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ABSTRACT

EUS‑guided biliary drainage (EUS‑BD) and percutaneous transhepatic cholangiography biliary drainage (PTC) are the two alternate 
methods for biliary decompression in cases where ERCP fails. We conducted a systematic review and meta‑analysis of studies 
to compare the efficacy and safety of endoscopic and percutaneous biliary drainage for malignant biliary obstruction in patients 
with failed ERCP. A total of ten studies were included, fulfilling the inclusion criteria, including four retrospective studies and six 
randomized controlled trials. We compared the technical and clinical success rates and the acute, delayed, and total adverse events 
of EUS‑BD with PTC. The odds ratios (ORs) and confidence intervals (CIs) were calculated. There was no difference between 
technical (OR: 0.47 [95% CI: 0.20–1.07]; P = 0.27) and clinical (OR: 2.24 [95% CI: 1.10–4.55]; P = 0.51) success rates between 
EUS‑PD and PTC groups. Procedural adverse events (OR: 0.17 [95% CI: 0.09–0.31]; P = 0.03) and total adverse events (OR: 
0.09  [95% CI: 0.02–0.38]; P < 0.01) were significantly different between the two groups; however, delayed adverse events 
were nonsignificantly different (OR: 0.73 [95% CI: 0.34–1.57]; P = 0.97). This meta‑analysis indicates that endoscopic biliary 
drainage (EUS‑BD) is equally effective but safer in terms of acute and total adverse events than percutaneous transhepatic biliary 
drainage (PTC) for biliary decompression in patients with malignant biliary strictures who have failed an ERCP.
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INTRODUCTION

Obstructive jaundice due to malignant biliary strictures 
is usually secondary to pancreatic cancer, ampullary 
cancer, or cholangiocarcinoma.[1] Obstructive jaundice 
can lead to adverse events such as delayed tumor 
treatment, acute cholangitis, poor quality of  life, and 
even death if  not handled promptly. Successful biliary 
drainage in patients with malignant obstructive jaundice 
can significantly reduce these complications and improve 
overall prognosis.[2] ERCP is the most common biliary 
drainage method for palliation in patients with malignant 
biliary obstruction.[3] However, biliary decompression 
by ERCP can fail in 5%–10% of  cases due to altered 
anatomy or concomitant bowel obstruction which 
prevents endoscopic access to the major papilla.[4,5] 
Percutaneous biliary drainage  (PTC) and EUS‑guided 
biliary drainage  (EUS‑BD) are the two generally applied 
alternative biliary drainage methods utilized if  ERCP 
fails.[6] Percutaneous transhepatic biliary drainage  (PTBC) 
is associated with adverse events in 20%–77% of  cases, 
which include repeat intervention, recurrent infection, 
or spontaneous fistula formation.[7,8] It also requires 
the placement of  long‑term external catheter drainage, 
leading to longer recovery time and poor quality of  
life.[9] EUS‑BD is considered a less invasive alternative 
approach following unsuccessful biliary cannulation. 
It allows visualization and access to the biliary tree 
by echoendoscopy and fluoroscopy.[3,10] The relatively 
low procedure cost along with the improved patient 
comfort and early recovery with fewer procedure‑related 
adverse events are considered the perceived benefits 
of  EUS‑BD after failed ERCP.[11] However, differing 
opinions exist among the interventional radiologists 
and gastroenterologists about the efficacy and adverse 
event profile of  both procedures.[12,13] For example, 
some studies have demonstrated that PTC has a 
similar or even better therapeutic success rate but a 
similar overall complications rate than EUS‑BD for the 
management of  malignant biliary tract obstruction.[12,13] 
It is extremely important to decide which procedure 
should be considered for those patients who have failed 
an initial ERCP approach for malignant biliary drainage. 
To date, only a few studies have been published that 
have compared the success rates and adverse events of  
EUS‑BD and PTC after a failed ERCP. Therefore, we 
conducted a meta‑analysis and sought to determine the 
efficacy and safety of  PTC and EUS‑BD in patients 
with malignant biliary obstruction who had a failed 
ERCP.[10,11,14‑21]

