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Surgical versus non-operative initial management of 
post-endoscopic retrograde cholangiopancreatography 
perforation: a systematic review and meta-analysis

Athina A. Samara, Alexandros Diamantis, Konstantinos Perivoliotis, Georgios Mavrovounis,  
Dimitrios Symeonidis, Ioannis Baloyiannis, Dimitris Zacharoulis
University Hospital of Larissa, Greece

Background In the present study we performed a systematic review and meta-analysis regarding the 
initial management of perforations following endoscopic retrograde cholangiopancreatography (ERCP).

Method A systematic review and meta-analysis was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and the 
Cochrane Handbook for Systematic Reviews of Interventions.

Result In total, 10 comparative studies and 223  patients with post-ERCP perforations were 
included in the present study. In type  I and II perforations, the success rate of initial surgical 
management was higher compared to the non-operative management (NOM) group (P=0.09 and 
P=0.02, respectively). There was no statistically significant difference in mortality rates or length of 
hospital stay between initial surgical and NOM management for any type of perforation.

Conclusions The current meta-analysis demonstrated the significance of the initial management 
of patients with post-ERCP perforations. Whether a surgical or an endoscopic approach is chosen, 
the patient should immediately be evaluated by an experienced surgeon or endoscopist.

Keywords Endoscopic retrograde cholangiopancreatography, complications, duodenal 
perforation, surgical management, iatrogenic duodenal injury
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Introduction

Since its introduction in the 1960s, endoscopic retrograde 
cholangiopancreatography (ERCP) has played both a 
diagnostic and a therapeutic role. Today, since the establishment 
of noninvasive diagnostic procedures such as magnetic 
resonance cholangiopancreatography (MRCP) and endoscopic 
ultrasound (EUS), ERCP has evolved to predominantly become 
a therapeutic tool in hepato-pancreato-biliary diseases [1]. 
While a safe method, ERCP is associated with considerable 
complications, such as pancreatitis, bleeding, cholangitis and 
duodenal perforation [2]. The latter is the most concerning of 

all complications, with an estimated incidence ranging from 
0.09-1.67% and mortality up to 8% [3].

Because of the rarity of this adverse event and the 
heterogeneity of patients, data in the literature are based 
on case series and there are no large prospective studies. 
Thus, initial management of post-ERCP perforations is still 
controversial, with no consensus among clinicians regarding 
optimal treatment. Traditionally, surgery was considered a 
more appropriate method of management for post-ERCP 
perforation; however, in the past decade a more selective 
approach has evolved, with both conservative and endoscopic 
management options being available [4]. There are only limited 
and isolated data available regarding surgical management, 
with controversial recommendations on the timing and type of 
surgical procedures. As a result, management tends to depend 
on an individual clinician’s preference and expertise.

According to Stapfer et al [5], 4 classes of duodenal 
perforations, in descending order of severity, based on 
the mechanism, anatomical location and severity of the 
injury, may predict the need for surgery. More specifically, 
lateral or medial wall perforations (type  I) caused by the 
endoscope are often large and remote from the ampulla, 
with intraperitoneal leakage, and require immediate 
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surgery. In the present study we therefore aimed to perform 
a systematic review and meta-analysis of all the available 
literature and data regarding the initial management of 
perforations following ERCP.

Materials and methods

Study protocol

The present study was conducted in accordance with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [6] and the Cochrane 
Handbook for Systematic Reviews of Interventions [7].

Endpoints

The primary endpoint of this meta-analysis was the 
success rate of initial management of post-ERCP perforations, 
comparing initial surgical and non-operative management 
(NOM). Secondary endpoints included the mortality rate and 
the overall length of stay.

Eligibility criteria

Literature considered as eligible included all comparative 
human prospective or retrospective studies that reported 
relevant and retrievable data on surgical and NOM of 
perforations following ERCP, evaluated in terms of the Stapfer 
classification [5]. Exclusion criteria included the following: 1) 
non-human trials; 2) irretrievable data; 3) pediatric patients; 4) 
non-English language; 5) non-comparative studies; 6) studies 
including less than 6 patients; 7) non-Stapfer classification; and 
8) studies in the form of expert opinions, editorials, conference 
abstracts and letters.

