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Complications of ERCP

This is one of a series of statements discussing the
utilization of GI endoscopy in common clinical situ-
ations. The Standards of Practice Committee of the
American Society for Gastrointestinal Endoscopy
prepared this text. In preparing this guideline, a
MEDLINE literature search was performed, and
additional references were obtained from the bibli-
ographies of the identified articles and from recom-
mendations of expert consultants. When little or no
data exist from well-designed prospective trials,
emphasis is given to results from large series and
reports from recognized experts.

Guidelines for appropriate utilization of endos-
copy are based on a critical review of the available
data and expert consensus. Further controlled clini-
cal studies are needed to clarify aspects of this state-
ment, and revision may be necessary as new data
appear. Clinical consideration may justify a course of
action at variance to these recommendations.

Since its introduction in 1968,! endoscopic retro-
grade cholangiopancreatography (ERCP) has
become a commonly performed endoscopic proce-
dure. The diagnostic and therapeutic utility of
ERCP has been well demonstrated for a variety of
disorders, including the management of choledocho-
lithiasis, the diagnosis and management of biliary
malignancies, and the evaluation and treatment of
benign and malignant diseases of the pancreas. The
evolution of ERCP has occurred simultaneously
with that of other diagnostic and therapeutic modal-
ities, most notably MRI/MRCP, laparoscopic chole-
cystectomy (with or without intraoperative cholan-
giography), and EUS. As such, the appropriate use
of ERCP changes constantly. In order for endos-
copists to accurately assess the clinical appropriate-
ness of ERCP, it is important to have a thorough
understanding of the potential complications of this
procedure. Numerous recent studies have helped
determine the expected rates of complications,
potential contributing factors for these adverse
events, and possible methods for improving the safe-
ty of ERCP. This document will review the current
understanding of ERCP-related complications.

Reported complication rates vary widely. To
some extent this is the result of study design, with
retrospective studies being prone to under-report-
ing adverse events. In addition, reported rates can
vary depending upon the case mix (including the
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Table 1. Freeman et al.3 (n = 1963)

Risk factor Adjusted OR  95% CI
Prior history of post-ERCP pancreatitis  5.35 2.97, 9.66
Biliary balloon sphincter dilation 4.51 1.51, 13.46
Moderate-to-difficult cannulation 3.41 2.13, 5.47
Pancreatic sphincterotomy 3.07 1.64,5.75
>1 Pancreatic contrast injection 2.72 1.43,5.17
Suspected sphincter of Oddi dysfunction 2.60 1.59, 4.26
Female gender 2.51 1.49,4.24
Normal serum bilirubin 1.89 1.22,29.3
Absence of chronic pancreatitis 1.87 1.00, 3.48

proportion of study patients undergoing sphincter-
otomy or evaluation of suspected sphincter of Oddi
dysfunction). Finally, complication rates will be
critically affected by the definitions used for each
complication.

ERCP-INDUCED PANCREATITIS

Pancreatitis is the most common ERCP complica-
tion.2-6 Although transient elevation of serum pan-
creatic enzymes is extremely common, such an ele-
vation does not necessarily constitute pancreatitis.
The consensus definition for ERCP pancreatitis is
as follows: new or worsened abdominal pain and a
serum amylase that is 3 or more times the upper
limits of normal 24 hours after the procedure that
requires at least 2 days of hospitalization.2 By using
this or similar definitions, the expected rate of
ERCP-induced pancreatitis is generally between 1%
and 7%.2-6 Several situations exist in which the rate
of pancreatitis may be significantly greater, and
these circumstances need to be considered when
deciding whether or not to pursue ERCP and when
obtaining informed consent.

Numerous factors have been found to correlate
with the development of pancreatitis. Focusing on 3
large, recently published prospective studies evalu-
ating multiple variables, several risk factors have
remained significant in multivariate analyses.
These are summarized in Tables 1, 2, and 3.

