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Abstract

Background Iatrogenic perforations related to endoscopic retrograde cholangiopancreatography (ERCP) are rare events,
carrying with it a mortality of up to 8%. Given the rarity of this adverse event, there remains limited data and continued
uncertainties when choosing therapeutic strategies. Our aims were to evaluate the management of ERCP-related perforations
and compare outcomes based on timing of recognition.

Methods The endoscopic databases of two tertiary care centers were interrogated to identify consecutive adult patients who
sustained ERCP-related perforation over a 10-year period from 2006 to 2016. Electronic medical records were reviewed to
extract demographic data, perforation type, management strategies, clinical data, and patient outcomes.

Results 14,045 ERCP’s were performed during our 10-year study period. Sixty-three patients (average age 62.3 +2.38 years,
76% female) with ERCP-related perforations were included. Stapfer I perforations were found in 14 (22.2%) patients, Stapfer
Iin 24 (38.1%), and Stapfer III and IV perforations were identified in 16 (25.4%) and 9 (14.28%), respectively. Forty-seven
(74.6%) perforations were recognized immediately during the ERCP, whereas 16 (25.4%) were recognized late. Endoscopic
therapy was attempted in 35 patients in whom perforations were identified immediately, and was technically successful in
33 (94.3%). In all, 4 (1 immediate/ 3 delayed) patients required percutaneous drainage and 9 (5 immediate/ 4 delayed) sur-
gery. Length of hospital stay, ICU admission were significantly shorter and incidence of SIRS was significantly lower when
perforation was recognized immediately.

Conclusions Immediate recognition of ERCP-related perforations leads to more favorable patient outcomes; with lower
incidence of SIRS, less need for ICU level care, and shorter hospital stay.
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Iatrogenic perforations related to endoscopic retrograde
cholangiopancreatography (ERCP) are an uncommon
adverse event, occurring in 0.14-1.3% of cases, and are
associated with a mortality of up to 8% [1-10]. Given the
rarity of this adverse event, there remains limited high-qual-
ity data and continued uncertainties with regard to the opti-
mal therapeutic strategy when a perforation is encountered.
Thus, management tends to depend on institutional prefer-
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ence and endoscopist experience rather than an evidence-
based approach.

Currently, some experts recommend basing the decision
to pursue surgical repair on a patient’s dynamic markers
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including radiographic findings or vital signs [11-13],
whereas others have proposed an algorithmic approach to
management based on perforation mechanism and timing of
recognition [14, 15]. The most widely utilized classification
system was developed by Stapfer et al. and characterizes
perforations based on mechanism and location [16]. Type I
perforations are due to lateral duodenal wall perforation sec-
ondary to endoscope trauma, type II perforations are most
common and related to endoscopic sphincterotmy, type I1I
are due to perforation of the bile duct with endoscopic tools
(wires, stents, baskets), and Type IV are usually miniscule
and only identified by free air on fluoroscopic imaging. Prior
studies utilizing this classification system demonstrate that
patients with type III and IV perforation do well with con-
servative management alone, whereas patients with Type
I and II perforations frequently require surgical manage-
ment and are more likely to experience poor outcomes [14,
16—18]. However, there remain many unanswered ques-
tions pertaining to the exact role of surgical, endoscopic,
and medical therapy; especially in patients with type I, 1I,
and III perforations.

Predicting outcomes of duodenal perforations related to
ERCEP has also proven difficult [19]. Prior retrospective stud-
ies have related poor clinical outcomes to delay in diagnosis,
presence of peritoneal signs, and the need for surgical man-
agement [12, 13]. However, “early” and “late” diagnoses
have not been clearly defined; with “early” diagnosis being
defined as anywhere between zero and 28 h after ERCP [13,
14]. To our knowledge, there is no study that has specifi-
cally compared perforations recognized immediately during
ERCP versus those recognized post-procedurally.

Therefore, our aims were to evaluate the management of
ERCP-related perforations and compare outcomes based on
timing of recognition and therapeutic approach.

