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Abstract
Portal hypertension (PH) plays an important role in the natural history of cirrhosis, and is associated with several clinical consequences. The introduction of transjugular intrahepatic portosystemic shunts (TIPS) in the 1980s has been regarded as a major technical advance in the management of the PH-related complications. At present, polytetrafluoroethylene-covered stents are the preferred option over traditional bare metal stents. TIPS is currently indicated as a salvage therapy in patients with bleeding esophageal varices who fail standard treatment. Recently, applying TIPS early (within 72 h after admission) has been shown to be an effective and life-saving treatment in those with high-risk variceal bleeding. In addition, TIPS is recommended as the second-line treatment for secondary prophylaxis. For bleeding gastric varices, applying TIPS was able to achieve hemostasis in more than 90% of patients. More trials are needed to clarify the efficacy of TIPS compared with other treatment modalities, including cyanoacrylate injection and balloon retrograde transvenous obliteration of gastric varices. TIPS should also be considered in bleeding ectopic varices and refractory portal hypertensive gastropathy. In patients with refractory ascites, there is growing evidence that TIPS not only results in better control of ascites, but also improves long-term survival in appropriately selected candidates. In addition, TIPS is a promising treatment for refractory hepatic hydrothorax. However, the role of TIPS in the treatment of hepatorenal and hepatopulmonary syndrome is not well defined. The advantage of TIPS is offset by a risk of developing hepatic encephalopathy, the most relevant post-procedural complication. Emerging data are addressing the determination the optimal time and patient selection for TIPS placement aiming at improving long-term treatment outcome. This review is aimed at summarizing the published data regarding the application of TIPS in the management of complications related to PH.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Transjugular intrahepatic portosystemic shunts (TIPS) has been proven to be an effective treatment modality for complications related to portal hypertension (PH). Currently, several efforts are now focusing on improving its efficacy by investigating the significance of the timing of the procedure and the characteristics of patients. This article gives an overview of the TIPS procedure as well as a summary of recent evidences regarding its clinical application in the management of PH-related complications.
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INTRODUCTION
Portal hypertension (PH) is one of the common causes of death among patients with cirrhosis, and is defined by an increase of 5 mmHg above the upper normal limit in the pressure gradient between the portal vein and the inferior vena cava (portal pressure gradient: PPG)[1-3]. PH becomes clinically significant when PPG exceeds a threshold of 10 mmHg[3-5]. The development of PH results in the formation of portal-systemic collaterals that divert part of the portal blood flow to the systemic circulation, which directly gives rise to several clinical consequences, including variceal bleeding, ascites, and hepatorenal syndrome[5,6]. Therefore, pharmacological therapy or intervention that will result in a decline in PPG is the preferred treatment approach for these patients.

Transjugular intrahepatic portosystemic shunt (TIPS) is a percutaneously created low-resistance channel between the portal vein and the hepatic vein. The goal of TIPS is to reduce portal pressure by shunting blood from the portal to the systemic circulation, bypassing the liver. Physiologically, TIPS generates hemodynamic changes similar to those observed in surgical portosystemic shunts. Currently, TIPS has become overwhelmingly preferred over the traditional surgical shunts due to its less invasive technique, reduction in complications, and faster recovery time. This review focuses on the clinical application of TIPS placement in the management of PH-related complications.

CREATION OF TIPS

The primary function of TIPS is to create a low-resistance shunt between the intrahepatic portion of the portal vein and the hepatic vein from a transjugular approach. Most authors cite Rosch as the principal inventor of TIPS, who originally described transjugular approach portal venography[7]. Later, in 1982, Colapinto et al[8] was the first to report the clinical use of TIPS with balloon angioplasty in expanding the intrahepatic tract. Nonetheless, this technique still resulted in poor patency of the created tract. To ameliorate this, an expandable metal stent was placed across the shunt to maintain its patency[9]. 

Pre-procedural considerations

Taking into account its invasive technique and complications, the indication of TIPS should be firmly addressed before performing the procedure. In general, TIPS is recommended only in patients with PH-related complications who fail conservative treatment. The initial pre-procedural evaluation consists of a thorough review of clinical history and physical examination to identify procedural risks. Laboratory studies should be assessed prior to the procedure. These should encompass a complete blood count, coagulation, and metabolic panels, including serum electrolytes, creatinine, and liver function test. With a cirrhotic liver, vascular anatomy can be dramatically altered. Therefore, cross-sectional imaging studies with computer tomography, magnetic resonance imaging, or ultrasound with color Doppler should also be obtained to facilitate the anatomical orientation and to document hepatic and portal vein patency. Abdominal paracentesis and/or thoracentesis should be performed in patients with tense ascites or hepatic hydrothorax. This allows the liver to drop down into a more natural position and facilitates the portal vein puncture[10]. Those with a previous history of hepatic encephalopathy should have the encephalopathy treated, and their mental status optimized before performing the procedure. In subjects with suspected or known cardiac disease, an echocardiography should be done to rule out systolic or diastolic cardiac failure. So far, evidence from a single clinical trial has failed to show any benefit in prophylactic antibiotics to reduce peri-procedural infections[11]. However, in clinical practice, as these patients are poorly tolerated to infection, it is generally recommended that prophylactic antibiotics be administered during the procedure[12]. 

Technical aspects of TIPS placement 

TIPS is performed mostly under conscious sedation, but in the case of prolonged duration or an unstable patient, general anesthesia is preferred. The success rate of achieving portal decompression appears to be more than 90% in most series, and several reviews have recently described detailed step-by-step methods of TIPS placement[13-15]. In brief, a catheter is introduced via the jugular vein, passing the right atrium into the hepatic vein. A needle inserted through the catheter is then used to puncture the liver parenchyma, and enters the portal vein branch. Once the portal vein has been cannulated, portal pressure measurement and venography are measured. Next, the intrahepatic parenchymal tract is dilated by an angioplasty balloon. Subsequently, either a bare metal or polytetrafluoroethylene (PTFE)-covered stent is deployed across the created tract. Normally, a 10- or 12-mm stent diameter is chosen for adult patients. Finally, the post-TIPS portosystemic pressure gradient (PSG) is calculated. If needed, further balloon dilatation can be performed to obtain the desired PSG (Figure 1). 

