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Abstract
AIM: To assess the effectiveness of transjugular intrahepatic portosystemic stent shunt (TIPPS) in refractory hepatic hydrothorax in a systematic review and cumulative meta-analysis. 

METHODS: A comprehensive literature search was conducted on MEDLINE, EMBASE, and PubMed covering the period from January 1970 to August 2014. Two authors independently selected and abstracted data from eligible studies. Data were summarized using a random-effects model. Heterogeneity was assessed using the I2 test. 

RESULTS: Six studies involving a total of 198 patients were included in the analysis. The mean (SD) age of patients was 56 (1.8) years. Most patients (56.9%) had Child-Turcott-Pugh class C disease. The mean duration of follow-up was 10 mo (range, 5.7-16 mo). Response to TIPSS was complete in 55.8% (95%CI: 44.7%-66.9%), partial in 17.6% (95%CI: 10.9%-24.2%), and absent in 21.2% (95%CI: 14.2%-28.3%). The mean change in hepatic venous pressure gradient post-TIPSS was 12.7 mmHg. The incidence of TIPSS-related encephalopathy was 11.7% (95%CI: 6.3%-17.2%), and the 45-d mortality was 17.7% (95%CI: 11.34%-24.13%). 

CONCLUSION: TIPSS is associated with a clinically relevant response in refractory hepatic hydrothorax. TIPSS should be considered early in these patients, given its poor prognosis. 
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Core tip: Evidence on the effectiveness of transjugular intrahepatic portosystemic stent shunt (TIPPS) in patients with refractory hepatic hydrothorax (RHH) is scarce and variable. This paper summarizes available data on the effectiveness of TIPSS in RHH in a cumulative meta-analysis. The sum total of the evidence shows that TIPSS is associated with a clinically relevant response in three-quarters of patients with medically RHH. We suggest that TIPSS be considered early in patients with RHH, given its impact on quality of life and prognosis. However, caution should be exercised in older patients and those with severe underlying liver or renal dysfunction.
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INTRODUCTION
Hepatic hydrothorax (HH) is the accumulation of significant pleural effusion, usually in excess of 500 mL, in a patient with cirrhosis without coexisting primary cardiopulmonary disease[1-3]. It is a relatively uncommon complication of end-stage liver disease, with an estimated prevalence among cirrhotic patients of 5% to 10%[1,3-5]. Although the exact mechanisms involved in the development of HH have not been completely elucidated, the most widely accepted mechanism is the passage of fluid from the peritoneal to the pleural cavity through diaphragmatic defects, usually less than 1 cm in diameter[6-9]. The one way flow of the ascitic fluid into the pleural cavity is also thought to be influenced by the negative intrathoracic pressure. The effusion, typically a transudate, most commonly occurs in the right hemithorax (85%)[3,10]. Ascites can be absent in up to 20% of patients with HH[11-13]. A diagnostic thoracentesis often confirms diagnosis and excludes infection.
The initial management of HH is similar to that for ascites. Maximal sodium restriction (< 70-90 mmol/d) and optimal tolerated diuretics are the first-line therapy. Therapeutic thoracentesis is a safe and effective way to rapidly relieve symptoms of dyspnea in patients with large effusions (1.5-2.0 L)[5]. However, when thoracentesis is required more than once every 2 to 3 wk in patients on maximal sodium restriction and optimal diuretics, it is considered refractory, and alternative treatments should be considered. Pleurodesis and peritoneovenous shunts are surgical options that are usually associated with rapid fluid reaccumulation and procedure-related complications, and they are not generally recommended as treatments for HH[14,15]. In the absence of a large pneumothorax, hemothorax, or frank empyema, a chest tube should not be inserted in patients with HH[16,17].
Up to 25% of patients with HH will become refractory to treatment[18], compared to only 10%[17] of patients with cirrhotic ascites. Refractory hepatic hydrothorax (RHH) has traditionally been associated with poor prognosis. Patients with RHH should therefore be considered for liver transplantation. The treatment strategies for RHH are similar but not identical to those for refractory ascites. In patients with prerenal azotemia, therapeutic thoracentesis as a long-term regular treatment is not recommended because of the risk for bleeding and pneumothorax[6]. Transjugular intrahepatic portosystemic stent shunt (TIPSS) is a nonsurgical, angiographic technique of reducing hepatic sinusoidal pressure, which then results in a reduction in the accumulation of fluid in the peritoneal and pleural space. The procedure is often used as a bridge to liver transplantation in patients with end-stage liver disease. Since RHH is an uncommon complication of cirrhosis, most of the studies on the effectiveness of TIPSS have been limited to small numbers of patients, primarily in the form of case reports[19-22] or case series[3,14,23-28]. Findings from these studies have varied substantially. The purpose of this study was to evaluate the effectiveness of TIPSS in patients with RHH by pooling all available evidence in a systematic review with cumulative meta-analysis.

