicalTrials.gov: NCT01326949). 

As for BCS patients, the benefit of covered stents appears to be controversial. In 17 retrospective case series focusing on the outcome of BCS treated with TIPS alone[52], the rate of shunt dysfunction is 18%-100%, which is higher in patients with BCS than in those with cirrhotic portal hypertension. This phenomenon may be attributed to the hypercoagulability and more complex anatomy in BCS patients. Although most of studies support the use of covered stents for improving the shunt patency[50,66,83-88], a large study reports a similar shunt patency rate (bare stents: 81% vs covered stents: 85%)[89]. More recently, our retrospective study of 51 BCS patients treated with TIPS, by using Cox regression, demonstrated no significant association between the type of stents (bare vs covered) and the development of shunt dysfunction (HR = 1.14, 95%CI: 0.46-2.82, P = 0.775)[51]. Certainly, the results should be cautiously interpreted, due to a relatively small number of patients, a short follow-up time, the retrospective nature of this study, and the use of Fluency stents.

BRAND OF COVERED STENTS: FLUENCY VS VIATORR

Currently, the Viatorr stent-graft (Gore WL and Associates, Flagstaff, AZ, United States), which is produced as the specialized TIPS endoprosthesis, is commercially available in the United States and Europe. Alternatively, Fluency covered stent (Angiomed GmbH Co. subsidiary of C.R. Bard, Inc.), which is mainly employed for the treatment of iliac artery diseases, can be purchased in some other countries, such as China mainland. They have different designs. The former mainly includes a 4 to 8-cm-long intra-hepatic region covered by PTFE inside a stent and a 2-cm-long portal-vein region uncovered. The latter is fully covered by PTFE inside and outside a bare stent without a bare segment at the portal vein end of the stent. Thus, the placement of a Fluency stent should not be extended into the main portal vein trunk. Otherwise, the hepatic perfusion from the portal vein blood flow would be affected.

In a retrospective study, the investigators compared the outcome of TIPS between patients receiving Viatorr stents only (n = 28) and those receiving Fluency stents only (n = 93)[90]. Although the major encephalopathy rate was not significantly different between the two groups (3.6% vs 4.3%, P = 1.0), the Viatorr stent group showed a higher hemodynamic success rate (98% vs 90%) and primary unassisted patency rate (6-mo: 95% vs 87%; 12-mo: 89% vs 81%, P = 0.03) than the Fluency stent group. Notably, the development of shunt dysfunction was primarily attributed to the stenosis of the portal and hepatic vein end in the Fluency and Viatorr stent groups, respectively. The difference in the causes of shunt dysfunction might be explained by the different design of the two stents.

In a retrospective case series regarding the outcome of TIPS for the treatment of BCS, Fluency covered stents elevated the incidence of post-TIPS hepatic encephalopathy than bare stents[51]. This might be explained by the possibility that fully covered stents decreased hepatic perfusion, thereby preventing the liver from removing toxic substances from the body. However, the retrospective nature and a small sample size of this study might limit the generalization of this finding.

Collectively, the Viatorr stent may be superior to the Fluency stent in reducing the incidence of shunt dysfunction. Certainly, the Fluency stent should be an alternative choice due to the limited availability of Viatorr stent in some regions. In addition, a combined Wallstent/Fluency stent may be considered to further improve the shunt patency[90].

POSITION OF STENT PLACEMENT: LEFT VS RIGHT PORTAL VEIN BRANCH

As for the proximal (i.e., hepatic vein) end of the stent placement, the optimal position is the confluence of the hepatic vein and the inferior vena cava[91]. This is primarily because venous intimal hyperplasia would develop due to the increased high-velocity blood flow after TIPS insertion and thereby lead to hepatic vein stenosis[92], if a stent did not cover the proximal end of the hepatic vein. As for the distant (i.e., portal vein) end, the stent placement into the right portal vein branch is preferred during a TIPS procedure. This is mainly because it is relatively easier to puncture from the hepatic vein to the right portal vein branch in routine clinical practice. However, whether the placement of TIPS stents into the left or right portal vein branch is more beneficial has been rarely recognized. In a recent randomized controlled trial, 72 advanced cirrhotic patients undergoing TIPS were assigned to the left and right portal vein branch groups[93]. The findings of this trial were impressive that the placement of stents into the left portal vein branch led to a significantly lower incidence of overall hepatic encephalopathy (7/36 vs 14/32, P = 0.036) and de novo encephalopathy (4/36 vs 12/32, P = 0.012) after TIPS insertion. Accordingly, the proportion of patients re-admitted to the hospital at least once was significantly lower in the left portal vein branch group than in the right portal vein branch group (16/36 vs 24/32, P = 0.015). Also, the total cost per patient within the first 2 years was significantly lower in the left portal vein branch group than in the right portal vein branch group. But the position of stent placement did not significantly impact the reduction of portosystemic pressure gradient after TIPS (10.2 ± 1.6 vs 10.4 ± 1.4, P = 0.889), the prevention of variceal rebleeding (6/36 vs 5/32, P = 0.907), and the control of ascites persistence or recurrence (11/36 vs 15/32, P = 0.167).

This randomized study suggests the rationality of placing a stent into the left portal vein branch during a TIPS procedure. This may be explained by the anatomy of the portal venous system. In the normal circumstance, 30% and 70% of the blood from the main portal vein is drained into the left and right portal vein branch, respectively. Thus, as the stent is placed in the right portal vein branch, a larger amount of blood will be bypassed from the right liver lobe that is nearly 6 times larger than the left liver lobe, thereby greatly decreasing the hepatic perfusion and inducing the development of liver dysfunction and hepatic encephalopathy. By comparison, the stent placement into the left portal vein branch may produce a lower risk of hepatic encephalopathy. 

Notably, this conclusion needs to be balanced in the real-world clinical situations. An occlusive intrahepatic portal vein branch is considered an important factor for TIPS failure in patients with portal vein thrombosis[46]. Thus, to increase the rate of TIPS success, the stent should be placed in a patent vessel, regardless of left or right portal vein branch. In addition, an ideal position of stent placement is often difficult to be achieved in BCS patients with hepatic vein thrombosis and hepatic enlargement and congestion, because the stent is often placed through a long distance between the IVC and portal vein.

CONCLUSION

Selection of an appropriate stent during a TIPS procedure is very important for the shunt function and treatment efficacy. By reviewing the current evidence, several following recommendations may be considered in the clinical practice: (1) a 10-mm stent may be superior to an 8-mm or 12-mm stent for the management of portal hypertension and the improvement of shunt patency; (2) covered stents are better than bare stents for decreasing the shunt dysfunction; (3) if available, Viatorr stent-grafts may be superior to Fluency stent-grafts for the improvement of shunt patency; and (4) the placement of a stent in the left portal vein branch may improve the hepatic perfusion and decrease the incidence of hepatic encephalopathy. However, we have to acknowledge that these recommendations are based on a majority of retrospective studies. Therefore, prospective well-designed studies should be warranted to confirm them.

