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INTRODUCTION

Primary sclerosing cholangitis (PSC) is a chronic cholestatic 
disease of the hepatobiliary system, characterized by pro-

gressive inflammation, fibrosis, and stricturing of the intra- 
and extra-hepatic bile ducts.1–3 Histopathologically, PSC is 
characterized by inflammation and fibrosis of the intra- and 
extra-hepatic ductal epithelium, which can ultimately progress 
to end-stage liver disease and cirrhosis, and increase the risk 
for cholangiocarcinoma.4,5 The presentation of PSC is highly 
variable, ranging from asymptomatic in the early stages, to 
recurrent episodes of cholangitis with fever, jaundice, pruritus, 
abdominal pain and fatigue. However, median survival tends 
to be significantly decreased in patients who are symptomatic 
at the time of diagnosis.6,7 Epidemiological studies of PSC have 
reported a prevalence rate of approximately 1 per 10,000, and 
incidence rates between 0.4 and 2.0 per 100,000 per year in 
Northern Europe and the US.8 PSC conforms to the definition 
of rare diseases, affecting less than 200,000 individuals in the 
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US and less than 5 per 10,000 inhabitants in the EU.8 The typ-
ical PSC patient is, however, a 30–40-year-old male (a young 
person of working age). The increased risk of biliary and 
colorectal cancer in PSC has been firmly established, and has 
been considered of major clinical importance. In a multi-cen-
ter study of 7,119 PSC patients, hepatobiliary malignancy was 
diagnosed in 10.9%.9

Given the progressive nature of the disease and a median 
survival after diagnosis of 10–12 years without liver trans-
plantation, early diagnosis with magnetic resonance cholan-
giography or endoscopic retrograde endoscopic cholangiog-
raphy (ERCP) remains key,6,10–13 mainly due to their proven 
safety.14–18 Most guidelines, including those of the European 
Association for the Study of the Liver /European Society of 
Gastrointestinal Endoscopy19 and of the British Society of 
Gastroenterology,20 recommend ERCP for diagnosis only if 
therapeutic interventions or biopsies are required during the 
procedure, due to its invasive nature. Although liver transplan-
tation remains the treatment of choice for advanced diseases 
and represents the only curative therapy for PSC, patients with 
dominant extra-hepatic biliary strictures may potentially bene-
fit from endoscopic management.7,11,21 Dominant biliary stric-
tures are functionally defined as a narrowing within the biliary 
tree that halts the normal flow of bile and, by most consensus 
guidelines, is considered a stricture <1.5 mm in the bile duct 
or <1 mm in the hepatic ducts, with distance <2 cm from the 
bifurcation in the hepatic hilum.22,23 During the natural history 
of the disease, many patients experience symptoms such as 
pruritus, right upper quadrant pain, fatigue, fever, and jaun-
dice due to impeded biliary drainage. In approximately 60% of 
cases, dominant strictures (DS), which may be superimposed 
on diffuse ductal diseases, are the principal cause of such com-
plaints. The annual incidence of DS has been estimated to be 
8–10%.24 Dominant strictures may also exacerbate cholestatic 
symptoms, including worsening pruritus or the development 
of cholangitis, and may hence benefit from endoscopic ther-
apy with either balloon dilation or stent placement. These 
endoscopic procedures aim to improve biliary tree patency, 
prevent or reduce cholestasis, relieve symptoms or pruritus, 
improve patient quality of life, and potentially increase patient 
survival.11,25–27

