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Abstract

Background: Endoscopic retrograde cholangiopancreatography (ERCP)-related perforation is a rare and serious adverse event. The
aim of our study was to evaluate the risk factors and management of ERCP-related perforation, and to further determine the predic-
tive factors associated with perforation outcome.

Methods: A total of 27,018 ERCP procedures performed at the First Affiliated Hospital of Nanchang University (Nanchang, China) be-
tween January 2007 and March 2022 were included in the investigation of ERCP-related perforation. Medical records and endoscopic
data were extracted to analyse the risk factors, management, and clinical outcome of ERCP-related perforation.

Results: Seventy-six patients (0.28%) were identified as having experienced perforation following ERCP. Advanced age, Billroth II
anatomy, precut sphincterotomy, and papillary balloon dilatation were significantly associated with ERCP-related perforation. Most
patients with perforation (n = 65) were recognized immediately during ERCP whereas 11 were recognized later on. The delay in recog-
nition primarily resulted from stent migration (n=29). In addition, 12 patients experienced poor clinical outcome including death or
hospice discharge (n=3), ICU admission for >3days (n=6), and prolonged hospital stay for >1month due to perforation (n=3).
Cancer and systemic inflammatory response syndrome (SIRS) are associated with a higher risk of poor outcome.

Conclusions: Advanced age, Billroth II anatomy, precut sphincterotomy, and balloon dilation increase the risk of ERCP-related perfo-
ration whereas cancer and SIRS independently predicted poor clinical outcome.
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without any serious incidents [3, 8, 9]. Additionally, the impor-
tance of immediate recognition in improving patient outcome is
gradually being acknowledged, contributing to endoscopic or sur-
gical intervention in the mild stage of the disease [4, 10].
However, some patients still experience a severe clinical course
and poor prognosis. Due to the current lack of effective markers,
predicting ERCP-related perforation remains challenging.
Therefore, the aim of this study is to evaluate the risk factors

Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) is an in-
vasive endoscopic procedure that is widely employed for the di-
agnosis and treatment of biliary and pancreatic diseases.
Although ERCP has shown a high success rate, it is also associ-
ated with various adverse events, including acute pancreatitis,
cholangitis, bleeding, and perforation. Among these adverse
events, iatrogenic perforation related to ERCP is rare but severe

and has been reported in 0.08%-1.5% of patients [1-5], with a
mortality rate of <20% [4, 6, 7].

Perforation related to ERCP is caused mainly by intestinal lu-
minal injury from endoscopes, sphincterotomy beyond the intra-
mural portion, and bile duct injury from instruments. Different
types and degrees of ERCP-related perforation are managed in
different ways. Compared with previously emergent surgical
repair, the utilization of endoscopic or medical treatment for
ERCP-related perforation is considered the priority management
approach. The majority of patients can recover from perforation

and management of ERCP-related perforation and to further de-
termine the predictive factors associated with perfora-
tion outcome.

Methods

Study population

ERCP procedures performed at the First Affiliated Hospital of
Nanchang University (Nanchang, China) between January 2007
and March 2022 were reviewed. All perforations related to ERCP
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that had supporting evidence with reports from endoscopy, radi-
ology, or surgery were identified in this study. Patients with non-
local perforation (away from the duodenum and biliopancreatic
duct) or incomplete data were excluded. The data, including pa-
tient demographics, procedure information, perforation charac-
teristics, laboratory examinations, imaging findings, and
management strategies, were extracted from the endoscopy
database and medical records. This study was approved by the
institutional review board of the First Affiliated Hospital of
Nanchang University [(2022)CDYFYYLK(09-030)].

