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Abstract

BACKGROUND

Endoscopic retrograde cholangiopancreatography (ERCP) is a crucial treatment
modality for biliary and pancreatic obstruction carrying significant technical
challenges and high complication rate. Although rare, complication of perforation
can lead to significant morbidity and mortality if not promptly recognized and
managed appropriately.

AIM

To investigate the incidence, patterns of diagnosis and management and out-
comes of ERCP associated perforations.

METHODS
This study is a post-hoc analysis of a prospectively collected database of ERCP
procedures carried out in a referral center in Lithuania between 2010 and 2019.

RESULTS

In the period between 2010 and 2019 years 5462 ERCP procedures were per-
formed. 2665 ERCP procedures were carried out with an intention of biliary stent
placement resulting in 20 perforations (0.75%). The average age of patients with
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ERCP associated perforations was 73.2 = 11.9 years, 7 of them being male (35%). The complication was diagnosed
intra-procedurally in 6 patients (30%) and perforations most often occurred in biliary tract (n = 8, 40%). Half of the
patients with diagnosed ERCP associated perforation underwent surgical interventions (n = 10, 50%). Median
duration of hospitalization for patients with ERCP associated perforations was 16.5 days and a quarter of the
patients died (n =5, 25%).

CONCLUSION
ERCP associated perforation is a rare but potentially fatal procedural complication, necessitating prompt diagnosis,
thorough workup and a multidisciplinary management plan.

Key Words: Endoscopic retrograde cholangiopancreatography; Complications; Perforations; Management; Outcomes

Core Tip: Endoscopic retrograde cholangiopancreatography (ERCP) is a mainstay minimally invasive treatment modality for
biliary and pancreatic duct obstruction. Despite rapid advances in endoscopic techniques ERCP remains one of the most
complication-prone interventions. Although rare, ERCP associated perforations can lead to significant morbidity and
mortality if not promptly recognized and managed appropriately. This article provides detailed insight into the diagnostic
and clinical pathways of managing ERCP associated perforations in a high-volume center, crucial decision-making aspects
and promising facets to consider for improved patient outcomes. The results underpin the significance of prompt diagnosis
and the importance of multidisciplinary approach when managing ERCP associated perforations.
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INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP) is a pivotal minimally invasive therapeutic intervention in the
management of biliary and pancreatic duct obstruction. Even with the advancements in endoscopic techniques, it remains
one of the most technically challenging and complication-prone endoscopic interventions. The main complications of
ERCP are post-ERCP pancreatitis, bleeding, cholangitis, cholecystitis, with perforation being among the most perilous
adverse events. ERCP associated perforation is the rarest of ERCP related complications with the overall incidence
reported from 0.08% to 0.6%[1-3], compared to the most common-post-ERCP-pancreatitis, with the overall incidence of
3% to 10%[4,5], perforations can lead to significant morbidity and mortality if not promptly recognized and managed
appropriately[6,7].

There are several mechanisms of ERCP associated perforations: Luminal perforation due to manipulation of the
endoscope, extension of sphincterotomy cut beyond the intramural bile duct and extramural passage of guidewires or
stent migration.

The risk factors for ERCP associated perforations, such as sphincterotomy, precut techniques, difficult cannulation, and
anatomical variations such as periampullary diverticula or altered surgical anatomy, have been identified and necessitate
even more measured ERCP technique[8-10]. The Stapfer classification, introduced in 2000, remains the most widely
accepted system for categorizing ERCP associated perforations, guiding both diagnosis and management. This classi-
fication distinguishes perforations based on anatomical localization and mechanism into four types, each with distinct
clinical implications and prognostic significance[7,11].