Traditionally, many radiologists calculate PSG by subtracting the right atrial pressure (RAP) from the portal pressure. However, inferior vena cava pressure (IVCP) should theoretically be used as the internal zero reference instead of RAP, due to the gradient between the portal vein and the inferior vena cava better reflecting the pressure difference between the portal and systemic venous systems. In a recent study, La Mura et al[16] performed a trial comparing PSG by using RAP and IVCP as the internal zero in 99 patients with TIPS placement. Compared with IVCP, using RAP as the internal zero resulted in an undesirable increase in mean PSG of 2.5 mmHg (95%CI: 2.0-2.9; P < 0.001), which led to an unnecessary dilatation of TIPS in 20% of patients. 

PTFE-covered stents are specifically designed stent grafts for TIPS, consisting of a 4-8-cm long proximal covered part for the intrahepatic portion and a 2-cm long uncovered caudal part that lies in the portal vein. The PTFE is a trilaminar structure with slight porosity and is impermeable to liquid bile, preventing the occlusion of the lumen by ingrowth of tissue from the surrounding liver. A recent meta-analysis of six trials (one prospective and five retrospective) comparing TIPS placement with PTFE-covered and bare metal stents for treating PH-related complications showed that the covered stent was superior in terms of achieving shunt patency (HR = 0.28; 95%CI 0.20-0.35), lower risk of hepatic encephalopathy (HR = 0.65; 95%CI: 0.45-0.86), and better survival (data derived from four observational studies; HR = 0.76; 95%CI: 0.58-0.94)[17]. Indeed, to date, there are two randomized controlled trials evaluating this issue (the first one was also included in the previously mentioned meta-analysis)[18-20]. In both trials, the PTFE-covered stent was superior to the bare metal stent in maintaining long-term shunt patency with 2-year shunt dysfunction rates of 24%-44% and 64%, respectively. Notably, one study demonstrated that the incidence of clinical relapse (variceal bleeding or ascites) and post-TIPS hepatic encephalopathy was lower in those assigned to the covered stent[19]. Theoretically, better shunt patency should result in a higher rate of hepatic encephalopathy. The significantly lower rate of hepatic encephalopathy in the PTFE-covered stent group could possibly be explained by the fact that those with uncovered stent experienced higher numbers of clinical relapses, hospitalizations, and re-interventions, which eventually aggravated hepatic encephalopathy. However, no survival advantage of the covered stent over the bare metal stent was shown in both trials. Interestingly, Perarnau et al[20] have recently reported that, despite the higher cost of PTFE-covered stents, both groups were comparable with respect to cost-effectiveness. Currently, a PTFE-covered stent is advocated as the preferable option by the American Association for the Study of Liver Diseases (AASLD) guidelines[21].

Complications and contraindications

Many complications can occur during or after the TIPS implantation procedure. Complications related to the puncture site include intraperitoneal hemorrhage, portal vein perforation, and hepatic artery or bile duct injury, which may lead to fistula formation. The incidence of these fatal complications is reported to be 0.5%-4.3%[22]. Ultrasonographic guidance of the portal vein puncture and a clear knowledge of vascular anatomy of the liver are recommended in order to correctly portal vein access, thus avoiding non-target organ puncture. 

The most relevant clinical complication is hepatic encephalopathy, which is related to an increased shunting of blood away from the liver to the systemic circulation. The incidence of new onset or worsening hepatic encephalopathy is reported to be 20%-31%[22-24]. Several parameters have been documented as a predictor of post-TIPS encephalopathy: hypoalbuminemia, older age, previous encephalopathy, and encephalopathy at the time of TIPS creation[23,25,26]. The management of post-TIPS encephalopathy is similar to that of portosystemic encephalopathy in other settings[22,24]. Most patients respond to standard treatment and a correction of identified precipitating factors. In refractory cases, a reduction of the shunt’s diameter should be considered[22,23,27].

The contraindications of TIPS according to AASLD guidelines are shown in Table 1[3]. TIPS should not be performed in patients who have severe heart failure or pulmonary hypertension due to an increased risk of life-threatening pulmonary congestion. In cases of relative contraindications, the risk of the procedure should be weighed against the benefit. Moreover, the overall prognosis of the patient must be considered prior to the procedure.

Several clinical scoring systems have been proposed to predict the outcome in patients undergoing TIPS. The Child-Pugh score was originally developed to estimate the risk of postoperative mortality in patients with esophageal varices[28]. It has been validated as a useful predictor of short-term and long-term survival after TIPS placement. However, the major drawback of the Child-Pugh score is its “ceiling effect”, which fails to differentiate among patients with severe liver dysfunction. In addition, it incorporates two subjective parameters: ascites and hepatic encephalopathy, which could be influenced by interobserver variability. In 2000, Malinchoc et al[29] first described the Mayo Clinic risk score for cirrhotic patients considered for TIPS. In this study, patients who had a score > 1.8 had a median survival of 2.8 mo compared with 1.3 years in those who had a score < 1.8. Subsequently, a slight modification of the Mayo Clinic risk score was introduced and became known as the Model For End-Stage Liver Disease (MELD) score[30]. The accuracy of the MELD score in predicting short-term mortality in patients with cirrhosis has been shown in several studies[31]. Currently, the MELD score has gained wide acceptance as a prognostic model in patients with end-stage liver disease. Regarding post-TIPS outcome, the MELD score was found to be superior to the Child-Pugh score in predicting the long-term survival[32-34]. Indeed, it has been shown that patients with a MELD score > 18 had significantly worse outcome after TIPS placement compared with those with MELD score ≤ 18[33]. A recent study reported a 5-year survival of more than 80% in patients undergoing TIPS for variceal bleeding with a pre-TIPS MELD score < 10[35].