REFERENCES
1
Rössle M, Siegerstetter V, Huber M, Ochs A. The first decade of the transjugular intrahepatic portosystemic shunt (TIPS): state of the art. Liver 1998; 18: 73-89 [PMID: 9588766]

2
Ochs A. Transjugular intrahepatic portosystemic shunt. Dig Dis 2005; 23: 56-64 [PMID: 15920326 DOI: 10.1159/000084726]

3
Rössle M. TIPS: 25 years later. J Hepatol 2013; 59: 1081-1093 [PMID: 23811307 DOI: 10.1016/j.jhep.2013.06.014]

4
Boyer TD, Haskal ZJ. The role of transjugular intrahepatic portosystemic shunt in the management of portal hypertension. Hepatology 2005; 41: 386-400 [PMID: 15660434 DOI: 10.1002/hep.20559]

5
Boyer TD, Haskal ZJ. The Role of Transjugular Intrahepatic Portosystemic Shunt (TIPS) in the Management of Portal Hypertension: update 2009. Hepatology 2010; 51: 306 [PMID: 19902484 DOI: 10.1002/hep.23383]

6
Zheng M, Chen Y, Bai J, Zeng Q, You J, Jin R, Zhou X, Shen H, Zheng Y, Du Z. Transjugular intrahepatic portosystemic shunt versus endoscopic therapy in the secondary prophylaxis of variceal rebleeding in cirrhotic patients: meta-analysis update. J Clin Gastroenterol 2008; 42: 507-516 [PMID: 18344888 DOI: 10.1097/MCG.0b013e31815576e6]

7
Khan S, Tudur Smith C, Williamson P, Sutton R. Portosystemic shunts versus endoscopic therapy for variceal rebleeding in patients with cirrhosis. Cochrane Database Syst Rev 2006; (4): CD000553 [PMID: 17054131 DOI: 10.1002/14651858.CD000553.pub2]

8
Burroughs AK, Vangeli M. Transjugular intrahepatic portosystemic shunt versus endoscopic therapy: randomized trials for secondary prophylaxis of variceal bleeding: an updated meta-analysis. Scand J Gastroenterol 2002; 37: 249-252 [PMID: 11916185]

9
Papatheodoridis GV, Goulis J, Leandro G, Patch D, Burroughs AK. Transjugular intrahepatic portosystemic shunt compared with endoscopic treatment for prevention of variceal rebleeding: A meta-analysis. Hepatology 1999; 30: 612-622 [PMID: 10462365 DOI: 10.1002/hep.510300316]

10
Luca A, D’Amico G, La Galla R, Midiri M, Morabito A, Pagliaro L. TIPS for prevention of recurrent bleeding in patients with cirrhosis: meta-analysis of randomized clinical trials. Radiology 1999; 212: 411-421 [PMID: 10429698 DOI: 10.1148/radiology.212.2.r99au46411]

11
Cabrera J, Maynar M, Granados R, Gorriz E, Reyes R, Pulido-Duque JM, Rodriguez SanRoman JL, Guerra C, Kravetz D. Transjugular intrahepatic portosystemic shunt versus sclerotherapy in the elective treatment of variceal hemorrhage. Gastroenterology 1996; 110: 832-839 [PMID: 8608893]

12
Cello JP, Ring EJ, Olcott EW, Koch J, Gordon R, Sandhu J, Morgan DR, Ostroff JW, Rockey DC, Bacchetti P, LaBerge J, Lake JR, Somberg K, Doherty C, Davila M, McQuaid K, Wall SD. Endoscopic sclerotherapy compared with percutaneous transjugular intrahepatic portosystemic shunt after initial sclerotherapy in patients with acute variceal hemorrhage. A randomized, controlled trial. Ann Intern Med 1997; 126: 858-865 [PMID: 9163286]

13
Jalan R, Forrest EH, Stanley AJ, Redhead DN, Forbes J, Dillon JF, MacGilchrist AJ, Finlayson ND, Hayes PC. A randomized trial comparing transjugular intrahepatic portosystemic stent-shunt with variceal band ligation in the prevention of rebleeding from esophageal varices. Hepatology 1997; 26: 1115-1122 [PMID: 9362350 DOI: 10.1002/hep.510260505]

14
Rössle M, Deibert P, Haag K, Ochs A, Olschewski M, Siegerstetter V, Hauenstein KH, Geiger R, Stiepak C, Keller W, Blum HE. Randomised trial of transjugular-intrahepatic-portosystemic shunt versus endoscopy plus propranolol for prevention of variceal rebleeding. Lancet 1997; 349: 1043-1049 [PMID: 9107241]

15
Sanyal AJ, Freedman AM, Luketic VA, Purdum PP, Shiffman ML, Cole PE, Tisnado J, Simmons S. Transjugular intrahepatic portosystemic shunts compared with endoscopic sclerotherapy for the prevention of recurrent variceal hemorrhage. A randomized, controlled trial. Ann Intern Med 1997; 126: 849-857 [PMID: 9163285]

16
Sauer P, Theilmann L, Stremmel W, Benz C, Richter GM, Stiehl A. Transjugular intrahepatic portosystemic stent shunt versus sclerotherapy plus propranolol for variceal rebleeding. Gastroenterology 1997; 113: 1623-1631 [PMID: 9352865]

17
Merli M, Salerno F, Riggio O, de Franchis R, Fiaccadori F, Meddi P, Primignani M, Pedretti G, Maggi A, Capocaccia L, Lovaria A, Ugolotti U, Salvatori F, Bezzi M, Rossi P. Transjugular intrahepatic portosystemic shunt versus endoscopic sclerotherapy for the prevention of variceal bleeding in cirrhosis: a randomized multicenter trial. Gruppo Italiano Studio TIPS (G.I.S.T.). Hepatology 1998; 27: 48-53 [PMID: 9425916 DOI: 10.1002/hep.510270109]

18
García-Villarreal L, Martínez-Lagares F, Sierra A, Guevara C, Marrero JM, Jiménez E, Monescillo A, Hernández-Cabrero T, Alonso JM, Fuentes R. Transjugular intrahepatic portosystemic shunt versus endoscopic sclerotherapy for the prevention of variceal rebleeding after recent variceal hemorrhage. Hepatology 1999; 29: 27-32 [PMID: 9862845 DOI: 10.1002/hep.510290125]

19
Narahara Y, Kanazawa H, Kawamata H, Tada N, Saitoh H, Matsuzaka S, Osada Y, Mamiya Y, Nakatsuka K, Yoshimoto H, Koizumi N, Sakamoto C, Kobayashi M. A randomized clinical trial comparing transjugular intrahepatic portosystemic shunt with endoscopic sclerotherapy in the long-term management of patients with cirrhosis after recent variceal hemorrhage. Hepatol Res 2001; 21: 189-198 [PMID: 11673103]

20
Pomier-Layrargues G, Villeneuve JP, Deschênes M, Bui B, Perreault P, Fenyves D, Willems B, Marleau D, Bilodeau M, Lafortune M, Dufresne MP. Transjugular intrahepatic portosystemic shunt (TIPS) versus endoscopic variceal ligation in the prevention of variceal rebleeding in patients with cirrhosis: a randomised trial. Gut 2001; 48: 390-396 [PMID: 11171831]