Diagnosis and definition

ERCP-related perforation was diagnosed based on the presence of
luminal defects by endoscopic visualization or contrast leakage,
extraluminal passage of a guide wire, and free or retroperitoneal
gas on fluoroscopy imaging during ERCP. In addition, the detec-
tion of gas or luminal contents outside the gastro-intestinal tract
through post-procedural plain radiographs or computed tomog-
raphy (CT) images of the abdomen was also available. Immediate
diagnosis of a perforation was defined as recognition of the perfo-
ration during ERCP. The delayed diagnosis of perforation was de-
fined as recognition of the perforation through postoperative
imaging or the next endoscopic follow-up, such as stent retrieval.
Perforation was stratified according to the standardized Stapfer
classification system [11]. Perforation caused by migrated stents
was described separately, as they pertain to entirely distinct pa-
tient groups.

The endoscopic procedures were categorized and divided into
four levels by using the American Society for Gastrointestinal
Endoscopy (ASGE) difficulty grading system [12]. The peritoneal
irritation sign was defined as a combination of abdominal guard-
ing and rigidity, tenderness, and rebound tenderness. Systemic
inflammatory response syndrome (SIRS) was defined as the pres-
ence of two or more of the following conditions: body tempera-
ture of <36°C or >38°C, white blood cell count of <4 x 10°/L or
>12 x 10°/L, tachycardia with a heart rate of >90 beats per min-
ute, or tachypnea with a respiratory rate of >20 breaths
per minute.

Poor outcome was defined as death due to perforation or hos-
pice discharge, ICU admission for >3 days, or prolonged hospital
stay for >1month due to the perforation [13]. A good outcome
was defined as recovery from the perforation without any of the
poor outcomes stated above.

Perforation treatment

Patients with Stapfer I perforation typically require immediate
closure, through either endoscopy or surgical intervention [14].
Conversely, Stapfer II perforation is treated with biliary stenting
to divert the bile flow away from the perforation site, with or
without clipping of the defect. Stapfer III and IV perforations are
initially managed conservatively unless they are identified dur-
ing endoscopy or they experience clinical deterioration.
Conservative medical treatment protocols include fasting, intra-
venous administration of antibiotics, proton-pump inhibitors,
and continuous hemodynamic monitoring.

Statistical analysis

Descriptive statistics were summarized for all clinical variables
and are presented as the mean + standard deviation (SD) for nor-
mal data or the median and interquartile range (IQR) for non-
normal data. Categorical variables are presented as counts and
percentages (%) and were compared by using the chi-square test
or Fisher's exact test. Continuous variables were compared by us-
ing the t-test or the Mann-Whitney U test. Multivariate logistic

regression was subsequently used to investigate potential risk
factors for perforation. All statistical analyses were performed
using SPSS version 24.0 (IBM Corp, Armonk, NY, USA). A two-
tailed P-value of <0.05 was considered to indicate statistical
significance.

Results

A total of 27,018 ERCP procedures were reviewed during the study
period from January 2007 to March 2022. There were 78 patients
identified as having ERCP-related perforation. Two patients (one
with an esophageal perforation and one with a gastric perfora-
tion) were excluded due to nonlocal perforation. The remaining
76 patients (0.28%) with perforation were included in our
study (Figure 1).

Overall characteristics of patients with ERCP-
related perforation

The mean age of the patients with ERCP-related perforation was
64.5+14.4years and 41 patients (53.9%) were female (Table 1).
Eight patients (10.5%) had previously undergone Billroth II gas-
trectomy and 25 patients (32.9%) had a periampullary diverticu-
lum. The most common indication for perforation in patients
was a common bile duct stone (75.0%), followed by biliary stric-
ture (15.8%). The procedural difficulty was focused mainly on
grade 2 and grade 3 (35.5% and 48.7%, respectively). Endoscopic
sphincterotomy (57.9%) and papillary balloon dilatation (36.8%)
were widely used in the perforation group.

According to the multivariate logistic regression analysis, ad-
vanced age, Billroth II anatomy, precut sphincterotomy, endo-
scopic papillary balloon dilatation, and mechanical lithotripsy
were associated with a higher risk of ERCP-related perforation.
However, mechanical lithotripsy was no longer significantly as-
sociated with a higher risk after adjustment for confound-
ing factors.

