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Abstract
Choledocholithiasis means the presence of gallstone inside the common bile duct (CBD). Removing the bile duct stones 
can be done surgically using endoscopic catheters. In this study, we aim to assess the safety and efficacy of basket catheters 
compared to balloon catheters at bile duct stone clearance. We searched four databases for clinical trial and cohort studies 
that compare basket catheter and balloon catheter in bile duct stone extraction. We extracted data from the included stud-
ies. These data were pooled as mean difference (MD) or risk ratio (RR) with 95% confidence interval (CI) using Review 
Manager software (version 5.3) and OpenMetaAnalyst software for zero-event outcomes. In a total of 728 patients, we find 
that the balloon catheter was better than the basket catheter regarding incomplete bile duct stone clearance (RR = 0.91, 95% 
CI [0.85, 0.98], P = 0.01). Regarding the number of the extracted stones by both catchers, the analysis favored the balloon 
catheter over the basket for clearance when less than four stones (RR = 0.91, 95% CI [0.85, 0.99], P = 0.02) but no significant 
difference for more than four stones (RR = 0.77, 95% CI [0.48, 1.24], P = 0.29). There was no significant difference between 
the two groups. The analysis revealed that the balloon catheter is better than the basket catheter for choledocholithiasis 
regarding the complete clearance of the stone. However, there was no significant difference regarding the safety outcome.

Keywords  Balloon catheter · Basket catheter · Choledocholithiasis · Bile duct obstruction · Meta-analysis

Introduction

Dr. Elliot-Smith, the great Egyptologist and anatomist, 
discovered an Egyptian mummy containing 30 gallstones, 
which has been presented in the Museum of the Royal Col-
lege of Surgeons in London until the Second World War [1, 
2]. Choledocholithiasis indicates the presence of gallstone 

inside the common bile duct (CBD), which carries bile from 
hepatic and cystic ducts to the small bowel [3]. The com-
mon hepatic duct (CHD) is the first section of the biliary 
tract, which extends from the cooperation of the right and 
left bile duct and connects the gallbladder by the short 
cystic duct [4–6]. Choledocholithiasis are formed due to 
the precipitation of bile components of bile salts, bilirubin, 
fat, cholesterol, and protein in the gallbladder or CBD [7]. 
According to the composition, choledocholithiasis is clas-
sified into cholesterol or pigmented stones, while according 
to the location, they are classified into extrahepatic or intra-
hepatic stones [3].

In the USA, about 6 million men and 14 million women 
have been diagnosed with gallbladder stones [8, 9]. These 
stones of CBD can be detected using ultrasound, computed 
tomography scans (CT), laboratory tests, and magnetic 
resonance cholangiopancreatography (MRCP). However, 
gallstones may be complicated with jaundice, cholangitis, 
biliary pancreatitis, biliary cirrhosis, lobar atrophy, liver 
abscess, or cholangiocarcinoma [3, 10].
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Clinically, bile duct stones can be symptomatic and 
asymptomatic; however, to remove the symptomatic bile 
duct stones, the endoscopic retrograde cholangiopancrea-
tography (ERCP) was recommended according to British 
guidelines [11, 12]. Either balloon or basket catheters can 
be used for stone retrieval, in which about 85–90% of stones 
can be easily extracted by both methods following endo-
scopic sphincterotomy (EST), while bout 10–15% could be 
hard to deal with [13, 14].

The traditional basket catheter is called a Dormia basket. 
It can capture and withdraw stones. The balloon catheter 
can capture small stones by obstructing the bile duct lumen 
after distention. That cannot prevent the moving of small 
stones to be impacted in the corner pocket at the lower end 
of the cystic bile duct during stone extraction. Hence, the 
traction power is better in the basket than in the balloon 
catheter [15].

According to the European Society of Gastrointestinal 
Endoscopy (ESGE) guidelines, the difference between bal-
loon or basket catheter is slightly minimal, so endoscopists 
can use any, while according to the American guidelines, 
the balloon catheter is highly recommended for safety issues 
related to basket impaction [12, 16]. Although insufficient 
sphincterotomy or stone larger than appraised makes basket 
catheter crashes the papilla of Vater, the Japanese doctors 
still prefer the basket catheter over the balloon due to its 
durability and better traction [17, 18]. Therefore, due to this 
variety of preferences between the basket and balloon cath-
eters, we aimed in this systematic review and meta-analysis 
to systematically compare both techniques in the light of the 
available evidence in the literature (Tables 1 and 2).

Materials and Method

We conducted this systematic review and meta-analysis 
using handbook guidelines of systematic reviews of inter-
ventions and the PRISMA checklist for systematic review 
and meta-analysis [19, 20].

Search Strategy

We searched four databases, PubMed, Scopus, Web of Sci-
ence (WOS), and Cochrane Library, through July 2021 using 
the following terms, ((Basket catheter) AND (Balloon cath-
eter)) AND (Choledocholithiasis), without any restrictions 
on time or language.