21
Sauer P, Hansmann J, Richter GM, Stremmel W, Stiehl A. Endoscopic variceal ligation plus propranolol vs. transjugular intrahepatic portosystemic stent shunt: a long-term randomized trial. Endoscopy 2002; 34: 690-697 [PMID: 12195325 DOI: 10.1055/s-2002-33565]

22
Gülberg V, Schepke M, Geigenberger G, Holl J, Brensing KA, Waggershauser T, Reiser M, Schild HH, Sauerbruch T, Gerbes AL. Transjugular intrahepatic portosystemic shunting is not superior to endoscopic variceal band ligation for prevention of variceal rebleeding in cirrhotic patients: a randomized, controlled trial. Scand J Gastroenterol 2002; 37: 338-343 [PMID: 11916197]

23
García-Pagán JC, Caca K, Bureau C, Laleman W, Appenrodt B, Luca A, Abraldes JG, Nevens F, Vinel JP, Mössner J, Bosch J. Early use of TIPS in patients with cirrhosis and variceal bleeding. N Engl J Med 2010; 362: 2370-2379 [PMID: 20573925 DOI: 10.1056/NEJMoa0910102]

24
Loffroy R, Estivalet L, Cherblanc V, Favelier S, Pottecher P, Hamza S, Minello A, Hillon P, Thouant P, Lefevre PH, Krausé D, Cercueil JP. Transjugular intrahepatic portosystemic shunt for the management of acute variceal hemorrhage. World J Gastroenterol 2013; 19: 6131-6143 [PMID: 24115809 DOI: 10.3748/wjg.v19.i37.6131]

25
Chen RP, Zhu Ge XJ, Huang ZM, Ye XH, Hu CY, Lu GR, Lu de Y, Phemba IL. Prophylactic use of transjugular intrahepatic portosystemic shunt aids in the treatment of refractory ascites: metaregression and trial sequential meta-analysis. J Clin Gastroenterol 2014; 48: 290-299 [PMID: 24030734 DOI: 10.1097/MCG.0b013e3182a115e9]

26
Salerno F, Cammà C, Enea M, Rössle M, Wong F. Transjugular intrahepatic portosystemic shunt for refractory ascites: a meta-analysis of individual patient data. Gastroenterology 2007; 133: 825-834 [PMID: 17678653]

27
Saab S, Nieto JM, Lewis SK, Runyon BA. TIPS versus paracentesis for cirrhotic patients with refractory ascites. Cochrane Database Syst Rev 2006; (4): CD004889 [PMID: 17054221 DOI: 10.1002/14651858.CD004889.pub2]

28
D’Amico G, Luca A, Morabito A, Miraglia R, D’Amico M. Uncovered transjugular intrahepatic portosystemic shunt for refractory ascites: a meta-analysis. Gastroenterology 2005; 129: 1282-1293 [PMID: 16230081 DOI: 10.1053/j.gastro.2005.07.031]

29
Albillos A, Bañares R, González M, Catalina MV, Molinero LM. A meta-analysis of transjugular intrahepatic portosystemic shunt versus paracentesis for refractory ascites. J Hepatol 2005; 43: 990-996 [PMID: 16139922 DOI: 10.1016/j.jhep.2005.06.005]

30
Deltenre P, Mathurin P, Dharancy S, Moreau R, Bulois P, Henrion J, Pruvot FR, Ernst O, Paris JC, Lebrec D. Transjugular intrahepatic portosystemic shunt in refractory ascites: a meta-analysis. Liver Int 2005; 25: 349-356 [PMID: 15780061 DOI: 10.1111/j.1478-3231.2005.01095.x]

31
Lebrec D, Giuily N, Hadengue A, Vilgrain V, Moreau R, Poynard T, Gadano A, Lassen C, Benhamou JP, Erlinger S. Transjugular intrahepatic portosystemic shunts: comparison with paracentesis in patients with cirrhosis and refractory ascites: a randomized trial. French Group of Clinicians and a Group of Biologists. J Hepatol 1996; 25: 135-144 [PMID: 8878773]

32
Rössle M, Ochs A, Gülberg V, Siegerstetter V, Holl J, Deibert P, Olschewski M, Reiser M, Gerbes AL. A comparison of paracentesis and transjugular intrahepatic portosystemic shunting in patients with ascites. N Engl J Med 2000; 342: 1701-1707 [PMID: 10841872 DOI: 10.1056/NEJM200006083422303]

33
Ginès P, Uriz J, Calahorra B, Garcia-Tsao G, Kamath PS, Del Arbol LR, Planas R, Bosch J, Arroyo V, Rodés J. Transjugular intrahepatic portosystemic shunting versus paracentesis plus albumin for refractory ascites in cirrhosis. Gastroenterology 2002; 123: 1839-1847 [PMID: 12454841 DOI: 10.1053/gast.2002.37073]

34
Salerno F, Merli M, Riggio O, Cazzaniga M, Valeriano V, Pozzi M, Nicolini A, Salvatori F. Randomized controlled study of TIPS versus paracentesis plus albumin in cirrhosis with severe ascites. Hepatology 2004; 40: 629-635 [PMID: 15349901 DOI: 10.1002/hep.20364]

35
Narahara Y, Kanazawa H, Fukuda T, Matsushita Y, Harimoto H, Kidokoro H, Katakura T, Atsukawa M, Taki Y, Kimura Y, Nakatsuka K, Sakamoto C. Transjugular intrahepatic portosystemic shunt versus paracentesis plus albumin in patients with refractory ascites who have good hepatic and renal function: a prospective randomized trial. J Gastroenterol 2011; 46: 78-85 [PMID: 20632194 DOI: 10.1007/s00535-010-0282-9]

36
Lo GH, Liang HL, Chen WC, Chen MH, Lai KH, Hsu PI, Lin CK, Chan HH, Pan HB. A prospective, randomized controlled trial of transjugular intrahepatic portosystemic shunt versus cyanoacrylate injection in the prevention of gastric variceal rebleeding. Endoscopy 2007; 39: 679-685 [PMID: 17661241 DOI: 10.1055/s-2007-966591]

37
Tripathi D, Jalan R. Transjugular intrahepatic portosystemic stent-shunt in the management of gastric and ectopic varices. Eur J Gastroenterol Hepatol 2006; 18: 1155-1160 [PMID: 17033434 DOI: 10.1097/01.meg.0000236875.52730.b8]

38
Vidal V, Joly L, Perreault P, Bouchard L, Lafortune M, Pomier-Layrargues G. Usefulness of transjugular intrahepatic portosystemic shunt in the management of bleeding ectopic varices in cirrhotic patients. Cardiovasc Intervent Radiol 2006; 29: 216-219 [PMID: 16284702 DOI: 10.1007/s00270-004-0346-4]