Endoscopic treatment for dominant strictures typically 
involves either balloon dilation or placement of a temporary 
stent through ERCP.23,28 Recent studies have shown that bal-
loon dilation may be sufficient to maintain patency without 
the need for stent placement,29 allowing for clinical improve-
ment in patients, while avoiding surgical procedures prior 
to liver transplantation.24 However, early restenosis has been 
portrayed as a potential disadvantage of balloon dilation, with 
the need for repeated interventions with stent placement or a 

combination of techniques.24 Although stent placement may 
be more effective for some dominant strictures, the ideal dura-
tion of stent placement remains unknown, and the additional 
procedure required for stent removal carries a risk of stent 
occlusion, with possible cholangitis and sepsis.24,30 The British 
Society of Gastroenterology and UK-PSC guidelines for the 
diagnosis and management of PSC recommend biliary dila-
tion, rather than biliary stent insertion, as the management of 
choice. However, this recommendation was based on a mod-
erate quality of evidence.20 Given the current clinical conun-
drum, the decision to perform balloon dilation or stent place-
ment is largely driven by procedural familiarity. Therefore, the 
primary aim of this systematic review and meta-analysis was 
to determine the optimal endoscopic treatment approach (i.e., 
balloon dilation or stent placement) for dominant biliary stric-
tures in PSC.

METHODS

Protocol and registration
This systematic review was carried out in accordance with 

the Cochrane Handbook for Systematic Reviews of Inter-
ventions and the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guideline.31 The 
study was registered by the International Prospective Register 
of Systematic Reviews (PROSPERO; registration number, 
CRD42019137645).

Eligibility criteria
All comparative, retrospective and prospective observation-

al studies, as well as randomized controlled trials, that involved  
patients with PSC were included in this analysis. Inclusion cri-
teria for the patients were a diagnosis of at least one dominant 
stricture in the intra- or extra-hepatic bile ducts, and  a history 
of biliary stent placement (endoscopic or percutaneous) or 
balloon dilation. There were no restrictions on the language or 
year of publication of the studies. Studies that did not provide 
sufficient data for analysis of outcomes were excluded.

Information sources
Two independent researchers (MTGBF and IBR) extract-

ed the data according to a predefined data extraction form. 
Disagreements were resolved by consultation with a third re-
searcher (EGHM).

Literature search
The article search was carried out from May 2019 to De-

cember 2020, in electronic databases including PubMed/
MEDLINE, EMBASE, Cochrane Library and LILACS. There 



835

Ferreira MTGB et al. Stent vs Balloon in Primary Sclerosing Cholangitis

were no restrictions regarding the language or year of publi-
cation. The search strategy used was as follows: (cholangitis, 
sclerosing OR sclerosing cholangitides OR sclerosing cholan-
gitis) AND (prostheses and implants OR prosthetic implants 
OR endoprosthesis OR stent* OR dilatation OR dilation OR 
balloon). 

Study selection
During the search, studies compatible with the theme were 

identified by title, and a new assessment of the eligibility cri-
teria was performed through the abstracts, followed by the 
complete text to better suit the study objectives (Fig. 1).

Measured outcomes
The analyzed outcomes included clinical efficacy, recur-

rence, cumulative recurrence-free rate, transplant rate, 5-year 
survival rate, mortality, total adverse events (including chol-
angitis, pancreatitis, perforation, and bleeding), progression 
to cholangiocarcinoma, pain, ascites, as well as the clinical in-

dications for each procedure (jaundice, recurrent cholangitis, 
abdominal pain, pruritus, and fever).
Risk of bias

The risk of bias in each study was assessed using the Revised 
Cochrane Risk-of-Bias Tool (RoB-2)32 randomized clinical 
trials, and the Revised Cochrane Risk-of-Bias Tool to Assess 
Non-randomized Studies of Interventions (ROBINS-I)33 for 
retrospective studies. The analysis was performed separately 
for each outcome and for each corresponding study.

The quality of evidence for each of the pre-specified out-
comes was assessed according to the objective criteria of the 
Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) system34, by using GRADEpro (Guide-
line Development Tool Software).

Assessment of Heterogeneity
The value ​​of heterogeneity (inconsistency) was assessed 

according to the Chi-square (χ2) and Higgins method (I²). 
Heterogeneity values ​​greater than 50% were considered high, 

Fig. 1.  Flow chart of study selection. *: Narrative reviews (9), guidelines (2) and case reports (4)
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and the random-effect model would be applied for analysis. 
For heterogeneity values ​​less than 50%, the fixed-effect model 
would be used.