MATERIALS AND METHODS

Literature search
The study methodology was designed and executed 
to adhere to the Preferred Reporting Items for 
Systematic review and Meta‑Analyses  (PRISMA) 
guidelines. A  comprehensive search was conducted 
using the databases MEDLINE and EMBASE via 
Ovid, Cochrane Library via Wiley, LILACS, CINAHL 
via EBSCO, and Scopus for prospective or retrospective 
studies of  biliary drainage by EUS‑BD or percutaneous 
transhepatic biliary drainage (PTBD) in patients with 
malignant biliary obstruction from January 1, 2010, to 
July 1, 2019. Under MECIR guidelines, a combination 
of  natural language and controlled vocabulary was 
employed to describe EUS‑BD, PTC, and obstructive 
jaundice concepts. No limits were placed on the 
language of  publication or study design within the 
initial search process itself. We only included studies 
that were published in English and which compared 
the effectiveness and adverse events of  EUS-BD and 
PTC for malignant biliary obstruction after failed initial 
ERCP. To ensure that no potentially relevant items were 
overlooked, manual searching of  reference lists of  the 
included studies was also undertaken.

The search index terms used were 
(a) “cholangiocarcinoma” OR “pancreatic neoplasms” 
OR “malignant biliary strictures” and “malignant biliary 
obstruction,”  (b) “biliary drainage” OR “percutaneous 
transhepatic biliary drainage  (PTC)” OR “endoscopic 
retrograde cholangiopancreatography  (ERCP)” along 
with  (c) “adverse events” OR “complications” of  
PTBD and EUS‑BD, and  (d) “therapeutics” and 
“mortality”  (subheading) related to both procedures. 
Moreover, we also identified additional articles by 
cross‑checking the reference list of  the already retrieved 
studies.

Study selection
The selection criteria used for included studies were  (a) 
patients older than 18  years,  (b) suspected malignant 
biliary stricture, and  (c) reported procedural success for 
relief  of  obstructive jaundice after ERCP failure and 
procedure‑related adverse events. The exclusion criteria 
used were  (a) studies with population younger than 
18  years, pregnant patients, unfit for either strategy, 
or lacking informed consent;  (b) animal experiments, 
case reports, and studies that do not report original 
data, including reviews, editorials, or opinions;  (c) 
incomplete literature data or information, incorporation 
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of  study definitions, or unclear descriptions of  
outcomes or adverse events; and  (d) patients with 
benign distal biliary strictures. Some articles reported 
duplicate data sets, and we used one with the detailed 
reported datasets. All study titles and abstracts were 
independently reviewed by two authors to identify 
potentially eligible studies based on the abovementioned 
selection criteria. A  full consensus was reached on 
the included studies, and any possible divergence was 
resolved by discussion with the senior author AS.

Data extraction
Title and abstract screenings were independently completed 
by two screeners who applied the previously defined 
inclusion and exclusion criteria. Conflicts were resolved 
through discussion or, where consensus could not be 
reached, by a discussion with the senior author, who 
was an expert in these procedures. Following title and 
abstract screening, full‑text screening was undertaken. It 
was completed by two independent authors who resolved 
conflicts through discussion or, if  necessary, by the 
senior author. Reasons for exclusion were recorded and 
reported in a PRISMA flowchart in accordance with best 
practices  [Figure  1]. The data extraction was conducted 

independently by two authors, who then performed a risk 
of  bias  (quality) assessment using validated tools. Any 
disagreements were resolved by discussion between the 
authors. Data extraction forms were developed by one 
author and piloted by both for further revisions. Items 
that were found to be at a high risk of  bias were excluded 
from further analysis or their results were qualified based 
on the type and extent of  the potential bias.