39
Kochar N, Tripathi D, McAvoy NC, Ireland H, Redhead DN, Hayes PC. Bleeding ectopic varices in cirrhosis: the role of transjugular intrahepatic portosystemic stent shunts. Aliment Pharmacol Ther 2008; 28: 294-303 [PMID: 19086235]

40
Strauss RM, Martin LG, Kaufman SL, Boyer TD. Transjugular intrahepatic portal systemic shunt for the management of symptomatic cirrhotic hydrothorax. Am J Gastroenterol 1994; 89: 1520-1522 [PMID: 8079930]

41
Siegerstetter V, Deibert P, Ochs A, Olschewski M, Blum HE, Rössle M. Treatment of refractory hepatic hydrothorax with transjugular intrahepatic portosystemic shunt: long-term results in 40 patients. Eur J Gastroenterol Hepatol 2001; 13: 529-534 [PMID: 11396532]

42
Rössle M, Gerbes AL. TIPS for the treatment of refractory ascites, hepatorenal syndrome and hepatic hydrothorax: a critical update. Gut 2010; 59: 988-1000 [PMID: 20581246 DOI: 10.1136/gut.2009.193227]

43
Brensing KA, Textor J, Strunk H, Klehr HU, Schild H, Sauerbruch T. Transjugular intrahepatic portosystemic stent-shunt for hepatorenal syndrome. Lancet 1997; 349: 697-698 [PMID: 9078203]

44
Brensing KA, Textor J, Perz J, Schiedermaier P, Raab P, Strunk H, Klehr HU, Kramer HJ, Spengler U, Schild H, Sauerbruch T. Long term outcome after transjugular intrahepatic portosystemic stent-shunt in non-transplant cirrhotics with hepatorenal syndrome: a phase II study. Gut 2000; 47: 288-295 [PMID: 10896924]

45
Luca A, Miraglia R, Caruso S, Milazzo M, Sapere C, Maruzzelli L, Vizzini G, Tuzzolino F, Gridelli B, Bosch J. Short- and long-term effects of the transjugular intrahepatic portosystemic shunt on portal vein thrombosis in patients with cirrhosis. Gut 2011; 60: 846-852 [PMID: 21357252 DOI: 10.1136/gut.2010.228023]

46
Senzolo M, Tibbals J, Cholongitas E, Triantos CK, Burroughs AK, Patch D. Transjugular intrahepatic portosystemic shunt for portal vein thrombosis with and without cavernous transformation. Aliment Pharmacol Ther 2006; 23: 767-775 [PMID: 16556179 DOI: 10.1111/j.1365-2036.2006.02820.x]

47
Fanelli F, Angeloni S, Salvatori FM, Marzano C, Boatta E, Merli M, Rossi P, Attili AF, Ridola L, Cerini F, Riggio O. Transjugular intrahepatic portosystemic shunt with expanded-polytetrafuoroethylene-covered stents in non-cirrhotic patients with portal cavernoma. Dig Liver Dis 2011; 43: 78-84 [PMID: 20637712 DOI: 10.1016/j.dld.2010.06.001]

48
Qi X, Han G, Yin Z, He C, Wang J, Guo W, Niu J, Zhang W, Bai M, Fan D. Transjugular intrahepatic portosystemic shunt for portal cavernoma with symptomatic portal hypertension in non-cirrhotic patients. Dig Dis Sci 2012; 57: 1072-1082 [PMID: 22147244 DOI: 10.1007/s10620-011-1975-5]

49
Qi X, Han G. Transjugular intrahepatic portosystemic shunt in the treatment of portal vein thrombosis: a critical review of literature. Hepatol Int 2012; 6: 576-590 [DOI: 10.1007/s12072-011-9324-5]

50
Garcia-Pagán JC, Heydtmann M, Raffa S, Plessier A, Murad S, Fabris F, Vizzini G, Gonzales Abraldes J, Olliff S, Nicolini A, Luca A, Primignani M, Janssen HL, Valla D, Elias E, Bosch J. TIPS for Budd-Chiari syndrome: long-term results and prognostics factors in 124 patients. Gastroenterology 2008; 135: 808-815 [PMID: 18621047 DOI: 10.1053/j.gastro.2008.05.051]

51
Qi X, Guo W, He C, Zhang W, Wu F, Yin Z, Bai M, Niu J, Yang Z, Fan D, Han G. Transjugular intrahepatic portosystemic shunt for Budd-Chiari syndrome: techniques, indications and results on 51 Chinese patients from a single centre. Liver Int 2013; Epub ahead of print [PMID: 24256572 DOI: 10.1111/liv.12355]

52
Qi X, Yang M, Fan D, Han G. Transjugular intrahepatic portosystemic shunt in the treatment of Budd-Chiari syndrome: a critical review of literatures. Scand J Gastroenterol 2013; 48: 771-784 [PMID: 23506234 DOI: 10.3109/00365521.2013.777775]

53
Qi X, Liu L, Bai M, Chen H, Wang J, Yang Z, Han G, Fan D. Transjugular intrahepatic portosystemic shunt in combination with or without variceal embolization for the prevention of variceal rebleeding: a meta-analysis. J Gastroenterol Hepatol 2014; 29: 688-696 [PMID: 24117967 DOI: 10.1111/jgh.12391]

54
Sauer P, Theilmann L, Herrmann S, Bruckner T, Roeren T, Richter G, Stremmel W, Stiehl A. Phenprocoumon for prevention of shunt occlusion after transjugular intrahepatic portosystemic stent shunt: a randomized trial. Hepatology 1996; 24: 1433-1436 [PMID: 8938176 DOI: 10.1002/hep.510240622]

55
Siegerstetter V, Huber M, Ochs A, Blum HE, Rössle M. Platelet aggregation and platelet-derived growth factor inhibition for prevention of insufficiency of the transjugular intrahepatic portosystemic shunt: a randomized study comparing trapidil plus ticlopidine with heparin treatment. Hepatology 1999; 29: 33-38 [PMID: 9862846 DOI: 10.1002/hep.510290139]

56
Kuhn-Fulton J, Trerotola SO, Harris VJ, Snidow JJ, Johnson MS, Carey MA, Zhou XH, Lumeng L. Transjugular intrahepatic portosystemic shunt procedure: efficacy of 10-mm versus 12-mm Wallstents. Radiology 1996; 199: 658-664 [PMID: 8637983 DOI: 10.1148/radiology.199.3.8637983]

57
Riggio O, Ridola L, Angeloni S, Cerini F, Pasquale C, Attili AF, Fanelli F, Merli M, Salvatori FM. Clinical efficacy of transjugular intrahepatic portosystemic shunt created with covered stents with different diameters: results of a randomized controlled trial. J Hepatol 2010; 53: 267-272 [PMID: 20537753 DOI: 10.1016/j.jhep.2010.02.033]

58
Sommer CM, Gockner TL, Stampfl U, Bellemann N, Sauer P, Ganten T, Weitz J, Kauczor HU, Radeleff BA. Technical and clinical outcome of transjugular intrahepatic portosystemic stent shunt: bare metal stents (BMS) versus viatorr stent-grafts (VSG). Eur J Radiol 2012; 81: 2273-2280 [PMID: 21784593 DOI: 10.1016/j.ejrad.2011.06.037]