Statistical analyses
For dichotomous variables, risk difference (RD) was calcu-

lated using the Mantel-Haenszel method, with a 95% confi-
dence interval (CI). For continuous variables, mean value of 
difference was with the inverse variance method and a 95% 
CI. Absolute number, mean, and standard deviation were used 
for data analysis. For studies that did not include means and 
standard deviations, the data were standardized using mathe-
matical formulas35. The RevMan 5 software (Review Manager 
version 5.3.5; Cochrane Collaboration, Oxford, UK) was used 
for data analysis, as well as to generate the forest plot graphs 
and to calculate the confidence intervals. 

RESULTS

Study selection and search results
Initially, a total of 1,118 studies were identified through the 

search strategies as mentioned above. After evaluating the 
titles, 230 studies with a theme pertinent to that proposed 
by this study were identified. After subsequent screening of 
the abstracts, 20 were selected as possible candidates, and a 
full-text review was performed. Eventually, a total of five arti-
cles24,29,36–38 were eligible for qualitative and quantitative review 
and meta-analysis. A complete flow diagram of the study se-
lection process is highlighted in Fig. 1.

Study characteristics
Five studies were included in this systematic review and 

meta-analysis. Of these, only one was a randomized clinical 
trial24, while the others were retrospective cohort studies.29,36–38 
The total number of patients analyzed was 467, of which 277 
underwent stent placement and 190 underwent balloon dilata-
tion of dominant strictures (Table 1).

The different techniques applied in each study included 
balloon dilation before stent placement,29,36,38 percutaneous 
transhepatic stent placement, as well as short- and long-term 
endoscopic stents.37 In the study by Ponsioen et al.,24 balloon 
dilation with or without the use of Soehendra dilators was 
allowed prior to stent placement, with indication determined 
by the physician at the time of examination. The definition of 
short- and long-term stents also varied according to studies. 
Al-Lehibi et al.37 defined short-term stents as those placed for 
<4 weeks, while Navaneethan et al36 considered a duration 
of <7 days. While dilation and stent placement in the studies 
by Al-Lehibi et al.,37 Han et al.,38 Navaneethan et al.,36 and Ta
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Ponsioen et al.24 were performed via ERCP, those in the study 
by Kaya et al.29 were carried out by ERCP, percutaneously, or 
with both techniques combined. Percutaneous transhepatic 
interventions were performed when adequate biliary cannu-
lation was not possible, when failure to traverse the stricture 
with a guidewire occurred, or when the stricture hindered the 
passage of a dilator during an endoscopic procedure. In these 
cases, internal biliary drainage was performed at 6–8-week 
intervals while catheter access was maintained, or when chol-
angitis or jaundice recurred.29 Stents placed by ERCP, on the 
other hand, were routinely removed or changed either after 3–4 
months, or when cholangitis or jaundice recurred. It should be 
noted, however, that the percutaneous treatment for dominant 
strictures has its own intrinsic complications, such as the in-
creased risk of bleeding or bile duct perforation.29 

Primary and secondary outcomes
Two studies,37,38 including a total of 259 patients, docu-

mented the clinical efficacy of stent placement versus balloon 
dilation of dominant strictures. Pooled analyses of these 
studies revealed no significant differences between balloon 
dilation and stent placement (RD, -0.13; 95% CI, -0.58 to 0.33; 
I2=93%) (Fig. 2A). With regards to stricture recurrence, only 
one study29 reported this outcome, with similar but higher 
rates reported in the dilation group. Due to this, a meta-anal-

ysis on such data was not possible. Two studies29,38 compared 
the transplant rates in a total of 259 patients, but reported no 
significant differences in the analyzed outcome (RD, -0.09; 
95% CI, -0.19 to 0.01; I2 =0%) (Fig. 2B). Only one study38 
compared the 5-year survival rate, and reported higher rates 
in the dilation group. Mortality29 as a result of balloon dilation 
or stent placement was also reported in only one study, and 
demonstrated similar results.