The protocol of  this meta‑analysis and systemic review 
was registered in PROSPERO  (https://www.crd.york.
ac.uk/prospero/display_record.php) with an assigned 
ID: CRD42019141450. The primary outcome of  this 
study was to compare the effectiveness of  EUS‑BD 
and PTC for the relief  of  distal malignant obstructive 
jaundice. Furthermore, the secondary outcomes were 
the technical success, adverse events of  EUS‑BD, and 
PTC procedures. Moreover, other outcome measures 
included were sensitivity, specificity, positive likelihood 
ratio, negative likelihood ratio, and area under the 
curve. Although, the included articles were missing 
the direct information and data for these outcome 
measures  (sensitivity, specificity, positive likelihood 
ratio, negative likelihood ratio, and area under the 
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Figure 1. Flowchart of the studies included
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curve). However, the necessary information about these 
outcomes  (sensitivity, specificity, positive likelihood ratio, 
negative likelihood ratio, and area under the curve) 
could be extrapolated from the other outcomes included 
in the study such as the technical and clinical success 
rates along with the acute and delayed adverse event 
profile of  the procedures.

Data points of  interest included were trial characteristics, 
such as study design, duration of  follow‑up, study settings, 
number of  clinical sites, primary outcomes in studies such 
as technical and clinical success rates along with acute 
and delayed adverse events of  EUS‑BD and PTC, and 
inclusion period. Information regarding participants was 
also extracted, including population characteristics, number 
of  participants in EUS‑BD or PTC groups, number of  
participants withdrawn or lost to follow‑up, and number 
with missing outcome data, similarity of  groups at 
baseline, and assessment of  compliance. Moreover, the 
information regarding the etiology of  bile duct obstruction 
and reason for failed ERCP were also collected.

The data were systemically collected from the absolute 
numbers that were directly provided or inferred through 
the information reported in manuscript or abstract selected. 
The meta‑analysis only included studies that provided all 
the information necessary for at least one kind of  analysis.

Quality assessment
The Newcastle–Ottawa Quality Assessment Scale 
was used to assess the quality of  the cohort studies. 
Studies with a score of  5 or more out of  8 items 
on study selection, comparability, and outcome were 
interpreted as high quality and were included in 
the meta‑analysis.[22] Similarly, the quality of  the 
randomized controlled trials was assessed by using 
the Modified Jadad Score.[23] This scale includes 7 
items on study population randomization, allocation 
concealment, population blinding, dropouts, and 
withdrawals. Those studies meeting the score criteria 
of  4 or more points were interpreted as high‑quality 
RTCs and were included in the study. Quality 
assessment was done by three independent authors 
and all the articles were included after discussion to 
reach consensus  [Table  1].

The level of the quality of the evidence based on 
the Grading of Recommendations Assessment, 
Development and Evaluation Approach
The Grading of  Recommendations Assessment, 
Development and Evaluation  (GRADE) approach 

was employed to evaluate the level of  the quality of  
the evidence and recommendation strength regarding 
main outcomes in this meta‑analysis. Furthermore, the 
quality of  the confidence of  each outcome estimate was 
marked based on GRADE quality assessment results 
from all five domains  (study limitations, inconsistency, 
indirectness, imprecision, and possible publication bias) 
[Table  2]. This procedure was implemented by using 
GRADEpro GDT software by two authors. Any 
disagreements were settled by discussion with the senior 
author AS.

Data analysis
Odds ratios  (ORs) with confidence intervals  (CIs) were 
calculated for all the outcomes. The Mantel–Haenszel 
test for random effects was used for the analysis 
because of  the low heterogeneity from the fewer 
studies included. P  < 0.05 was considered statistically 
significant for pooled ORs. Technical success of  the 
PTC was defined as the successful catheter placement 
in the biliary tree. Technical success for EUS‑BD was 
defined as successful stent placement in the biliary tract. 
Clinical success was defined as biochemical resolution 
of  the obstructive jaundice with no immediate need 
for procedural re‑intervention. Bleeding, subcapsular 
hematoma, hemobilia, perihepatic bile collection/biloma, 
recurrent abdominal pain, cholangitis, pancreatitis, 
pneumoperitoneum, sepsis/infection of  drain site, 
perihepatic abscess, sheared guide wire, hepatic 
abscess, peritonitis/bile leak, tube malposition, venous 
fistula, and external biliary fistula were considered the 
acute procedural adverse events. Chronic or delayed 
adverse events included recurrent biliary obstruction, 
cholangitis, sepsis or bacteremia, and cholecystitis after 
the procedure. Moreover, the re‑intervention rates of  
the procedures were also compared. Heterogeneity 
among studies was measured using Cochran’s Q test 
and I2 statistics. Cochran’s Q measures the heterogeneity 
between the studies. It is calculated as the weighted 
sum-of-squared differences between the individual 
study effects and the estimated pooled effect across all 
the included studies. At the same time,  the I2 statistic 
describes the percentage of  the variance between the 
included studies due to heterogeneity. A  reference I2 
value of  0%–25% shows that the heterogeneity is 
insignificant between studies. A  value of  25%–50% 
represents low heterogeneity, and between 50% and 
70% represents moderate. Any value above 75% mirrors 
a high heterogeneity between studies. All statistical 
analyses were done using Review Manager 4.0.
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Contd...