Despite advances in imaging and endoscopic techniques, the mortality associated with ERCP related perforation
remains substantial. Population-based studies report overall ERCP mortality as high as 0.14%, with perforation-specific
mortality ranging from 2% to over 20%, depending on the timing of diagnosis, the type of perforation, and the chosen
management strategy[6,7]. Timely identification and early intervention are critical to improving outcomes. Recent
evidence suggests that intra-procedural diagnosis and endoscopic closure techniques may significantly reduce the need
for surgery and shorten hospital stay[6,12].

This study aims to investigate the incidence, patterns of diagnosis, management and outcomes of ERCP associated
perforations in a high-volume center in the span of 10 years and reviews 2 illustrative clinical cases.

MATERIALS AND METHODS

A large prospectively collected database of ERCP procedures carried out between 2010 and 2019 was analyzed for ERCP
associated perforations. All patients with a diagnosis of ERCP associated perforation were included in the analysis.
Permission by the Vilnius regional bioethics committee for the study was obtained (No. 2023/10-1539-1006). The study
was conducted in accordance with the principles of the Declaration of Helsinki. Patients whose ERCP procedures were
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complicated by intraprocedural perforations were identified and demographic data, data regarding diagnostic workup
and management of the perforations was collected. Incidences are provided as counts and percentages, whereas
continuous data are presented as averages or medians for normally and non-normally distributed data, respectively.

RESULTS

In the period between 2010 and 2019 years 5462 ERCP procedures were performed. 2665 ERCP procedure were carried
out with an intention of biliary stent placement resulting in 20 perforations (0.75%). The average age of patients with
ERCP related perforations was 73.2 + 11.9 years, 7 of them being male (35%). All of the patients had risk factors for
procedure associated perforation (1 = 20, 100%), and in 13 patients cannulation of the biliary tract was classified as
“difficult” (65%). Perforations most often occurred in biliary tract (n = 8, 40%). The most common perforation type was
type III according to Stapfer (n = 9, 45%) and type III according to Howard (n = 10, 50%). Half of the patients with
diagnosed ERCP associated perforation underwent surgical interventions (n = 10, 50%). Median duration of hospital-
ization for patients with ERCP related perforations was 16.5 days and a quarter of the patients died (1 =5, 25%).

During the period of the study, ERCP procedures were performed by 6 HPB-procedure dedicated endoscopist, 3 of
whom performed ERCP procedures during the entirety of analyzed period. There was no significant time trend of decline
in incidence of ERCP associated perforations, that would suggest accumulating experience and remained in the range of 1
to 3 per year (Figure 1).

Clinical presentation and diagnosis of ERCP associated perforation

Out of 20 patients with ERCP associated perforations, the complication was diagnosed during ERCP in 6 patients (30%),
in the next 24 hours post the procedure in 10 (50%) and after 24 hours post the procedure in 4 (20%). In 13 patients (65%)
principal complaint after the ERCP was severe pain and 9 (45%) developed clinical signs of peritonitis. In addition to
ERCP associated perforation, 13 patients (65%) were also diagnosed with post-ERCP pancreatitis.

In 5 patients (25%) ultrasound was the only and definitive imaging modality to diagnose an ERCP associated
perforation and guide further management. To establish definitive diagnosis 9 patients (45%) underwent contrast-
enhanced computerized tomography (CT) and in all the cases the results were conclusive. In none of the cases X-ray was
sufficient to identify free air in the abdomen.

Management and outcomes

Out of 20 patients with ERCP associated perforations, all patients had clinical symptoms of perforations. For 12 patients
(60%) primary endoscopic management (stenting or clipping) was sufficient to resolve the perforation when noticed
during the index procedure. Of note, all of the patients with successful primary endoscopic closure of perforation 7 (35%)
(either clipping or stenting), had complete resolution of perforation and avoided additional interventions.

Four patients (20%) had to undergo surgical intervention, and 2 patients (10%) underwent combined endoscopic and
surgical treatment. After careful evaluation of clinical status, laboratory and imaging work-up, 2 patients (10%) were
observed with conservative management and had spontaneous resolution despite clinical and radiological signs of ERCP
associated perforation.