MATERIALS AND METHODS
Literature search
A comprehensive literature search was conducted using Ovid on MEDLINE and EMBASE, PubMed Cochrane Library, and the Web of Science for the period from January 1970 to August 2014. The search terms included, in different combinations: “portosystemic shunt,” “transjugular intrahepatic stent shunt,” “liver cirrhosis or end-stage liver disease,” “hydrothorax,” “pleural effusion,” and “ascites.” The search was limited to studies in humans published in English. References of articles meeting inclusion criteria and review articles on the subject were manually searched for other relevant studies that might have been missed.

Selection of articles
The selection criteria were studies in: (1) patients with cirrhosis irrespective of etiology; (2) patients with medically RHH with or without ascites; and (3) series that included at least 10 patients. Case reports or series with fewer than 10 patients were excluded. Two reviewers (ICD and BFAB) independently screened article titles and abstracts for selection. Once unrelated articles were excluded, each eligible article was then reviewed in full. 

Data extraction
Data were abstracted by the same 2 investigators onto standardized paper forms and entered into an Excel spreadsheet (Microsoft Corp, Redmond, Washington). The following information were abstracted from each study: author, time period of study, study methods and participants, outcome of interest [mortality/survival, response to TIPSS, TIPSS-related complications, incidence of hepatic encephalopathy (HE), mean change in hepatic venous pressure gradient (HVPG), and country of study]. Differences between the 2 abstracting investigators were settled by reviewing the article together and seeking an independent input from a third investigator (BS).

Definition of operational variables
Medically RHH: Patients with underlying liver cirrhosis who underwent TIPSS because of symptomatic HH that had failed to respond to sodium (< 2 g/d) restriction, who had optimal diuretics dosing (maximal tolerated doses without electrolyte abnormalities or clinically significant side effects), and who required frequent (more than once every 2-3 wk) thoracentesis were classified as having medically RHH.

Response to TIPSS
Response to TIPSS was based on clinical or radiographic evidence of hydrothorax post-TIPSS. Response was categorized as complete, partial, or absent. Response was classified as complete if the patients’ symptoms of shortness of breath resolved or returned to baseline, with no evidence of pleural effusion requiring thoracentesis. Partial response was defined as improvement of shortness of breath but without complete symptomatic resolution; thoracentesis was required less frequently than pre-TIPSS. Absent response was defined as persistent or worsening symptoms of shortness of breath and/or persistent need for thoracentesis. Radiologically, complete response was defined as undetectable pleural effusion on chest radiographs, computed tomogram, or ultrasonogram; partial response if pleural effusion decreased compared to pre-TIPSS; and absent response if pleural effusion was unchanged or increased. The studies used either radiologic and/or clinical criteria to assess response to TIPSS.

HE post-TIPSS: TIPPS-related complications: (1) Hepatic encephalopathy. TIPPS related hepatic encephalopathy was defined as new onset (i.e., never existed prior to TIPSS) or worsening (increased in frequency or severity of encephalopathy, compared to pre-TIPSS status). One study considered HE as TIPSS related if it occurred within 30 d of the procedure[24]; (2) Mortality After TIPSS. Death was evaluated as early (i.e., occurred within 45 d of the procedure) and overall (death irrespective of when the event occurred throughout the follow-up period). The follow-up period varied across the studies, with the longest duration being 5 years. 