59
Clark W, Golkar F, Luberice K, Toomey P, Paul H, Marcadis A, Okpaleke C, Vice M, Hernandez J, Alsina A, Rosemurgy AS. Uncovering the truth about covered stents: is there a difference between covered versus uncovered stents with transjugular intrahepatic portosystemic shunts? Am J Surg 2011; 202: 561-564 [PMID: 21944293 DOI: 10.1016/j.amjsurg.2011.06.021]

60
Maleux G, Perez-Gutierrez NA, Evrard S, Mroue A, Le Moine O, Laleman W, Nevens F. Covered stents are better than uncovered stents for transjugular intrahepatic portosystemic shunts in cirrhotic patients with refractory ascites: a retrospective cohort study. Acta Gastroenterol Belg 2010; 73: 336-341 [PMID: 21086935]

61
Wu X, Ding W, Cao J, Han J, Huang Q, Li N, Li J. Favorable clinical outcome using a covered stent following transjugular intrahepatic portosystemic shunt in patients with portal hypertension. J Hepatobiliary Pancreat Sci 2010; 17: 701-708 [PMID: 20703849 DOI: 10.1007/s00534-010-0270-8]

62
Bandi JC, Solari J, Rostagno R, Galdame O, Garcia-Monaco R, Gadano AC. Long term follow up of patients treated with coated stents TIPS. J Hepatol 2010; 52 Suppl 1: S328 [DOI: 10.1016/S0168-8278(10)60842-2]

63
Jung HS, Kalva SP, Greenfield AJ, Waltman AC, Walker TG, Athanasoulis CA, Wicky ST. TIPS: comparison of shunt patency and clinical outcomes between bare stents and expanded polytetrafluoroethylene stent-grafts. J Vasc Interv Radiol 2009; 20: 180-185 [PMID: 19097918 DOI: 10.1016/j.jvir.2008.11.005]

64
Pan JJ, Chen C, Geller B, Firpi R, Machicao VI, Caridi JG, Nelson DR, Morelli G. Is sonographic surveillance of polytetrafluoroethylene-covered transjugular intrahepatic portosystemic shunts (TIPS) necessary? A single centre experience comparing both types of stents. Clin Radiol 2008; 63: 1142-1148 [PMID: 18774362 DOI: 10.1016/j.crad.2008.04.016]

65
Tripathi D, Ferguson J, Barkell H, Macbeth K, Ireland H, Redhead DN, Hayes PC. Improved clinical outcome with transjugular intrahepatic portosystemic stent-shunt utilizing polytetrafluoroethylene-covered stents. Eur J Gastroenterol Hepatol 2006; 18: 225-232 [PMID: 16462534]

66
Gandini R, Konda D, Simonetti G. Transjugular intrahepatic portosystemic shunt patency and clinical outcome in patients with Budd-Chiari syndrome: covered versus uncovered stents. Radiology 2006; 241: 298-305 [PMID: 16908675 DOI: 10.1148/radiol.2411050347]

67
Barrio J, Ripoll C, Bañares R, Echenagusia A, Catalina MV, Camúñez F, Simó G, Santos L. Comparison of transjugular intrahepatic portosystemic shunt dysfunction in PTFE-covered stent-grafts versus bare stents. Eur J Radiol 2005; 55: 120-124 [PMID: 15950109 DOI: 10.1016/j.ejrad.2004.10.007]

68
Bureau C, Garcia-Pagan JC, Otal P, Pomier-Layrargues G, Chabbert V, Cortez C, Perreault P, Péron JM, Abraldes JG, Bouchard L, Bilbao JI, Bosch J, Rousseau H, Vinel JP. Improved clinical outcome using polytetrafluoroethylene-coated stents for TIPS: results of a randomized study. Gastroenterology 2004; 126: 469-475 [PMID: 14762784]

69
Bureau C, Pagan JC, Layrargues GP, Metivier S, Bellot P, Perreault P, Otal P, Abraldes JG, Peron JM, Rousseau H, Bosch J, Vinel JP. Patency of stents covered with polytetrafluoroethylene in patients treated by transjugular intrahepatic portosystemic shunts: long-term results of a randomized multicentre study. Liver Int 2007; 27: 742-747 [PMID: 17617116 DOI: 10.1111/j.1478-3231.2007.01522.x]

70
Sajja KC, Dolmatch BL, Rockey DC. Long-term follow-up of TIPS created with expanded poly-tetrafluoroethylene covered stents. Dig Dis Sci 2013; 58: 2100-2106 [PMID: 23381105 DOI: 10.1007/s10620-013-2578-0]

71
Wu Q, Jiang J, He Y, Jiang T, Zhou S. Transjugular intrahepatic portosystemic shunt using the FLUENCY expanded polytetrafluoroethylene-covered stent. Exp Ther Med 2013; 5: 263-266 [PMID: 23251280 DOI: 10.3892/etm.2012.776]

72
Wu X, Ding W, Cao J, Fan X, Li J. Clinical outcome using the fluency stent graft for transjugular intrahepatic portosystemic shunt in patients with portal hypertension. Am Surg 2013; 79: 305-312 [PMID: 23461959]

73
Rössle M, Siegerstetter V, Euringer W, Olschewski M, Kromeier J, Kurz K, Langer M. The use of a polytetrafluoroethylene-covered stent graft for transjugular intrahepatic portosystemic shunt (TIPS): Long-term follow-up of 100 patients. Acta Radiol 2006; 47: 660-666 [PMID: 16950701 DOI: 10.1080/02841850600806324]

74
Vignali C, Bargellini I, Grosso M, Passalacqua G, Maglione F, Pedrazzini F, Filauri P, Niola R, Cioni R, Petruzzi P. TIPS with expanded polytetrafluoroethylene-covered stent: results of an Italian multicenter study. AJR Am J Roentgenol 2005; 185: 472-480 [PMID: 16037523 DOI: 10.2214/ajr.185.2.01850472]

75
Maleux G, Nevens F, Wilmer A, Heye S, Verslype C, Thijs M, Wilms G. Early and long-term clinical and radiological follow-up results of expanded-polytetrafluoroethylene-covered stent-grafts for transjugular intrahepatic portosystemic shunt procedures. Eur Radiol 2004; 14: 1842-1850 [PMID: 15221261 DOI: 10.1007/s00330-004-2359-4]

76
Charon JP, Alaeddin FH, Pimpalwar SA, Fay DM, Olliff SP, Jackson RW, Edwards RD, Robertson IR, Rose JD, Moss JG. Results of a retrospective multicenter trial of the Viatorr expanded polytetrafluoroethylene-covered stent-graft for transjugular intrahepatic portosystemic shunt creation. J Vasc Interv Radiol 2004; 15: 1219-1230 [PMID: 15525740 DOI: 10.1097/01.RVI.0000137434.19522.E5]

