
Endoscopic retrograde cholangiopancreatography (ERCP) plays a crucial role in the management of pancreaticobiliary disorders. Al-
though the ERCP technique has been refined over the past five decades, it remains one of the endoscopic procedures with the highest 
rate of complications. Risk factors for ERCP-related complications are broadly classified into patient-, procedure-, and operator-related 
risk factors. Although non-modifiable, patient-related risk factors allow for the closer monitoring and instatement of preventive mea-
sures. Post-ERCP pancreatitis is the most common complication of ERCP. Risk reduction strategies include intravenous hydration, rec-
tal nonsteroidal anti-inflammatory drugs, and pancreatic stent placement in selected patients. Perforation is associated with significant 
morbidity and mortality, and prompt recognition and treatment of ERCP-related perforations are key to ensuring good clinical out-
comes. Endoscopy plays an expanding role in the treatment of perforations. Specific management strategies depend on the location of 
the perforation and the patient’s clinical status. The risk of post-ERCP bleeding can be attenuated by preprocedural optimization and 
adoption of intra-procedural techniques. Endoscopic measures are the mainstay of management for post-ERCP bleeding. Escalation to 
angioembolization or surgery may be required for refractory bleeding. Post-ERCP cholangitis can be reduced with antibiotic prophy-
laxis in high risk patients. Bile culture-directed therapy plays an important role in antimicrobial treatment. 
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INTRODUCTION 

Endoscopic retrograde cholangiopancreatography (ERCP) plays 
an important role in the management of pancreaticobiliary dis-
orders. ERCP has evolved over the last five decades from being 
a diagnostic procedure to becoming a predominantly therapeu-

tic one. The number of ERCPs performed has increased steadi-
ly over the years, with more than 350,000 performed annually 
in the United States alone.1 Technological advances, increased 
operator experience, and improved patient selection have en-
hanced ERCP safety. However, ERCP is still associated with a 
significant potential for complications.2 Thus, it is important to 
develop strategies to identify the risk factors for ERCP-related 
complications, implement measures that can decrease the risk 
of complications, and identify elevated-risk patients for closer 
observation and specific management. 

In this review, we enumerate the risk factors for ERCP-related 
complications, outline the preventive measures that can be un-
dertaken to attenuate these risks, and expound on the manage-
ment strategies for ERCP-related complications.  
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POST-ERCP PANCREATITIS 

Post-ERCP pancreatitis (PEP) is the most common complica-
tion of ERCP.3 A large meta-analysis of 21 prospective studies 
involving 16,855 patients has estimated the incidence of PEP 
to be 3.47% (95% confidence interval [CI], 3.19–3.75), with an 
associated mortality of 3.08% (95% CI, 1.65–4.51).4 The inci-
dence of PEP may be as high as 15% in high risk patients.4 The 
widely accepted definition and classification of PEP severity 
was proposed by Cotton et al.5 It is based on clinical progress 
after ERCP including new or worsening abdominal pain, bio-
chemical findings of elevated serum amylase, and the need for 
inpatient admission. Longer inpatient admissions and the de-
velopment of complications necessitating intervention indicat-
ed more severe PEP (Table 1). The revised Atlanta classification 
is also a useful complement for assessing the severity of acute 
pancreatitis, even though it is not specific to PEP and requires 
the use of imaging.6 

Risk factors 
The risk factors for PEP can be broadly classified into patient-, 
procedure-, and operator-related factors (Table 2). Patient-re-
lated risk factors are non-modifiable, but physician awareness 
is important for identification of at-risk patients for closer 
monitoring, and in instituting preventive measures. A pro-
spective multicenter study by Freeman et al. examining 1,963 
consecutive ERCPs detailed numerous risk factors for PEP. 
Patient-related factors that were significant on multivariate 
analysis included a history of PEP (odds ratio [OR], 5.35; 95% 
CI, 2.97–9.66), suspected sphincter of Oddi dysfunction (SOD) 
(OR, 2.60; 95% CI, 1.59–4.26), female gender (OR, 2.51; 95% 

CI, 1.49–4.24), normal serum bilirubin (<1.0 mg/dL) (OR, 1.89; 
95% CI, 1.22–2.93), and absence of chronic pancreatitis (OR, 
1.87; 95% CI, 1.00–3.48).7 A matched-cohort study conducted 
by Inamdar et al.8 involving 907 pregnant patients who under-
went ERCP also suggested that pregnancy increases the risk of 
PEP (OR, 2.80; 95% CI, 2.1–3.8). In another prospective mul-
ticenter study involving 1,115 patients, Cheng et al.9 found that 
young patients (<60 years old) had a higher risk of PEP (OR, 1.6; 
95% CI, 1.03–2.40). 