Statistical analysis
Data from eligible studies were pooled using a random-effects model with Stata version 11 (Stata Corp LP, College Station, Texas). Outcomes are expressed as proportions (percentages) with 95%CIs. The pooled analyses are presented as forest plots. Since there were only 6 eligible studies, we determined a priori that subgroup analyses would not be performed. Statistical heterogeneity between studies was assessed using the Cochran Q test and the I2 statistic. An I2 value of greater than 50% or a P value of less than 0.05 for the Q statistic was taken to indicate significant heterogeneity. All analyses were performed in accordance with the Meta-analysis of Observational Studies in Epidemiology guidelines (MOOSE) (Table 1)[29]. Since this was a cumulative meta-analysis, publication bias was not assessed.

RESULTS
Literature search results 
Six studies involving a total of 198 patients were included in the analyses. Two studies were excluded because each had a small number of study subjects and were judged by 2 of the reviewing authors to be of poor quality[3,25]. Figure 1 summarizes the results of the literature search, including the reasons for the exclusion of studies, and Table 2 summarizes the characteristics of the 6 studies that were included in the analysis.

Characteristics of study participants
The mean (SD) age of the 198 patients was 56 years (1.8 years) and 52% were male. The majority of patients had Child class C disease (56.9%), while 40.7% and 0.8% were Child class B and A, respectively. The mean pre- and post-TIPSS HVPG values were 20.14 mmHg (range, 17.4-26.0 mmHg) and 7.37 mmHg (range, 5.7-10.0 mmHg), respectively. The mean duration of follow-up was 10 mo (5.7-16.0 mo). Table 3 shows the results of the various outcomes of the individual studies.

RHH response to TIPPS, post-TIPSS mortality, and incident HE
Response to TIPSS was complete in 55.8% (95%CI: 44.7%-66.9%) (Figure 2A) and partial in 17.6% (95%CI: 10.9%-24.2%) of patients (Figure 2B). There was absent response in 22.7% (95%CI: 14.2%-28.3%) of the patients (Figure 2C). There was no evidence of heterogeneity among the 6 studies (P = 0.99, P = 0.65, and P = 0.76) respectively.
Mortality within 45 d (early mortality) of TIPSS placement was 17.74 (95%CI: 11.34%-24.13%) (Figure 3A), while the overall mortality post-TIPSS was 50.17% (95%CI: 39.63%-60.71%) (Figure 3B). Predictors of mortality included older age, severity of liver disease, elevated creatinine and nonresponse to TIPSS. There was no evidence of heterogeneity among the studies (P = 0.86 and P = 0.81, respectively).
The incidence of post-TIPSS encephalopathy was 11.7% (95%CI: 6.3%-17.2%) (Figure 4). On this outcome, however, there was evidence of significant heterogeneity among the studies (P = 0.04).