Literature search

A systematic literature search was performed using the 
scholar databases Medline (PubMed), Scopus and Web of 
Science. The search included articles from the beginning of the 
databases to February 28th 2021; all studies published up to the 
last search date were included in the database screening.
The following Boolean search algorithm was applied:
•	 [ERCP] AND [perforation]

In addition, the reference lists of eligible studies were 
screened manually.

Study selection and data collection

After the removal of duplicate data, both titles and abstracts 
of the remaining studies were screened. This was followed by 

a full-text review. The literature screening, data extraction and 
quality assessment was completed blindly and in duplicate by 
2 independent researchers (GM and AS). In the event that a 
discrepancy could not be resolved, the opinion of a third senior 
researcher was considered (DZ). Quality and methodology 
evaluation included the Case Series Quality Appraisal 
Checklist [8] for case-series studies.

Statistical analysis

Cochrane Collaboration RevMan version 5.4.1 was used for 
the completion of statistical analyses. Odds ratios and weighted 
mean differences were derived for categorical and continuous 
variables, respectively. All variables were reported with the 
respective 95% confidence interval. In cases where a trial did 
not provide the mean or standard deviation, these values were 
calculated from the reported median, range or interquartile 
range. The statistical methods applied were the Maentel-
Haenszel and the inverse variance methods for categorical and 
continuous variables, respectively. Based on the results of the 
Cochran Q test, either the random effects, or the fixed effects 
model was constructed. Heterogeneity was quantified in terms 
of I2. Statistical significance was considered at the level of P<0.05.

Risk of bias across studies

To evaluate the possible presence of publication bias, a 
funnel plot of the primary endpoint was visually inspected.

Results

The literature search resulted in the retrieval of 1725 records 
(Fig.  1). After the removal of 1080 duplicate records, 645 
titles and abstracts were screened. A total of 591 articles were 
excluded, leaving 54 articles that underwent a full-text review. 
Most of the studies did not use the Stapfer classification, and 
as a result only 10 comparative studies [1,5,9-16] regarding the 
initial management of post-ERCP perforations were eligible 
for quantitative analysis.

The main characteristics of the included studies are presented 
in Table  1. Nine retrospective studies [1,5,9-10,12-16] and a 
retrospective review of a prospective database [11] were included 
in the quantitative analysis. Table 1 also displays demographics 
information. Six of the included case-series [5,10-11,14-16] 

were scored as 8/9 and 4 studies [1,9,12-13] as 7/9 in the Case 
Series Quality Appraisal Checklist [8].

A total of 223 patients with post-ERCP perforations were 
identified and included in the present evaluation. The incidence 
of ERCP-related perforations was higher in studies with a 
small number of total ERCPs. Perforation type was classified 
according to the Stapfer classification [5]. Of the 58  patients 
identified with a type  I perforation, 39  patients (67.2%) 
underwent initial surgical management, while 19 (32.8%) had 
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Records identified through
Medline (PubMed) searching

(n = 632)

Records identified through
Scopus and Web of Science searching

(Scopus: n = 1073
Web of Science: n=665)

Records after duplicates removed
(n = 1725)

Records screened
(n = 645)

Full-text articles assessed
for eligibility

(n = 54)

Studies included in
qualitative synthesis

(n = 10)

Studies included in
quantitative synthesis

(meta-analysis)
(n = 10)

Full-text articles excluded,
with reasons (non-Stapfer

classification)
(n = 44)

Records excluded
(n = 591)
• 137 reviews
• 454 irrelevant, non-
  English
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Figure 1 PRISMA flow diagram

Table 1 Study characteristics

First Author 
[Ref.]