However, some procedure- and operator-related factors are 

Table 1. Classification of severity of post-ERCP pancreatitis 

Characteristic
Grade of severity of pancreatitis

Mild Moderate Severe
Presence of abdominal pain New or worsening abdominal pain 

suggestive of pancreatitis
Hyperamylasemia Amylase ≥3 times the upper limit of 

normal at ≥24 hours after ERCP
Duration of admission Requiring admission or hospitaliza-

tion of 2 to 3 days
Requiring hospitalization of 4 

to 10 days
Requiring hospitalization >10 days

Presence of local complications Development of hemorrhagic pancre-
atitis, phlegmon or pseudocyst, or 
requiring intervention (percutaneous 
drainage or surgery)

ERCP, endoscopic retrograde cholangiopancreatography.

Table 2. Risk factors for post-ERCP pancreatitis 
Specific factors
Patient-related factor
 Female sex
 Pregnancy
 Younger age (<60 years)
 Sphincter of Oddi dysfunction
 Previous post-ERCP pancreatitis
 Absence of chronic pancreatitis
 Normal serum bilirubin
Procedure-related factor
 Pancreatic duct injection
 Guidewire entry into pancreatic duct
 Balloon dilation of intact sphincter of Oddi
 Difficult cannulation
 Pancreatic sphincterotomy
 Minor papilla sphincterotomy
 Papillectomy
Operator-related factor
 Trainee involvement
 Low case volume

ERCP, endoscopic retrograde cholangiopancreatography.
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potentially modifiable. Freeman et al.7 found that balloon dila-
tion of the intact SOD (OR, 4.51; 95% CI, 1.51–13.46), moder-
ately difficult cannulation (at least six attempts at cannulation) 
(OR, 3.41; 95% CI, 2.13–5.47), pancreatic sphincterotomy 
(OR, 3.07; 95% CI, 1.64–5.75), and contrast injection into the 
pancreatic duct (PD) (OR, 2.72; 95% CI, 1.43–5.17) were asso-
ciated with an increased risk of PEP. In an early meta-analysis 
performed by Masci et al.,10 pre-cut papillotomy was found to 
elevate the risk of PEP (OR, 2.71; 95% CI, 2.02–3.63). Howev-
er, subsequent studies showed that the increased rates of PEP 
were likely due to prolonged procedures and multiple attempts 
at cannulation rather than pre-cut papillotomy as suggested by 
Cennamo et al.11 who pooled six randomized controlled trials 
(RCTs) in a meta-analysis of 966 patients and showed that ear-
ly pre-cut biliary sphincterotomy was associated with a lower 
risk of developing PEP than conventional methods that require 
repeated cannulation attempts (OR, 0.47; 95% CI, 0.24–0.91). 
Endoscopic papillectomy is associated with a 3% to 25% risk of 
PEP among other complications.12 Repeated guidewire passage 
into the PD has been shown to increase the risk of PEP (OR, 
2.77; 95% CI, 1.79–4.30).13 In a prospective RCT, Harewood 
et al.14 found that the risk of PEP can be significantly reduced 
by placement of a pancreatic stent compared to not inserting a 
pancreatic stent (0% vs. 33%, p=0.02). 

Cheng et al.9 also found that minor papilla sphincterotomy 
(OR, 3.80; 95% CI, 2.00–7.11) and trainee involvement (OR, 
1.50; 95% CI, 1.03–2.06) increased the risk of PEP. A large 
retrospective study found that a low case volume was a risk 
factor for post-ERCP pancreatitis in certain scenarios. Syrén 
et al.15 performed a retrospective analysis of 80,904 ERCPs in 
Sweden between 2009 and 2018. Endoscopists with higher case 
volumes were noted to have lower rates of PEP when ERCPs 
were performed for choledocholithiasis (OR, 1.028; 95% CI, 
1.002–1.054) and malignancy (OR, 1.179; 95% CI, 1.045–1.330). 
Freeman et al.7 also found that the risk factors for PEP are cu-
mulative, and that patients with multiple risk factors are likely 
to be at an even higher risk of developing PEP.  

Preventive measures  
Several measures have been progressively introduced to reduce 
the risk of PEP. Pharmacological measures include administra-
tion of rectal nonsteroidal anti-inflammatory drugs (NSAIDs), 
glyceryl trinitrate (GTN), and intravenous hydration. A multi-
center, randomized, placebo-controlled, double-blind clinical 
trial conducted by Elmunzer et al.16 involving 602 patients 

showed that patients who were administered rectal indometha-
cin immediately after ERCP had significantly lower rates of PEP 
than patients who received placebo (4.4% vs. 8.8%, p=0.03). 
However, two large prospective studies investigating oral 
NSAIDs did not demonstrate any benefit when compared with 
placebo.17,18 The effect of NSAIDs appears to be limited to the 
transrectal route, which is hypothesized to be related to a faster 
onset of action and better bioavailability compared to the oral 
route. 