Table 1. Main characteristics of the studies included in the meta‑analysis
Studies Bories et al.

[14]
Bapaye 
et al.[15]

Lu et al.[16] Artifon et al.[17] Bill et al.[18]

Study type A 
multicenter 
RCT (France)

A 
single‑center 
retrospective 
cohort 
study (India)

Single‑center 
comparative 
study (China)

Single‑center 
prospective 
RCT (Brazil)

Single‑center 
retrospective 
comparative 
study (USA)

Mean age of 
population (years)±SD

62.5±8.5 
versus 
58.8±9.95

59.9±13.3 
versus 
62.4±10.2

68±13.5 63.4±10 versus 71 66.5±12.6

Male: female population ratio NA 1.08 versus 
1.6

NA 2.25 versus 2 1.2 versus 1.8

Total preprocedure 
bilirubin (mean), mg/dl

NA 7.11±7.6 
versus 
9.41±12.4

NA 16.4 versus 17.2 10.85 versus 13.24

Mean bile duct diameter NA NA NA 13.7 versus 11.9 NA
Bile duct obstruction etiology

Ampullary adenocarcinoma NA 5 versus 3 NA 1 versus 0 3 versus 3
Pancreatic carcinoma NA 15 versus 18 NA 10 versus 6 20 versus 20
Cholangiocarcinoma NA 2 versus 2 NA 1 versus 1 2 versus 2
Gallbladder cancer NA 0 NA 0 0
Plasmacytoma NA 0 NA 1 versus 0 0
Advanced lymphoma/
liposarcoma

NA 0 NA 0 versus 1 0

Duodenal carcinoma NA 0 NA 0 0
Gastric cancer NA 0 NA 0 versus 1 0
Metastatic cancer NA 0 NA 0 versus 3 1 versus 5

Reason for failed ERCP
Altered anatomy NA 9 NA 1 NA 
Inability of cannulation NA 42 NA 16 16 versus 9
Indwelling duodenal stent NA 16 NA 0 NA
Stomach/duodenal invasion NA 32 NA 8 18 versus 7
NOS/MJS score 6 7 7 7 7

Studies Khashab 
et al.[19]

Giovannini 
et al.[10]

Lee et al.[20] Huang et al.[21] Sharaiha et al.[11]

Study type Single‑center 
retrospective 
cohort 
comparative 
study (USA)

Multicenter 
randomized 
controlled 
phase II 
trial (France)

Multicenter 
prospective 
randomized 
controlled 
phase II 
trial (South Korea)

Single‑center 
retrospective 
comparative 
study (USA)

A single‑center 
retrospective 
cohort study (USA)

Mean age of 
population (years)±SD

64.9±12.5 
versus 
66.9±12.5

NA 66.5 versus 68.4 68.9±4.62 
versus 64±6.86

68.7±13.9 versus 
58.8±13.6

Male: female population ratio 1.2 versus 
1.31

0.91 versus 9 3.25 versus 3 2.27 versus 2 12 versus 1.47

Total pre‑ and postprocedure 
bilirubin (mean), mg/dl

15.8±11.3 
versus 
14.5±8.8

NA 10.4 versus 11.8 338.54±167.73 
versus 
142.43±65.64

NA

Mean bile duct diameter NA NA 11.22 versus 12.6 NA
Bile duct obstruction etiology