Study 
Period

Type of Study Number of 
perforations

Total 
ERCPs

Incidence of 
perforation

Mean Age Males/Females

Mousa [9] 2007-2017 Retrospective 6 852 0.7% 48.2 1/5

Kumbhari [10] 2000-2014 Retrospective 61* 3331 1.8% 51.3 12/49

Kodali [11] 2002-2012 Retrospective review of 
a prospective database

12 8264 0.15% 58.58 2/10

Rabie [12] 2008-2011 Retrospective 10 597 1.68% 56.6 3/7

Miller [1] 1995-2011 Retrospective 27 1638 1.64% Median: 73.6 (30-94) 9/18

Alfieri [13] 1999-2011 Retrospective 30 14618 0.21% Range 32-75 13/17

Krishna [14] 2001-2007 Retrospective 14 N/A N/A 46 8/6

Polydorou [15] 1989-2010 Retrospective 44 9889 0.45% Median: 62 11/33

Avgerinos [16] 1999-2008 Retrospective 15 4358 0.34% Median: 69 (34-87) 6/9

Stapfer [5]  1993-1998 Retrospective 14 1413 0.99% 48.9 4/10
*76 total perforations before the exclusion of type 3 and 4
ERCP, endoscopic retrograde cholangiopancreatography

initial NOM. In addition, 131 patients with type II perforation 
were included in the present study, with 13 (9.9%) undergoing 
initial surgical management and 118  (90.1%) undergoing 

initial NOM. There were 22 patients with a type III perforation; 
only 3 (13.6%) were treated with surgery while the remaining 
19 (86.4%) underwent NOM. Finally, 20 patients with a type IV 
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perforation were identified, and all of them (n=20) were treated 
with initial NOM (Supplementary Table 1).

Table  2 summarizes the success rates of the initial 
management of post-ERCP perforations. Specifically, 31 of 
39  patients (79.5%) with type  I perforation had a successful 
initial surgical treatment, and 10 of 19  patients (52.6%) 
with type  I perforation had a successful initial NOM. Ten of 
13 patients (76.9%) with type  II perforation had a successful 
initial surgical treatment, and 88 of 118 patients (74.6%) with 
type II perforation had a successful initial NOM. Concerning 
type III perforations, the success rate of initial management was 
100% for both surgery and NOM (3/3 and 19/19, respectively). 
All patients with type IV perforation (n=20) were treated with 
NOM, with 100% success.

Data regarding mortality are displayed in Table 3. Regarding 
type I perforations, the mortality rate was 15.4% (6/39) for the 
initial surgery group and 31.6% (6/19) for the NOM group. The 
mortality rate of patients with a type II perforation was 11.1% 
(2/18) and 8% (9/113) for the initial surgery and NOM groups, 
respectively. No deaths were reported for either perforation 
type III or IV, so the mortality rate was zero for both groups.

Quantitative analysis of the primary outcome (success of 
initial management) was conducted in 3 subgroups relating 
to the type of perforation (Fig. 2). In type I perforations, the 
success rate of initial surgical management was higher when 
compared to the NOM group (79.5% and 52.6%, respectively); 
however, the difference was not statistically significant 
(P=0.09). Type  II perforations displayed a statistically 
significant difference between the success rate of initial surgical 
and NOM management, favoring management with initial 
surgery (P=0.02). Results for type  III perforations could not 
be evaluated, as the success rates were 100% in both groups 
and all the patients with type  IV perforations were managed 
with NOM.

Regarding secondary outcomes, there was no statistically 
significant difference in mortality rates between initial surgical and 
NOM management for any type of perforation (Supplementary 
Fig. 1). Similarly, there was no statistically significant difference 
in the length of hospital stay between the 2 groups for any type 
of perforation (Supplementary Fig. 2). Visual inspection of the 
funnel plot of the primary endpoint revealed a symmetrical 
distribution of the included studies (Supplementary Fig. 3).