Materials and methods

The endoscopic databases of two tertiary care centers
(Barnes Jewish Hospital and Barnes Jewish West County
Hospital) were interrogated to identify consecutive adult
patients who sustained ERCP-related perforation of the gas-
trointestinal tract over a 10-year period from 2006 to 2016.
Patients were identified through the institutional endoscopy
database (Provation MD, Minneapolis, MN) and review of
our endoscopic nursing database obtained by direct patient
contact (of all post-ERCP patients) within 24- to 72-h post-
procedure. This study protocol was approved by the Human
Research Protection Office (Institutional Review Board) at
Washington University School of Medicine in Saint Louis.
Electronic medical records (EMR) were reviewed by study
members not involved with direct patient care (J.B., J.E.)
to extract demographic data, perforation type, management
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strategies, clinical data, and patient outcomes. Those patients
with ERCP-related esophageal and gastric perforations were
excluded from our analysis.

Classification of perforations

ERCP-related perforations were classified based on the sys-
tem proposed by Stapfer et al. [16] (Fig. 1). Type I perfora-
tions are lateral or medial wall perforations typically as a
result of endoscope trauma, Type II (perivaterian) perfora-
tions are peri-ampullary and related to endoscopic sphinc-
terotomy. Type III perforations represent ductal injuries due
to passage of instrumentations such as guidewires, baskets,
or stents. Type IV perforations are generally miniscule and
are defined as the presence of retroperitoneal air alone and
are thought to be due to over insufflation.

Management of perforations was at the discretion of the
GI attending physician in collaboration with the consult-
ing hepatobiliary surgeon and interventional radiologist. If
recognized immediately, it is our standard of care for all
patients with type I and II perforations to attempt endoscopic
therapy with clip closure and/or biliary diversion with plas-
tic or fully covered self-expanding metal stent (FCSEMS)
placement (type II perforation only), bowel rest, intravenous
antibiotics, and a nasogastric tube for luminal decompres-
sion. Patients failing endoscopic or medical management
were escalated to surgery or percutaneous drainage; based
on consensus of the multidisciplinary team.

Definitions
Immediately recognized perforation

This was defined by direct endoscopic visualization of a
luminal defect, finding of extravasation of contrast, extralu-
minal passage of guidewire, or presence of retroperitoneal
gas on fluoroscopic imaging during index ERCP.

Delayed recognized perforation

This was defined as perforation diagnosed based on imaging
findings of pneumoperitoneum or presence of retroperito-
neal gas with associated symptoms (abdominal pain requir-
ing hospitalization) in the post-endoscopy recovery suite or
were discharged to home and re-admitted with symptoms
and imaging findings as above.

Patient characteristics

Comorbidities were assessed using the age-adjusted Charl-
son Comorbidity index (CCI) [20]. Systemic inflammatory
response syndrome (SIRS) was defined as the presence of
2 or more of the following: body temperature <36 °C or
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Fig. 1 Definitions with
endoscopic and fluoroscopic
examples of ERCP-related
perforations: A Type I—defect
seen in lateral/medial duodenal
wall secondary to endoscope
trauma. B Type II—sphincterot-
omy related perforation (arrow)
with the presence of pancreatic
duct stent. C Type III—ductal
or duodenal perforations
secondary to instruments (i.e.,
guidewires, baskets, stents).
Pancreatic duct leak seen on
pancreatogram (arrow). D Type

IV—presence of retroperitoneal
air seen on fluoroscopy (arrows)

> 38 °C, tachycardia > 90 beats per minute, white blood cell
count of <4X10/L or >12%x 109 /L, and tachypnea> 20
breaths per minute [21]. Post-ERCP pancreatitis (PEP) was
defined according to consensus criteria [22, 23].

Statistical analysis

Demographic and clinical characteristics were reported
using descriptive statistics: mean =+ standard error of the
mean and percentage for continuous variables. Univariate
analysis was performed using the chi-square test or Fischer’s
exact test where appropriate. Grouped data were compared
using the Student ¢ test. In all cases, p <0.05 was required
for statistical significance.