CLINICAL APPLICATIONS OF TIPS FOR PORTAL HYPERTENSION-RELATED COMPLICATIONS

Esophageal varices

Esophageal varices are present in approximately 50% of patients with cirrhosis, and most directly result from PH. As portal pressure increases, venous connections between the portal and systemic circulation arise[6]. It has been well documented that esophageal varices develop in cirrhotic patients who have a hepatic venous pressure gradient (HVPG) of at least 10-12 mmHg. Esophageal varices occur at a rate of 7% per year, and the 1-year rate of first variceal hemorrhage is approximately 12% (5% for small varices and 15% for large varices)[1,2]. In those who bleed, there is a 15%-20% chance of death within 6 wk after a bleeding episode. Moreover, the 1-year rebleeding rate is approximately 60% with a mortality rate of up to 33%. Accordingly, bleeding esophageal varices is the most lethal complication among cirrhotic patients[4]. 

Primary prophylaxis of variceal bleeding

In the current guidelines, it is suggested that primary prophylaxis to prevent first variceal bleeding should be administered in patients with medium to large varices, and in patients with small varices that are associated with a high risk of hemorrhage (Child C cirrhosis or presence of red wale marks). The treatment of choice is either non-selective beta-blockers (NSBBs) or endoscopic variceal ligation (EVL)[1,3]. Due to the fact that these patients are at relatively low risk of bleeding, strategies for primary prophylaxis should be minimally invasive. In addition, reports using surgical portocaval shunts, which generate the same physiologic changes as TIPS, for primary prophylaxis resulted in more frequent hepatic encephalopathy and higher mortality[1,36]. Therefore, TIPS is generally not recommended for this purpose[3].

Acute bleeding episodes

The current standard of care for patients with acute variceal bleeding is a combination of early vasoactive drug administration and endoscopic therapy (preferably EVL), together with a short course of prophylactic antibiotics[1,3]. The initial hemostasis rate is approximately 80%-90% in most series. In those whom standard treatment fails, an effective rescue treatment is urgently needed. A review of 15 studies evaluating TIPS as a salvage therapy for refractory variceal bleeding reported a hemostasis rate of more than 90% with a rebleeding rate of 6%-27%[37]. Current guidelines recommend that TIPS is indicated in those who fail standard treatment or who develop a severe early rebleeding episode[3,38]. 

It is worth mentioning that, despite successful bleeding control after TIPS placement, a significant number of patients are still at a high risk of dying[39-41]. A study published in 2001 showed that rescue TIPS was able to control bleeding in 90% of patients with refractory variceal hemorrhage, but was accompanied by 30- and 60-d mortality rates of 29% and 35%, respectively[40]. The major cause of death was deterioration of liver function associated with multi-organ failure and sepsis. The study by Bañares et al[42], which included 56 patients with refractory variceal bleeding treated with TIPS, demonstrated that the actuarial probability of survival at 30 d was significantly lower in Child-Pugh class C than class A or B (48% vs 90%; P < 0.001). In this study, the presence of ascites, hepatic encephalopathy, and serum albumin level before TIPS placement were the independent factors associated with the risk of post-procedural mortality. Indeed, other clinical parameters have been documented as a prognostic factor of poor survival and treatment failure such as a MELD score > 18 or HVPG > 20[43]. This is of particular importance as it indicates that the overall prognosis of patients with acute severe variceal bleeding is mainly related to their general condition, especially the degree of liver dysfunction. This finding exhibited the existence of a group of patients that are too ill, and will die even if TIPS is successfully performed. Hence, these patients should be differentially considered as a high-risk population that deserves a more prompt and effective treatment approach. Accordingly, early utilization of TIPS as a potential life-saving treatment in this selected high-risk population has been suggested. 

Early TIPS

A randomized controlled trial by Monescillo et al[44] assigned 116 patients with high-risk bleeding esophageal varices (HVPG > 20 mmHg measured within 24 h after admission) to receive early TIPS or standard medical treatment. In this study, the early TIPS group had a significantly better outcome in terms of treatment failure, and in-hospital and 1-year survival. Indeed, the 1-year survival rate increased from 35% in the standard treatment to 62% in the early TIPS group. Nevertheless, routine HVPG measurement in the setting of acute variceal bleeding is clinically impractical.

A multicenter trial published in 2010 by García-Pagán et al[45] included 63 patients with high-risk variceal bleeding: Child C (CTP ≤ 13) or Child B cirrhosis with active bleeding at endoscopy. All patients were randomly assigned to receive early TIPS with PTFE-covered stents within 72 h after admission (n = 32) or vasoactive drug plus EVL (n = 31). In the standard treatment group, 14/31 patients reached primary endpoint (failure to control acute bleeding or rebleeding), and when the endpoint was reached, their MELD score increased from 18.8 ± 6.4 to 22.6 ± 11. Of which, TIPS was precluded in five patients due to advanced liver failure, and subsequently, all of them died. In the remaining nine patients, TIPS was performed as a rescue in seven, and four of them died within 36 d despite hemostasis being achieved. In contrast, only one patient in the early TIPS group reached the primary endpoint. Importantly, the early TIPS group had lower 1-year rebleeding or treatment failure rate, and better 1-year survival compared to the standard treatment group. The numbers needed to treat to prevent one treatment failure and one death were 2.1 (1.4-4) and 4 (2.1-50), respectively. Later, the benefit of early TIPS in patients with high-risk variceal bleeding was confirmed in a retrospective post-randomized controlled trial surveillance reported by the same authors[46]. The results of all three trials are shown in Table 2.