A total of three studies24,29,36 reported information on the 
total number of adverse events. Among the 206 patients 
included, balloon dilation associated with a significantly de-
creased rate of total adverse events (RD, -0.34; 95% CI, -0.45 
to -0.23; I2 =61%) (Fig. 3A). When stratified by the type of 
adverse event, only the rates of cholangitis/bacteremia were 
significantly different, with four studies24,29,36,38 on 394 patients 
reporting a significantly lower rate among balloon dilation 
patients (RD, -0.19; 95% CI, -0.25 to -0.13; I2 =51%) (Fig. 3B). 
No significant differences were reported in the development of 
post-procedure pancreatitis (RD, -0.08; 95% CI, -0.19 to 0.03; 
I2 =65%), perforation (RD, -0.01 95% CI -0.05 to 0.03; I2 =1%), 
or cholangiocarcinoma (RD, 0.00; 95% CI, -0.08 to 0.07; 
I2 =0%) (Fig. 3C–E). Bleeding29 and pain24 were complications 
that each appeared in only one study, rendering it impossible 
to meta-analyze such data. The rates of both complications, 
however, were higher in the stent group, thereby favoring the 
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Fig. 3.  Stent × ballon dilation adverse events. (A) Forest plot of total adverse events. (B) Forest plot of cholangitis/bacteremia. (C) Forest plot of pancreatitis. (D) 
Forest plot of perforation. (E) Forest plot of cholangiocarcinoma. CI, confidence interval. 
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balloon dilation approach. 
With regards to the clinical indications for each procedure, 

recurrent cholangitis was more common in the balloon dila-
tion cohort as compared to the stent placement group (RD, 
-0.20; 95% CI, -0.28 to -0.13; I2 =2%)29,38. No statistical differ-
ences in jaundice (RD, -0.07; 95% CI, -0.20 to 0.05; I2 =35%), 
abdominal pain (RD, -0.01; 95% CI, -0.09 to 0.06; I2 =0%), 
or pruritus (RD, -0.03; 95% CI, -0.10 to 0.04; I2 =0%) were 
reported in the two studies29,38 involving 259 patients. Ascites24 
and fever29 were additional indications, as reported in one 
study each. 

Risk of bias
As previously described in the methodology, the included 

randomized clinical trial24 was assessed for risk of bias using 
RoB-2. All outcomes analyzed presented an intermediate risk 
of bias overall, except for the cumulative recurrence-free rate 
which presented a low risk of bias. The study was hence glob-
ally rated as intermediate risk of bias. 

Retrospective studies29,36–38 were analyzed for risk of bias 
using ROBINS-I. The outcomes of Kaya et al.29 and Han et 
al.38 were all at risk of serious bias, giving the studies an overall 
risk of serious bias. In the study by Navaneethan et al.,36 the 
outcomes had a low risk of bias, and an overall low risk of bias 
was determined. Finally, only the outcomes of Al-Lehibi et al.37 
presented a risk of critical bias, and was thus globally rated as a  
critical risk of bias.

The quality of evidence for each of the pre-specified out-
comes obtained across the studies was assessed using the 
GRADE system, as described in the methodology section. 
Clinical efficacy, recurrence, transplant rate, 5-year survival 
rate, mortality, pancreatitis, perforation, bleeding, cholangio-
carcinoma, in addition to the incidence of jaundice, recurrent 
cholangitis, abdominal pain, pruritus and fever showed very 
low quality of evidence. Total complication, the incidence 
of cholangitis/bacteremia, pain, and ascites also showed low 
quality of evidence. The only outcome with moderate quality 
of evidence was cumulative recurrence-free rate, and there 
were no high quality outcomes.

Results of individual studies  
Ponsioen et al.,24 the only randomized clinical trial included 

in this study, concluded that short-term stent was not superior 
to balloon dilation and associated with higher rates of adverse 
events, and that balloon dilation should be considered as the 
initial treatment choice for dominant strictures in PSC pa-
tients.