GTN is hypothesized to reduce the pressure of the SOD19 
and cause vasodilation of the microvascular vessels, which may 
improve pancreatic tissue perfusion.20 Bai et al.21 performed a 
meta-analysis that pooled eight RCTs with 1,920 patients and 
examined the efficacy of GTN administered via various routes 
in lowering the risk of PEP. Subgroup analyses found that GTN 
significantly lowered the risk of PEP only when it was adminis-
tered via the sublingual route (OR, 0.37; 95% CI, 0.18–0.74) and 
in patients at high risk of PEP (OR, 0.44; 95% CI, 0.28–0.70). 
However, the number of patients needed to treat (NNT) was 
high and there were substantial adverse events, limiting its 
selective usage in certain patients at elevated risk. Two large 
prospective studies suggested that sublingual GTN further de-
creases the risk of PEP when administered in addition to rectal 
NSAIDs.22,23 

Intravenous periprocedural hydration is key to attenuating 
the risk of PEP. Wu et al.24 performed a meta-analysis pooling 
10 RCTs with 2,000 patients that examined the use of intrave-
nous lactated Ringer’s solution for periprocedural hydration 
in patients undergoing ERCP. Aggressive hydration was found 
to reduce the incidence of PEP (OR, 0.40; 95% CI, 0.26–0.63) 
compared to standard hydration, with no difference in fluid 
overload between the two groups (OR, 0.93; 95% CI, 0.21–4.13). 
On the contrary, an open-label multi-center RCT involving 
826 patients with moderate to high risk of PEP that compared 
patients who had aggressive hydration and rectal NSAIDs with 
those who received standard hydration and rectal NSAIDs did 
not show any difference in the incidence of PEP (risk ratio [RR], 
0.84; 95% CI, 0.53–1.33), other ERCP-related complications 
(RR, 0.90; 95% CI, 0.62–1.31), intensive care unit admissions 
(RR, 0.37; 95% CI, 0.07–1.80), and 30-day mortality (RR, 0.95; 
95% CI, 0.50–1.83).25 

Several endoscopic measures can be taken to reduce the risk 
of PEP. The efficacy of prophylactic PD stenting in preventing 
PEP was first described by Tarnasky et al.26 in the late 1990s. 
This was followed by multiple studies that supported the use 
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of prophylactic PD stenting in attenuating the risk of PEP. Fan 
et al.27 pooled 14 RCTs in a meta-analysis that included 2,510 
patients. The results favored the use of PD stenting over no PD 
stenting in lowering the incidence of PEP (OR, 0.35; 95% CI, 
0.25–0.49). A prospective RCT by Ito et al.28 further highlighted 
the role of PD stenting in reducing the risk of PEP in patients 
who had guidewire entry into the PD (RR, 0.13; 95% CI, 0.01–
0.95) from 23.0% to 2.9%. Given the efficacy of PD stent place-
ment in decreasing the risk of PEP, prophylactic placement of 
PD stent is recommended in several high-risk scenarios, such 
as in patients with SOD who require any biliary or pancreatic 
manipulation, prior to pre-cut papillotomy, and in patients who 
require endoscopic papillectomy, pancreatic sphincterotomy, 
pancreatic brush cytology or those who underwent difficult 
cannulation, guidewire entry into and/or repeated contrast in-
jection of the PD (Table 3). 

PD stent placement may be difficult in small and tortuous 
PDs and may sometimes impede subsequent biliary cannu-
lation. The insertion of a guidewire into the PD (without the 
placement of a PD stent) is an alternative to PD stent place-
ment. However, a Cochrane systematic review comprising 
seven RCTs with 577 patients showed that placement of a 
pancreatic guidewire resulted in higher incidence of PEP than 
other techniques such as persistent conventional cannulation, 
pre-cut sphincterotomy, and PD stent placement (RR, 1.98; 
95% CI, 1.14–3.42).29 Notwithstanding the proven value of PD 
stent placement, Freeman et al.30 showed that unsuccessful PD 
stent placement increased the risk of PEP (OR, 16.1; 95% CI, 
1.3–200), and suggested a modified short-wire technique to 
improve the success rate of PD stent placement in patients with 
small or tortuous PDs. 