DISCUSSION
This study shows that TIPSS relieves symptoms in close to three-fourths (73%) of patients with RHH. The 45-d mortality and the 1-year survival in patients with RHH are comparable to those seen in patients with refractory ascites and variceal hemorrhage. The most important predictors of poor outcomes after TIPSS for RHH include older age and severe underlying liver disease and/or associated renal dysfunction.
HH remains a rare complication of liver cirrhosis, with limited therapeutic options. When symptomatic HH fails to respond to medical treatment, repeat thoracentesis is often undertaken. Although thoracentesis is less invasive than TIPSS and is effective in quickly relieving symptoms of dyspnea, it can be associated with complications such as re-expansion pulmonary edema, pneumothorax, and empyema[5,30]. Repeated thoracentesis is also associated with deteriorating clinical status and poor quality of life[1,6]. TIPSS is a nonsurgical approach that decompresses the portal system, thereby addressing the mechanism of fluid collection in the abdomen and/or chest[31]. TIPSS is superior to other treatment modalities in the prevention of rebleeding from varices, and its control of refractory ascites has been well studied in controlled trials[32-36]. In contrast, controlled studies on its use in patients with RHH are lacking, and comparative studies with other treatment options may not be feasible[37,38]. Consequently, evidence on the effectiveness of TIPSS in RHH has been limited to case series with often small numbers of study participants. Results from the 6 studies included in this pooled analysis found a wide range of responses and complication rates, perhaps due to the lack of statistical power. In this study, we combined data from all the small studies, which allowed us to provide the best evidence on TIPSS effectiveness in RHH. 
One-fifth of the patients died in the first 45 d after TIPSS placement. This number is well within the range for mortality following TIPSS use in patients with refractory ascites and variceal bleeding[39-44]. Early mortality was observed in patients who developed progressive liver failure, sepsis, renal failure, bleeding, cardiac complications, and pulmonary complications. Pre-TIPSS factors associated with post-TIPSS mortality included older age, severe liver disease as measured by the Child-Turcott-Pugh score, and renal dysfunction. Ideally, patients with a high likelihood of decompensation after TIPSS should also initiate evaluation for liver transplantation, with TIPSS serving only as a bridge. In a meta-analysis of individual patient data, Salerno et al[45]also found that a model composed of age (< 60 years), bilirubin (< 3 mg/dL), and sodium level reliably predicted successful outcomes after TIPSS placement in patients with refractory ascites.
Another important outcome of this study was estimating the incidence of TIPSS-related HE. HE has been shown to predict mortality after TIPSS placement, with survival decreasing from 8 years to about 2 years[46]. The overall incidence of TIPSS-related HE was noted to be 12%. This rate falls within the rate of HE observed with TIPSS for established indications[34,35,47]. The heterogeneity noted between the studies on HE incidence highlights the fact that its diagnosis is subjective.
These results should be interpreted bearing in mind the following: First, this summative analysis was based purely on the published medical literature. We did not have access to individual patient data, which could have allowed us to perform more detailed analysis, especially on factors associated with response to TIPSS and survival (e.g., acute liver failure and procedure related complications). Second, contrary to the extensive literature on refractory ascites, there is a complete lack of controlled trials comparing TIPSS to other therapeutic options for RHH. Conducting a randomized controlled trial on RHH is not feasible because of its relative rarity, and a step-up approach in management is often preferred by clinicians. Most of the 6 studies did not have information on what type of stents were used. Dhanasekaran et al[23] compared patients with covered and uncovered stents in a subgroup analysis and found no significant difference in survival, although the patients with covered stents had longer patency rates. Perhaps the small number of patients with covered stents in that study led to the non-significant result. It has been reported that patients who receive covered stents have better outcomes than those who receive uncovered stents[48].

Conclusion
To our knowledge, this is the first ever pooled analysis on TIPSS in patients with RHH. By combining data from all available studies, we were able to present the best evidence on the effectiveness of TIPSS in RHH. We showed that TIPSS is a reasonable therapeutic option in patients with RHH. It is associated with a clinically relevant response in close to three-fourths of patients with RHH. The incidence of TIPSS-related complications in RHH is similar to that observed with other established indications for TIPSS. We suggest that TIPSS should be considered relatively early in patients with RHH, given their poor prognosis. However, caution should be exercised in older patients and in those with severe underlying liver or renal dysfunction. 

COMMENTS
Background
Hepatic hydrothorax (HH) which is the accumulation of “ascitic fluid” in the pleural cavity is an uncommon complication of cirrhosis with poor prognosis. When HH fils to respond to traditional medical management (salt restriction and diuretics), it is referred to as refractory HH (RHH). 

Research frontiers
Therapeutic options for RHH are limited. Transjugular intrahepatic porto-systemic shunt (TIPSS) has been proposed as an option for RHH. Because HH is rare, studies on the effectiveness of TIPSS in RHH have been restricted to small numbers of patients and findings have varied substantially and are controversial. 

Innovations and breakthroughs
The purpose of this study was to evaluate the effectiveness of TIPSS in patients with RHH by pooling all available evidence in a systematic review and cumulative meta-analysis. By combining data from all available studies, the authors generated enough statistical power to study the clinical effectiveness of TIPSS in RHH. 