Kaya et al.29 also concluded that there were no additional 
benefits in the use of stents after balloon dilation for the treat-
ment of PSC-related dominant strictures. In addition, stent 

placement associated with higher rates of complications.
Navaneethan et al.36, likewise, concluded that short-term 

stents after balloon dilation associated with greater risks of ad-
verse events.

Al-Lehibi et al.37 was the only study that demonstrated 
higher success rates with stents compared to balloon dilation, 
despite the higher rates of adverse events associated.

Han et al.38 concluded that patients who received stents 
presented with more severe diseases, with higher rates of re-
current cholangitis before the procedure. In addition, these 
patients demonstrated lower 5-year survival rates, as well as 
higher rates of transplantation and post-procedure cholangitis, 
which could reflect disease severity. He also concluded that 
more ERCP procedures were necessary in patients who re-
ceived stents to achieve the same clinical efficacy as those who 
underwent balloon dilation.

DISCUSSION

This is the first systematic review and meta-analysis com-
paring balloon dilation and stent placement in the treatment 
of dominant strictures in PSC patients. 

PSC is a chronic, progressive disease with limited effective 
treatments available outside of transplantation.22,25 Despite the 
unclear long-term benefits of endoscopic therapy, multiple 
techniques for symptom relief in patients affected by PSC 
have been studied, particularly the endoscopic treatment of 
dominant strictures.7,25 Studies comparing the endoscopic 
management of PSC-related dominant strictures are necessary, 
since such procedures carry the potential to alter the survival 
and prognosis of patients, although the duration of liver trans-
plant-free survival associated with these interventions remains 
unclear.23 Based on the results of this systematic review and 
meta-analysis of over 460 patients, stent placement for domi-
nant strictures in PSC appeared to associate with higher com-
plication rates without significant differences in efficacy when 
compared to balloon dilation.

There is currently a variable number of endoscopic treat-
ment modalities for PSC-related dominant strictures, includ-
ing multiple dilation modalities (balloon or bougie) and stent 
placement (plastic or metallic).23,25,27 Balloon dilations have 
been preferred as the first choice of treatment, while stent 
placement has been reserved for cases with inadequate biliary 
drainage after dilation, cases of long strictures, or where it is 
believed that dilation will not provide a lasting effect.23 Some 
endoscopists, however, rely upon stent placement as first-line 
therapy based on their preference and treatment expertise,23 
since both treatments have been considered effective in resolv-
ing symptoms.22 Disadvantages of these methods include early 
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restenosis in the case of balloon dilation, and the risk of stent 
occlusion with consequent cholangitis and sepsis in the case 
of stent placement.24 In addition, stenting requires a second 
intervention, either for replacement or for removal.24

In this meta-analysis of five studies, each study concluded 
varying success rates and outcomes. Kaya et al.29 concluded 
that there were no additional benefits in the use of stents after 
balloon dilation for the treatment of PSC-related dominant 
strictures, and demonstrated that stent placement associated 
with higher rates of complications. Similarly, Navaneethan et 
al.36 found that short-term stent placement after balloon dila-
tion associated with greater risk of adverse events. In the study 
by Han et al.,38 patients who received stents associated with  
lower 5-year survival rates, and higher rates of recurrent chol-
angitis, transplantation, and post-procedure cholangitis, sug-
gesting that the outcomes of these two interventions may not 
be comparable. While these studies have consistently shown 
poorer outcomes with stent placement, the study by Al-Lehibi 
et al.37 demonstrated higher success rates with stents than with 
balloon dilation, despite the higher rates of associated adverse 
events. While the aforementioned studies were retrospective in 
nature, the only randomized trial by Ponsioen et al.24 conclud-
ed that short-term stent placement was not superior to balloon 
dilation, and associated with higher rates of adverse events. 

Such finding was very much similar to those of our system-
atic review and meta-analysis, suggesting that balloon dilation 
should be considered as the initial treatment choice for domi-
nant strictures among PSC patients.