Discussion

During the last decade, because of the wide availability of 
noninvasive imaging techniques such as MRCP and EUS, the 
use of the invasive modality of ERCP has been limited to the 
management and treatment of various pancreatic and biliary 
pathologies and disorders [1,17]. Even though ERCP is a 
common procedure nowadays, it still remains a challenging 
endoscopic procedure, and safe application rates require 
adequately high expertise, level of training, and experience on 
the part of the endoscopists and their supporting team. While 
relatively safe in experienced hands, ERCP is still associated with 
morbidity and complications, such as pancreatitis, bleeding, 
and post sphincterotomy perforation, with a reported incidence 
of 0.08-10% [2-3]. Moreover, regarding the perforations, which 
are the most dangerous and life-threatening ERCP related 
complication, medicolegal issues may arise [18], usually related 
to the provision of information and the acquisition of consent, 
and to the distinction between not easily avoidable/preventable 
procedure consequence and medical error.

In the present study, therefore, we aimed to perform 
a systematic review and meta-analysis of all the available 
literature and data regarding the initial management of 

Table 2 Success of initial management

First Author 
[Ref.]

Success of initial management

1 2 3 4

Total Surgery NOM Total Surgery NOM Total Surgery NOM Total Surgery NOM

Mousa [9] 1/3 1/1 0/2 0/1 0/1 - 1/1 - 1/1 1/1 - 1/1

Kumbhari [10] 6/7 5/5 1/2 50/54 - 50/54 - - - - - -

Kodali [11] 2/2 1/1 1/1 8/8 3/3 5/5 2/2 - 2/2 - - -

Rabie [12] 1/3 1/2 0/1 1/1 - 1/1 3/3 - 3/3 3/3 - 3/3

Miller [1] 3/5 3/5 - 4/12 3/3 1/9 5/5 - 5/5 5/5 - 5/5

Alfieri [13] 0/6 0/2 0/4 4/15 1/2 3/13 1/1 - 1/1 8/8 - 8/8

Krishna [14] 11/11 4/4 7/7 0/1 0/1 - 2/2 2/2 - - - -

Polydorou [15] 5/7 4/6 1/1 25/30 - 25/30 5/5 - 5/5 2/2 - 2/2

Avgerinos [16] 9/9 9/9 - 2/3 2/2 0/1 - - - 1/1 - 1/1

Stapfer [5] 3/5 3/4 0/1 4/6 1/1 3/5 3/3 1/1 2/2 - - -

Total 41/58 31/39 10/19 98/131 10/13 88/118 22/22 3/3 19/19 20/20 - 20/20
NOM, non-operative management
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Rabie et al
Stapfer et al
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Test for overall effect: Z = 1.72 (P = 0.09)
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Figure 2 Quantitative analysis of the primary outcome (success of initial management)
NOM, non-operative management; CI, confidence interval

Table 3 Mortality rate

First Author [Ref.] Mortality

1 2 3 4

Total Surgery NOM Total Surgery NOM Total Surgery NOM Total Surgery NOM

Mousa [9] 1/3 0/1 1/2 1/1 1/1 - 0/1 - 0/1 0/1 - 0/1

Kumbhari [10] 1/7 0/5 1/2 1/54 - 1/54 - - - - - -

Kodali [11] 0/2 0/1 0/1 0/8 0/3 0/5 0/2 - 0/2 - - -

Rabie [12] 1/4 1/4 - 0/1 - 0/1 0/3 - 0/3 0/3 - 0/3

Miller [1] 2/5 0/3 2/2 6/12 0/3 6/9 0/5 0/0 0/5 0/5 - 0/5

Alfieri [13] 3/6 2/2 1/4 1/15 0/2 1/13 0/1 - 0/1 0/8 - 0/8

Krishna [14] 0/11 0/4 0/7 1/1 1/1 - 0/2 0/2 - - - -

Polydorou [15] 2/7 2/6 0/1 0/30 - 0/30 0/5 - 0/5 0/2 - 0/2

Avgerinos [16] 0/9 0/9 - 1/3 0/2 1/1 - - - 0/1 - 0/1

Stapfer [5] 2/5 1/4 1/1 0/6 0/1 0/5 0/3 0/1 0/2 - - -

Total 12/58 6/39 6/19 11/131 2/18 9/113 0/22 0/3 0/19 0/20 - 0/20
NOM, non-operative management

perforations following ERCP, and how this is associated 
with either positive or negative consequences for the patient. 