Guidewire-led biliary cannulation followed by contrast opaci-
fication may decrease the risk of PEP compared to the conven-
tional contrast-assisted cannulation technique. A Cochrane 
systematic review comprising 15 RCTs with 4,426 patients 
demonstrated that the risk of PEP was lower with guidewire-led 

biliary cannulation based on intention-to-treat analysis (RR, 
0.51; 95% CI, 0.36–0.72). In addition, the guidewire-assisted 
cannulation technique may result in an increase in primary 
cannulation success (RR, 1.06; 95% CI, 1.01–1.12).31 

Prevention of PEP involves three main steps. First, patient 
selection is key to ensuring that ERCP is performed only for 
patients for whom ERCP is indicated. Identification of patients 
with risk factors for PEP would allow for appropriate informed 
consent, closer post-procedure observation, or referral to 
high-volume centers/endoscopists as appropriate. Second, 
patients who undergo ERCP should receive pharmacological 
prophylaxis, which should include rectal NSAIDs, intravenous 
hydration, and sublingual GTN in selected patients. Third, 
procedural techniques can be modified; wire-guided biliary 
cannulation should be performed, and a PD stent should be 
prophylactically placed when indicated. 

PERFORATION 

Perforation is defined by the 2010 American Society of Gastro-
intestinal Endoscopy lexicon on endoscopic adverse events as 
the presence of air or luminal contents outside the gastrointesti-
nal tract.32 A large systematic review of 259 studies showed that 
the overall incidence of perforation was 0.6% and the overall 
mortality rate was 8.0%.33 

Risk factors 
Few studies have examined the risk factors for ERCP-related 
perforations. These risk factors can be broadly subdivided into 
patient- and procedure-related risk factors (Table 4). Enns et 
al.34 performed a retrospective study of 33 patients with con-
firmed ERCP-related perforations. Patient-related risk factors 
included SOD (OR, 3.20; 95% CI, 1.64–8.94) and dilated 
common bile duct (OR, 2.32; 95% CI, 1.02–5.03), while proce-
dure-related factors included biliary stricture dilatation (OR, 
7.20; 95% CI, 1.84–28.11), prolonged procedure duration (OR, 

Table 3. Clinical scenarios where pancreatic stent placement is recommended 
Clinical scenarios where pancreatic stent placement is 

recommended
Before pre-cut papillotomy
Patients with SOD/ suspected SOD who require any biliary or pancreatic manipulation
Endoscopic papillectomy
Pancreatic sphincterotomy
Pancreatic brush cytology
After difficult cannulation or repeated contrast injection of the pancreatic duct

SOD, sphincter of Oddi dysfunction.
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1.021; 95% CI, 1.006-1.036) and performance of sphincter-
otomy, including pre-cut sphincterotomy (OR, 6.94; 95% CI, 
2.43–19.77).

An altered gastrointestinal anatomy may contribute to en-
doscope-related trauma and consequent ERCP-related perfo-
rations. A retrospective study by Kumbhari et al.35 reviewed 
3,331 patients who underwent ERCP and were admitted with 
postprocedural abdominal pain. A total of 79 patients had 
ERCP-related perforations. In five of seven patients diagnosed 
with Stapfer type I perforations, post-surgical anatomy such as 
Roux-en-Y (n=3) and Billroth II gastrojejunostomy (n=2) were 
present. 

Various factors increase the risk of mortality in patients with 
ERCP-related perforations. In a large population-based study of 
52,140 ERCPs with 37 perforations, Langerth et al.36 found that 
age >80 years (OR, 3.8; 95% CI, 2.0–7.4), malignancy (OR, 11.2; 
95% CI, 5.8–21.6), and performance of pancreatic sphincterot-
omy (OR, 2.8; 95% CI, 1.1–7.5) were associated with a higher 
rate of mortality. 

Management 
Prompt recognition and treatment of ERCP-related perfora-
tions is key to ensuring good clinical outcomes. Management 
of perforations depends on the site of the perforation, clinical 
status of the patient, and radiological findings. Management 

strategies can be broadly classified into (1) local treatment to 
close the perforation and divert digestive secretions, (2) region-
al treatment to drain the resultant collections, and (3) general 
measures. ERCP-related perforations are classified according 
to the anatomical location and mechanism of injury, as pro-
posed by Stapfer et al.37 Type I to IV perforations carry different 
clinical implications, which can help guide the treatment. The 
location, likely mechanism, frequency, and treatment of each 
perforation type are shown in Table 5.33,37 