Study Selection

We included randomized control trials and retrospective cohort 
studies that compared basket catheter and balloon catheter for 
choledocholithiasis. We excluded other studies, which did not 

meet our inclusion criteria. We conducted two steps of screen-
ing: title/abstract screening and then full-text screening. Two 
independent reviewers performed the screening, and a third 
reviewer resolved the disagreements between the two reviewers.

Data Extraction

Two independent authors extracted the data from the included 
studies, and a third one resolved the disagreements. We extracted 
the characteristics of included studies, baseline characteristics 
of included patients, risk of bias domains, and study outcomes.

Study Outcomes

The primary outcomes are efficacy outcomes, including the 
following: (1) time to complete clearance by assigned catheter, 
(2) complete the clearance by assigned catheter, (3) clearance 
according to the number of stones, and safety outcomes which 
include the following: (1) pancreatitis, (2) bleeding, (3) perfo-
ration, and (4) cholangitis.

Risk of Bias Assessment

Two independent reviewers conducted risk of bias assessment 
according to the Cochrane risk of bias (ROB) assessment tool, 
which is adequately described in Chapter 8.5 of the Cochrane 
handbook of systematic reviews of interventions 5.1.0. [20]. 
Also, we used NIH Quality Assessment Tool for Observational 
Cohort Studies [21]. We did not use Egger’s and colleagues 
for randomized control trials due to the limited number of the 
included studies, which were less than ten [22].

Data Analysis

Continuous data were extracted and pooled as mean difference 
(MD) and with 95% confidence interval in a fixed-effect meta-
analysis model, while dichotomous data were pooled as risk 
ratios (RR) with 95% confidence interval in a fixed-effect meta-
analysis model. We used RevMan version 5.4 for windows and 
OpenMetaAnalyst for zero-event dichotomous data. Hetero-
geneity was assessed by the Chi-square test, and its extent was 
measured by the I-squared test. Resolvable heterogeneity was 
done using the random-effect model of meta-analysis.

Result

Literature Search

The initial search resulted in 381 articles from four data-
bases. Of these 381 articles, we excluded 69 articles due 
to duplications, and the remaining 312 articles underwent 
title and abstract screening. We excluded 301, as they did 
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not meet our criteria. The remaining 11 articles underwent 
full-text screening. Only four studies were finally included 
in the qualitative and quantitative analysis (Fig. 1).

Risk of Bias Assessment

We used the Cochrane risk of bias (ROB) assessment tool 
and the NIH assessment tool to assess the quality of the 
included clinical trials and retrospective cohort, respec-
tively. The three included clinical trials were at low risk 
of bias (Fig. 2), while the cohort study was at a poor high 
risk of bias (Supplementary material).

Outcomes

Complete Clearance by Assigned Catheter

The analysis showed a significant difference between the 
balloon and assigned catheter. The balloon catheter clear-
ance was better than basket catheter (RR = 0.91, 95% CI 
[0.85, 0.98], p = 0.01); the pooled studies were homogene-
ous (P = 0.46; I2 = 0%) [23]–[25] (Fig. 3a).

Time to Complete Clearance by Assigned Catheter

The analysis revealed no significant difference between the two groups 
favoring basket catheter (RR = 1.19, 95% CI [− 0.32, 2.7], p = 0.12); 
the pooled studies were heterogeneous (P < 0.0001; I2 = 94%), and the 
heterogeneity could not be resolved by sensitivity analysis due to the 
limited number of the studies in the subgroup [23, 24] (Fig. 3b).

Clearance According to the Number of Stones

Subgroup’s analysis was performed according to the num-
ber of stones. Our meta-analysis showed that in patients 
with ≥ 4 stones, balloon catheter clearance was significantly 
better than basket catheter (RR = 0.77, 95% CI [0.48, 1.42], 
P = 0.29); the pooled studies were homogeneous (P = 0.12; 
I2 = 60%). Likewise, in patients with < 4 stones, balloon cath-
eter clearance was significantly better than basket catheter 
(RR = 0.91, 95% CI [0.85, 0.99], P = 0.02); pooled studies 
were homogeneous (p = 0.36; I2 = 0%). The overall effect 
estimate of these subgroups showed that balloon catheter 
clearance was better than basket catheter in stone clearance 
(RR = 0.91, 95% CI [0.83, 0.99], P = 0.02); the pooled stud-
ies were homogeneous (P = 0.31; I2 = 15%) [23, 24] (Fig. 4).

Fig. 1   PRISMA flow chart of 
the literature search results
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Pancreatitis

The overall effect estimate showed no significant difference 
between two groups favoring basket catheter (RR = 0.96, 
95% CI [0.37, 2.46], P = 0.93); pooled studies were homo-
geneous (p = 0.82; I2 = 0%) [23, 24, 26] (Fig. 5a).