Besides our primary endpoint (success of initial management), 
mortality and overall length of stay were also reviewed.
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In our systematic review, we used probably the most 
universally used classification system by Stapfer et al [5]. 
In concordance with the current literature, in our study 
type I injuries have the smallest rate of NOM. These patients 
usually need surgical intervention and, as our results 
show, the success rate of initial management of post-ERCP 
perforations in type  I patients was considerably higher in 
the group undergoing initial surgical management when 
compared to the NOM group (79.5% and 52.6%, respectively). 
Interestingly though, this difference in percentage was not 
statistically significant.

Type  III injuries represent distal bile duct injuries related 
to wire or basket instrumentation in close proximity to an 
obstructing entity like a stone, and are often small, while 
type IV represent pseudo-perforations probably related to the 
use of compressed air to maintain patency of a lumen, and 
usually do not require surgical intervention [19,20]. All patients 
with type  III and IV injuries included in this meta-analysis 
had a favorable outcome, whether treated conservatively or 
surgically.

Last but not least, type  II injuries (peri-Vaterian 
perforation of the medial wall associated with biliary or 
pancreatic sphincterotomy or precut papillotomy) vary in 
severity and pose a clinical dilemma. In these patients, an 
individualized approach is necessary, based on the severity of 
the perforation and the patient’s clinical condition. Moreover, 
discrimination between type II and IV injuries is sometimes 
only possible intraoperatively, where after no significant 
perforation is found, a presumed type  II injury is upgraded 
to type IV. This represents a certain limitation of the current 
classification system. Nonetheless, in type  II perforations a 
statistically significant difference between the success rate of 
initial surgical and NOM management was noted, in favor 
of the former, thus dictating the need for an individualized 
approach to every case.

Regarding secondary outcomes, there was no statistically 
significant difference in mortality rates between initial surgical 
and NOM management for any type of perforation. Similarly, 
there was no significant difference regarding length of hospital 
stay between the 2 groups in any of the sub-analyses.

Although the present study is the first meta-analysis 
regarding the initial management of post-ERCP perforations, 
the results of our review should be interpreted cautiously. 
The limitations of the present study reflect the limitations 
posed by the included studies. The vast majority of the studies 
were retrospective, while one was a retrospective review of a 
prospective database. No randomized controlled trials were 
identified in the current literature, which is a great limitation 
of this study. The small number of the included studies and the 
heterogeneity of the included data are also a strong limitation.

In conclusion, the current meta-analysis demonstrated 
the significance of the initial management of patients with 
post-ERCP perforations. While there is no consensus as to 
the management of these patients, when a complication such 
as perforation occurs, an urgent multidisciplinary meeting 
should be convened to assess the patient’s data and provide a 
fast and valid treatment plan. Whether a surgical or endoscopic 
approach is chosen, the patient should immediately be 

evaluated by an experienced surgeon or endoscopist; if this is 
not possible they should be urgently referred to a hepatobiliary 
reference center for treatment.

Summary Box

What is already known:

•	 Perforation	 following	 endoscopic	 retrograde	
cholangiopancreatography is associated with an 
estimated incidence ranging from 0.09-1.67% and 
mortality up to 8%

•	 There	are	only	 limited	and	 isolated	data	available	
related to surgical management, with controversial 
recommendations on the timing and type of 
surgical procedures

•	 Management	 tends	 to	 depend	 on	 an	 individual	
clinician’s preference and expertise

What the new findings are:

•	 In	 type  I	 and	 II	 perforations,	 the	 success	 rate	 of	
initial surgical management was higher compared 
to the non-operative management (NOM) group