Type I perforations occur at the lateral or medial wall of the 
duodenum and result from endoscope-related trauma. Man-
agement of Stapfer type I perforations has traditionally been 
surgical.35,37 However, morbidity and mortality associated with 
surgical repair can be significant. Endoscopic closure is feasible 
if the defect is detected within 12 hours of occurrence and if the 
patient is clinically well. Various endoscopic closure techniques 
have been described previously. Through-the-scope clips have 
been used to close such defects successfully.38 Over-the-scope 
clips (OTSC) have been used to close defects up to 20 mm in 
diameter39 (Figs. 1–4). The use of OTSC for the closure of upper 
gastrointestinal iatrogenic perforation has been reported to de-
crease the proportion of patients requiring surgery from 62.5% 
to 12.5% in a retrospective study by Khater et al.40 Endoscopic 
suturing via an over-the-scope suturing device has also been 
described for the closure of iatrogenic perforations in the duo-

Table 4. Risk factors for ERCP-related perforations 
Patient-related risk factor Procedure-related risk factors
Surgically-altered anatomy (including Billroth II anatomy) Endoscopic sphincterotomy
Presence of a papillary lesion (including malignancy) Pre-cut sphincterotomy
Sphincter of Oddi dysfunction Dilation of biliary stricture

Longer procedure time
ERCP, endoscopic retrograde cholangiopancreatography.

Table 5. Classification of ERCP-associated perforation types 
Type Location Likely mechanism of injury Frequency (%) Local treatment measures
I Lateral/medial wall of duodenum Endoscope-related trauma 18 Immediate endoscopic or surgical closure
II Peri-ampullary Sphincterotomy 58 Immediate endoscopic or surgical closure of 

defect and diversion of bilious/pancreatic 
secretions from defect

III Biliary/pancreatic duct Intra-ductal instrumentation 13 Diversion of bilious/pancreatic secretions from 
defect

IV None; presence of retroperitoneal 
air alone

Luminal insufflation after guide-
wire perforation

11 Observation

ERCP, endoscopic retrograde cholangiopancreatography.
Modified from Stapfer et al. Ann Surg 2000;232:191–198.37
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denum by Hyun et al.41 More recently, Zhang et al.42 described 
the use of a novel through-the-scope suturing device to close 
iatrogenic duodenal defects, potentially obviating the additional 
step of removing the endoscope from the patient to affix the 
device. Surgical repair is required immediately in cases where 
endoscopic measures fail. In a retrospective study, 50 out of 380 
patients with ERCP-related perforations required surgery. Forty 

Fig. 1. Stapfer type I perforation was seen in the duodenal wall op-
posite the major papilla.

Fig. 2. Contrast leak was noted after deployment of one over-the-
scope clip, indicating that defect was not completely closed.

Fig. 3. No further contrast leak was noted after placement of the sec-
ond over-the-scope clip.

Fig. 4. Nasojejunal tube was inserted for suctioning to reduce the 
secretions traversing the region of the repaired perforation, as well as 
to ensure continuation of enteral nutrition.
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percent of these patients underwent delayed surgery more than 
24 hours after ERCP, and this was associated with higher rates 
of mortality (50% vs. 20%, p=0.026) and postoperative duo-
denal leak (75% vs. 23%, p<0.001) than those who underwent 
surgery within 24 hours.43 

Type II perforations are peri-ampullary and generally caused 
by sphincterotomy. A meta-analysis of 18 studies estimated that 
type II perforations accounted for nearly half of all ERCP-relat-
ed perforations.44 The mainstay of management is to cover the 
defect and divert the bile flow via endoscopic biliary drainage. 
A large retrospective study by Odemis et al.,45 comprising a to-
tal of 7,471 ERCPs with 20 Stapfer type II perforations detected 
intraprocedurally, compared the use of a biliary fully covered 
self-expanding metal stent (FCSEMS) against the placement of 
a nasobiliary catheter. The use of biliary FCSEMS was associat-
ed with lower rates of abdominal pain (0% vs. 62.5%, p=0.005) 
and a trend towards a shorter length of hospital stay (11.7±3.2 
vs. 15.8±5.2, p=0.053) when compared with nasobiliary catheter 
placement. Emergency surgery is indicated only in rare cases in 
which a major contrast leak is insufficiently sealed after endo-
scopic therapy. 

Type III perforations occur in the bile duct or PD and are 
often associated with instrumentation. They tend to seal spon-
taneously and are less likely to require intervention. Placement 
of FCSEMS or plastic stents can be considered if there is sub-
stantial contrast extravasation.37 

Type IV perforations are evidenced by retroperitoneal air 
alone and are attributed to luminal insufflation after guide-
wire-related perforations. They usually do not require interven-
tion. 