METHODS OF REDUCING ERCP-INDUCED
PANCREATITIS
Patient selection

Careful patient selection is probably the most
important method for reducing unnecessary pancre-
atitis, especially in light of the existence of other
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Table 2. Masci et al.® (n = 2444)

Table 3. Loperfido et al.5 (n = 2769)

Risk factor OR 95% CI Risk factor Relative risk  95% CI
Younger age (<60) 2.11 1.16, 3.8 Small bile duct (<10 mm) 3.79 1.88,7.6
Use of precut sphincterotomy 2.80 1.38,5.84 Younger age (<70) 2.87 1.23, 6.68
Failure to clear biliary stones 3.35 1.33,9.1 Pancreatic duct opacification 3.21 1.57,6.59

imaging modalities for the diagnosis of choledocho-
lithiasis (CDL) and pancreaticobiliary malignancy.
Many of the variables identified in the multivariate
analyses discussed above can be assessed before the
examination and should be accounted for when con-
sidering ERCP. In general, alternatives to ERCP
should be considered when multiple risk factors are
present and the likelihood of therapeutic interven-
tion is low. Freeman et al.3 have demonstrated that
the risk of pancreatitis in a female with a normal
bilirubin and suspected sphincter of Oddi dysfunc-
tion is 18% compared with 1.1% for a typical low-
risk patient. Furthermore, approximately 1 in 5
episodes of pancreatitis in this setting will be severe
(i.e., requiring more than a 10-night hospital stay,
resulting in the development of necrosis, pseudo-
cyst, or abscess formation, requiring surgical or per-
cutaneous debridement, or resulting in death).

MRCP and EUS both have negligible risk of pan-
creatitis and similar sensitivity to ERCP for the
detection of common bile duct stones.”-10 These
imaging modalities should be considered reasonable
alternatives to ERCP particularly in low pretest
probability settings. Intraoperative cholangiogra-
phy should be considered as an alternative to ERCP
in patients undergoing cholecystectomy with low to
intermediate likelihood of CDL. EUS is highly accu-
rate for the diagnosis and staging of pancreaticobil-
iary malignancies and can identify patients who
may proceed directly to surgery without ERCP.11
ERCP should be reserved for those patients with a
reasonable likelihood of requiring therapeutic inter-
vention, either based on clinical criteria (biliary
dilation, sepsis, jaundice) or abnormalities identi-
fied by other imaging modalities.

The highest rate of complications appears to
occur in a group of patients that is least likely to
benefit from standard ERCP. The most effective
method of reducing post-ERCP pancreatitis is to
avoid unnecessary ERCP.

Pharmacologic prophylaxis

Several methods of pharmacologic prophylaxis
have been proposed. Somatostatin and octreotide
reduce pancreatic secretion and therefore may limit
pancreatic duct hypertension.12.13 Other agents have
been used in an effort to reduce spasm of the sphinc-
ter of Oddi,4:15 inhibit proteolytic activity (gabex-
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ate),16 block the production of free radicals (allopuri-
nol),17 or manipulate the cytokine cascade (IL-10).18,19

Although a meta-analysis suggested that both
somatostatin and gabexate are effective in reducing
the rate of pancreatitis,20 a recent multicenter ran-
domized controlled trial (n = 579) failed to show a
benefit of short-term infusion of either gabexate or
somatostatin over placebo.2l Meta-analysis includ-
ing this study did not show benefit. Additionally,
neither of these agents is currently clinically avail-
able in the US.21 Octreotide, an analogue of somato-
statin, was not effective in preventing pancreati-
tis.20 Octreotide, unlike somatostatin, increases
basal pressure in the sphincter of Oddi.22 Whether
or not octreotide would be effective in the presence
of a pancreatic stent has not been studied.

IL-10 has been postulated to prevent pancreatitis
by means of its anti-inflammatory activities. Two
controlled prospective studies have been reported
with conflicting results. A study from Belgium
reported benefit in preventing pancreatitis when
administered at doses of 4 or 20 pg/kg 30 minutes
before the examination.18 However, a U.S. study
failed to find benefit at a dose of 8 pug/kg given imme-
diately before ERCP.19

Glyceryl trinitrate (AKA nitroglycerin) by
decreasing sphincter of Oddi pressure has been
shown in two randomized placebo-controlled studies
to decrease post-ERCP pancreatitis. Both sublin-
gual (7/90 vs. 17/96; p < 0.05) and transdermal
administration (3/71 vs. 11/73; p < 0.05) were effec-
tive.23.24 Although they are inexpensive, nitrates are
limited by their hypotensive effects and should be
used cautiously if at all in patients on antihyperten-
sives or those with vascular disease.