Results

In total, 14,045 ERCP’s were performed during our 10-year
study period from 2006 to 2016. Sixty five patients were
identified with an ERCP-related iatrogenic perforation of the
gastrointestinal tract; overall incidence of 0.46%. One patient
was found to have an esophageal perforation and one patient
had a gastric perforation, both were excluded from our cur-
rent analysis given our focus on local-regional perfora-
tions. Therefore, 63 patients (average age 62.3 +2.38 years,
76% female) were included (Fig. 2). Forty-seven of the 63

(74.6%) perforations were recognized immediately during
the ERCP, whereas 16 (25.4%) were classified as delayed.
The baseline demographic, clinical, and procedural charac-
teristics are listed in Table 1. Mean age-adjusted CCI was
3.4; similar in both groups (3.6 vs. 3.18, p=0.32). Biliary
obstruction was the most common indication for ERCP in
69.8% of patients, followed by Sphincter of Oddi dysfunc-
tion in 27%, ampullectomy and hemostasis in 2.1%, respec-
tively. Three patients (4.7%) had undergone a Billroth II
gastrectomy and 2 (3.2%) patients had large peri-ampullary
diverticulum. Post-ERCP pancreatitis (PEP) developed in 9
patients (14.3%), 5 (10.6%) immediate vs 4 (25%) delayed,
p=0.16.

Classification and management of ERCP-related
perforations

Stapfer I perforations were found in a total of 14 patients; 8
(61.5%) were recognized immediately, whereas 6 (42.8%)
were recognized late (Table 2). Notably, 4 (30.7%) patients
with type I perforations had documented altered anatomy (3
patient with Billroth II and one with peri-ampullary diver-
ticulum). Nine (69.2%) patients in this group ultimately
required surgery. Three (23.1%) patients had attempts at
endoscopic repair with one patient treated with through
the scope clips (TTS) and two with over-the-scope-clips
(OTSC; Ovesco Endoscopy AG). One patient treated with
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Fig.2 Patient selection and
classification

14,045 ERCP’s performed
(2006-2016)

ERCP related perforation
N =65

2 Excluded: 1 esophageal, 1
gastric perforation

Duodenal/Biliary Perforations
N=63

Typel
N=14

Type ll
N=24

Type Iil Type IV
N=16 N=9

Table 1 Patient characteristics and procedural indications

Table 2 Patient classification and management

Immediate(%) n=47 Delayed (%) n=16

Immediate (%) Delayed (%) P value

Total patients 47 16
Age +SEM 62.0+2.81 55.2+4.55 0.21
Female 37 (78.7) 11 (68.7) 0.42
Inpatient 19 (40.4) 3 (18.75) 0.12
Age-adjusted CCI 3.6 3.18 0.32
Indication

Biliary obstruction 35(72.9) 9 (56.2) 0.17

Sphincter of oddi 10 (21.3) 7(43.7) 0.08

EMR 1(2.1) 0

Hemostasis 12.1) 0
Altered anatomy 4 (8.5) 1(6.2) 0.78

OTSC required definitive surgical repair due to technical
difficulties upon clip deployment. In the delayed group, two
patients were determined to be poor surgical candidates due
to advanced underlying malignancy. Of these, one patient
was medically managed and one underwent percutaneous
drainage of an intra-abdominal abscess, both died within
30 days of ERCP.

Stapfer II perforations were found in 24 (38.1%) patients
of which 18 (72%) were recognized immediately and 6
(24%) recognized late. No patients required surgical man-
agement. Endoscopic therapy was attempted in 17 patients
in the immediate recognition group (9 plastic stents, 8
FCSEMS and 2 TTS clips), and was successful in 16; none
of these patients required surgery and one patient required
percutaneous drainage. One patient did not receive diversion

@ Springer

Stapfer I 8 (17) 6 (37.5)
Surgical 6 (75) 3(50)
Endoscopic 3 (37.5)* 0
Medical 0 2 (33.3)