Classification of ERCP-related perforation

Stapfer I perforation was found in 22 patients, while Stapfer II
perforation occurred in 37 patients (Table 2). Additionally, four
patients with Stapfer III perforation and four patients with
Stapfer IV perforation were detected. Among the seven patients
with Billroth I anatomy, three patients with perforation were lo-
cated within the afferent loop. There were no significant differen-
ces in the number of patients with altered anatomy or the
number of emergent admissions between the Stapfer I and
Stapfer II perforation groups.

Most patients with perforation (n=65) were recognized imme-
diately during ERCP and delayed recognition was observed for
only two patients with Stapfer II perforation. Although the
patients with Stapfer I perforation exhibited a slightly longer hos-
pital stay than those with Stapfer II perforation (15.5+15.1vs
11.3+4.1days), the difference did not reach statistical signifi-
cance. Stapfer III perforation showed a long duration due to se-
vere bleeding.

Endoscopic closures were performed in 17 patients who
underwent Stapfer I perforation without secondary interven-
tions. Surgical duodenal repairs were promptly performed in an-
other four patients with duodenal perforation, one of whom
experienced a failed intraoperative attempt at complete endo-
scopic closure. The remaining patient, who had a suspected
small perforation in the duodenal diverticulum, was treated con-
servatively and eventually recovered. In contrast, all Stapfer II
perforation patients underwent endoscopic treatment without
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ERCP performed at the First Affiliated
Hospital of Nanchang University between
January 2007 and March 2022
(n=27,018)

ERCP-related perforation
(n="18)

Two patients were excluded due to
R nonlocal perforation:

esophageal perforation (n= 1)
gastric perforation (n = 1)

76 ERCP-related
perforation available

Stapfer I
(n=22)

Stapfer 11
(n=37)

Stapfer 111
(n=4)
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Migrated stent
(n=9)

Good outcome

(n=64)

Figure 1. Flowchart of the patient selection.

reintervention, except for one patient who was managed conser-
vatively due to failed biliary cannulation.

Clinical outcome of ERCP-related perforation

To clarify the factors associated with outcome, we divided the
patients into two groups (Table 3). After excluding one patient
who had perforation caused by migrated stents, 11 patients expe-
rienced poor clinical outcome, including death or hospice dis-
charge (n=2), ICU admission for >3days (n=6), and prolonged
hospital stay for >1month due to perforation (n=3). Poor out-
come was observed in six patients with Stapfer I perforation and
five patients with Stapfer II perforation.

Our results showed that cancer significantly increased the
risk of a poor outcome (P <0.05). However, there was no differ-
ence in the indications or type of perforation between the groups.
Delayed recognition was not significantly associated with poor
outcome. Compared with post-ERCP pancreatitis and abdominal
pain, the peritoneal irritation sign and SIRS were significantly
more common in the poor outcome group (P<0.05). When the
factors were investigated by using multivariate analysis, only
cancer and SIRS were found to be significant risk factors for
poor outcome.

Similarly, clinical outcome was not associated with any of the
different treatment measures. Among the six patients with
Stapfer I perforation with poor outcome, two underwent surgical

A 4

Poor outcome
(n=12)

repair and four underwent endoscopic clipping. Five patients of
Stapfer II perforation underwent routine placement of nasobili-
ary tubes or stents, with delayed recognition in two patients.

Stent migration-related perforation

There were nine patients identified with perforation (seven duo-
denums and two bile ducts) associated with migrated stents
(Table 4). Based on the stent types, straight stents were found in
seven patients, whereas Tannenbaum and fully covered metal
stents were each found in one patient. The stents were posi-
tioned intrahepatically left in four patients (44.4%), intrahepati-
cally right in two patients (22.2%), and extrahepatically within
the duct in three patients (33.3%). Most of the stents had a length
of >10cm (55.6%) and a diameter of 8.5 French (55.6%). Although
all patients received endoscopic treatment, one patient experi-
enced a severe infection after endoscopic closure and was dis-
charged to hospice care.