•	 There	was	no	statistically	significant	difference	 in	
mortality rates or length of hospital stay between 
initial surgical and NOM management for any type 
of perforation

•	 When	a	complication	such	as	perforation	occurs,	
an urgent multidisciplinary meeting should take 
place to assess the patient’s data and provide a fast 
and valid treatment plan

•	 Whether	 a	 surgical	 or	 an	 endoscopic	 approach	
is chosen, the patient should immediately 
be evaluated by an experienced surgeon or 
endoscopist; if this is not possible they should 
be urgently referred to a hepatobiliary reference 
center for treatment
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Subgroup Events

Surgery
Total TotalEvents

NOM
Weight

Odds Ratio
M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

1.3.1 Type 1
Alfieri et al [13]

Kodali et al [11]

Krishna et al [14]

Kumbhari et al [10]

Miller et al [1]

Mousa et al [9]

Polydorou et al [15]

Stapfer et al [5]

Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 6.46, df = 5 (P = 0.26); I2 = 23%
Test for overall effect: Z = 1.10 (P = 0.27)

2
0
0
0
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0
1

6

4
1
7
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1
1
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7.1%
4.0%

11.9%
58.8%

11.67 [0.32, 422.14]
Not estimable
Not estimable

0.09 [0.00, 3,591]
0.03[0.00, 1.99]

0.33 [0.01,16.801]
1.67 [0.05, 56.26]
0.14 [0.00, 5.95]
0.51 [0.15,1.70]

1.3.2 Type 2
Alfieri et al [13]

Avgerinos et al [16]

Kodali et al [11]

Kumbhari et al [10]

Miller et al [1]

Stapfer et al [5]

Subtotal (95% CI)
Total events
Heterogeneity: Chi2 = 1.99. df = 2 (P = 0.37); I2 = 0%
Test for overall effect: Z = 1.53 (P = 0.13)

0
0
0
0
0

0

2
2
3
3
1
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1
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5
9
5

33

3.5%
11.9%

25.8%

41.2%

1.67 [0.05, 53.92]
0.07 [0.00, 5.49]

Not estimable
0.08 [0.00. 1.96]

Not estimable

0.21 [0.03, 1.55]

1.3.3 Type 3
Stapfer et al [5]

Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Not applicable

0

0

0

0

1
1

2
2

Not estimable
Not estimable

Total (95% CI)
Total events
Heterogeneity: Chi2 = 8.68. df = 8 (P = 0.37); I2 = 8%
Test for overall effect: Z = 1.84 (P = 0.07)
Test for subgroup differences: Chi2 = 0.55, df = 1 (P = 0.46), I2 = 0%
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38 55 100.0% 0.39 [0.14, 1.06]
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Supplementary Figure 1 Quantitative analysis of mortality rates
NOM, non-operative management; CI, confidence interval

1.2.1 Type 1
Kodali et al [11]

Krishna et al [14]

Mousa et al [9]

Stapfer et al [5]

Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.96 (P = 0.34)
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1
7
2
1

11

Not estimable
-9.54 [-29.08, 10.00]

Not estimable
Not estimable

-9.54 [-29.08, 10.00]

1.2.2 Type 2
Alfieri et al [13]

Avgerinos et al [16]

Kodali et al [11]

Stapfer et al [5]

Subtotal (95% CI)
Heterogeneity: Chi2 = 0.64, df = 1 (P = 0.42); I2 = 0%
Test for overall effect: Z = 1.48 (P = 0.14)
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6
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2
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22.89
0

1.36
35.9
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1
5
5

24

1.0%

1.0%

2.1%

96.9%

99.0%

-3.93 [-17.28, 9.42]
Not estimable

1.60 [-0.38, 3.58]
Not estimable

1.48 [-0.48, 3.44]

1.2.3 Type 3
Stapfer et al [5]

Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Not applicable

12 0 1
1

15 8 2
2

Not estimable
Not estimable

Total (95% CI)
Heterogeneity: Chi2 = 1.85, df = 2 (P = 0.40); P = 0%
Test for overall effect: Z = 1.38 (P = 0.17)
Test for subgroup differences Chi2= 1.21. df = 1 (P = 0.27). I2 = 17.4%