Ampullary adenocarcinoma 3 NA 1 versus 0 4 versus 2 3
Pancreatic carcinoma 43 NA 12 versus 12 10 versus 8 22
cholangiocarcinoma 12 NA 7 versus 14 22 versus 20 9
Gallbladder cancer 0 NA 5 versus 5 NA 0
Plasmacytoma 0 NA 0 NA 0
Advanced lymphoma/
liposarcoma

1 NA 0 NA 0

Duodenal carcinoma 1 NA 3 versus 0 NA 5
Gastric cancer 1 NA 3 versus 2 NA 4
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RESULTS

A total of  1450 articles were identified from the literature. 
After title and abstract screening, 171 articles were 
encompassed in the full text‑read category. The articles 
removed included those that did not meet the inclusion 
and exclusion criteria, letters to the editor, case reports, 
and review articles. Furthermore, the studies without the 
outcomes of  interest were also removed, leaving ten study 
articles that were incorporated in the meta‑analysis. The 
manual review of  the included studies’ references was also 
done, which did not yield additional studies.

Among the ten selected articles, six were randomized 
controlled trials, and four were retrospective studies. 
The total study population was comprised of  
567 patients in the EUS‑BD group and 564 patients in 
the PTC group. The mean age of  the study population 
was 60  years  ±  10. Four studies were published in the 
USA, two were in France, one in Korea, one in China, 
and one study in Brazil.[10,11,14‑21] The main characteristics 
of  the studies are depicted in Table  1.

Comparison of the technical and clinical success rates 
of EUS‑guided biliary drainage and percutaneous 
transhepatic cholangiography
The technical and clinical success rates between the 
EUS‑BD  (n  =  567) and PTC  (n  =  564) groups are 
shown in Table  3. The technical success rate for 
EUS‑BD was 86.2%, and the technical success rate 
for PTC was 95% [Table  4]. There was no significant 
difference between both groups’ technical success 
rates  (OR: 0.47  [95% CI: 0.20–1.07]; P  =  0.27). 
Similarly, the clinical success rate for EUS‑BD was 
90%, and the clinical success rate for PTC was 
88.6%  [Table  4]. The clinical success rates were 
also not significantly different between the EUS‑BD 
and PTC groups  (OR: 2.24  [95% CI: 1.10–4.55]; 
P  = 0.51)  [Figure  2].

Comparison of the procedural adverse event rate 
of EUS‑guided biliary drainage and percutaneous 
transhepatic cholangiography
The acute procedural adverse event rate for the 
EUS‑BD group was 7.8% and for the PTC group was 
24.8%  [Table  4]. The EUS‑BD group had significantly 
fewer acute procedural adverse events compared 
to the PTC group  (OR: 0.17  [95% CI: 0.09–0.31]; 
P  =  0.03)  [Figure  3]. Similarly, the total adverse event 
rate for EUS‑BD was 10% and for PTC was 27.3%. 
The total procedural adverse event rate was also 
significantly lower in the EUS‑BD group compared 
to the PTC group  (OR: 0.09  [95% CI: 0.02–0.38]; 
P  <  0.01)  [Figure  3]. Finally, the long‑term adverse 
event rate for EUS‑BD was 2.1% and for PTC was 
2.5%. There was no significant difference between the 
two groups in terms of  delayed adverse events  (OR: 
0.73  [95% CI: 0.34–1.57]; P  = 0.97)  [Figure  3].

Comparison of the re‑intervention rate of 
EUS‑guided biliary drainage and percutaneous 
transhepatic cholangiography
The re‑intervention rate of  the procedures was also 
reported in six studies. The re‑intervention rate for the 
EUS‑BD group was 3.7% compared to 13.8% for the 
PTC group  [Table  4]. The re‑intervention rates were 
significantly lower in the EUS‑BD group compared 
to the PTC group  (OR: 0.27  [95% CI: O.16–0.45]; 
P  =  0.001)  [Table  5]. The postprocedural death rate 
was 1.4% for both the groups and was not significantly 
different between the EUS‑BD and PTC groups  (OR: 
0.99  [95% CI: 0.37–0.266]; P  = 0.99)  [Table  4].