Regional treatment involves draining collections from the 
perforation region. Persistent retroperitoneal fluid collection 
can be drained percutaneously.46 Endoscopic ultrasound (EU-
S)-guided drainage of biloma can be performed to facilitate in-
ternal drainage.47 Surgical management is indicated when there 
is persistence of contrast medium leak, retroperitoneal fluid 
collections not amenable to percutaneous or EUS-guided drain-

age,48 or persistent sepsis despite nonsurgical management. 
General measures include hospital admission and the admin-

istration of broad-spectrum antibiotics. The patient should be 
kept nil per os and have a nasogastric/nasojejunal tube placed 
with suction applied to decrease the amount of fluid at the per-
foration site until the perforation has sealed.  

BLEEDING

Risk factors 
Post-ERCP bleeding (PEB) is most frequently observed after 
endoscopic sphincterotomy (ES).4 The overall incidence of 
PEB was found to be approximately 1.34% in a large systematic 
review of prospective studies examining ERCP-related compli-
cations in 16,855 patients.4 Risk factors could be divided into 
patient-, procedure-, and operator-related risk factors (Table 6). 

The presence of cirrhosis has been well studied as a risk 
factor for PEB. A meta-analysis of 15 studies by Mashiana et 
al.49 involving 6,505 patients showed that cirrhosis increased 
the likelihood of PEB (OR, 2.05; 95% CI, 1.62–2.58). A ret-
rospective study by Kim et al.50 involving 8,554 patients who 
underwent ERCP, including 264 patients with cirrhosis, also 
found that cirrhosis was an independent risk factor for PEB on 
multivariate analysis (OR, 2.50; 95% CI, 1.38–4.53) after adjust-
ing for prothrombin time, use of antiplatelet and anticoagulant 
agents, duration of ERCP, and stent insertion. The bleeding risk 
appeared to increase with the severity of liver cirrhosis. Patients 
with Child-Pugh class C were found to have an increased inci-
dence of PEB (OR, 6.14; 95% CI, 1.32–28.61). 

A retrospective study by Oh et al.51 involving 2,435 cases of 
ERCP highlighted the importance of the peri-procedural man-
agement of anti-platelet agents (APAs). Compared with patients 
not taking APAs, those who took aspirin (OR, 6.35; 95% CI, 
2.97–13.58), other single APAs (OR, 8.61; 95% CI, 2.42–30.59), 
and multiple APAs (OR, 12.0; 95% CI, 3.86–37.43) were more 
likely to develop PEB. In patients who require secondary pro-
phylaxis for cardiovascular disease, aspirin can be administered 

Table 6. Risk factors for post-ERCP bleeding 
Patient-related risk factors Procedure-related risk factors Operator-related risk factors
Liver cirrhosis Endoscopic sphincterotomy Low endoscopist experience (<200 ERCPs)
End-stage renal disease requiring dialysis Intra-procedural bleeding
Use of anti-platelet agents
Thrombocytopenia (<50,000/mm3)

ERCP, endoscopic retrograde cholangiopancreatography.
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peri-procedurally, given its lower risk of PEB compared with 
other APAs or multiple APAs.52 With regards to anticoagula-
tion, a retrospective study by Parras Castañera et al.53 showed 
that patients who underwent ERCP while on direct oral antico-
agulants were 3.6 (95% CI 1.0–12.8) times more likely to devel-
op PEB compared to those on low molecular weight heparin or 
acenocoumarin. 

End-stage renal disease requiring hemodialysis was also found 
to be associated with a higher risk of PEB (OR, 13.30; 95% CI, 
5.78–30.80) in a retrospective study performed by Nakaji et al.54 
that involved 1,518 patients who underwent ERCP with ES. The 
study also found that thrombocytopenia <50,000/mm3 (OR, 
35.3; 95% CI, 3.81–328) and bleeding during ES (OR, 4.28; 95% 
CI, 2.30–4.97) were associated with an increased risk of PEB. 

While ES is a well-known cause of PEB, the length of the ES 
is especially associated with an increased risk of PEB. In a retro-
spective study involving 3,620 patients, of whom 1,121 under-
went biliary ES, patients who had a medium ES (defined as an 
incision from the papillary orifice to the midpoint between the 
proximal hooding fold and the superior margin of the sphinc-
ter opening) had an elevated bleeding risk (OR, 10.97; 95% CI, 
5.90–24.87). This was even more pronounced in patients who 
had a full ES (defined as an incision made from the papillary 
orifice up to the superior margin of the sphincter opening) (OR, 
68.27; 95% CI, 8.74–422.14).55 Endoscopist experience was in-
versely related to PEB risk. A prospective observational study 
involving 1,191 patients by Lee et al.56 found that endoscopist 
experience of <200 ERCPs was associated with a higher bleed-
ing risk (OR, 1.439; 95% CI, 1.003–2.062). 