Twelve patients (60%) were admitted to intensive care unit (ICU) due to the ERCP associated perforation for a median
time of 6 days. For 5 patients (25%) ERCP associated perforation resulted in death. For all of the patients with lethal
outcomes of ERCP associated perforations primary treatment modality of perforation closure was unsuccessful (5, 100%).
Details of patient specific characteristics regarding clinical course of ERCP associated perforation, diagnostic pathway
and outcomes are provided in Table 1.

One instance of an immediate identification and successful primary endoscopic closure of an ERCP associated
perforation is the case of patient N1, a 76-year-old male, who underwent an ERCP for choledocholithiasis. During the
procedure, multiple common bile duct (CBD) stones and a suspected distal CBD stricture were visualized. After
performing sphincterotomy, balloon dilation of the distal part of CBD was carried out. After extracting the majority of
CBD stones with Dormia basket, mechanical lithotripsy for the remaining impacted stone was attempted. A perforation in
the second part of duodenum occurred during mechanical lithotripsy and was successfully clipped with 3 endoscopic
clips. A 12Fr plastic biliary stent was placed for the possible distal CBD stricture.

The patient was admitted to ICU for observation and conservative management. One day after the procedure a
contrast-enhanced CT showed minor amount of free air in the retroperitoneal space with no further complications
(Figure 2A). 3 days after the initial procedure the patient underwent a second look ERCP that showed adequate closure of
the perforation and an enteral tube below the perforation was placed for enteral nutrition.

The patient was discharged 12 days after the initial procedure with no further complications. After two months a
follow-up ERCP with biliary stent removal was performed, showing no signs of a CBD stricture. The patient underwent a
cholecystectomy with no further biliary complications for the remainder of the follow-up.

A much less straightforward diagnostic pathway and complex management of ERCP associated perforation is evident
considering patient N15, a 71-year-old male with a history of gallbladder carcinoma, cholecystectomy and liver resection,
who underwent an ERCP for suspected mechanical cholestasis due to lymphadenopathy. During the procedure an
opacity defect in bifurcation region was identified with a slight dilation of the left hepatic duct. A sphincterotomy was
performed and a plastic biliary stent in the left hepatic duct above the bifurcation was placed.
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Table 1 Endoscopic retrograde cholangiopancreatography associated perforations, clinical

course and outcomes

L Perforation Modality of . .
Localization . . Primary .. .. ..  Clavien- e
. type Imaging  imaging Surgery Hospitalization _. Hospitalization
Patient of the . e treatment, . Dindo .
., according  performed confirming . performed in ICU time (days)
perforation . effectiveness grade
to Stapfer perforation

1 8 1 Endoscopic, yes + 3b 13

2 2 3 Endoscopic, no  Laparotomy + 3b 33

3 3 1 + CT Surgery, no Laparotomy + 5 5

4 3 4 + CT Observation, 1 9
yes

5 1 3 + CT Endoscopic, no + 5 4

6 1 3 + CT Endoscopic + Laparoscopy + 5 26
surgical, no

7 1 4 + Ultrasound Observation, 3b 17
yes

8 %) 1 + CT Surgery, no Laparotomy + b 5

9 2 3 Sz CT Endoscopic, no  Laparotomy + 4b 32

10 1 3 + Ultrasound Endoscopic, no  Laparoscopy + 3b 70

11 1 3 + CT Endoscopic, yes + 3b 24

12 3 2 + CT Endoscopic, no Laparotomy + 5) 8

13 2 3 Endoscopic, yes 1 13

14 3 1 + Ultrasound Surgery, yes Laparotomy 3b 20

15 3 3 Endoscopic, yes 2 23

16 3 1 + Ultrasound Endoscopic, yes 3b 15

17 1 2 Endoscopic, yes 1 7

18 1 2 Endoscopic, yes 3b 5

19 3 1 + CT Endosopic + Laparotomy + 3b 168
surgical, yes

20 1 3 Sz Ultrasound Surgery, yes Laparotomy  + 3b 22

Localization of the perforation: 1 biliary tract; 2 pancreatic duct; 3 duodenum.
ICU: Intensive care unit; CT: Computed tomography.