77
Hausegger KA, Karnel F, Georgieva B, Tauss J, Portugaller H, Deutschmann H, Berghold A. Transjugular intrahepatic portosystemic shunt creation with the Viatorr expanded polytetrafluoroethylene-covered stent-graft. J Vasc Interv Radiol 2004; 15: 239-248 [PMID: 15028808]

78
Bureau C, Otal P, Chabbert V, Péron JM, Rousseau H, Vinel JP. Segmental liver ischemia after TIPS procedure using a new PTFE-covered stent. Hepatology 2002; 36: 1554 [PMID: 12447885 DOI: 10.1053/jhep.2002.35449]

79
Vizzutti F, Arena U, Rega L, Zipoli M, Abraldes JG, Romanelli RG, Tarquini R, Laffi G, Pinzani M. Liver failure complicating segmental hepatic ischaemia induced by a PTFE-coated TIPS stent. Gut 2009; 58: 582-584 [PMID: 19299387 DOI: 10.1136/gut.2008.172486]

80
Airoldi A, Vangeli M, Vizzutti F, Pinzani M, Minola E, Rampoldi A, Pinzello G. Expanding the severity range of polytetrafluoroethylene-related hepatic outflow occlusion. Liver Int 2009; 29: 1288-1289 [PMID: 19515219 DOI: 10.1111/j.1478-3231.2009.02057.x]

81
Yang Z, Han G, Wu Q, Ye X, Jin Z, Yin Z, Qi X, Bai M, Wu K, Fan D. Patency and clinical outcomes of transjugular intrahepatic portosystemic shunt with polytetrafluoroethylene-covered stents versus bare stents: a meta-analysis. J Gastroenterol Hepatol 2010; 25: 1718-1725 [PMID: 21039832 DOI: 10.1111/j.1440-1746.2010.06400.x]

82
Bureau C. Covered stents for TIPS: are all problems solved? Eur J Gastroenterol Hepatol 2006; 18: 581-583 [PMID: 16702844]

83
Amarapurkar DN, Punamiya SJ, Patel ND. Changing spectrum of Budd-Chiari syndrome in India with special reference to non-surgical treatment. World J Gastroenterol 2008; 14: 278-285 [PMID: 18186568]

84
Corso R, Intotero M, Solcia M, Castoldi MC, Rampoldi A. Treatment of Budd-Chiari syndrome with transjugular intrahepatic portosystemic shunt (TIPS). Radiol Med 2008; 113: 727-738 [PMID: 18618075 DOI: 10.1007/s11547-008-0288-z]

85
Darwish Murad S, Luong TK, Pattynama PM, Hansen BE, van Buuren HR, Janssen HL. Long-term outcome of a covered vs. uncovered transjugular intrahepatic portosystemic shunt in Budd-Chiari syndrome. Liver Int 2008; 28: 249-256 [PMID: 18251982 DOI: 10.1111/j.1478-3231.2007.01649.x]

86
Hernández-Guerra M, Turnes J, Rubinstein P, Olliff S, Elias E, Bosch J, García-Pagán JC. PTFE-covered stents improve TIPS patency in Budd-Chiari syndrome. Hepatology 2004; 40: 1197-1202 [PMID: 15486923 DOI: 10.1002/hep.20436]

87
Plessier A, Sibert A, Consigny Y, Hakime A, Zappa M, Denninger MH, Condat B, Farges O, Chagneau C, de Ledinghen V, Francoz C, Sauvanet A, Vilgrain V, Belghiti J, Durand F, Valla D. Aiming at minimal invasiveness as a therapeutic strategy for Budd-Chiari syndrome. Hepatology 2006; 44: 1308-1316 [PMID: 17058215 DOI: 10.1002/hep.21354]

88
Rössle M, Olschewski M, Siegerstetter V, Berger E, Kurz K, Grandt D. The Budd-Chiari syndrome: outcome after treatment with the transjugular intrahepatic portosystemic shunt. Surgery 2004; 135: 394-403 [PMID: 15041963 DOI: 10.1016/j.surg.2003.09.005]

89
Darwish Murad S, Plessier A, Hernandez-Guerra M, Fabris F, Eapen CE, Bahr MJ, Trebicka J, Morard I, Lasser L, Heller J, Hadengue A, Langlet P, Miranda H, Primignani M, Elias E, Leebeek FW, Rosendaal FR, Garcia-Pagan JC, Valla DC, Janssen HL. Etiology, management, and outcome of the Budd-Chiari syndrome. Ann Intern Med 2009; 151: 167-175 [PMID: 19652186]

90
Saad WE, Darwish WM, Davies MG, Waldman DL. Stent-grafts for transjugular intrahepatic portosystemic shunt creation: specialized TIPS stent-graft versus generic stent-graft/bare stent combination. J Vasc Interv Radiol 2010; 21: 1512-1520 [PMID: 20801686 DOI: 10.1016/j.jvir.2010.06.009]

91
Cura M, Cura A, Suri R, El-Merhi F, Lopera J, Kroma G. Causes of TIPS dysfunction. AJR Am J Roentgenol 2008; 191: 1751-1757 [PMID: 19020247 DOI: 10.2214/AJR.07.3534]

92
Clark TW, Agarwal R, Haskal ZJ, Stavropoulos SW. The effect of initial shunt outflow position on patency of transjugular intrahepatic portosystemic shunts. J Vasc Interv Radiol 2004; 15: 147-152 [PMID: 14963180]

93
Chen L, Xiao T, Chen W, Long Q, Li R, Fang D, Wang R. Outcomes of transjugular intrahepatic portosystemic shunt through the left branch vs. the right branch of the portal vein in advanced cirrhosis: a randomized trial. Liver Int 2009; 29: 1101-1109 [PMID: 19386025 DOI: 10.1111/j.1478-3231.2009.02016.x]

P- Reviewer: Peynircioglu B    S- Editor: Zhai HH    L- Editor: Wang TQ    E- Editor: Wang CH





�








Table 4  Outcome of transjugular intrahepatic portosystemic shunt with covered stents: An overview of case series


Ref.