Applications
This study shows that TIPSS leads to a clinically relevant response in about three-fourths (73%) of patients with RHH. The 45-d mortality and the 1-year survival in patients with RHH are comparable to those seen in patients with refractory ascites and variceal hemorrhage. The most important predictors of poor outcomes after TIPSS for RHH include older age and severe underlying liver disease and/or associated renal dysfunction. The authors suggest that TIPSS should be considered early in patients with RHH. 

Terminology
Hepatic hydrothorax (HH) is the accumulation of fluid in the pleural cavity in patients with cirrhosis. The most widely accepted mechanism for HH is the passage of fluid from the peritoneal to the pleural cavity through a diaphragmatic defect. When HH fails to respond to medical management including salt restriction and maximal tolerated diuretics, it is considered refractory. Transjugular intrahepatic porto-systemic shunt decompresses the portal system, thereby addressing the mechanism of fluid collection in the abdomen and/or chest.

Peer-review
The manuscript is very well written. 
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 Table 1 Checklist summarizing compliance With Meta-analysis of Observational Studies in Epidemiology Guidelines
	
MOOSE criteriaa
	Met (yes/no)

	Reporting background should include

	Problem definition
	Yes

	Hypothesis statement
	No

	Description of study outcome(s)
	Yes

	Type of exposure or intervention used
	Yes

	Type of study designs used
	Yes

	Study population
	Yes

	Reporting of search strategy should include

	Qualifications of searchers (e.g., librarians and investigators)
	Yes

	Search strategy, including time period included in the synthesis and keywords
	Yes

	Effort to include all available studies, including contact with authors
	Yes

	Databases and registries searched
	Yes

	Search software used, name and version, including special features used (e.g., explosion)
	Yes

	
Use of hand searching (e.g., reference lists of obtained articles)
	Yes

	List of citations located and those excluded, including justification
	Yes

	Method of addressing articles published in languages other than English
	Yes

	Method of handling abstracts and unpublished studies
	No

	Description of any contact with authors
	No

	Reporting methods should include

	Description of relevance or appropriateness of studies assembled for assessing the hypothesis to be tested
	Yes

	Rationale for the selection and coding of data (e.g., sound clinical principles or convenience)
	Yes

	Documentation of how data were classified and coded (e.g., multiple raters, blinding, and interrater reliability)
	Yes

	Assessment of confounding (e.g., comparability of cases and controls in studies where appropriate)
	No

	
 Assessment of study quality, including blinding of quality assessors; stratification or regression on possible predictors of study results
	Yes

	Assessment of heterogeneity
	Yes

	Description of statistical methods (e.g., complete description of fixed or random effects models, justification of whether the chosen models account for predictors of study results, dose-response models, or cumulative meta-analysis) in sufficient detail to be replicated
	Yes

	Provision of appropriate tables and graphics
	Yes

	Reporting of results should include
	

	Graphic summarizing individual study estimates and overall estimate
	Yes

	Table giving descriptive information for each study included
	Yes

	Results of sensitivity testing (e.g., subgroup analysis)
	No

	Indication of statistical uncertainty of findings
	Yes

	Reporting of discussion should include
	

	Quantitative assessment of bias (e.g., publication bias)
	NA

	Justification for exclusion (e.g., exclusion of non–English-language citations)
	Yes

	Assessment of quality of included studies
	Yes

	Reporting of conclusions should include
	

	Consideration of alternative explanations for observed results
	Yes

	Generalization of the conclusions (i.e., appropriate for the data presented and within the domain of the literature review)
	Yes

	Guidelines for future research
	Yes

	Disclosure of funding source
	Yes



aAdapted from Stroup et al[30]. Used with permission. MOOSE: Meta-analysis of Observational Studies in Epidemiolgy; NA: Not applicable.