Discussion

latrogenic perforation is the most serious adverse event after
ERCP and is associated with a high risk of mortality. Due to the
rarity of perforation, only a few studies have focused on this spe-
cific adverse event with limited cohort sizes [4, 15, 16].
Additionally, as the application of ERCP continues to expand, the
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Table 1. Overall characteristics of patients with ERCP-related perforation.

Characteristic Perforation Non-perforation Univariable analysis Multivariable analysis
(n=76) (n=26,942)
OR (95% CI) P-value OR (95% CI) P-value

Age, years, mean + SD 64.5+14.4 59.0+154 5.46 (1.99-8.94) 0.002 1.02 (1.00-1.04) 0.030
Sex, female, n (%) 41 (53.9) 13,534 (50.2) 1.16 (0.74-1.82) 0.518
Billroth IT anatomy, n (%) 8(10.5) 434 (1.6) 7.19 (3.43-15.04) <0.001 5.41 (2.53-11.56) <0.001
Periampullary diverticulum, n (%) 25(32.9) 8,249 (30.6) 1.11 (0.69-1.79) 0.667
Admission type, n (%)

Scheduled 18 (23.7) 4,632 (17.2) Reference

Urgent 58 (76.3) 22,310 (82.8) 0.67 (0.39-1.14) 0.134
Indication, n (%)

Common bile duct stone 57 (75.0) 17,995 (66.8) Reference

Biliary stricture 12 (15.8) 5,141 (19.1) 0.74 (0.40-1.37) 0.335

Acute pancreatitis 7(9.2) 2,834 (10.5) 0.78 (0.36-1.71) 0.534

Others 0(0.0) 972 (3.6) 1.05 (1.05-1.06) 0.120
Procedural difficulty, n (%)

Grade 1 5 (6.6) 2,362 (8.8) Reference

Grade 2 27 (35.5) 13,585 (50.4) 0.94 (0.36-2.44) 0.805

Grade 3 37 (48.7) 9,996 (37.1) 1.75 (0.69-4.45) 0.235

Grade 4 7(9.2) 999 (3.7) 0.31 (1.05-10.45) 0.051
Endoscopic procedure, n (%)

Sphincterotomy 44 (57.9 15,175 (56.3) 1.07 (0.68-1.68) 0.783

Precut 10 (13.2) 1,417 (5.3) 2.73 (1.40-5.32) 0.007 2.68 (1.37-5.26) 0.004

Papillary balloon dilatation 28 (36.8) 4,905 (18.2) 2.62 (1.04-4.80) <0.001 2.02 (1.22-3.36) 0.007

Biliary stricture dilatation 7(9.2) 1,197 (4.4) 1.26 (0.46-3.45) 0.084

Mechanical lithotripsy 11 (14.5) 1,554 (5.8) 2.48 (1.27-4.82) 0.012 1.85 (0.91-3.80) 0.091
OR = odds ratio, CI := confidence interval.
Table 2. Classification of ERCP-related perforation.
Characteristic Stapfer I (n=22) Stapfer II (n=137) Stapfer Il (n=4) Stapfer IV (n=4) P-value®
Age, years, mean + SD 69.5+£12.9 63.5+14.0 59.3x17.3 64.0+£13.2 0.110
Sex, female, n (%) 14 (63.6) 21(56.8) 1(25.0) 3(75.0) 0.603
Billroth I anatomy, n (%) 3(13.6) 3(8.1) 1 (25.0) 0(0.0) 0.501
Periampullary diverticulum, n (%) 9(4.1) 12 (32.4) 0(0.0) 2(50.0) 0.512
Admission type, n (%)

Urgent 3(13.6) 8 (21.6) 2 (50.0) 3(75.0) Reference

Scheduled 19 (36.4) 29 (78.4) 2 (50.0) 1 (25.0) 0.450
Indication, n (%)

Common bile duct stone 17 (77.3) 29 (78.4) 3(75.0) 4 (100.0) Reference

Biliary stricture 0(0.0) 6(16.2) 1(25.0) 0(0.0) >0.99

Acute pancreatitis 5(22.7) 2 (5.4) 0(0.0) 0(0.0) 0.741
Recognition, n (%)