Bleeding

The analysis showed no significant difference between the 
two groups favoring basket catheter (RR = 0.7, 95% CI 
[0.2, 2.5], p = 0.59); pooled studies were homogeneous 
(p = 0.53; I2 = 0%) [23, 24, 26] (Fig. 5b).

Cholangitis and Perforation

There was no significant difference between two groups 
regarding cholangitis or perforation (RR = 1.156; CI [0.60, 
3.47]; P = 0.9) [23, 24] (RR = 0.670, CI [0.083, 5.406]; 
P = 6.70), respectively [23, 24, 26] (Fig. 6a and b).

Discussion

In this systematic review and meta-analysis, we pooled data 
from three clinical trials and one cohort study with a total 
of 728 patients to compare the balloon catheter with basket 
catheter for bile duct stone extraction. From our analysis 
results, the balloon catheter showed a significant superiority 
to the basket catheter at complete stone clearance but with no 
significant difference between the two groups at the time for 
complete stones removal and safety including pancreatitis, 
bleeding, perforation, and cholangitis. A subgroup analysis 
was done according to the number of extracted stones, and 
balloon catheter was better than basket catheter.

By viewing the literature, Lauri et  al. (1993) [27] 
reported that endoscopic extraction effectively treats 
patients with CBD stones. Stromberg et al. (2011) [28] 

Fig. 2   Cochrane risk of bias assessment of the included studies

Fig. 3   Forest plot of (a) risk ratio (RR) incomplete clearance by the assigned catheter. (b) Mean difference (MD) in the time to complete clear-
ance by the assigned catheter
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conducted a comparison between the laparoscopic tech-
nique and ERCP and found the lowest mortality and mor-
bidity rates with ERCP. Yasuda et al. (2013) [29] reviewed 
other new treatments of bile duct stones; they conclude that 
endoscopic sphincterotomy followed by using balloon or 
basket catheter is still the first line of treatment for bile duct 
stones. Furthermore, Misra et al. (2008) [30] found that 
using large-diameter (15-mm, 18-mm, or 20-mm maximum 

sizes) balloon dilation of the sphincterotomy site in patients 
who could not get bile duct stones out with endoscopic 
sphincterotomy and dormia basket or balloon catheter 
extraction was adequate, which support our study results.

However, Lin et al. (2004) [33] found that complete bile 
duct stone clearance is higher in endoscopic sphincterotomy 
than endoscopic balloon dilatation. Both techniques are safe 
and successful options to remove CBD stones. In patients 

Fig. 4   Forest plot of risk ratio (RR) in clearance according to the number of stones

Fig. 5   Forest plot of risk ratio (RR) in (a) pancreatitis and (b) bleeding
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with coagulopathy, endoscopic balloon dilatation is healthy 
and does not increase the risk of pancreatitis or hemorrhage.

The basket catheter has a bullet-shaped distal tip with 
an opening diameter of 22 mm for quick insertion in the 
CBD, besides distal and proximal portions containing four 
wires to be inserted into the CBD using the free-hand tech-
nique. This catheter has a contrast material injection lumen, 
which allows for visualization of any remaining stones dur-
ing removal. To fit the anatomical condition of each case, 
each balloon can be easily modified to one of three sizes 
(8.5, 11.5, and 15 mm) [18, 31]. To perform balloon occlu-
sion cholangiography (BOC), this catheter is inserted into 
the CBD using a wire-guided technique and has a contrast-
injection hole above the balloon [23].

Endoscopic balloon dilation (EBD) of the biliary sphinc-
ter is an alternative to biliary sphincterotomy. The potential 
advantages of EBD over sphincterotomy are that it preserves 
the biliary sphincter and also reduces the risk of bleeding 
compared with a biliary sphincterotomy. However, a single 
multi-center study in 237 patients randomized to either endo-
scopic sphincterotomy or balloon dilation was stopped early 
due to increased rates of pancreatitis (15.4% vs 0.8%), with 
two deaths due to pancreatitis in the dilation group. EBD 
can be considered as an alternative to endoscopic sphincter-
otomy in patients at high risk for endoscopic sphincterotomy 
such as those with a bleeding disorder, altered anatomy (i.e., 
Billroth II), or difficult anatomy such as a periampullary 
diverticulum. In patients with large CBD stones with a prior 
sphincterotomy, EBD can also be used as an alternative to 
extending the sphincterotomy [32].

Our review has firstly compared between basket and bal-
loon catheter for bile duct stones extraction. All included 
clinical trials were at low risk of bias and high level of evi-
dence, while the included cohort study was at low quality. 
However, there are some limitations as the small number of 
included studies, and small total sample may cause possible 
publication bias, which we could not assess due to the small 
number of the included studies.

In conclusion, the balloon catheter is better than the basket 
catheter regarding the extraction of bile duct stone; it takes the 
upper hand regarding the complete clearance of the stones. 
However, there was no significant difference between the two 
groups regarding safety outcomes. Future studies with larger 
sample sizes are recommended to obtain a high level of evi-
dence regarding bile duct stone extraction using the catheter.
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