Preventive strategies 
The risk of PEB can be attenuated by preprocedural optimi-
zation and the adoption of intra-procedural techniques. En-
doscopic biliary and pancreatic sphincterotomy are classified 
by the American Society of Gastrointestinal Endoscopy as 
procedures with a higher bleeding risk.57 The discontinuation 
of antithrombotic agents should be considered and weighed 
against the risk of thrombosis. Patients with thrombocytopenia 
and coagulopathy should undergo blood product transfusions 
to reduce the risk of procedure-related bleeding. The use of 
endoscopic papillary large balloon dilatation, compared to ES, 
was found to significantly lower the risk of PEB (OR, 0.15; 95% 
CI, 0.04–0.50) in a meta-analysis of seven RCTs by Feng et al.58 
involving 790 patients. Performing sphincterotomy in the 11 
to 1 o’clock axis was also thought to reduce the risk of PEB, as 

this area has been found to contain the lowest concentration of 
arteries based on a micro-dissection of 19 cadaver pancreati-
co-duodenal specimens.59 

Management 
The management of PEB involves a stepwise approach (Fig. 
5), with escalation to more advanced measures and treatment 
modalities if the initial measures are unsuccessful. Convention-
al measures for hemostasis, such as epinephrine injection and 
clipping60 can be used first. The duodenoscope elevator makes 
clip delivery challenging, and a forward-viewing endoscope 
fitted with a distal cap may be considered for the ease of clip 
placement.61 Aranez et al.62 illustrated the feasibility of a novel 
clip designed for delivery using a duodenoscope. Care should 
be taken to avoid injury to the pancreatic orifice when clips are 
deployed. Other measures for hemostasis have also been ex-
plored, including FCSEMS insertion. Itoi et al.12 described a se-
ries of 11 patients with uncontrolled postsphincterotomy bleed-
ing despite balloon tamponade, hypertonic saline epinephrine 
injection, or endoclip placement. These patients underwent 
FCSEMS placement and achieved complete hemostasis (Sup-
plementary Video 1), with stent removal later on. A prospective 
study of 97 patients who underwent FCSEMS insertion after 
post-ES bleeding showed a technical success rate of 100% and 
rebleeding rate of 6.2%, with a mean time to FCSEMS removal 
of 7.7±9.3 weeks.63 In the event that endoscopic techniques are 
unsuccessful, transcatheter arterial angioembolization or sur-
gical vessel ligation can be performed. Dunne et al.64 described 

Conventional measures for hemostasis 

If conventional measures unsuccessful

If FCSEMS insertion unsuccessful

Surgery

Epinephrine injection, clip placement

FCSEMS insertion

Angioembolisation of GDA, SPDA or IPDA

Fig. 5. Management algorithm of post-endoscopic retrograde chol-
angiopancreatography bleeding. FCSEMS, fully covered self-expand-
ing metal stent; GDA, gastroduodenal artery; SPDA, superior pan-
creaticoduodenal artery; IPDA, inferior pancreaticoduodenal artery.
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11 patients with post-sphincterotomy bleeding not controlled 
by endoscopy who then underwent angioembolization of the 
gastroduodenal artery, superior pancreaticoduodenal artery, or 
inferior pancreaticoduodenal artery. Ten of these 11 patients 
had successful hemostasis, while one patient had to be referred 
for surgical intervention due to rebleeding. 

CHOLANGITIS 

Cholangitis may result from ERCP because of contamination of 
the sterile space by instrumentation or contrast injection. The 
overall incidence of cholangitis is estimated to between 0.5% to 
3%.2 Bacteremia may also occur due to bacterial translocation 
into the bloodstream through sites of mucosal trauma. The 
incidence of bacteremia during ERCP ranges from 6.4% in pa-
tients with non-obstructed bile ducts to 18% in patients with 
biliary obstruction due to the presence of stones or strictures.65 

The risk of post-ERCP cholangitis (PEC) is related to both 
patient- and procedure-related factors (Table 7). In a retrospec-
tive study by Chen et al.66 involving 4,324 patients, multivari-
ate analysis showed that hilar obstruction (OR, 2.59; 95% CI, 
2.07–2.74), age ≥60 years (OR, 1.98; 95% CI, 1.37–2.40), and 
previous ERCP (OR, 2.48; 95% CI, 2.13–2.71) were risk factors 
for PEC, whereas successful clearance of choledocholithiasis 
was a protective factor (OR, 0.70; 95% CI, 0.32–0.92). 