Early 22 (100.0) 35 (94.6) 4(100.0) 4(100.0) Reference

Delayed 0(0.0) 2 (5.4) 0(0.0) 0(0.0) >0.99
Hospital stay, days, mean + SD 15.5+15.1 11.3+4.1 13.5+8.1 9.8+25 0.271
Treatment, n (%)

Endoscopic 17 (77.3) 36 (97.3) 4 (100.0) 4 (100.0) Reference

Surgical 4(18.2) 0(0.0) 0(0.0) 0(0.0) >0.99

Conservative 1(4.5) 1(2.7) 0(0.0) 0(0.0) >0.99
Outcome, n (%)

Good 16 (72.7) 32 (86.5) 4 (100.0) 4 (100.0) Reference

Poor 6(27.3) 5 (13.5) 0(0.0) 0(0.0) 0.3197

@ StapferIvs Stapfer II.

absolute number of ERCP-related perforations is likely to in-
crease [5, 17]. Therefore, further evaluation of the ERCP-related
perforation is warranted.

In this study, we examined 76 patients with ERCP-related per-
foration during a 15-year study period. The incidence of perfora-
tion following ERCP was 0.28%, which is consistent with the
literature [15, 18, 19]. Advanced age, Billroth II anatomy, precut
sphincterotomy, and papillary balloon dilatation were identified
as major risk factors for perforation. The elevated rate of perfora-
tion in elderly patients may be attributed to the reduced mechan-
ical strength of their intestinal wall [20, 21]. Surgical alterations

in anatomy also make ERCP challenging and further increase the
risk of perforation. Precut sphincterotomy is mainly performed
to enlarge the papillary orifice when standard methods of cannu-
lation fail [22]. In addition to direct injury by the precut sphinc-
terotomy itself, extensive edema and injury following multiple
prior cannulation attempts leave the papilla more vulnerable to
secondary perforation. Our results also showed that balloon dila-
tation significantly increased the risk of perforation. In fact, com-
pared with the median diameter of the distal common bile duct,
which was 13.0mm (range: 7-23mm), the median diameter of
the balloon dilation was 14.0 mm (range: 8-15mm) in the Stapfer
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Table 3. Factors associated with clinical outcome for ERCP-related perforation.

Characteristic Poor outcome (n=11)  Good outcome (n=56) Univariable analysis Multivariable analysis
OR (95% CI) P-value OR (95% CI) P-value

Age, years, mean + SD 70.9+145 64.2+13.5 1.04 (0.99-1.10) 0.143
Sex, female, n (%) 6 (54.5) 33 (58.9) 1.20(0.33-4.39) 0.79
Cancer, n (%) 4 (36.4) 5(8.9) 5.83 (1.26-27.02) 0.024 17.27(1.57-189.87)  0.038
Admission type, n (%)

Urgent 2(18.2) 14 (25.0) Reference

Scheduled 9(81.8) 42 (75.0) 0.67 (0.13-3.46) >0.99
Indication, n (%)

Common bile duct stone 9 (81.8) 44 (78.6) Reference

Biliary stricture 1(9.7) 6 (10.7) 0.82 (0.09-7.62) >0.99

Acute pancreatitis 1(9.) 6(10.7) 0.82(0.09-7.62) >0.99
Perforation type, n (%)

Stapfer 6 (50.0) 16 (28.6 Reference

Stapfer II 5 (41.7) 32(57.1 0.42 (0.11-1.58) 0.197

Stapfer III 0(0.0) 4(7.1) - >0.99

Stapfer IV 0(0.0) 4(7.1) - >0.99
Recognition, n (%)

Early 9 (81.8) 56 (100.0) Reference

Delayed 2(18.2) 0(0.0) - >0.99 -
Post-ERCP pancreatitis?, n (%) 1(9.7) 7 (12.5) 1.43(0.16-12.93) 0.751
Peritoneal irritation sign, n (%) 8(72.7) 16 (28.6) 6.67 (1.57-28.34)  0.010  2.66 (0.29-24.35) 0.388
SIRS, n (%) 9 (81.8) 16 (28.6) 11.25 (2.19-57.89) 0.004 17.27(1.58-189.87)  0.020
Treatment, n (%)