			-1-

Table 2 Characteristics of 6 studies evaluating the effectiveness of transjugular intrahepatic portosystemic stent shunt in patients with refractory hepatic hydrothorax
	Ref.
	Methods and patients
	Outcomes/complications
	Remarks

	Gordon et al[14], 1997 
	Retrospective chart review of 24 consecutive patients with medically RHH 
Post-TIPSS patients underwent Doppler US studies every 3 to 6 mo 
Mean follow-up was 7.2 mo (range, 0.25-49.0 mo) 
	Post-TIPSS response was categorized as complete, partial, or absent
Mean change in HVPG
TIPSS patency was assessed by change in CTP score, survival, and new or 
	11 Patients had variceal bleeding > 4 wk before TIPSS
Stent revision if decreased flow noted
5 Failures were CTP C
12 Patients had medically RHH; the rest of the 

	
 
	Patients with infection were excluded
	worsened HE
	9 Patients had TIPSS and RHH as a secondary indication with the primary indication being intractable ascites (n = 7) and gastric varices (n = 2)

	Jeffries et al[24], 1998 
	Retrospective chart review of 12 consecutive patients with medically RHH
Post-TIPSS, patients had Doppler US studies every 3 mo
	Post-TIPSS response at ≤ 1 or > 1 mo was categorized as complete, partial, or absent
TIPSS-related complications:  30 and > 30 d 
	Immediate pre- and post-TIPSS prophylactic antibiotics given
Shunt thrombosis or decreased velocities required angioplastic revision

	
	Mean follow-up was 173 d (range, 7-926 d)
Patients with heart failure, HCC, alcoholic hepatitis, or intrinsic renal disease were excluded
	New-onset or worsened HE 
[bookmark: _GoBack]survival
Mean change in HVPG
	4 Patients had shunt revisions
Patients who died or underwent transplant  30 d after TIPPS were classified as nonresponders to TIPSS

	
 Siegerstetter et al[26], 2001
	Retrospective chart review of 40 consecutive patients with medically RHH
Post-TIPSS, patients had Doppler US studies at 4 wk, then every 3 mo 
Mean (SD) follow-up was 14 mo [14 (range, 1-54 mo)]
Patients with infection were excluded
	Post-TIPSS response was categorized as complete, partial, or absent
Predictors of survival: 
Mean change in HVPG
New-onset or worsened HE
CTP score improvement
Survival at 1 yr
	8 Patients had no ascites; RHH was diagnosed by intraperitoneal methylene blue injection or technetium-Tc-99 
2 Stent size reductions due to chronic HE

	
 Spencer et al[27], 2002
	Retrospective chart review of 21 consecutive patients with medically RHH
Post-TIPSS, patients had Doppler US studies at 1, 3, and 6 mo, then every 6 mo
Mean follow-up was 223 d
Patients with severe right-sided heart failure and patients with PVT with cavernous transformation were excluded 
	30-d mortality
Post-TIPSS complications: early ( 30 d) or late( > 30 d)
New-onset or worsened HE
Post-TIPSS response was categorized as complete, partial, or absent
Mean change in HVPG
Cumulative survival
	Prophylactic antibiotics administered
Radiographic and clinical response
TIPSS placement 100% successful 
1 Patient with a partial response was weaned off oxygen due to decreased pleural fluid


	
 Wilputte et al[29], 2007
	Retrospective chart review of 28 consecutive patients with medically RHH
Post-TIPSS, patients had Doppler US at 24 h and at 1, 2, 3, 6, 9, and 12 mo, then every 6 mo
Mean (SD) follow-up was 358 d (121 d); 3 patients were excluded due to grade 3 HE, HCC, cardiopulmonary disease, and infection
	Mean change in HVPG
30-d mortality post-TIPSS
Response to TIPSS was categorized as complete, partial, and absent


	Stent revised for stenosis, obstruction, or relapsing RHH
Patients who underwent transplant were censored at surgery date
6 Patients required TIPSS revision
2 Patients had TIPSS reduction due to intractable HE
 Both covered and uncovered stents were used

	
Dhanasekaran et al[23], 2010 
	Retrospective chart review of 73 consecutive patients with medically RHH
Patients had Doppler US every 3 mo for 12 mo, then annually
Patients with heart failure, pulmonary disease, infection, severe HE, portal vein thrombosis, and multiple hepatic cysts were excluded
	Post-TIPSS response at 1 mo and 6 mo was categorized as complete, partial, or absent
Evaluated predictors of response to TIPSS
Assessed for new or worsening HE
Mean change in HVPG
Overall and 30-d mortality
	TIPSS catheterization used if stenosis suspected or RHH reaccumulated
Angioplasty performed, if needed
Uncovered and covered stents used




 
CTP: Child-Turcotte-Pugh; HE: Hepatic encephalopathy; HCC: Hepatocellular carcinoma; HVPG: Hepatic venous pressure gradient; PVT: Portal vein thrombosis; RHH: Refractory hepatic hydrothorax; TIPSS: Transjugular intrahepatic portosystemic shunt; US: Ultrasound.

