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Abstract

Endoscopic retrograde  cholangiopancreatography
(ERCP) has become an essential treatment modality for
managing biliary and pancreatic disorders. However,
perforation remains one of the most concerning
complications associated with ERCP and endoscopic
sphincterotomy. While the incidence of perforation
following ERCP is relatively low, the associated mortality
rate can reach 7.8%. Diagnosis and management of
perforations depend on the injury's mechanism, location,
and extent, as clinical and radiographic findings suggest.
This paper provides a detailed overview of the causes,
classification, diagnosis, management, and prevention
strategies for ERCP-related perforations.

Introduction

Perforations occur due to various factors: 41% are
attributed to endoscopic sphincterotomy, 26% to the
insertion and manipulation of the endoscope, 15% to
guidewires, 3% to stricture dilation, and 4% to other
instruments.

The choice of management of surgical or
nonsurgical perforations depends on the mechanism,

Received: 28 August 2024 Accepted: 01 November 2024
Reprint or Correspondence: Hamidreza Movahedi.
Department of General Surgery, School of Medicine,
Ayatollah Taleghani Hospital, Shahid Beheshti University of
Medical Sciences, Tehran, Iran.

E-mail: movahedi9898@gmail.com

ORCID ID: 0000-0002-0220-9356

location, and extent of the injury, as suggested by
clinical and radiographic findings.

Early surgical repair is indicated in type |
perforations, while patients with type Il perforations
should be initially treated non-surgically. Non-surgical
treatment includes biliary stenting, intravenous fluid
resuscitation, nasogastric drainage, broad-spectrum
antibiotics, and percutaneous drainage to collect fluids.
Nonoperative treatment has been successful in 79% of
patients with type Il injuries, with an overall mortality
of 9.4%. Non-surgical treatment is sufficient in all
patients with type Il injury. The surgical technique
depends on the time, location, and size of the disorder
and the patient's clinical condition. Consequently,
diagnosis is based on clinical suspicion and clinical and
radiographic findings, while surgery is usually
recommended in patients with type | injuries. Patients
with type Il or Il injuries should initially be treated
non-surgically, and very few of them will eventually
require surgical intervention.

Description of procedure

ERCP is a combined endoscopic (an examination
inside the body using a medical instrument called an
endoscope) and radiographic procedure used to diagnose
and treat conditions of the biliary and pancreatic ducts.

Under sedation, an endoscope is passed through the
esophagus into the small intestine to access the bile and
pancreatic ducts. A catheter is inserted through the
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endoscope to inject contrast dye, enabling visualization
of obstructions or gallstones via X-rays.

Contrast dye is injected into the bile duct, and x-
rays are used to check for gallstones or obstruction.

The primary risk of ERCP is pancreatitis
(inflammation of the pancreas) due to the irritation of
the pancreatic duct by the contrast material or catheter,
occurring in 5-10% of procedures. While often mild
and self-limiting, severe cases may require
hospitalization and, rarely, can become life-threatening.
Other potential complications include bleeding and
intestinal wall perforation.

Classification of ERCP-related

perforations

Type | perforation results from the scope itself,
which always produces a large hole with heavy
contamination. Type Il perforations can be caused by
the needle knife used during sphincterotomy from
the ERCP cannula or sphincterotomy, which
produces moderate-sized perforations with less
contamination. Type Il perforations refer to the
perforation created by the guidewire and are
associated with the lowest risk of contamination. A
review of cases presented by Kim et al. showed that
80% of patients with type | perforation require
surgery, compared to 19% (37.7) of those with type
Il perforations.

Early diagnosis of perforation

Most endoscopists immediately detect perforations
during the procedure. Large perforations can be
definitively demonstrated by visualization of the intra-
abdominal organs, while smaller perforations may
show only yellow intra/retroperitoneal fat tissue or
bleeding from other sites, such as the lateral wall of the
duodenum. If the endoscopist performing the procedure
suspects perforation, fluoroscopic evaluation of the
pneumoperitoneum can be very helpful. Some experts
also recommend changing the duodenoscope to the end
view type to better visualize the mucosa.