Interestingly, applying early TIPS did not result in an increased rate of hepatic encephalopathy in all three trials. The possible explanation is that most reported episodes of hepatic encephalopathy were precipitated by an episode of bleeding. A recent study has evaluated the economic implication of applying TIPS early, and found that it was a cost-effective intervention in patients with high-risk variceal bleeding[47]. Currently, the Baveno V consensus suggests that early TIPS (within 72 h) should be considered in patients with a high-risk of treatment failure after pharmacologic and endoscopic therapy[38]. However, the applicability of this strategy to patients with less severe liver dysfunction, or in a center with less expertise in TIPS implantation, is still a matter of debate[48].

Secondary prophylaxis of variceal bleeding
Currently, it is generally suggested that secondary prophylaxis to prevent rebleeding from esophageal varices should be initiated in all patients who survive the first episode of variceal bleeding. A combination of NSBBs and EVL is the preferred treatment option. Hence, failure of secondary prophylaxis occurs in 10%-15% of patients[1,6]. Many clinical trials have evaluated the efficacy of TIPS for the prevention of variceal rebleeding. A meta-analysis of 12 randomized controlled trials showed that TIPS was more effective than endoscopic intervention with/without pharmacologic therapy in secondary prophylaxis of variceal bleeding (OR = 0.32; 95%CI: 0.24-0.43; P < 0.00001)[49]. However, all-cause mortality was comparable between the two groups (OR = 1.17; 95%CI: 0.85-1.61; P = 0.33). As expected, the rate of new onset or worsening hepatic encephalopathy was higher in the TIPS group (OR = 2.21; 95%CI: 1.61-3.03; P < 0.00001). It should be taken into account that most trials were conducted before the introduction of the PTFE-covered stent, and the endoscopic therapy used was sclerotherapy. As mentioned earlier, it has been well documented that the PTFE-covered stent offers an advantage over the bare metal stent in terms of the post-implantation rate of shunt patency, rebleeding, and possibly long-term survival[18-20]. Accordingly, even though clinical trials comparing TIPS using a PTFE-covered stent and the current standard treatment are lacking, the disadvantage of TIPS in secondary prophylaxis would be overcome by using PTFE-covered stents.

A surgical portosystemic shunt procedure is recommended as an alternative treatment for secondary prophylaxis in patients with well-compensated cirrhosis[1,6]. To date, two trials have compared TIPS and surgical shunts in the prevention of rebleeding from esophageal varices[50,51]. The first study reported a higher rebleeding rate in the TIPS group compared with the group that received an 8-mm portocaval H-graft shunt without any significant difference in mortality. Another study demonstrated that TIPS and a distal splenorenal shunt were comparable in terms of rebleeding rate and overall mortality. However, due to the prostheses used in both trials being bare metal stents, as expected, patients assigned to TIPS had a significantly higher rate of shunt thrombosis requiring re-intervention. Again, this finding suggests that using a covered stent would result in a lower rate of shunt dysfunction, and a better long-term outcome. In conclusion, despite the previously mentioned drawbacks, TIPS is generally recommended as the second-line treatment in secondary prophylaxis of variceal bleeding for those who fail medical and endoscopic intervention[21,38].

Several lines of evidence suggest that hemodynamic response (a decrease in HVPG from baseline) after pharmacological therapy is the strongest predictor of variceal bleeding and rebleeding in cirrhotic patients with PH[52]. Indeed, after a rebleeding episode, the mortality rate approaches 30%[1,2]. Previous study reported that patients who were classified as hemodynamic responders maintained a low rebleeding rate while on drug therapy, whereas the rebleeding rate was substantially higher in hemodynamic non-responders (approximately 40% at 2 years)[53]. Another prospective trial showed that, in hemodynamic non-responders, the rebleeding rate reached 87.5% after a median duration of 28 mo, despite adding EVL as an adjunctive treatment, compared to 34% in those who were hemodynamic responders to NSBBs with/without nitrate[54]. Additionally, a reduction in HVPG was strongly associated with a decreased risk of developing spontaneous bacterial peritonitis and death[55,56]. In 2006, González et al[57] conducted a prospective study in 50 patients with cirrhosis presenting with acute variceal bleeding. After treatment of an acute bleeding episode, all patients underwent HVPG measurement, and received secondary prophylaxis with NSBBs and nitrates. After a mean time of 15.6 d, a second HVPG was measured and 9 (18%) patients were classified as hemodynamic non-responders (a reduction of HVPG < 10% from baseline). Of these, preemptive TIPS was performed in all nine patients, and none of them re-bled during a mean follow-up of 22 mo. Unfortunately, this study did not include a control group. More data are needed to clarify whether TIPS might play role as a preemptive treatment before the development of the first rebleeding episode in patients who are at high risk of rebleeding, particularly in HVPG non-responders. 

Gastric varices

The prevalence of gastric varices (GV) in patients with PH is 15%-20%, which is significantly lower than that of esophageal varices. However, the bleeding from GV is more severe, requiring more blood transfusions, and has a higher mortality rate[58,59]. Sarin et al[60] have categorized GV based on its location and association with esophageal varices. The incidence of bleeding is highest in gastroesophageal varices type 2 (GOV2) and isolated gastric varices type 1 (IGV1), commonly known as cardiofundal varices. Unfortunately, most published trials evaluating treatment of GV have included different types of GV, of which less than half of the recruited patients had cardiofundal varices.