Table 3 Summary of studies included in the pooled analyses of transjugular intrahepatic portosystemic shunt in patients with refractory hepatic hydrothorax
	
Ref.
	No. of patients
	Complete response, n (%)
	Partial response, n (%)
	45-d mortality, n (%)
	1-yr survival, n (%)
	Predictors of mortality

	Gordon et al[14], 1997 
	24
	58
	21
	21
	NA
	TIPSS nonresponse
CTP class C

	Jeffries et al[24], 1998 
	12
	42
	17
	25
	NA
	Age > 65 yr

	Siegerstetter et al[26], 2001
	40
	53
	28
	13
	64
	Age > 60 yr

	Spencer et al[27], 2002 
	21
	57
	10
	29
	NA
	Medical comorbidities

	Wilputte et al[29], 2007 
	28
	57
	11
	14
	41
	CTP score > 10
Mayo score > 1.5

	
Dhanasekaran et al[23], 2010
	73
	59
	21
	19
	48
	MELD > 15
Nonresponse
Elevated creatinine


CTP: Child-Turcotte-Pugh; MELD: Model for end-stage liver disease; NA: Not applicable; RHH: Refractory hepatic hydrothorax; TIPSS: Transjugular intrahepatic portosystemic stent shunt.
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Figure 1 Study selection flow chart. Of a total of 301 studies that included at least 10 patients in the series, only 6 studies met selection criteria. TIPSS indicates transjugular intrahepatic portosystemic stent shunt. TIPSS: Transjugular intrahepatic portosystemic stent shunt.
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Figure 2 Response to transjugular intrahepatic portosystemic stent shunt. A: Forest plot shows that most [55.8% (95%CI: 44.7%-66.9%)] of the 198 patients in the 6 studies had a complete response (resolution of refractory hepatic hydrothorax without further need for thoracentesis) after TIPSS. There was no evidence of heterogeneity among studies (P = 0.99); B: About one-fifth [17.6% (10.9%-24.2%)] of the patients had only a partial response (defined as improvement in refractory hepatic hydrothorax symptoms and/or a decrease for the need for thoracentesis. There was no evidence of heterogeneity among studies (P = 0.65); C: Just over one-fifth (22.7%) of the patients had no improvement in refractory hepatic hydrothorax after TIPSS. There was no evidence of heterogeneity among studies (P = 0.76). TIPSS indicates transjugular intrahepatic portosystemic stent shunt. TIPSS: Transjugular intrahepatic portosystemic stent shunt.
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Figure 3 Mortality after transjugular intrahepatic portosystemic stent shunt. A: Forest plot shows that about one-fifth [17.74% (95%CI: 11.34%-24.13%)] of the 198 patients in the 6 studies died within 45 d of undergoing TIPSS. There was no evidence of heterogeneity among studies (P = 0.86); B: Overall mortality after TIPSS was 50.17% (95%CI: 39.63%-60.71%) at a maximum follow-up of 5 years. There was no evidence of heterogeneity among studies (P = 0.81). TIPSS indicates transjugular intrahepatic portosystemic stent shunt. TIPSS: Transjugular intrahepatic portosystemic stent shunt.
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Figure 4 Encephalopathy after transjugular intrahepatic portosystemic stent. TIPSS-related hepatic encephalopathy (new onset or worsening from baseline) was noted in 11.7% (95%CI: 6.3%-17.2%) of the 198 patients in the 6 studies. There was, however, evidence of heterogeneity among the studies (P = 0.04). TIPSS indicates transjugular intrahepatic portosystemic stent shunt. TIPSS: Transjugular intrahepatic portosystemic stent shunt.
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