Type Il perforation is usually related to
retroperitoneal  perforations  during  therapeutic
interventions. In some cases, the endoscopist may
determine that the injury is "too deep" with increased
bleeding, abnormal position of the guide wire,
emphysema of the skin, and a clear shadow of the
kidney. When this type of perforation is suspected, it
should be confirmed by fluoroscopy, which can help
identify unexplained retroperitoneal air (Figure 1B), or
by injecting contrast material, which shows contrast
leakage into the retroperitoneal cavity (Figure 1C).

An unusual guidewire position can recognize type
111 perforations. If detected in time, this perforation can
be adequately managed by pulling the guide wire into a
safe position. However, if the endoscopist does not
recognize the perforation and continues to push the
instrument further, the perforation can become type II.

Figure 1. Abdominal X-ray: duodenal perforation due to ERCP.
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Figure 2. Abdominal CT-Scan: duodenal perforation due to ERCP.

Up to 20% to 30% of type Il and Il perforations are
not immediately recognized, and patients may report
abdominal pain and discomfort followed by fever and
leukocytosis. These perforations can be confirmed with
a computed tomography scan of the abdomen, which
shows retroperitoneal air (Figure 2) or fluid collection.

Discussion

Management

The general principles of ERCP-related perforation
management include zero instruction, intravenous fluid
resuscitation,  antibiotic administration to  reduce
intra/retroperitoneal contamination or fluid collection,
pneumoperitoneal decompression, and endoscopic closure
if possible. In some cases, surgical consultation may also
be required to control sepsis and repair the perforation
depending on the location and degree of leakage, the
patient's condition, and the mechanism of injury.
Radiological interventions may be useful in certain cases,
especially those with localized retroperitoneal fluid
collection and no clinical signs of peritonitis. However,
the management of ERCP perforation is based on whether
the perforation is diagnosed immediately as it occurs or is
delayed for at least 24 hours after the procedure (diagnosis
with vital or abdominal signs).
Immediate diagnosis

Type | perforations, which are usually 1.0-1.3 cm in
diameter, have been treated during ERCP with
hemostatic clips either through the gastroscope (with or
without the aid of a cap) or with an end loop or with out-
of-scope clips. Contrast injection should be performed to
rule out leakage, as 30% to 60% of type | perforations

fail endoscopic closure and require surgery. Patients who
undergo immediate surgical correction usually stay in the
hospital for 12-16 days. Prompt diagnosis is critical, as
shown by a study by Miller et al., who reported two of
five deaths related to type | perforations, in one case
resulting from delayed diagnosis and in the other from
delayed operation, and six deaths from Delayed repair
was surgery. Type Il perforations were initially managed
with a conservative treatment strategy. Therefore, some
surgeons recommend prompt diagnosis and early surgery
for ERCP-related perforation.

Mao et al. reported 9 ERCP-related perforations
(mostly type 1II), six of which were managed
conservatively with hospital stays ranging from 4 to 75
days. Subcutaneous emphysema was a significant
clinical symptom found in seven of nine patients. To
aid in the success of conservative treatments, which
include antibiotics, endoscopic therapy (if possible),
intensive  observation and follow-up imaging,
nasogastric and biliary drainage to reduce the leakage
of gastrointestinal juices were recommended. However,
very high success rates were also reported with
conservative treatment (with or without nasobiliary
drainage) by Park et al. and Vazakis et al., using fully-
covered, expandable metal stents to close perforation
sites in the ampullary region.

Most type Ill perforations involve only mild or
pneumoperitoneum without contrast material leakage
and can be managed conservatively, requiring only 5-6
days of hospitalization. Genzlinger et al. showed that
up to 29% of patients who underwent ERCP showed
pneumoperitoneum on plain radiographs without
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clinical significance. However, further investigation is
recommended in patients with pneumoperitoneum and
clinical signs of infection.

Indications for surgery in the studies cited here are
different from the recommendations made by Stapfer et
al., which included large extravasation of contrast
material, fluid collection in the peritoneal or
retroperitoneal space following computed tomography
scan, massive  subcutaneous emphysema, or
choledocholithiasis. We recommend salvage surgery in
patients with: (1) failure of primary endoscopic closure,
especially type 1| or type Il perforations; (2) no
improvement in clinical signs of sepsis or worsening of
subsequent abdominal symptoms 12-24 hours after
successful endoscopic closure (type I) or conservative
management (type I1); and (3) residual instruments or

choledocholithiasis requiring surgical removal.
Delayed diagnoses

In general, the prognosis for any perforation is
worse with delayed diagnosis, and most patients show
clinical signs of peritonitis and sepsis within 1 to 5 days
after the operation. It is important to note that
abdominal symptoms may be relatively benign in the
first few hours (even for type | perforations), but the
presentation of peritoneal symptoms as a late finding is
associated with poor clinical outcomes. In cases of
delayed diagnosis of type Il with clinical sepsis,
surgical drainage, and correction are recommended.
However, most patients (50-90%) with type I
perforations with minimal leakage or type 1l
perforations respond to conservative treatment.