Current recommendation suggests that endoscopic obliteration with cyanoacrylate (CA) glue injection is the treatment of choice in patients with bleeding GV[38]. Most uncontrolled series reported an initial hemostasis rate of over 90%, and a rebleeding rate of 20%-30%[59,61]. To date, a small number of case series have shown that TIPS was also effective in more than 90% of patients with refractory GV bleeding, with a 6-mo rebleeding rate of 25%[39,62]. A retrospective study by Mahadeva et al[63] included 43 patients with bleeding GV (GOV1/GOV2: 28/15) treated with CA (n = 23) or TIPS (n = 20). In this study, the initial rebleeding rate was significantly lower in the TIPS group (15% vs 30%; P = 0.005), without any difference in overall mortality. Currently, TIPS has been advocated by standard guidelines as a rescue treatment for bleeding GV if endoscopic therapy is not possible or after a single failure of endoscopic therapy[3,38]. Regarding secondary prophylaxis, currently there is only one prospective randomized controlled trial from Taiwan showing that TIPS was more effective than CA injection in the prevention of rebleeding from GV, with a rebleeding rate of 11% and 38%, respectively (P = 0.014)[64]. Unfortunately, no survival difference was shown in this study. More randomized control trials are needed to confirm this finding. It has been documented that GV may bleed despite a PSG < 12 mmHg, which may be a result of the presence of gastro-renal and spleno-renal shunts[65]. Interestingly, one uncontrolled study has shown that the advantage of TIPS on survival in patients with bleeding GV was limited to those with a pre-TIPS PSG > 12 mmHg[66]. Therefore, some experts recommend that additional embolization of collaterals feeding GV should be performed at the time of TIPS placement. However, two small retrospective studies failed to show any benefit of adding embolization with TIPS over TIPS alone in patients with bleeding GV[67,68].

In recent years, balloon retrograde transvenous obliteration of gastric varices (BRTO) has become a promising modality to treat GV, particularly in Asian countries[69]. From a hemodynamic standpoint, BRTO is different from TIPS as the portosystemic collaterals (mostly gastro-renal shunts) are occluded by a balloon, followed by an injection of sclerosant agent. Thus, several reports have shown that BRTO causes an increase in portal pressure, and aggravation of esophageal varices because of the obliteration of spontaneous portosystemic shunt caused by the procedure[70,71]. So far, there are only few trials comparing BRTO and TIPS in the treatment of acute GV bleeding. The first study, which randomly assigned 15 patients with active GV bleeding and presence of gastro-renal shunt by imaging to receive BRTO or TIPS, failed to show any significant difference in the initial hemostasis and rebleeding rates between the two groups[72]. Recently, Sabri et al[73] conducted a retrospective study in 50 patients with bleeding GV treated with TIPS or BRTO. The authors found that the rebleeding rate was lower in BRTO group (0% vs 11% at 1 year) without any statistical significance. There was no difference in the rate of hepatic encephalopathy between those treated with TIPS and BRTO in either trial. As mentioned earlier, the advantage of BRTO is offset by an aggravation in PH, which results in an increase in variceal size and ascites. Interestingly, a recent study has shown that an additional TIPS placement results in a protective effect against the development of ascites, hepatic hydrothorax, and rebleeding in bleeding GV patients treated with BRTO[74]. Whether CA, TIPS, and/or BRTO is the best therapeutic option of bleeding GV merits further study. Currently, it is recommended that decision-making should be individualized and based on the patient’s characteristics and vascular anatomy, along with the local expertise[61,75]. 

OTHER TYPES OF PORTAL HYPERTENSION-RELATED BLEEDING

Ectopic varices

Ectopic varices are dilated portosystemic collaterals of the gastrointestinal mucosa outside the gastroesophageal region. These variceal veins can occur along the entire gastrointestinal tract[76]. The clinical spectrum of bleeding ectopic varices varies from asymptomatic, occult bleeding to massive bleeding with or without hypovolemic shock[77]. Various therapeutic modalities have been documented in case reports and case series as an effective treatment of ectopic varices. However, as randomized controlled trials comparing different treatment approaches are lacking, there is no general guideline for the management of ectopic varices. 

Several reports have shown that TIPS was effective for the treatment of bleeding ectopic varices, with a rebleeding rate that varied from 17% to 37%[78-80]. Most rebleeding episodes were related to shunt dysfunction and responded to shunt intervention. The largest series was reported in 2008, which included 27 patients with ectopic varices (43% rectal varices, 29% stomal varices, and 14% duodenal varices) treated with TIPS (five patients also received selective variceal embolization as an adjunctive treatment)[81]. Of which, TIPS was performed in an emergency setting to control acute bleeding in nine patients, and hemostasis was achieved in six (67%). During follow-up, rebleeding from ectopic varices occurred in five (21%) patients. Interestingly, three patients re-bled despite patent shunts and low PSG, and bleeding was successfully controlled in two patients by additional thrombin injections. 

It has been documented that additional selective embolization of varices at the time of TIPS placement reduced the rebleeding rate in patients with ectopic varices[78,81]. However, due to the retrospective nature of the studies and given that there were no controlled groups, it is impossible to draw any firm conclusion. Whether additional embolization of varices should be routinely performed in all patients with ectopic varices undergoing TIPS warrants further study.

Portal hypertensive gastropathy

Portal hypertensive gastropathy (PHG) occurs in up to 70% of patients with PH[82]. Histological characteristics of PHG are vascular ectasia of the mucosal and submucosal capillaries without inflammation[83,84]. Clinically, PHG can cause chronic gastrointestinal bleeding requiring repeated transfusion[82]. Vasoconstrictors or NSBBs have been documented to be an effective treatment for PHG[85,86]. However, data of portal decompression for PHG are lacking. So far, two case series have shown that TIPS placement gives rise to an endoscopic resolution in more than 85% of cirrhotic patients with PHG[87,88]. In addition, there was a significantly lower transfusion requirement after TIPS placement in patients with severe PHG (0.6 ± 0.8 vs 2.9 ± 2.0, P = 0.04).