Number of ERCP associated perforations per year

2e . .

0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 1 Number of endoscopic retrograde cholangiopancreatography associated perforations per year. ERCP: Endoscopic retrograde

cholangiopancreatography.
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Figure 2 Computed tomography image. A: Axial oral and intravenous contrast-enhanced computed tomography (CT) image shows free air in the
retroperitoneal space (white arrows) after iatrogenic duodenal perforation during endoscopic retrograde cholangiopancreatography and bile duct stenting; B: Axial
intravenous contrast-enhanced CT image two days after common bile duct stentings shows free air and fluid (white arrow) posterior to the common bile duct and
peripancreatic infiltration (white asterisk) likely due to bile duct perforation and pancreatitis.

In the post-procedural period, the patient remained in pain, laboratory workup revealed elevation of a-amylase
activity in the serum and post-ERCP pancreatitis was diagnosed.

Two days after the procedure a contrast-enhanced CT was performed that showed malignant hilar infiltration,
intrahepatic cholestasis, and perihilar free fluid and air (Figure 2B).

Given the poor prognosis of an advanced malignant disease and no evidence of peritonitis, conservative treatment
with broad-spectrum antibiotics, enteral nutrition via duodenal tube was commenced. Due to persistent elevation of
inflammatory markers and intermittent febrility, 2 weeks after the initial ERCP the patient underwent a second contrast-
enhanced CT. CT revealed multiple minute cystic lesions on the left liver lobe and peripancreatic infiltration. It was
decided to continue with a conservative treatment, and the antibiotic therapy was escalated. In a course of one week the
patient became afebrile, jaundice and inflammatory markers decreased. The patient was discharged 22 days after the
index ERCP for palliative care and lost to follow-up.

DISCUSSION

Our analysis into a high-volume center’s prospectively collected database regarding ERCP associated perforations
provides additional evidence with respect to incidence, diagnosis, management and outcomes of a rare, although
potentially lethal procedural complication.

Our observed incidence of ERCP related perforations (0.75%) is well within the reported bounds as low as 0.39% in a
meta-analysis of 142847 patients by Bishay et al[1] to as high as 0.9% reported in a study by Bray et al[10]. The varying
data of the reported incidence of ERCP associated perforations might arise due to differing numbers of ERCP performed
in centers, as procedural volume is directly linked to the ERCP related complications[13]. However, the annual ERCP
volume and resulting ERCP associated perforations rate remained similar during the duration of the study. Considering
our results, it should also be taken into account that only ERCP procedures resulting in biliary stenting were analyzed
and the incidence of ERCP associated perforations in an overall cohort might be lower and all patients had at least one
risk factor for ERCP associated perforation[14].

In half of the patients in our study (n = 10, 50%) ERCP associated perforation was diagnosed in the first 24 hours after
the index procedure and in 4 (20%) after 24 hours with the main complaint being severe abdominal pain prompting
further diagnostic workup.

Although the preferred modality for diagnosis of ERCP associated perforation is CT scan with peroral contrast due to
the highest sensitivity and specificity[15,16], interestingly, in our cohort, in 20% of the patients, ERCP associated
perforation was diagnosed definitively by the means of ultrasound prompting emergency surgery without further
imaging studies. The reported ultrasound features of suspected perforation were free fluid or air around duodenal wall,
periduodenal fat stranding. This underlines the importance of operator-dependent expertise to detect free air in the
abdominal cavity utilizing widely available and fast imaging modality.