Evaluation of perforation risks

Yes

No

I

Initial evaluation by gastroscope
Wire-quided duodenal intubation

ERCP

Perforation detected

I
Type |

\\/

Endoscopic closure?

Type 1l

I
Failed

Surgical correction

Successful

Type 1l

Conservative treatment:
NPO, IV antibiotics
(with/without nasobiliary
drainage for 12-24 h)

\ Failed /

Figure 3. Duodenal perforation due to ERCP management chart.
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Conclusion
Prevention of ERCP-related perforations

There are several factors associated with an
increased risk of ERCP-related perforation. Regardless,
some steps can be taken to prevent ERCP-related
perforations, beginning preoperatively and continuing
through follow-up (Figure 3).
Pre-procedural evaluation

Some patients are at higher risk for perforation due
to altered surgical anatomy. Such patients should
undergo an "endoscopic scan" using an end-view
gastroscope before starting ERCP. In cases where the
end view is not passed due to anastomotic stricture or
excessive resistance, the continuation of the ERCP
procedure should be discussed with the patients and
their families first. If the endoscopist decides to
proceed with this procedure, a duodenoscope should be
inserted "over the guide wire" to minimize damage to
the duodenal wall. When narrowing of the anastomotic
site is encountered, balloon dilatation over the
guidewire can be helpful before the duodenoscope is
inserted. However, this is not recommended for cases
with malignant strictures. Rather, duodenal stenting
with a self-expandable metallic stent followed by
ERCP in the following weeks is more appropriate.
During bile duct cannulation and intervention

Several considerations and recommendations
regarding this procedure should be considered: (1)
patients with periampullary diverticula are at increased
risk for perforation, especially from sphincterotomy;
Therefore, the endoscopist must be very careful in this
procedure. In such cases, balloon sphincteroplasty is
recommended instead of endoscopic sphincterotomy.
(2) Insertion of any ERCP instrument into the bile duct
should be done in an “over-the-guidewire” manner to
avoid “misdirection”. In addition, the endoscopist
should perform ERCP as gently as possible to minimize
tissue damage. (3) Endoscopic sphincterotomy should
be performed in the suggested direction from 11 o'clock
to 12 o'clock for the common bile duct and from 12
o'clock to 2 o'clock for pancreatic sphincterotomy.
Excessive flexion of the sphincterotomy should be
avoided, and the incision should not extend beyond the
second fold above the papilla to avoid a "zip cut".
Adequate knowledge and careful observation of
anatomy are essential for all endoscopists performing
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ERCP. (4) Needle-knife sphincterotomy should be
performed only by experienced endoscopists. Those
with less experience should know their limitations and
be responsible enough to ask for help and (5) dilatation
of the ampoule increases the risk of perforation.
Therefore, the endoscopist should consider the length
of the sphincterotomy or the size of the
sphincteroplasty balloon for the appropriate maneuver,
such as limited or non-stenting sphincterotomy,
ampulla dilation greater than the size of the upper
common bile duct, and appropriate size sphincterotomy
depending on the size of the stone.
During fluoroscopy

The endoscopist should observe the patient's
abdominal symptoms and perform fluoroscopy
intermittently during the ERCP procedure. Diagnosis
can be made immediately after detecting abnormal
guide wire position, extravasation of contrast material,
or pneumoperitoneum, which can allow rapid
treatment. In addition, a fluoroscopy scan of the
abdomen should be performed after any difficult
procedure to identify possible complications.
Postoperative care

Patients should be encouraged to report any
abdominal symptoms promptly and should be
monitored for abnormal clinical signs after ERCP.
Department staff should be notified for special
monitoring of patients with difficult cases for early
detection of possible complications.
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