Stapfer IT 18 (38.3) 6 (37.5)
Surgical 0 0
Endoscopic 17 (94.4) 0
Medical 1(5.5) 6 (100)

Stapfer IIT 13 (27.7) 3 (18.75)
Endoscopic 9 (69.2) 0
Medical 4 (30.8) 3 (100)

Stapfer IV 8(17) 1
Endoscopic 6 (75) 0
Medical 2 (25) 0

20One patient failed endoscopic repair and underwent surgery

therapy due to the inability to obtain biliary access. In the
delayed group, all patients were treated conservatively with
bowel rest and antibiotics; no patients require percutaneous
drainage or surgery.

Stapfer III and IV perforations were identified in 16
(25.4%) and 9 (14.3%), respectively. When recognized
early, Stapfer III perforations were managed endoscopi-
cally in 9 patients (61.5%) (8 plastic stents, | FCSEMS)
with none requiring percutaneous drainage or surgery. In
the delayed recognition group, one patient required surgical
management after an endoscopic ultrasound (EUS)-guided
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rendezvous resulted in bile duct perforation, 1 patient under-
went bile duct stent placement, and one required percutane-
ous drainage. None of the patients with Stapfer IV perfora-
tions required percutaneous drainage or surgery, 4 patients
(44.4%) had placement of biliary stents upon recognition of
retroperitoneal air.

Patient-related outcomes of all ERCP-related
perforations

When recognition of ERCP-related perforation was delayed,
the presence of SIRS was significantly more common (4.3%
vs. 31.2%, p=0.003); Table 3. Overall mean length of stay
in our cohort was 7.1 + 1.25 days with a significant increase
in length of stay when perforation was recognized late
(5.15+0.64 vs. 12.69 +4.34, p=0.007). Number of patient
days spent in intensive care was also significantly longer
in those with delayed recognition (0.5+0.21 vs. 3.6 +2.38,
p=0.04). Overall, non-operative management was success-
ful in 52/63 cases, 82.5%. Post-ERCP pancreatitis was pre-
sent in 9 (14.3%) patients; 5 (10.6%) immediate, 4 (24%)
delayed (p =0.16). Deaths were seen in 3 patients (4.8%);
1 in the early versus 2 patients in the late recognition group
which was not statistically significant. Notably, all three
patients who died within 30 days of index procedure had
underlying metastatic malignancy and were deemed not to
be surgical candidates.

Patient-related outcomes of Type | and Il
perforations (Table 4)

In a subgroup analysis of only type I and type II perfora-
tions (those effecting GI tract lumen), SIRS was significantly

Table 3 Patient-related outcomes of all ERCP-related perforations

more common when the diagnosis of perforation was
delayed (33.3% vs. 7.7%, p=0.04). While length of stay
(6.73+0.98 vs. 13.0+5.80, p value 0.69) and number of
ICU days (0.73+0.33 vs. 4.25+3.14, p=0.056) did not
reach statistical significance. Mortality was more common
in the delayed group (0% vs 16.7%, p=0.015).

Patient-related outcomes of operative repair

Ten patients in our cohort required definitive surgical repair.
Nine patients had type I perforations. Eight underwent pri-
mary repair by over sewing of the small intestinal defect and
one patient underwent a choledochojejunostomy with gastro-
enterostomy in the setting of known pancreatic malignancy
after being deemed not appropriate for resection. One patient
with a type III perforation underwent repair of a distal com-
mon bile duct injury with primary closure and use of omen-
tal flap. The mean length of stay in the operative group was
17.5 +6.7 days, mean number of ICU days of 6.9 +3.5 days.
There were no deaths within 30 days.