A recent study suggested that heparin may be
beneficial.25 However, this has not been confirmed
in prospective randomized trials.

The use of nonionic contrast agents has not
reduced the incidence of pancreatitis and is associ-
ated with higher cost.26:27 The use of periprocedural
corticosteroids was suggested by a retrospective,
noncontrolled study of patients with contrast aller-
gy28; however, 3 subsequent well-conducted prospec-
tive controlled studies have failed to show benefit
from this therapy.17-29,30 Another recent randomized
study failed to show benefit from prophylactic allo-
purinol.l7 Nifedipine was studied in a randomized
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placebo-controlled trial and was ineffective at pre-
venting pancreatitis.3!

TECHNIQUE-RELATED VARIABLES
Access papillotomy

The use of a “precut” or access papillotomy is con-
troversial. This technique involves using a bare wire
with cautery (e.g., needle-knife) to obtain access to the
desired duct when free cannulation is not possible.
The rate of complications with this technique varies
widely, with some authors reporting no increased risk
of complications,32:33 and others finding significantly
increased complication rates.46 This discrepancy
probably relates to the endoscopist’s level of expertise
and the number of failed attempts at cannulation
before attempting precut. In experienced hands and
an appropriate clinical setting, precut sphincterotomy
appears to be an acceptable method of ductal access.

Sphincter of Oddi manometry

The performance of sphincter of Oddi manometry
has been controversial. When performed with aspira-
tion-type catheters34 (in which fluid is continually
aspirated from the pancreatic duct during pancreatic
manometry in order to prevent ductal hypertension)
manometry is not associated with an increased risk of
pancreatitis in multivariate analysis.? This is not to
say that these patients are not at higher risk. ERCP
in the setting of suspected sphincter of Oddi dysfunc-
tion (SOD) is associated with significant risk of pan-
creatitis (up to 20%-25%); however, this risk appears
to be the same whether or not manometry is per-
formed.3 ERCP in a setting in which an endoscopist
should reasonably suspect SOD should be performed
after thorough discussion with the patient regarding
the high risk and uncertain benefits of the procedure.

Pancreatic duct stents

A single, prospective, randomized controlled
study showed that prophylactic stent placement of
the pancreatic duct can reduce the incidence of post-
biliary sphincterotomy pancreatitis in patients with
suspected SOD.35 In this study, stent placement in
patients with pancreatic sphincter hypertension sig-
nificantly reduced the risk of pancreatitis from 26%
to 7% (similar to reported risk in patients undergo-
ing ERCP for other indications). A case-control
study of pancreatic stent placement after balloon
dilation of the major papilla for bile duct stone
removal found decreased postprocedure hyperamy-
lasemia but no significant effect on pancreatitis.36

Electrocautery setting

A study randomizing 170 patients to either pure
cut or blended current for biliary sphincterotomy
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found a significantly lower rate of pancreatitis in
those patients who underwent pure cut cautery (3%
vs. 10%).37 A larger nonrandomized study did not
demonstrate any difference.5 Monopolar cautery has
been shown to be associated with a reduced risk of
pancreatitis compared with bipolar cautery in a sin-
gle randomized controlled study.38

Hemorrhage

Hemorrhage is primarily a complication related to
sphincterotomy rather than diagnostic ERCP.
Clinically significant hemorrhage may be defined as
the presence of melena, hematochezia, or hemateme-
sis associated with a hemoglobin decrease of at least
2 g/dL or the need for blood transfusion.4 The report-
ed incidence of hemorrhage after sphincterotomy
ranges from 0.76% to 2%.46 In roughly half of cases
this bleeding is delayed (recognition 1 or more days
after the examination) and can occur up to 1 to 2
weeks later. The risk of severe hemorrhage (i.e.,
requiring 2 or more units of blood, surgery, or angiog-
raphy) is estimated to be 0.1% to 0.5%.45