Patients who are predisposed to difficult biliary drainage 
have a higher incidence of PEC. A retrospective study by Nava-
neethan et al.,67 involving 294 patients with primary sclerosing 
cholangitis who underwent ERCP, found that the incidence of 
PEC in this group of patients was elevated by 2.4%, suggesting 
that primary sclerosing cholangitis is a risk factor for PEC. This 
was attributed to inadequate biliary drainage and contrast injec-
tion. 

Cholangioscopy is a risk factor for PEC and post-ERCP bac-
teremia. This has been postulated to be due to ductal irrigation 
during the procedure. In a prospective study by Othman et al.68 
involving 57 patients who underwent cholangioscopy, 7.0% de-

veloped PEC, and 8.8% developed post-ERCP bacteremia. An-
other retrospective study by Sethi et al.69 involving 4,214 ERCPs 
showed that the incidence of PEC was higher in patients who 
underwent cholangioscopy than in those who did not (1.0% vs. 
0.2%; OR, 4.98; 95% CI, 1.06–19.67).  

Preventive measures 
Given the morbidity associated with PEC, the utility of antibiot-
ic prophylaxis has been well-studied. An early meta-analysis of 
seven RCTs by Harris et al.70 in 1999 for antibiotic prophylaxis 
prior to ERCP showed that it did not lead to a significant reduc-
tion in the incidence of post-ERCP bacteremia (RR, 0.39; 95% 
CI, 0.12–1.29) nor PEC (RR, 0.91; 95% CI, 0.39–2.15). A Co-
chrane systematic review of 9 RCTs by Brand et al.71 involving 
1,573 patients showed that the overall incidence of bacteremia 
was reduced (RR, 0.50; 95% CI, 0.33–0.78) in patients who re-
ceived antibiotic prophylaxis, but this effect was not significant 
in those who achieved successful biliary drainage after ERCP 
(RR, 0.98; 95% CI, 0.35–2.69). 

A selective approach for antibiotic prophylaxis appeared to 
be effective. Kager et al.72 performed a retrospective study ex-
amining 540 cases of ERCP in 327 patients, in which antibiotic 
prophylaxis was administered only to those deemed to be at 
high risk of cholangitis (patients with proximal biliary obstruc-
tion such as hilar tumors and sclerosing cholangitis, pancreatic 
pseudocysts, as well as in cases of incomplete biliary drainage, 
or non-ERCP-related reasons such as prosthetic heart valves). 
The overall incidence of PEC in this group of patients on re-
stricted use of antibiotics was 2.7%, which was similar to the 
prevailing literature. The PEC rates in the low-risk group were 
comparable to those in the high-risk group (2.5% vs. 3.3%). 

Treatment 
The management of PEC involves timely imaging with con-
trast-enhanced computed tomography or magnetic resonance 
cholangiopancreatography to assess bile duct and stent patency 
in patients in whom PEC is suspected.73 Bile samples should 
also be taken if a repeat ERCP is performed for biliary decom-
pression, as bile cultures are much more likely to be positive 
than blood cultures,74 allowing for the use of culture-directed 
antibiotics. A prospective study by Negm et al.75 involving 243 
patients showed that performing bile cultures for those with 
cholangitis resulted in a subsequent culture-directed modifica-
tion in antibiotic treatment for 72.5% of patients. 

Table 7. Risk factors for post-ERCP cholangitis 
Patient-related factors Procedure-related factors
Hilar obstruction Incomplete biliary drainage
Age ≥60 years Cholangioscopy
Previous ERCP
Primary sclerosing cholangitis

ERCP, endoscopic retrograde cholangiopancreatography.

Wu et al. ERCP-related complications

441



CONCLUSIONS 

Despite extensive research and refinement of this technique, 
ERCP-related complications remain a major issue. The most 
common complications of ERCP are pancreatitis, perforation, 
bleeding, and cholangitis. The identification of risk factors for 
ERCP-related complications, implementation of measures that 
decrease the risk of complications, and prompt identification 
and treatment of complications are key to ensuring good clini-
cal outcomes. 

Supplementary Material 

Supplementary Video 1. The patient developed bleeding after the 
endoscopic sphincterotomy. This persisted despite balloon tam-
ponade and irrigation with diluted adrenaline. Hemostasis was 
secured by the deployment of a biliary fully covered self-expand-
ing metal stent (https://doi.org/10.5946/ce-2023-013.v1).

Supplementary materials related to this article can be found on-

line at https://doi.org/ce.2023.013. 
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