�
Period


�
n


�
Indication for TIPS


�
Liver function


�
Follow-up time1 


�
Patients with shunt dysfunction (n)


�
Cumulative shunt dysfunction or patency rate


�
HE (n)


�
No. Pts death (n)


�
�
Sajja et al[70]


�
2001.1- 2011.12


�
  59


�
Ascites (16), variceal bleeding (31), both (12)


�
MELD score: 12.5


�
 654 ± 341 (253-1584) d


�
6-mo: 8; overall: 14


�
NA


�
15


�
  7


�
�
Wu  et al[71]


�
NA


�
114


�
Pure esophageal variceal disruption hemorrhage (92), pure refractory cirrhotic ascites (8), esophageal variceal disruption hemorrhage with refractory ascites (14)


�
CPC A/B/C: 29/68/34


�
NA


�
16


�
1-yr dysfunction rate: 13.3%; 2-yr dysfunction rate: 24.8%


�
23


�
NA


�
�
Wu et al[72]


�
2008.1- 2011.12


�
150


�
Gastroesophageal variceal bleeding (134), refractory ascites (16)


�
CPC A/B/C: 30/81/39


�
24.1 ± 8.8 mo


�
17


�
NA


�
23


�
18


�
�
Rössle et al[73]


�
2000.4-2004.10


�
100


�
Variceal bleeding (41); refractory ascites, hydrothorax, or hepatorenal syndrome (59)


�
CPC A/B/C: 21/58/21


�
 22 ± 15 (0.8-47) mo


�
6-mo: 6; 1-yr: 7; 2-yr: 11; overall: 16


�
NA


�
NA


�
22


�
�
Vignali et al[74]


�
2001.2-2003.12


�
114


�
Variceal bleeding (49), refractory ascites (52), hypertensive gastropathy (10), BCS (1), hepatorenal syndrome (2)


�
CPC A/B/C: 8/60/46


�
 11.9 ± 10.2 (0-38) mo


�
15


�
6-mo dysfunction rate: 8.1%; 1-yr dysfunction rate: 20.1%; 2-yr dysfunction rate: 24.1%


�
27


�
35


�
�
Maleux et al[75]


�
2000.8-2003.5


�
  56


�
Upper variceal bleeding (18), refractory ascites (23), variceal bleeding with refractory ascites (10), refractory ascites with hydrothorax (4), hydrothorax (1)


�
CPC A/B/C: 8/13/35


�
337 (4-962) d


�
  1


�
NA


�
10


�
30-d: 3; overall: 16


�
�
Charon et al[76]


�
2000.7-2003.1


�
100


�
Variceal bleeding (81), refractory ascites (19)


�
CPC A/B/C: 20/46/34


�
261 (45-837) d


�
11


�
1-yr patency rate: 84%


�
Acute: 13


�
45


�
�
Hausegger et al[77]


�
1999.9-2002.3


�
  71


�
Refractory ascites (44), recurrent esophageal bleeding (27)


�
CPC A/B/C: 10/43/18


�
NA


�
  9


�
6-mo patency rate: 87.4%; 1-yr patency rate: 80.8%


�
18


�
30-d: 7; overall: 20


�
�
1Data are expressed as absolute mean ± SD (range) or mean (range). BCS: Budd-Chiari syndrome; CPC: Child-Pugh class; HE: Hepatic encephalopathy; MELD: Model for end-stage liver disease; NA: Not available.





Table 3  Comparison of outcome after transjugular intrahepatic portosystemic shunt between covered and bare stents: An overview of comparative studies


  Ref.


�
Period


�
Target population


�
No. patients (covered/bare)


�
Efficacy of TIPS (covered/bare)


�
Shunt dysfunction or patency (covered/bare)


�
Post-TIPS encephalopathy (covered/bare)


�
Survival or death (covered/bare)


�
�
  Luca et al[45]


�
2003.1-2010.2


�
Cirrhotic patients with non-tumoural PVT


�
70 (57/13)


�
NA


�
12-mo shunt dysfunction rate: 21%/38%; 24-mo shunt dysfunction rate: 29%/85%


�
NA


�
NA


�
�
  Sommer et al[58]


�
2001.2-2011.1


�
Patients with elective TIPS procedures


�
174 (58/116)


�
Clinical success rate: ascites: 90.5%/81.3%; ascites + bleeding: 85.7%/73.7%; bleeding: 90.0%/86.2% (NS)


�
12-mo primary shunt patency rate: 62.4%/43.9% 


(P < 0.05)�
Overall rate: 36.5%/37.5% (NS)


�
12-mo survival rate: 79.1%/75.6%; overall survival time: 835.25 ± 823.0 (9–3200)/805.6 ± 868.4 (6–3290) d (NS)


�
�
  Clark et al[59]


�
2001-2010


�
Patients with PH


�
246 (176/70)


�
NA


�
Overall shunt dysfunction rate: 22%/ 57% 


(P = 0.05)�
NA


�
Survival time: 33/31 mo (P = 0.5)


�
�
  Maleux et al[60]


�
1992-2006


�
Cirrhotic patients with refractory ascites


�
222 (126/96)


�
Rate of clinically significant residual ascites 1 mo after TIPS: 35.5%/55.6% (P = 0.003)


�
1-yr shunt dysfunction rate: 19%/49% 


(P < 0.0001) �
1-yr rate: 22%/56% (P < 0.0001)


�
6-mo survival rate: 73.2%/62.8%; 1-yr survival rate: 65.5%/55.0% (P = 0.0071)


�
�
  Wu et al[61]


�
2007.4-2009.4


�
Patients with PH


�
60 (30/30)


�
Number of rebleeding: 1/6 


(P = 0.04)�
Number of shunt dysfunction: 0/9 


(P = 0.002)�
Number: 5/6 (P = 0.74)


�
Number of death: 0/4 (P = 0.038)


�
�
  Bandi et al[62]


�
2006.3-2009.3


�
Patients with PH


�
66 (33/33)


�
Clinical relapse number (rate): 8 (26%)/15 (45%) 


(P < 0.05)�
Number of shunt dysfunction: 5/15 (P < 0.05)


�
Overall rate: 22%/33% (NS)


�
Overall survival rate: 66%/37% (P < 0.05)


�
�
  Jung et al[63]


�
1996.6-2006.2


�
Patients who received de novo TIPS


�
81 (51/30)


�
Bleeding group: 3-mo clinical success rate: 100%/58% 


(P = 0.03); 12-mo clinical success rate: 67%/18% 


(P = 0.046). Ascites group: 3-mo clinical success rate: 77%/70% 


(P = 0.2); 12-mo clinical success rate: 64%/33% (P = 0.18)�
3-mo primary patency rate: 94%/63% 


(P = 0.03); 6-mo primary patency rate: 67%/ 8% (P = 0.47); 12-mo primary patency rate: 38%/24% 


(P = 0.65) �
Overall rate: 15%/14% (P = 0.7)


�
Bleeding group: 30-d mortality rate: 40%/33% (P = 0.69); overall mortality rate: 40%/50% (P = 0.57). Ascites group: 30-d mortality rate: 6%/27% (P = 0.13); overall mortality rate: 13%/55% (P = 0.02)


�
�
  Pan et al[64]


�
2001.1- 2005.12


�
Patients with variceal bleeding and refractory ascites


�
128 (57/71)


�
NA


�
30-d shunt dysfunction rate: 1.8%/4.2% 


(P = 0.4); 6-mo shunt dysfunction rate: 5.2/25.3% (P = 0.003); 1-yr shunt dysfunction rate: 5.2%/30.9% (P = 0.004); overall shunt dysfunction rate: 8.7%/40.8% 


(P = 0.004)�
NA


�
6-mo mortality rate: 10.5%/16.9% (P = 0.3); 1-yr mortality rate: 14%/23.9% (P = 0.2); overall mortality rate: 21.1%/35.2% (P = 0.08)


�
�
  Tripathi et al[65]


�
1991.7- 2004.12


�
Patients with variceal bleeding, ascites, portal hypertensive gastropathy, hepatic hydrothorax