In our cohort of patients, the most common type of perforation was type III (distal bile duct) according to Stapfer (n =
9). This is in contrast to the published data reporting type II ERCP associated perforations (periampullary, sphinc-
terotomy-related) to be the most common type. A pooled analysis of 562 perforations by Vezakis et al[17] reported the
incidence of II type perforations to be as high as 46% and a systematic review of 14045 ERCPs by Bill et al[18] reported the
incidence of type II perforations to be 38.1%[18]. This could be explained by a long-standing tradition in our center to
initiate treatment even of perihilar (Bismuth-Corlette type III and IV) mechanical obstruction by endoscopic means
resulting in more difficult biliary access, hence, more perforations in biliary tract. Another explanation could be the
repeated use of guidewires that become stiffer after the process of sterilization.
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Interestingly, for 2 patients (10%), close clinical observation, repeated laboratory work-up and imaging was successful
management plan that helped to avoid unnecessary interventional procedures. It could be hypothesized that diagnosis of
perforation could have resulted from false-negative imaging findings when during an ERCP procedure air bubbles can
sometimes move intramuscularly and simulate signs of perforation. However, both patients were symptomatic with
mildly elevated inflammatory markers. Due to no overt signs of peritonitis, overall condition of the patients, cautious
observation and treatment with broad-spectrum antibiotics, fasting and intravenous fluids was the chosen management
approach. This is in accordance with The American Society for Gastrointestinal Endoscopy recommendations for initial
conservative management for ERCP associated perforations without peritoneal signs or systemic inflammatory response
[19]. In carefully selected cases of ERCP associated perforations, close clinical observation and repeated evaluation helps
to prevent unnecessary interventional procedures, early surgery and associated complications[20]. The importance of
careful management plan has been proposed and assessed by Kumbhari et al[21], suggesting diagnostic and management
algorithm in cases of Stapfer I and Stapfer II perforations. According to the findings of the study, out of 55 patients with
postprocedural diagnosis of Stapfer II type perforation, only 4 patients (7%) failed medical management and required
surgery, underpinning the importance of careful evaluation of clinical symptoms and evidence of systemic inflammation
to avoid needless and potentially harmful interventions.

All of the patients with perforations diagnosed intra-procedurally were successfully treated with endoscopic means
and later discharged concurring with the results of a large multicenter study by Emori et al[6], emphasizing the
importance of early detection and minimally invasive treatment options for better outcomes. In our study successful
closure of a perforation was performed by the means of either clipping or placing a plastic biliary stent depending on
perforation type. Unfortunately, for 7 patients (35%) the primary endoscopic closure was unsuccessful, and patients were
referred to surgery. During the period of our study newer modalities for perforation closure, such as over-the-scope clips
and fully-covered metal stents were unavailable. Based on the recent evidence, it is reasonable to hypothesize, that having
more advanced modalities for perforation closure could have led to better outcomes[22,23].

Unfortunately, 5 (25%) patients with ERCP associated perforations in our cohort had lethal outcomes. This is congruent
to the reported data from the studies carried out in similar time frame such as Swedish GallRiks study (52140 ERCPs,
0.72% of perforations, 20% mortality)[7]. Recent studies, such as Emori et al[6], report mortality rate as low as 2%, that
might be explained by the advances in minimally invasive treatment modalities, such as over-the-scope clips.

There are several limitations to our study. Firstly, due to the nature of retrospective analysis of the collected database
some important factors, pertinent to the patient management and outcomes might have been not accounted for. Secondly,
due to the rarity of ERCP associated perforations, only 20 patients encountering this complication, clinical course was
analyzed. However, we believe that detailed overview of diagnostic and management pathways provides additional and
beneficial knowledge to clinical practice.

CONCLUSION

ERCP associated perforation is a rare but potentially fatal procedural complication, necessitating prompt diagnosis,
thorough workup and a multidisciplinary management plan. Emerging endoscopic management modalities provide
possibilities for more efficacious intra-procedural treatment and careful post-procedural evaluation in cases of suspected
ERCP associated perforations with multidisciplinary approach lead to better patient outcomes.
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