The cost analysis was also reported in three studies. 
The overall cost of  the EUS‑BD procedure was 
significantly less compared to the PTC. For instance, 
Artifon et  al. reported that the overall cost for the 
EUS‑BD procedure was USD 5673 and for PTC was 
USD 7570.[17] Similarly, Khashab et  al. reported that 

Table 1. Contd...
Studies Bories et al.

[14]
Bapaye 
et al.[15]

Lu et al.[16] Artifon et al.[17] Bill et al.[18]

Metastatic cancer 12 NA 3 versus 1 NA 7
Reason for failed ERCP

Altered anatomy 0 NA 12 versus. 10 NA NA
Inability of cannulation 0 NA 0 NA NA
Indwelling duodenal stent 0 NA 0 NA NA
Stomach/duodenal invasion 0 NA 22 versus 22 2 versus 4 NA
NOS/MJS score 8 7 6 7 8

SD: Standard deviation; NOS: Newcastle–Ottawa Quality Assessment Scale; MJS: Modified Jadad Score; RCT: Randomized controlled trial; NA: Not applicable
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the overall cost for EUS‑BD and PTC procedures 
was USD9218  ±  3772 and USD18,261  ±  16,021, 
respectively.[21]

Publication bias
The Egger regression test was conducted on the 
summary estimates to evaluate the possibility of  any 
publication bias. P  = 0.05 was considered statistically 
significant to identify publication bias. In the current 
meta‑analysis, there was no evidence of  publication bias 
as the Egger regression test demonstrated P  = 0.01.

DISCUSSION

In patients with obstructive jaundice, ERCP is the 
standard technique to access the biliary tree with a 
success rate of  greater than 90%.[19]  Altered or variant 
anatomy, gastric outlet obstruction, an indwelling 
duodenal stent, and previous gastric bypass surgery 
are considered the most common reasons for the 
failed ERCP.[2,24,25] In such cases, percutaneous biliary 
drainage  (PTC) or surgery has been the standard 
treatment for biliary drainage.[26‑30] However, these 
procedures have a significantly high rate of  adverse 
events. Long‑term PTC procedure therapy is associated 

with multiple complications such as cholangitis, 
drain dislocations, and occlusion leading to frequent 
re‑interventions and hospital stay.[9] Moreover, it leads 
to poorer quality of  life, as patients remain with a 
long‑term external drain for the rest of  their lives.[31] 
EUS‑BD is a novel technique and has been increasingly 
used as an alternative procedure to surgery or PTC 
for malignant biliary drainage in patients with a failed 
ERCP due to its minimal invasive nature.[3] It is now 
considered a safe, efficacious option compared to the 
surgery and radiology.[32‑37]

While the global experience with EUS‑BD has been 
rapidly growing, there are still limited data comparing 
its safety and efficacy to PTC. The availability of  
comparative data is essential to guide physicians about 
the optimal procedure  (EUS‑BD or PTC) for achieving 
biliary decompression in malignant biliary obstruction 
in patients with failed ERCP. Baniya et  al. reported that 
EUS‑BD is a safe and effective procedure and has the 
same technical and success rate compared to PTC.[38,39] 
Wang et  al. also reported a high technical  (94.7%) and 
clinical success rate of  the EUS‑BD  (91.66%).[40] The 
current study used a larger number of  articles with a 
relatively homogenous study population comparing the 
technical rates, clinical success rates, and adverse events 
of  EUS‑BD and PTC. This study is the first to weigh 
the acute and chronic  (delayed) adverse events of  these 
procedures in a single meta‑analysis to the best of  our 
knowledge.