Endoscopic 8(72.7) 54 (96.4) Reference

Surgical 2(18.2) 2(3.6) 6.75(0.83-54.90)  0.074

Conservative 1(9.1) 0(0.0) - >0.99

# 1and 6 patients, respectively, with preoperative acute pancreatitis were excluded.
OR = odds ratio, CI = confidence interval, SIRS = systemic inflammatory response syndrome.

Table 4. Distal and proximal perforation caused by
migrated stents.

Characteristic Distal migra- Proximal migra-
tion (n=7) tion (n=2)

Age, years, mean + SD 61.9+18.4 64.5+16.3
Sex, female, n (%) 2(22.2) 0(0.0)
Indication, n (%)

Benign disease 6(77.8) 1(50.0)

Malignant disease 1(22.2) 1(50.0)
Stent shape, n (%)

Straight 6(77.8) 1 (50.0)

Tannenbaum? 1(11.2) 0 (0.0)

Fully covered metal 0(11.1) 1(50.0)
Stent location, n (%)

Intrahepatic left 3 (44.4) 1(50.0)

Intrahepatic right 2(22.2) 0(0.0)

Extrahepatic 2 (33.3) 1(50.0)
Stent length®, n (%)

<10cm 2(33.3) 1 (100.0)

>10cm 5 (55.6) 0 (0.0)
Stent diameter®, n (%)

7 French 3(33.3) 0(0.0)

8.5 French 4 (55.6) 1 (100.0)
Treatment, n (%)

Endoscopic 7 (100.0) 2 (100.0)

Surgical 0(0.0) 0 (0.0)

Conservative 0(0.0) 0(0.0)
Outcome, n (%)

Good 6 (38.9) 2 (100.0)

Poor 1(11.1) 0(0.0)

# Consisting of multiple anchoring flaps without any side holes.
° Excluding a 60 mm x 10 mm fully covered metal stent.

II perforation group. The expected maximum target diameter of
the balloon should be determined based on the maximum stone
diameter but it should not exceed the diameter of the distal bile
duct, to mitigate the risk of perforation [23, 24].

Duodenal perforations are typically characterized by larger
wounds and continuous leakage of digestive fluid into the retroperi-
toneal or intraperitoneal space. In our study, when compared with
Stapfer II perforation, Stapfer I perforation clearly exhibited a longer
hospital stay and a greater percentage of poor outcome. However,
hospital stay was connected to the impact of other concomitant ad-
verse events to some extent, preventing the establishment of a signif-
icant difference related to the type of perforation.

Except for nine patients with stent migrations, almost all
patients with perforation (65/67, 97.0%) were recognized immedi-
ately through endoscopic visualization or fluoroscopy imaging.
Immediate recognition provides a great opportunity for prompt en-
doscopic or surgical intervention and improves the clinical course
in patients with perforation [4, 25]. The remaining two patients
who had delayed recognition induced by sphincterotomy both
achieved poor outcome. Wound closure helps to limit the leakage
of luminal contents and prevent severe complications, such as
sepsis and multiple organ failure [26]. The high detection rate con-
firmed the feasibility of immediate recognition during ERCP. This
benefit was mainly from routine abdominal radiography at the
end of the procedures. The evidence for extravasation agent of
contrast and the presence of retroperitoneal or intraperitoneal air
under fluoroscopy can suggest the occurrence of perforation.
Relatively small perforations may exhibit less distinct radiographic
changes, making them more prone to being overlooked.
Endoscopists, meanwhile, tend to concentrate their attention on
the narrowed regions of endoscopic views and/or biliary/pancre-
atic imaging in the monitor. Moreover, less experienced endoscop-
ists are more unfamiliar with imaging changes associated with
perforation due to the low incidence of perforation. Regardless, af-
ter completing all endoscopic procedures, careful examination
and fluoroscopy are crucial for identifying perforation. Suspected
perforation may be further determined by using post-procedural
CT scans, especially for retroperitoneal perforation.
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Delayed detection primarily arises from perforation caused by
migrated stents. Stent migration itself was considered a late ad-
verse event of ERCP and relevant perforation was reported in
<1% of patients with stent placement [27, 28]. Perforation caused
by migrated stents occurred more frequently within the intrahe-
patic left biliary system and among longer stents. Previous stud-
ies have indicated that the sharper anatomical features and
more curved positioning of left intrahepatic stents encourage
straight stents to migrate outward [28, 29]. Pig-tail or
Tannenbaum stents with side flaps or barbs impose limitations
on the mobility of the stent and may serve as alternative meth-
ods to mitigate the risk of stent migration [27].