Gastric antral vascular ectasia

Gastric antral vascular ectasia (GAVE), also known as watermelon stomach, is a gastric mucosal lesion that should be differentiated from severe PHG[82]. Besides vascular ectasia, as found in PHG, the histological features of GAVE consist of spindle cell proliferation and fibrohyalinosis[89,90]. Typically, GAVE is characterized by the presence of red marks varying in size, which are predominantly located in the gastric antrum. Even though there is no correlation between GAVE and PH, about 30% of affected patients have concomitant liver cirrhosis[91,92]. Based on available information, treatments aiming at lowering portal pressure (including TIPS) do not appear to be beneficial in reducing either acute or chronic bleeding from GAVE[87,91,93].

Refractory ascites

Ascites is a common problem in patients with decompensated cirrhosis. Splanchnic vasodilatation and the activation of the sympathetic nervous system and the renin-angiotensin-aldosterone system are the proposed mechanism. Typically, patients with ascites are treated with diet modification and diuretics; however, ascites are refractory to medical therapy in 5%-10% of cases[94,95]. Refractory ascites is associated with poor quality of life, high risk of spontaneous bacterial peritonitis, and hepatorenal syndrome. The available therapeutic options for patients with refractory ascites are serial large-volume paracentesis (LVP), TIPS, surgical portosystemic shunts, and finally, in eligible candidates, liver transplantation[96].

Unlike secondary prevention of variceal bleeding, the target HVPG that needs to be achieved when the indication is refractory ascites is unclear[27]. This uncertainty is not surprising, because ascites formation in cirrhosis is not only the direct consequence of PH, but also the changes in the renal and neurohormonal systems.

Currently, six randomized controlled trials have compared TIPS and LVP in the management of refractory ascites (Table 3)[97-102]. As shown, TIPS was superior to LVP in terms of controlling ascites, but the impact of TIPS on survival was uncertain. Three out of six trials demonstrated a survival benefit of TIPS over LVP, whereas TIPS had no effect on survival in the other two trials. In the remaining trial, survival was better in patients allocated to LVP. Four meta-analyses of the five earliest controlled trials have been published, which again yielded conflicting results regarding long-term outcomes[103-106]. This discrepancy could be explained by distinct selection criteria of the included patients and the difference in the technical success rate of the procedures[27]. Indeed, all trials that favored TIPS have included patients with more preserved liver and kidney function. The most recently published study, which excluded patients with CTP ≥ 11, Cr ≥ 1.9 mg/dL and serum bilirubin > 3 mg/dL, showed that TIPS significantly improved long-term survival compared with LVP plus albumin infusion[99]. 

In 2007, Salerno et al[107] sought to eliminate the heterogeneity among studies by performing a meta-analysis of individual patient data from four controlled trials. The result showed that the actuarial transplant-free survival was better in patients allocated to TIPS compared to LVP (1- and 2-year LT-free survival of 63.1% and 49% vs 52.5% and 35.2%, respectively; P = 0.035). Recurrence of ascites was reported in 42% of patients allocated to TIPS, and 89% of patients allocated to LVP (P < 0.0001). By multivariate analysis, allocation to TIPS (HR = 0.61; 95%CI: 0.41-0.91; P = 0.015), older age (HR = 1.02; 95%CI: 1.00-1.05; P = 0.041), serum bilirubin (HR = 1.22; 95%CI: 1.03-1.46; P = 0.022), and low serum sodium (HR = 0.95; 95%CI: 0.92-0.99; P = 0.03) were independently associated with mortality. Of note, the positive effects of TIPS on survival were shown across all subgroups of patients classified according to different MELD score. As expected, the average number of cases of hepatic encephalopathy was significantly higher in patients allocated to TIPS (1.13 ± 1.93 vs 0.63 ± 1.18; P = 0.006); however, the cumulative probability of developing first episode of hepatic encephalopathy was similar between two groups. 

Supporting the idea that better selection of patients can improve post-TIPS outcome, a combination of serum bilirubin < 3 mg/dL and platelet count > 75 × 109/L has been found as a simple predictive tool of good outcome in patients with refractory ascites treated with TIPS[108]. The actuarial 1-year survival rate in patients with both platelet count > 75 × 109/L and bilirubin level < 3 mg/dL was 73.1% compared to 31.2% in patients with platelet count < 75 × 109/L or bilirubin level > 3 mg/L. This model has been internally and externally validated by the same authors in other cohorts, and its reproducibility has been confirmed. Recently, baseline serum creatinine has been reported as the only independent predictor of no response and survival in patients with refractory ascites undergoing TIPS[109]. Current AASLD guidelines suggest that TIPS should be considered as a treatment option for refractory ascites in appropriately selected patients[21]. Additional studies are needed to clarify in which clinical setting TIPS should be considered as the first-line treatment in refractory ascites.

Hepatic hydrothorax

Hepatic hydrothorax is characterized by transudative recurrent pleural effusion in patients with advanced liver disease and PH. A commonly proposed mechanism is the direct passage of peritoneal fluid through the diaphragmatic defects[110,111]. The first-line treatment consists of salt restriction, diuretics, and repeated thoracentesis. However, a number of patients with hepatic hydrothorax are refractory to initial treatments[96]. These patients warrant consideration of additional therapies, including TIPS, surgical repair of diaphragmatic defects, and pleurodesis.

The efficacy of TIPS in refractory hepatic hydrothorax has been documented in several non-randomized retrospective studies and case reports (Table 4)[112-118]. As shown, the overall clinical response rate varied from 58% to 80%. The largest study was reported by Dhanasekaran et al[118], which included 73 patients with refractory hepatic hydrothorax treated with TIPS. In this study, within 1 mo after TIPS placement, 59%, 20.5%, and 20.5% of patients had complete clinical response, partial response, and no response, respectively. The 1-, 3-, and 5-year survival rates were 48%, 26%, and 15%, respectively. In addition, it has been shown that pre-TIPS MELD score (HR = 1.9; 95%CI: 1.0-3.7; P = 0.039) and clinical response after TIPS (HR = 2.5; 95%CI: 1.4-4.5; P = 0.003) were independent factors associated with overall survival[118]. Indeed, median survival in those who had pre-TIPS MELD < 15 was significantly higher than those with pre-TIPS MELD ≥ 15 (875 vs 180 d; P = 0.035). 