19 37 100.0% 1.37 [-0.58, 3.32]
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Supplementary Figure 2 Quantitative analysis of length of stay
NOM, non-operative management; CI, confidence interval
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Supplementary Figure 3 Funnel plot of the primary outcome
SE, standard error; OR, odds ratio
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Supplementary Table 1 Type of perforation (Stapfer) and initial management

First 
Author 
[Ref.]

Type of perforation (Stapfer) and initial management Comments

1 2 3 4

Total Surgery NOM Total Surgery NOM Total Surgery NOM Total Surgery NOM

Mousa [10] 3 1 2 1 1 - 1 - 1 1 - 1 -

Kumbhari [11] 7 5 2 54 - 54 - - - - - - -

Kodali [12] 2 1 1 8 3 5 2 - 2 - - -

Rabie [13] 3 2 1 1 - 1 3 - 3 3 - 3 -

Miller [1] 5 5 - 12 3 9 5 - 5 5 - 5 -

Alfieri [14] 6 2 4 15 2 13 1 - 1 8 - 8 -

Krishna [15] 11 4 7 1 1 - 2 2 - - - - -

Polydorou [16] 7 6 1 30 - 30 5 - 5 2 - 2 -

Avgerinos [17] 9 9 - 3 2 1 - - - 1 - 1 2 
unclassified

Stapfer [7] 5 4 1 6 1 5 3 1 2 - - - -

Total 58 39 19 131 13 118 22 3 19 20 0 20 -
NOM, non-operative management



Section/topic # Checklist item Reported 
on page #

TITLE 

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT 

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data 
sources; study eligibility criteria, participants, and interventions; study appraisal and 
synthesis methods; results; limitations; conclusions and implications of key findings; 
systematic review registration number. 

1

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of what is already known. 1

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, 
interventions, comparisons, outcomes, and study design (PICOS). 

1-2

METHODS 

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address),  
and, if available, provide registration information including registration number. 

2

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow up) and report characteristics 
(e.g., years considered, language, publication status) used as criteria for eligibility, giving 
rationale. 

2

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study 
authors to identify additional studies) in the search and date last searched. 

2

Search 8 Present full electronic search strategy for at least one database, including any limits used, 
such that it could be repeated. 

2

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic 
review, and, if applicable, included in the meta-analysis). 

2

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in 
duplicate) and any processes for obtaining and confirming data from investigators. 

2

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and 
any assumptions and simplifications made. 

2

Risk of bias in individual 
studies 

12 Describe methods used for assessing risk of bias of individual studies (including 
specification of whether this was done at the study or outcome level), and how this 
information is to be used in any data synthesis. 

2

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 2

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including 
measures of consistency (e.g., I2) for each meta-analysis. 

2

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., 
publication bias, selective reporting within studies). 

2

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, 
meta-regression), if done, indicating which were pre-specified. 

n/a

RESULTS 

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with 
reasons for exclusions at each stage, ideally with a flow diagram. 

2

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, 
PICOS, follow-up period) and provide the citations. 

2

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment 
(see item 12). 

2,4

Results of individual 
studies 

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple 
summary data for each intervention group (b) effect estimates and confidence intervals, 
ideally with a forest plot. 

2-3

Supplementary Table 2 PRISMA 2009 Checklist [6] 

(Contd...)



Section/topic # Checklist item Reported 
on page #

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of
consistency. 

4

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 2,4

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, 
meta-regression [see Item 16]). 

n/a

DISCUSSION 

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; 
consider their relevance to key groups (e.g., healthcare providers, users, and policy makers). 

6

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., 
incomplete retrieval of identified research, reporting bias). 

6

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and 
implications for future research. 

6

FUNDING 

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of 
data); role of funders for the systematic review. 

n/a
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