The clinical outcome of perforation is strongly correlated with
the patient's underlying conditions. Of those, cancer was signifi-
cantly associated with an increased incidence of poor outcome.
Although advanced age was found to be a risk factor for perfora-
tion in our study, the difference in age between the two outcome
groups was not significant. Some studies have also indicated that
ERCP is safe for elderly patients [30-32]. While the presence of
peritoneal irritation symptoms is considered a strong indicator of
perforation, the abdominal presentation of perforation patients
is usually not entirely typical initially. Obesity, a decreased level
of consciousness, and injuries in the retroperitoneal region can
influence peritoneal irritation symptoms, leading to the disregard
of their prognostic significance according to multifactorial analy-
ses. Relying solely on peritoneal irritation signs to guide decisions
also results in delayed clinical intervention due to their
late-stage nature. In contrast, tracking changes in the extent and
intensity of these signs may be capable of providing a more
accurate reflection of the severity of the perforation.

SIRS was identified as another reliable predictor of poor out-
come. Despite timely recognition and interventions to prevent
continuous leakage in nine patients, the extravasation of diges-
tive fluids or contrast agents can induce a local inflammatory re-
sponse. When this inflammation is not effectively cleared by the
body and gradually progresses systemically, it leads to the devel-
opment of SIRS, especially in elderly or immunocompromised
patients [33, 34]. As a consequence of an overactive response,
SIRS can compromise the function of distinct organ systems,
leading to multiple organ dysfunction syndrome, which has a
mortality of 4.3%-10% [35-37].

Compared with other studies that are focused on the manage-
ment of perforation [4, 15, 16], our study found no significant ad-
vantage for any treatment. Regardless of whether employing
internal medicine or surgical interventions are used, immediate
recognition and defect closure are essential for limiting the leakage
of luminal contents and preventing severe complications, such as
sepsis and multiple organ failure. It is advisable to conduct an ab-
dominal CT scan and biochemical tests within 24 hours after clo-
sure to promptly detect any treatment failure for secondary
interventions [8, 38]. Intervention at the earliest opportunity is con-
sidered helpful in reducing the systemic inflammatory reaction
caused by persistent leakage to some extent. Overall, the most im-
portant effort should be directed toward the prevention of
perforation.

There were several limitations in our study. The retrospective
design limited by the low incidence of perforation may have intro-
duced inherent selection bias. Asymptomatic or mild patients with
delayed perforation could have been missed before discharge. The
limited cohort size resulted in certain perforation sets being some-
what statistically underpowered. Moreover, the rarity of perfora-
tion forced us to extend the study period and prevented us from

determining the influence of the experience of the endoscopists on
perforation with increasing procedural volume.

In conclusion, advanced age, Billroth II anatomy, precut
sphincterotomy, and papillary balloon dilatation were risk fac-
tors for ERCP-related perforation. In addition to perforation
caused by migrated stents, routine postoperative abdominal fluo-
roscopy helps to achieve immediate recognition of most perfora-
tions. Cancer and SIRS were associated with poor outcome. Early
monitoring and intervention may be required to optimize clinical
outcomes in patients who are at risk of poor prognosis.
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