The current study results demonstrate high technical 
and clinical success rates for both the procedures. 
There was no significant difference between the use 
of  EUS‑BD or PTC for biliary drainage. However, 
EUS‑BD has significantly lower acute and total adverse 
event rates compared to PTC. This study shows 
that the PTC has a higher incidence of  bleeding, 
sepsis/infection of  the drain site, and formation of  
external biliary fistula compared with EUS‑BD.[10,14,19,20] 
Furthermore, the rate of  re‑intervention after PTC is 

Table 3. Technical and clinical success rates of 
the studies
Study/subgroup Technical success 

(events/total)
Clinical success 
(events/total)

EUS‑BD PTC EUS‑BD PTC
Bories et al. 16/33 16/19 33/33 19/19
Bapaye et al. 23/26 23/25 23/25 26/26
Lu et al. 32/33 57/60 33/33 57/57
Artifon et al. 12/13 12/12 13/13 12/12
Bill et al. 19/25 25/25 24/25 20/25
Khashab et al. 19/22 51/51 19/19 47/51
Giovannini et al. 19/20 17/17 18/19 17/17
Lee et al. 32/34 31/32 28/32 27/31
Huang et al. 34/36 26/30 32/36 20/30
Sharaiha et al. 43/47 12/13 27/43 3/12
PTC: Percutaneous transhepatic cholangiography; EUS‑BD: EUS‑biliary 
drainage

Table 4. Safety and efficacy rates of outcomes of both procedures
Events EUS‑BD versus PTC (%) OR with 95% CI P
Technical success rate 86.2 versus 95 0.47 (0.20–1.07) 0.27
Clinical success rate 90 versus 88.6 2.24 (1.10–4.55) 0.51
Acute adverse events 7.8 versus 24.8 0.17 (0.09–0.31) 0.03
Chronic or delayed adverse events 2.1 versus 2.5 0.73 (0.34–1.57) 0.97
Total adverse events 10 versus 27.3 0.09 (0.02–0.38) 0.01
Death rate 1.4 versus 1.4 0.99 (0.37–0.266) 0.99
Re‑intervention rate 3.7 versus 13.8 0.99 (0.16–0.45) 0.01
OR: Odds ratio; CI: Confidence interval; PTC: Percutaneous transhepatic cholangiography; EUS‑BD: EUS‑biliary drainage
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Table 5. Adverse events of the studies included EUS‑biliary drainage versus percutaneous transhepatic 
cholangiography
Study Bories et al. Bapaye et al. Lu et al. Artifon et al. Bill et al.
Acute adverse events

Bleeding 3 versus 5 0 versus 1 2 versus 5 1 versus 0 2 versus 1
Subcapsular hematoma – – – – –
Hemobilia – – – – –
Perihepatic bile collection/biloma – – – 1 versus 0 –
Recurrent abdominal pain – – – – –
Cholangitis 1 versus 3 0 versus 2 2 versus 5 – –
Pancreatitis – – – – 1 versus 0
Pneumoperitoneum – – – – –
Sepsis/infection of drain site 5 versus 7 1 versus 2 0 versus 5 – –
Perihepatic abscess – – – – –
Sheared guide wire – – – – –
Hepatic abscess – – – 0 versus 2 –
Peritonitis/bile leak 1 versus 1 4 versus 0 0 versus 4 0 versus 1 1 versus 0
Tube malposition – – 0 versus 2 – –
Venous fistula – – – – –
External biliary fistula 1 versus 0 0 versus 7 – – –

Chronic or delayed adverse events
Recurrent biliary obstruction – – – – 2 versus 5
Deaths 4 versus 3 1 versus 2 – – –
Cholecystitis – – – – 1 versus 1

Re‑intervention/Repeat procedure – – 2 versus 
17

– 4 versus 
15

Overall cost of procedure (mean±SD) NA NA NA USD 5673 
versus USD 
7570

NA

Study Khashab et al. Lee et al. Huang 
et al.

Giovannini 
et al.

Sharaiha 
et al.