Discussion

In this study, we evaluated 63 consecutive patients with
ERCP-related perforations over a 10-year study period. Our
results indicate that immediate recognition of ERCP-related
perforations leads to more favorable patient outcomes; with
a lower incidence of SIRS, less need for ICU level care,
and shorter hospital stay. Additionally, immediate recogni-
tion of Stapfer type I and II perforations is associated with
decreased perforation-associated mortality. Furthermore, our
data support endoscopic stent placement as a safe and effec-
tive treatment for Stapfer II, III, and I'V perforations.
ERCP-related perforations remain a rare but serious
adverse event [1, 3, 5-8]. Given the rarity and general limited

Immediate (%) Delayed (%) P value high-quality data, management is generally guided by the
endoscopist and institutional experience. Prior studies have
Presence of SIRS 2(4.3) 5(31.2) 0.003 . . .

_ _ demonstrated that earlier recognition may lead to improved
Surgical repair 628 5 (31.25) 0.3 outcomes [6, 24, 25]. It is hypothesized that early recogni-
Mean LOS 5.15+0.64 12.69+4.34  0.007 . s .

tion and therapy limits the leakage of luminal contents and
Mean ICU days 0.5+0.21 3.6+2.38 0.04 . . .
therefore results in less inflammatory reaction and poten-
PEP o 5(106) 4 (25%) 0.16 tially fewer complications. This hypothesis is supported by
Mortality within 30 days 1 2.1) 2025 0.09 the literature pertaining to luminal perforations throughout
Table 4 Patient-related Immediate (%) n=26 Delayed (%) n=12 P value
outcomes of type I and II
perforations Presence of SIRS 2(1.7) 4(33.3) 0.043
Surgical repair 5(19.2) 3(25) 0.7
Mean LOS 6.73+0.98 13.0+5.8 0.69
Mean ICU days 0.73+0.33 4.25+3.14 0.056
Mortality within 30 days 0 2(16.7) 0.015
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the gastrointestinal tract [26]. In a recent study, examining
patients with cervical esophageal and hypopharyngeal per-
forations, Zenga et al. found that patients who had per oral
intake between the time of perforation and diagnosis and
those that demonstrated signs of systemic toxicity (SIRS)
were at higher risk of failing conservative management.
Other studies, pertaining to colonic endoscopic mucosal
resection, demonstrate that even with deep mural injuries
and perforations, closure with endoscopic measures has a
high rate of success in the setting of immediate identification
and proactive management [27-29]. While thes data cannot
be directly extrapolated to ERCP-related perforations, results
would support this hypothesis, as those in whom perforation
was not recognized immediately had on average a greater
length of stay and higher likelihood of SIRS which may
portend a poor prognosis and need for surgery.

Our study was the first to define delayed recognition as
any patient where perforation was not recognized during
endoscopy. This definition appears to have the most clini-
cal relevance as the endoscopist, when recognized immedi-
ately, may be able to provide endoscopic therapy with stent
placement, use of through-the-scope endoclips (TTS), or
over-the-scope clips [30-32]. There is increasing literature,
demonstrating efficacy of TTS and OTSC for repair of lumi-
nal perforation citing success rates of up to 90% [33, 34]. In
our study, TTS and OTSC’s were utilized in 3 patients with
type I perforations with a success rate of 66% (Fig. 3). In
one patient, there was a technical failure upon deployment
of the OTSC, and the patient ultimately required surgery;
emphasizing the need for adequate training and surgical
backup when endoscopic therapy is attempted. Furthermore,
deployment of the OTSC in the duodenum can be extremely
challenging due to the size of the outer diameter of the clip
and sharp angulations in the duodenal sweep. Careful selec-
tion of patients is important and depends on various factors
including underlying comorbidities and the size of luminal
defect [34]. Despite attempts at endoscopic therapy in three
cases, 7 out of 11 patients with lateral or medial duodenal

Fig.3 A Type I duodenal perfo-
ration (arrow) with endoscopic
repair using OTSC (B)
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perforations required definitive surgical repair. Therefore,
unless the perforation is recognized immediately and endo-
scopic repair is thought to be successful, definitive surgical
management should be urgently undertaken, to avoid further
peritoneal contamination and resulting systemic toxicity.