Currently, there are no randomized trials comparing TIPS with other second-line treatments. Nonetheless, based on current evidence, TIPS placement results in a good control of hepatic hydrothorax, and it also results in a mobilization of ascites, which is the source of accumulated fluid. TIPS is thus the preferred treatment for refractory hepatic hydrothorax[96,119]. However, similar to refractory ascites, the benefit of TIPS in patients with refractory hepatic hydrothorax may be limited to those who are younger and have preserved baseline liver function.

Hepatorenal syndrome

Hepatorenal syndrome (HRS) is a severe complication in patients with decompensated cirrhosis. HRS develops as a result of severe splanchnic vasodilatation and circulatory dysfunction, which lead to intense renal vasoconstriction[96]. Type 1 HRS is defined as the development of rapidly progressive renal failure in the setting of a precipitating event. In contrast, type 2 HRS is characterized by slowly progressing or steady renal failure and refractory ascites[120]. 

To date, several studies have evaluated the role of TIPS placement in patients with HRS[120]. TIPS has been shown to improve kidney function (urinary sodium excretion and serum creatinine), and hemodynamic parameters in patients with HRS[121,122]. Plasma renin activity, aldosterone and noradrenaline concentration decrease significantly within 4-6 mo after the procedure. The largest study was reported in 2000, which included 41 patients with HRS[123]. Thirty-one out of 41 patients were submitted to TIPS (HRS type 1/2 = 14/17), whereas TIPS was precluded in the remaining 10 due to severe liver dysfunction. Apart from the positive effect on renal function, the TIPS group had better 3-mo survival compared to the non-TIPS group (63% and 10%, respectively). Indeed, considering only the subgroup of patients with type 1 HRS, which carries a grave prognosis, TIPS placement still resulted in better survival. However, the benefit of TIPS in this study was hampered by the selection bias toward the intervention arm. Additionally, in 2004, Wong et al[124] reported that TIPS could be used as a bridging therapy before liver transplantation in patients with HRS type 1 who initially responded to vasoconstrictor treatment. 

It should be kept in mind that, typically, patients with HRS, particularly type 1, suffer from severe liver failure, which has been regarded as a contraindication to TIPS placement. Accordingly, the clinical applicability of TIPS in these patients is considerably low. In summary, the well-established benefit of TIPS is limited to hemodynamic derangement with an inconclusive advantage on survival. Together with a limited applicability of the procedure, TIPS is therefore recommended only in a selected group of patients with HRS and/or in candidates for liver transplantation. 

Hepatopulmonary syndrome

Hepatopulmonary syndrome (HPS) is characterized by an intrapulmonary vasodilatation causing abnormal gas exchange in the setting of PH or severe liver dysfunction. HPS is relatively common in cirrhotic patients awaiting liver transplantation[125,126]. Currently, liver transplantation is the only effective treatment for HPS, resulting in complete resolution of gas-exchange abnormalities in more than 80% of patients[127,128]. 

Physiologically, TIPS aggravates existing hyperdynamic circulation in cirrhotic patients with PH, which could trigger or increase pulmonary vasodilatation, and adversely effect pulmonary gas exchange. Several case reports have evaluated the role of TIPS in HPS, which yielded conflicting results. Some case reports have shown that applying TIPS could improve pulmonary gas exchange or achieve clinical resolution, while others demonstrated a negative outcome[129-133]. This discrepancy might be caused by the distinctive clinical features of included patients, and the fact that TIPS was performed for indications other than HPS in the majority of them. The largest case series, which included three patients with advanced HPS treated with TIPS, failed to show any improvement in pulmonary gas exchange[134]. Finally, one patient in this study underwent liver transplantation and had a resolution of intrapulmonary vasodilatation. Hence, currently, there is not sufficient evidence to support the use of TIPS for HPS.

CONCLUSION

In recent years, TIPS has gained wide acceptance as a treatment for severe or refractory complications of portal hypertension. The advantage of TIPS is that it produces a greater and more rapid decrease in portal pressure than other treatment modalities. Currently, TIPS is of paramount importance in the treatment armamentarium for bleeding esophageal and gastric varices, particularly in those who fail standard treatment. In addition, TIPS has emerged as a recommended treatment modality in patients with refractory ascites and hepatic hydrothorax. Nevertheless, the application of TIPS is offset by an increased risk of hepatic encephalopathy. Future trials should focus on optimizing the appropriate timing and patient selection to achieve positive long-term outcomes after the procedure.
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Figure 1  Conventional transjugular intrahepatic portosystemic shunt insertion technique. A: From a transjugular approach, the right hepatic vein is catheterized; B: A needle inserted through the catheter is used to puncture the liver parenchyma and enters a portal vein branch; C: Transhepatic portogram with the tip of a calibrated catheter at the portosplenic confluence. This catheter is used to measure the length of the parenchymal tract for endograft placement; D: The parenchymal tract is then dilated with an angioplasty balloon to allow passage of the transjugular intrahepatic portosystemic shunt (TIPS) sheath into the portal vein; E: Once stent is fully deployed, an angioplasty balloon is used again to dilate the created tract to obtain the desirable portosystemic gradient (PSG); F: Trans-TIPS portal venography shows flow through the deployed stent. Peripheral portal vein branches are no longer opacified because of reversal of flow.
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Table 3 Results of 6 randomized controlled trials comparing transjugular intrahepatic portosystemic shunts and large volume paracentesis for refractory ascites


Ref.