�
473 (157/316)


�
2-yr cumulative rebleeding rate: 6%/17% (P < 0.05)


�
2-yr cumulative shunt dysfunction rate: 11%/74% 


(P < 0.001); overall shunt dysfunction rate: 8%/48%�
2-yr cumulative rate: 23%/38% (P < 0.05)


�
2-yr cumulative mortality rate: 49%/50%


�
�
Gandini et al[66]


�
1994.1- 2003.11


�
Patients with BCS


�
13 (7/6)


�
Clinical relapse rate: 100%/0%


�
6-mo primary patency rate: 100%/16.7%; 12-mo primary patency rate: 85.7%/0% 


(P < 0.001, Log-Rank)�
Overall rate: 0%/0%


�
NA


�
�
Barrio et al[67]


�
1998.9-2002.5


�
Cirrhotic patients with PH related complications


�
70 (20/50)


�
Rate of clinical recurrence of portal hypertension related complications: 0%/22% (P = 0.085)


�
6-mo shunt dysfunction rate: 0%/32%; 12-mo shunt dysfunction rate: 0%/82% 


(P = 0.03, Log-Rank)�
1-mo rate: 41%/20%; 3-mo rate: 44%/34%; 9-mo rate: 44%/40% (P = 0.5, Log-Rank)


�
6-mo survival rate: 67%/88%; 12-mo survival rate: 67%/81% (P = 0.11, Log-Rank)


�
�
Bureau et al[68,69]


�
2000.2-2002.4


�
Patients with cirrhosis and uncontrolled bleeding, recurrent bleeding, or refractory ascites


�
80 (39/41)


�
Clinical relapse rate: 7.7%/29.3%


�
1-yr primary patency rate: 85.6%/46.6%; 2-yr primary patency rate: 80.2%/18.6% (P = 0.0005, Log-Rank)


�
1-yr rate: 22%/41% (P = 0.0586)


�
1-yr survival rate: 70.9%/59.5%; 2-yr survival rate: 64.5%/40.5%


�
�
BCS: Budd-Chiari syndrome; NA: Not available; NS: Not significant; PH: Portal hypertension; PVT: Portal vein thrombosis; TIPS: Transjugular intrahepatic portosystemic shunt.





Table 2  Transjugular intrahepatic portosystemic shunt for the treatment of refractory ascites: An overview of meta-analyses


  Ref.


�
Design


�
No. trials


�
Comparative arms


�
Target population


�
Efficacy of TIPS


�
Encephalopathy


�
Survival or death


�
�
  Chen et al[25]


�
Meta-regression and Trial Sequential Meta-analysis


�
6


�
TIPS vs large-volume paracentesis


�
Refractory ascites in liver cirrhosis


�
Ameliorate refractory ascites: TIPS was better 


(P < 0.05)�
Frequency of HE: TIPS was higher (P < 0.01)


�
Overall mortality: NS; subgroup mortality (patients with better hepatic and renal function): TIPS was lower (P < 0.05)


�
�
  Salerno et al[26]


�
Meta-analysis of individual patient data


�
4


�
TIPS vs large-volume paracentesis


�
Refractory ascites in liver cirrhosis


�
Tense ascites recurrence: TIPS was lower (P < 0.0001)


�
Average number of HE episodes: TIPS was higher (P = 0.006)


�
Transplant-free survival: TIPS was better (P = 0.035) 


�
�
  Saab et al[27]


�
Meta-analysis of RCTs


�
5


�
TIPS vs paracentesis 


�
Refractory ascites in liver cirrhosis


�
Re-accumulation of ascites: TIPS was lower (P < 0.01)


�
Frequency of HE: TIPS was higher (P < 0.01)


�
30-d mortality: NS; 24-mo mortality: NS


�
�
  D'Amico et al[28]


�
Meta-analysis of RCTs


�
5


�
TIPS vs paracentesis 


�
Refractory ascites in liver cirrhosis


�
Recurrence of ascites: TIPS was lower (P < 0.05)


�
Frequency of HE: TIPS was higher (P < 0.05)


�
Mortality: NS


�
�
  Albillos et al[29]


�
Meta-analysis of RCTs


�
5


�
TIPS vs paracentesis 


�
Refractory ascites in liver cirrhosis


�
Ascites recurrence: TIPS was lower 


(P < 0.05)�
Risk of HE: TIPS was greater


�
Overall mortality: NS; subgroup mortality (patients with recidivant ascites): TIPS was lower (P < 0.05)


�
�
  Deltenre et al[30]


�
Meta-analysis of RCTs


�
5


�
TIPS vs large-volume paracentesis


�
Refractory ascites in liver cirrhosis


�
Control of ascites: TIPS was better 


(P < 0.001) �
HE: TIPS was higher (P < 0.001) 


�
Survival: NS


�
�
HE: Hepatic encephalopathy; NS: Not significant; RCT: Randomized controlled trial; TIPS: Transjugular intrahepatic portosystemic shunt.





Table 1  Transjugular intrahepatic portosystemic shunt for the prevention of variceal rebleeding: An overview of meta-analyses


Ref.


�
Design


�
No. trials


�
Comparative arms


�
Target population


�
Efficacy of TIPS


�
Encephalopathy


�
Survival or death


�
�
Zheng et al[6]


�
Meta-analysis of RCTs


�
12


�
TIPS vs endoscopic treatment


�
Variceal rebleeding in cirrhosis


�
Variceal rebleeding: TIPS was lower 


(P < 0.00001)�
The frequency of HE: TIPS was higher (P < 0.00001)


�
Death due to all causes: NS


�
�
Khan et al[7]


�
Meta-analysis of RCTs


�
22


�
Portosystemic shunts (surgical or TIPS) vs endoscopic therapy


�
Variceal rebleeding in cirrhosis


�
Rebleeding: shunt was lower


�
Acute or chronic HE: shunt was higher 


�
Mortality: NS


�
�
Burroughs et al[8]


�
Meta-analysis of RCTs


�
13


�
TIPS vs endoscopic treatment


�
Variceal rebleeding in cirrhosis


�
Recurrent bleeding: TIPS was lower


�
Encephalopathy: TIPS was higher


�
Survival: NS


�
�
Papatheodoridis et al[9]


�
Meta-analysis of RCTs


�
11


�
TIPS vs endoscopic treatment


�
Variceal rebleeding


�
Variceal rebleeding: TIPS was lower 


(P < 0.001)�
Encephalopathy: TIPS was higher 


(P < 0.001)�
Overall mortality: NS; sensitivity analyses: NS


�
�
Luca et al[10]


�
Meta-analysis of RCTs


�
11


�
TIPS vs endoscopic treatment with or without propranolol


�
Recurrent bleeding in cirrhosis


�
Recurrent bleeding: TIPS was lower


�
Encephalopathy: TIPS was higher


�
Death due to all causes: NS; death due to bleeding: NS


�
�
HE: Hepatic encephalopathy; NS: Not significant; RCT: Randomized controlled trial; TIPS: Transjugular intrahepatic portosystemic shunt.