It is our practice that all patients with type I and II perfo-
rations receive antibiotic therapy, bowel rest, and NG tube
placement. The decision to pursue endoscopic management
vs surgical management is based on the timing and location
of perforation and also the patient’s clinical status. Recently,
Khumbari et al. evaluated an algorithmic approach to man-
age ERCP-related perforations based on Stapfer classifica-
tion [14]. They were able to retrospectively validate the
approach demonstrating that type I perforations were better
managed surgically and type II perforations managed medi-
cally unless they were deemed to clinically worsen. While
our management strategy was similar, the timing of recogni-
tion differed greatly as 74.6% of perforations in our study
were recognized immediately compared to less than 10%
in the prior study. This primarily impacts the rate at which
endoscopists are able to attempt endoscopic repair methods.
Despite this, the majority of our patients with Type I per-
forations still underwent definitive surgical repair. Thus, a
multidisciplinary approach in conjunction with hepatobiliary
surgery remains the recommended treatment for lateral or
medial duodenal wall perforations.

Type II perforations are most commonly encountered
in clinical practice occurring when the sphincterotomy
extends beyond the intramural portion of the bile duct or
pancreatic duct. Similar to Type I perforations, the man-
agement approach should be individualized based on size
of perforation and patient’s condition upon recognition. In
the recently proposed algorithm, a surgical approach is only
recommended if non-operative management fails [14]. In our
study, no patient with a type II perforation in either group
required definitive surgical repair. Our results further differ
from a recent meta-analysis where patients with initial non-
operative management of type II perforations demonstrated
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Fig.4 Endoscopic repair of

a Type II perforation with
FCSEMS. A Fluoroscopic
images noting perforation. B
Placement of fully covered self-
expanding metal stent

a failure rate near 30% [3]. Reasons for this difference are
unclear but may be attributable to our high rate of biliary
diversion therapy with the placement of either plastic biliary
stents or FCSEMS. Recent data from Tringali et al. reported
100% success rate in preventing mortality and surgery
with placement of FCSEMS in type II and III perforations
[35]. In our study, 17 of 18 patients with type II perfora-
tions received endoscopic therapy with either FCSEMS or
plastic stents (Fig. 4). Zero patients who received FCSEMS
required a repeat intervention and one patient who received
a plastic stent required percutaneous drainage. Our data sug-
gest that in these patients, diversion therapy with stenting
is beneficial, however, the superiority of FCSEMS versus
plastic stents remains to be determined.

Overall, our data enhance the current treatment algo-
rithms by emphasizing several important points. First, we
have highlighted the importance of immediate recognition.
Therefore, the endoscopist must have a high index of sus-
picion to recognize the defect and further needs expertise
when attempting novel endoscopic repair methods. Although
the majority of patients (69%) in this study with Stapfer
I perforations required definitive repair, we anticipate that
a greater number of lateral or medial duodenal perfora-
tions could be managed endoscopically, with high success
rates, as experience with these techniques improves [33,
34]. Second, our data suggest that diversion therapy with
stenting is beneficial in type II and III perforations. In type
II perforations, no patient in our study required operative
management which differs greatly from the 30% failure
rate cited in prior publications [3]. Therefore, based on our
results, we would propose attempts at endoscopic repair in
all patients if the perforation is recognized immediately and
would recommend that diversion therapy with plastic stents
or FCSEMS be performed in patients with type II, III, and
IV perforations.

There are limitations to our study. First, our study is
retrospective in nature and limitations inherent to this
design. Second, it is difficult for us to draw conclusions
on the efficacy of endoscopic repair techniques given the

relatively small number of patients, particularly with type
I perforations. Finally, this study describes the practice
pattern of a single group from a high volume tertiary care
center and our practice may differ from other institutions
making generalizability of our data unclear.

In conclusion, we have highlighted the importance of
immediate recognition of ERCP-related perforations by
showing a significant decrease in number of ICU days,
LOS, and those presenting with signs of systemic toxicity
when recognized during the endoscopic procedure. Fur-
thermore, our data further support the role of attempting
endoscopic therapy in immediately recognized ERCP-
related perforations, especially in Types II and III.
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