Most studies,24,29,36,38 although not randomized clinical trials, 
have also reported lower rates of complications with balloon 
dilation compared to stent placement for PSC-related domi-
nant strictures. Kaya et al.,29 Ponsioen et al.,24 Navaneethan et 
al.,36 and Han et al.,38 although with different study designs,  
reached similar conclusions regarding the efficacy of balloon 
dilation compared to stent placement, as well as the difference 
in the occurrence of adverse events between both methods. 

The question remains regarding the clinical efficacy of these 
techniques, which was found to be similar in our analysis. 
Among the included studies, clinical efficacy was reported in 
two,37,38 which involved a total of 259 patients. In the  study 
by Han et al.,38 clinical efficacy was higher in the stent group, 
while in that by Al-Lehibi et al.,37 it was higher in the balloon 
dilation group, altogether suggesting a similarity in clinical 
efficacy between stents and balloon dilation. The remaining 
studies included in this review did not report such outcome.

Recurrence rate, although only reported in one study,29 was 
favored in stent placement rather than balloon dilation. How-
ever, no other studies have reported such outcome, rendering 
comparison impossible. 

The same occurred with cumulative recurrence-free rate, 

with only one study24 reporting higher rates in the dilation 
group, favoring its use instead of stent placement. 

Transplant rate, on the other hand, was reported in two 
studies,29,38 both of which demonstrated higher but insignifi-
cant rates in the dilation group. 

Similarly, the 5-year survival rate was reported in only one 
study,38  and showed higher rates in the stent placement group, 
favoring its use instead of balloon dilation. 

In terms of adverse events, total number of events were re-
ported by three studies,24,29,36 all of which showed higher rates 
in the stent group, thereby favoring the balloon dilation ap-
proach. It is worth mentioning that recurrent cholangitis was 
found to be  more common in the balloon dilation cohort than 
in the stent placement group; this may discount the possibility 
of stent infection and failure being attributable to the greater 
number of patients with existing infections. 

Standardized data across the included studies would have 
improved the quality of comparison made in our study; the 
lack of this in several of the reported outcomes represented a 
limiting factor of our meta-analysis. All of these factors con-
tributed to the low or very low quality of evidence in the vast 
majority of the outcomes. The evidence of only one outcome 
(cumulative recurrence-free rate) was of moderate quality; 
however, as it was only reported in one study,24 a meta-analysis 
remained unfeasible. Other limitations of the present study 
included the isolated analysis of a randomized clinical trial, 
the combined assessment of the randomized clinical trial with 
the retrospective studies in the meta-analysis, and the lack of 
uniformity in the evaluated outcomes. In addition, the quality 
of the evidence generated in the analysis was low, limiting the 
generalization power of the study. 

The lack of randomized clinical trials on the endoscopic 
management approach of PSC-related dominant strictures  
demonstrates that this remains a poorly explored topic, despite 
the clinical potential of balloon dilation and stent placement 
in increasing survival and improving the quality of life of such 
patients. Given the scarcity of definitive treatments such as 
liver transplantation, further investigation of these endoscopic 
therapies is highly relevant to clinical investigators. Just as 
studies have improved the diagnostic algorithm and identified 
a cost-effective approach for indeterminant strictures among 
patients with PSC, further treatment guidelines and cost-ef-
fectiveness analyses are needed for the treatment of dominant 
strictures.3,39 

Our study had several limitations, such as the moderate 
heterogeneity in patient populations and the differences in 
techniques applied in each study. Furthermore, only three 
studies24,29,36 clarified that both groups (dilation and stent) were 
comparable at baseline in terms of symptoms, disease dura-
tion, and bilirubin level; while the two other studies37,38 did not 
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include such detail. None of the studies reported the duration 
or severity of strictures. Further studies with well-designed 
randomized trials may help determine the optimal endoscopic 
treatment algorithms for PSC-related dominant strictures,  
and guide clinical decision making and endoscopic practice 
patterns.

CONCLUSIONS

Balloon dilation and stent placement demonstrated similar 
clinical efficacy in resolving the symptoms of cholestasis and 
dominant strictures among PSC patients. However, biliary 
stent placement appeared to increase the risk of total adverse 
events, specifically that of cholangitis/bacteremia.
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