Acute adverse events
Bleeding 0 versus 1 – 1 versus 3 1 versus 4 2 versus 1
Subcapsular hematoma 0 versus 2 – 0 versus 2 – –
Hemobilia 0 versus 5 0 versus 1 – – –
Perihepatic bile collection/biloma 0 versus 7 – – – 0 versus 1
Recurrent abdominal pain – – – – 0 versus 3
Cholangitis 0 versus 3 0 versus 5 1 versus 0 1 versus 3 –
Pancreatitis 1 versus 0 1 versus 0 – – 1 versus 0
Pneumoperitoneum – – – – –
Sepsis/infection of drain site 5 versus 7 1 versus 2 0 versus 5 – –
Perihepatic abscess 0 versus 1 – – – 0 versus 1
Sheared guide wire 1 versus 0 – – – –
Hepatic abscess – – – 0 versus 2 –
Peritonitis/bile leak 0 versus 10 1 versus 4 0 versus 2 1 versus 3 1 versus 0
Tube malposition 0 versus 2 – 0 versus 2 – 0 versus 4
Venous fistula 0 versus 1 – – – –
External biliary fistula – – – – –

Chronic or delayed adverse events
Recurrent biliary obstruction – – – – –
Deaths – – – 3 versus 3 –
Cholecystitis 1 versus 0 – – – –

Re‑intervention/repeat procedure 3 versus 12 11 versus 29 – – 1 versus 5
Overall cost of procedure (mean±SD) USD 9218±3772 

versus USD 
18.261±16.021

NA USD 
15.35±5.51 
versus 
USD 
21.42±3.95

NA NA

SD: Standard deviation; NA: Not applicable
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significantly higher compared to the EUS‑BD.[11,16,18,19] 
However, the current study did not find any difference 
in the chronic  (delayed) adverse events between these 
two procedures  [Figure  3].

EUS‑BD has been evolving and is now a feasible 
alternative to PTC in high‑volume centers.[38] EUS‑BD 
has certain advantages. First, it is a less invasive and 
a more physiologic procedure for biliary drainage. 
Furthermore, it prevents the need for a long‑term 
external body drain, has a lower re‑intervention 
rate, provides better nutrition absorption from 
gastrointestinal tract, and avoids excessive body 
electrolyte loss.[41] Furthermore, with a proper patient 
consent before ERCP, it can be done in the same 
endoscopic session if  ERCP fails.[42] Our study 
demonstrated that EUS‑BD is a safe and effective 
procedure for obstructive jaundice due to malignant 
biliary stricture compared to PTC with a lower adverse 
event profile. However, EUS‑BD is also associated 
with certain problems. This procedure is technically 
diverse and complex and requires a great skill set 
and specialized training to perform.[43] Moreover, it 

is only feasible when performed by an experienced 
gastroenterologist at a high‑volume medical center 
with appropriate surgical and interventional radiology 
backup to handle any acute complications such as 
bleeding, bile leaks, and pneumoperitoneum.[42,44,45] 
Furthermore, transmural puncture of  the luminal side 
of  the gastrointestinal tract to approach a sterile biliary 
tree can induce biliary infection.[46] Despite these issues, 
this procedure is increasingly being utilized as the 
rescue procedure of  choice after ERCP fails due to its 
high success rate and overall lower adverse event profile 
demonstrated in recent studies compared to PTC.[47]

This study has several limitations. First, the study included 
both randomized trials and retrospective cohorts. Although 
randomized controlled trials produce high‑level evidence, 
all of  the six included randomized control trials were only 
comprised of  a small population of  patients comparing 
the EUS‑BD with PTC. Therefore, the study included four 
high‑quality retrospective studies with stratified analysis to 
increase the population size. Second, the study might have 
publication bias because of  the inclusion of  the small 
sample size studies favoring the results of  EUS‑BD. Third, 
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the included studies lack homogeneity in terms of  clinical 
success rate and acute and chronic  (delayed) adverse events 
of  both the procedures.

CONCLUSIONS

EUS‑BD is a safer and more effective procedure 
compared to PTC in patients with malignant biliary 
obstruction who underwent unsuccessful ERCP. 
However, standardization of  procedural technique, 

learning curve, and information regarding safety and 
technical success is needed from the community setting 
before it can be widely adopted.
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article was subject to the journal's standard procedures, 
with peer review handled independently of  these editors 
and their research groups.
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