�
Number of patients


�
Complete resolution of ascites within 6 mo1


�
Treatment failure2


�
Survival at 2 yr


�
Newly developed or severe encephalopathy


�
�
�
TIPS


�
LVP


�
TIPS


�
LVP


�
P-value


�
TIPS


�
LVP


�
P-value


�
TIPS


�
LVP


�
P-value


�
TIPS


�
LVP


�
P-value


�
�
Lebrec et al[98] 1996 


�
13


�
12


�
38%


�
  0%


�
< 0.05


�
NR


�
�
�
29%


�
60%


�
 0.03


�
45%


�
  0%


�
< 0.05


�
�
Rössle et al[100], 2000


�
29


�
31


�
52%


�
16%


�
     0.001


�
10%


�
48%


�
   0.001


�
58%


�
32%


�
 0.11


�
23%


�
13%


�
NS


�
�
Ginès et al[97], 2002


�
35


�
35


�
NR


�
�
�
49%


�
83%


�
   0.003


�
26%


�
30%


�
 0.51


�
60%


�
34%


�
0.03


�
�
Sanyal et al[102], 2003


�
52


�
57


�
NR 


�
�
�
42%


�
84%


�
< 0.001


�
35%


�
33%


�
 0.84


�
38%


�
21%


�
  0.058


�
�
Salerno et al[101], 2004


�
33


�
33


�
 60%3


�
  3%


�
  < 0.001


�
21%


�
57%


�
   0.001


�
59%


�
29%


�
   0.021


�
61%


�
39%


�
NS


�
�
Narahara et al[99], 2011


�
30


�
30


�
30%


�
  0%


�
  < 0.005


�
13%


�
80%


�
< 0.001


�
64%


�
35%


�
< 0.005


�
67%


�
17%


�
  < 0.001


�
�
1By intention-to-treat analysis; 2Needed frequent paracentesis or other treatment modalities to control ascites; 3Evaluated at 1 year after randomization. NR:  Not reported; NS: Not significant. LVP: Large volume paracentesis; TIPS: Transjugular intrahepatic portosystemic shunts. 





Table 2  Results of 3 trials comparing early transjugular intrahepatic portosystemic shunts placement and standard treatment (combined pharmacologic and endoscopic therapy) in high-risk acute variceal bleeding


Findings


�
Ref.


�
�
�
Monescillo  et al[44], 2004


�
García-Pagán et al[45], 2010


�
Garcia-Pagán et al[46], 2012


�
�
�
Early TIPS


�
Standard care


�
Early TIPS


�
Standard care


�
Early TIPS


�
Standard care


�
�
Patients 


�
26


�
26


�
32


�
31


�
45


�
30


�
�
Treatment failure1


�
   12%


�
   50%


�
     3%


�
   45%


�
     7%


�
   50%


�
�
Early rebleeding (< 5 d)


�
     4%


�
   12%


�
     3%


�
   13%


�
     2%


�
   13%


�
�
1-yr mortality rate 


�
   31%


�
   65%


�
   14%


�
   39%


�
    14%3


�
   30%


�
�
Development of hepatic encephalopathy2


�
   31%


�
   35%


�
   25%


�
   39%


�
   51%


�
   50%


�
�
1Failure to control acute bleeding and/or development of variceal re-bleeding; 2Not significant in all 3 trials; 3The P value is 0.056..





Table 1  Contraindications to transjugular intrahepatic portosystemic shunts placement according to current American Association for the Study of Liver Diseases guidelines


Absolute


�
Relative


�
�
Congestive heart failure


�
Hepatoma especially if central


�
�
Multiple hepatic cysts


�
Obstruction of all hepatic veins


�
�
Uncontrolled systemic infection or sepsis


�
Portal vein thrombosis


�
�
Unrelieved biliary obstruction


�
Severe coagulopathy (INR > 5)


�
�
Severe pulmonary hypertension


�
Thrombocytopenia of < 20000/cm3


�
�
�
Moderate pulmonary hypertension


�
�






Table 4  Case series of transjugular intrahepatic portosystemic shunts for refractory hepatic hydrothorax


Ref.


�
No. of patients


�
Child-Pugh or MELD score


�
Efficacy (complete/partial response)


�
30-d mortality


�
1-yr survival


�
Predictor of mortality


�
�
Strauss et al[112], 1994  


�
  5


�
C: 5


�
80%/20%


�
NR


�
NR


�
NR


�
�
Gordon et al[113], 1997  


�
24


�
B/C: 5/19


�
58%/21%


�
21%


�
NR


�
Child C


�
�
�
�
�
�
�
�
Non-response


�
�
Jeffries et al[114], 1998  


�
12


�
A/B/C: 1/5/6


�
42%/17%


�
25%


�
NR


�
Age > 65


�
�
Siegerstetter et al[115], 2001


�
40


�
B/C: 24/16


�
71%/11%


�
NR


�
64%


�
Age > 60


�
�
Spencer et al[116], 2002


�
21


�
B/C: 7/14


�
63%/11%


�
29%


�
NR


�
Multiple comorbidities


�
�
Wilputte et al[117], 2007 


�
28


�
B/C: 12/16


�
57%/11%


�
14%


�
41%


�
Child-Pugh score


�
�
Dhanasekaran et al[118], 2010 


�
73


�
MELD < 15: 32.8%


�
    59%/20.5%1 


�
19%


�
48%


�
Pre-TIPS MELD score


Non-response�
�
�
�
MELD > 15: 67.2%


�
 60%/15%2


�
�
�
�
�
1At 1-mo post TIPS; 2At 6-mo post-TIPS. NR: Not reported; TIPS: Transjugular intrahepatic portosystemic shunts.