Risk factors for hemorrhage identified in multi-
variate analysis include coagulopathy at the time of
the examination, the use of anticoagulants within
72 hours of the sphincterotomy, the presence of
acute cholangitis or papillary stenosis, the use of
precut sphincterotomy, and low case volume of the
endoscopist (1 sphincterotomy per week or fewer).4-6
Observed bleeding during the initial examination
was also predictive of delayed bleeding.4 The pres-
ence of cirrhosis was not significant in multivariate
analysis, likely because the bleeding risk in the set-
ting of cirrhosis is determined primary by the pres-
ence or absence of coagulopathy.4 Neither length of
incision nor the use of aspirin or other nonsteroidal
anti-inflamatory drugs appear to be important pre-
dictors of bleeding.4

The use of automated controlled cutting has not
been shown to reduce the risk of clinically signifi-
cant postsphincterotomy bleeding, although pub-
lished randomized studies are lacking.

Perforation

Reported perforation rates for ERCP are 0.3% to
0.6%.4-639 Three distinct types of perforations have
been described: guidewire-induced perforation, peri-
ampullary perforation during sphincterotomy, and
perforation at a site remote from the papilla.39
Prompt recognition of periampullary perforation
and treatment with aggressive biliary and duodenal
drainage (by means of nasobiliary and nasogastric
tubes) coupled with broad-spectrum antibiotics can
result in clinical resolution without the need for
operative intervention in up to 86% of patients.40
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The diagnosis of perforations remote from the papil-
la is frequently delayed and these typically require
surgery.39 Risk factors for perforation include the
presence of a Billroth II partial gastrectomy, the per-
formance of a sphincterotomy, the intramural injec-
tion of contrast, duration of procedure, biliary stric-
ture dilation, and SOD.5:40

CHOLANGITIS

The rate of cholangitis is 1% or less.4-6 Risk fac-
tors identified as significant in univariate analysis
include the use of combined percutaneous-endo-
scopic procedures, stent placement in malignant
strictures, the presence of jaundice, low case volume,
and incomplete or failed biliary drainage.45 As such,
methods for reducing cholangitis proposed by expert
opinion include the placement of plastic stents in
cases of incomplete/unsuccessful stone extraction. A
special circumstance is the presence of a hilar
obstruction (e.g., “Klatskin tumor”). Some endos-
copists advocate attempts to avoid filling all intra-
hepatic segments and the importance of draining all
intrahepatic segments that are filled with con-
trast.4l A randomized prospective trial comparing
unilateral with bilateral stents reported similar
relief of jaundice but a lower rate of cholangitis in
the unilateral group.42 MRCP has been used as a
guide to direct unilateral stent placement.43

THE ROLE OF PROPHYLACTIC ANTIBIOTICS

Numerous studies have evaluated the potential
role of prophylactic antibiotics for ERCP. A recent
meta-analysis of this data failed to show benefit for
routine antibiotic prophylaxis.44 In addition, a study
by van den Hazel et al.45 failed to show a reduction in
cholangitis in a group of patients perceived to be at
higher risk (e.g., those suspected of having either a
distal stone or biliary stricture). Routine prophylactic
use of antibiotics is not supported by currently avail-
able data. This is not to say that antibiotics should
not be used in patients with known cholangitis. In
addition, it is possible that postprocedural antibiotics
may reduce complications in patients with incom-
plete drainage (or inadvertent filling of pancreatic
pseudocysts). Prophylaxis continues to be recom-
mended for patients with biliary obstruction and
prosthetic heart valves, a prior history of endocardi-
tis, systemic-pulmonary shunt, or recent (<1 year)
synthetic graft placement (refer to ASGE Guideline
“Antibiotic Prophylaxis for Gastrointestinal Endo-
scopy,” Gastrointest Endosc 1995;42:630-5.)

CHOLECYSTITIS

Cholecystitis complicates approximately 0.2% to
0.5% of ERCPs.46 The risk appears to be correlated
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with the presence of stones in the gallbladder and pos-
sibly filling of the gallbladder with contrast during the
examination.4 There are no clear means for preventing
post-ERCP cholecystitis other than cholecystectomy.46

CARDIOPULMONARY COMPLICATIONS

Significant cardiopulmonary complications are
rare (<1%); however, they constitute a leading cause
of death from ERCP.4-6 Complications may arise
because of cardiac arrhythmia, hypoventilation, or
aspiration. These may be due to underlying premor-
bid disease (either known or occult) or problems
related to medications used for sedation and anal-
gesia. Such complications might be reduced by care-
ful preoperative evaluation and collaboration with
anesthesiologists for high-risk or difficult-to-sedate
patients. (See ASGE “Guidelines for the Use of Deep
Sedation and Anesthesia for Gastrointestinal
Endoscopy,” Gastrointest Endosc 2002;56:613-7.)

MORTALITY

The overall mortality rate after diagnostic ERCP
is roughly 0.2% (1 in 500).5 Death rates after thera-
peutic ERCP are twice as high (0.4%-0.49% in two
large prospective studies).45 Death may occur from
any of the complications described above. This death
rate must be considered in the context of the expect-
ed rate of mortality where intervention by ERCP
was not performed.

MISCELLANEOUS COMPLICATIONS

A wide variety of additional complications have
been reported. These include ileus, antibiotic-related
diarrhea, hepatic abscess formation, pneumotho-
rax/pneumomediastinum, perforation of colonic
diverticula, duodenal hematoma, portal venous air,
and impaction of therapeutic devices such as stone
retrieval baskets.?6 Pseudocysts may become infect-
ed, and filling of pseudocysts in the absence of sub-
sequent drainage should be avoided if possible.

ENDOSCOPIC BALLOON DILATION

Endoscopic balloon dilation has been proposed as an
alternative to sphincterotomy for the removal of CDL.
Two randomized controlled trials from abroad have
addressed this technique.4748 Both showed no signifi-
cant difference in the overall rate of complications and
both showed a reduction in the risk of subsequent
cholecystitis with the use of balloon dilation. A third
multicenter U.S. study, which has been published only
in abstract form, was halted early because of a signifi-
cant increase in mortality and severe pancreatitis with
balloon dilation.49 Another prospective multicenter
U.S. study found biliary balloon sphincter dilation to be
an independent risk factor for pancreatitis.3 Given the
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concerns raised with these latter studies, balloon dila-
tion cannot be routinely recommended.

SUMMARY

ERCP is a relatively safe endoscopic procedure;
however, there is the potential for severe, life-threat-
ening complications. The most common complications
are pancreatitis, hemorrhage, infectious complica-
tions, and perforation [B]. Several risk factors for
ERCP-induced pancreatitis have been identified that
can be assessed before the examination. These include
a prior history of ERCP pancreatitis, nondilated ducts,
normal bilirubin, young age, female gender, and sus-
pected sphincter of Oddi dysfunction [B]. In these set-
tings, careful consideration should be given to alter-
native imaging modalities such as MRCP or EUS [C].
Although pharmacologic methods for the reduction of
ERCP-induced pancreatitis have been proposed, ran-
domized trials have not consistently shown a clinical
benefit and many are not currently available in the
United States for clinical use [A]. Placement of a pan-
creatic stent in the setting of suspected SOD can
reduce the incidence of pancreatitis [A]. Bleeding com-
plications of sphincterotomy are more common in the
setting of preexisting coagulopathy [B]. Balloon
sphincter dilation has been proposed as an alternative
to sphincterotomy; however, preliminary data has
raised concern regarding the safety of this technique
and it cannot be recommended at present [A].
Anticoagulants should be avoided within the first 72
hours of sphincterotomy whenever possible [B].
Aspirin and nonsteroidal anti-inflammatory drugs
appear to be safe and may be continued when indicat-
ed [B]. Infectious complications are more common
when biliary drainage is incomplete, malignant stric-
tures are present, or combined radiologic-endoscopic
procedures are performed [B]. The routine use of pro-
phylactic antibiotics does not appear to influence this
risk and is not recommended [A]. Prophylaxis contin-
ues to be recommended for patients with prosthetic
heart valves, a prior history of endocarditis, systemic-
pulmonary shunt or recent (<1 year) synthetic graft
placement [C]. Endoscopists performing ERCP should
receive adequate training and ensure that they are
exposed to a sufficient case volume to warrant provid-
ing this service [C].
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