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Table 5 Risk Factors for ERCP-Related Bleeding

Likely Possible Unlikely
Low endoscopists case volume Precut sphincterotomy NSAIDs
Intraprocedural bleeding Pure cutting current Aspirin

Anticoagulation prior to procedure
Resumption of anticoagulation within 3 days of procedure

Cholangitis

Hemodialysis/cirrhosis
Ampullary stone/stone extraction

Papillary stenosis

ERCP, endoscopic retrograde cholangiopancreatography; NSAIDs, nonsteroidal anti-inflammatory drugs.

®

Fig. 4. Oozing of bright red blood is observed after sphincterotomy (A) that is controlled with multipolar electrocautery (B).

which deliver pure cutting currents. This alternation of energy
current between cut and coagulation has been shown to reduce
the risk of an uncontrolled rapid extension of sphincterotomy in-
cision, also known as the ‘zipper cut’.”"**'"”> A small PRCT showed
that feedback-controlled generators with alternating currents sig-
nificantly reduced the rates of immediate bleeding after sphincter-
otomy."”’

Addressing factors that can be adjusted by the endoscopist
both prior to and during the procedure is a prudent approach. All
coagulopathy should be reversed if possible. A reasonable thresh-
old prior to sphincterotomy are platelets > 50 K and INR < 1.5.
Any irreversible antithrombotic agent should be held if possible
for the appropriate amount of time based on their half-life, which
is usually around 2-7 days depending on the agent."”* Also, hold-
ing anticoagulation for at least 3 days after sphincterotomy if
medically safe may also reduce bleeding. If coagulopathy cannot
be reversed at the time of procedure then avoiding sphincter-
otomy altogether may be a reasonable option. Alternatives to per-
forming sphincterotomy to achieve biliary drainage may be plac-
ing a plastic bile duct stent or using balloon dilation to expand
the ampullary orifice for stone extraction. Endoscopic papillary
balloon dilation has been shown in a meta-analysis of over 1,700
patients to have a lower risk of bleeding compared to sphincter-
otomy but also there is significant increase in risk of pancreatitis
(see above)."” Nevertheless, endoscopic papillary balloon dilation
is considered an accepted alternative to sphincterotomy in pa-
tients with coagulopathy based on recommendations from inter-
national consensus guidelines.'™ Less experienced or low-volume
endoscopists may consider referring patients that are high-risk

for bleeding to larger/tertiary centers if that option is available
to them and it is medically appropriate. Employing newer-gener-
ation alternating current electrical generators that can maintain
a constant voltage is recommended. Finally meticulous control
and direction of the cutting wire and endoscope during sphincter-
otomy is crucial. Generally the force of the wire in the direction
of the cut should be provided by gentle torque of the scope with
the right hand, rather than use of the elevator or extreme bowing
of the sphincterotome.

Management

Fortunately the vast majority of significant post-sphincteroto-
my bleeding can be successfully managed endoscopically. Bleed-
ing of potential relevance is one that does not stop or signifi-
cantly slow by the end of the procedure despite observation for at
least several minutes (Fig. 4). Usually the flow rate of insignificant
or ‘trickle’ bleeds will decrease or cease with intermittent irriga-
tion and/or simple observation. Retrospective case series show
that topical spray irrigation of epinephrine solution may control
bleeding in > 93% of these cases.'”’ However in reality the need
for any intervention in these types of ‘trickle’ bleeds is likely un-
necessary as they are generally self-limited.

If bleeding does not stop spontaneously, injection and/or
cautery therapies should be considered; decisions related as to
which techniques are used first are often operator dependent.
Dilute epinephrine using a 1:10,000 dilution of epinephrine in 1
mL aliquots is injected into the submucosa usually at the upper
edges and apex of the sphincterotomy. It is important that techni-



Paul R. Tarnasky and Prashant Kedia / ERCP complications 45

cians assisting the endoscopist extend and retract the needle from
the catheter tip when the elevator in the down position. After the
needle is extended then it is okay to use the elevator to visualize
the tip and direct it to the site of therapy. Retracting the needle tip
with the elevator in an up position may damage the device cath-
eter and limit subsequent ability to control needle advancement.
Hemostasis with epinephrine injection alone is reported to be very
successful at > 96%-100%."*"" A small randomized controlled
trial showed that there may be some benefit to prophylactic epi-
nephrine injection prior to cannulation, however the study was
conducted with low-experienced endoscopists with higher than
average rates of bleeding and pancreatitis.'”

Other hemostasis modalities include thermal energy (such as
bipolar electrocautery, heater probe, and argon plasma coagula-
tion), placement of clips, balloon papillary dilation, and metal
biliary stent placement. The outcomes regarding these methods
are less well studied and reported. Small case series have shown
clinical success rates of 89%-100% using thermal energy for
achieving hemostasis with low rates of adverse events.””>'* There
is a theoretical concern that thermal energy may cause acute
pancreatitis if the pancreatic duct orifice is involved and becomes
edematous and/or injured. However, with controlled delivery of
energy toward the apex of the sphincterotomy and away from the
pancreatic orifice, this adverse event can usually be avoided.

Few case reports and case series have reported on the utility
of placing hemoclips in cases of refractory bleeding."'"** Hemo-
clips are technically difficult to place, as they are generally not
designed to be deployed through a side-viewing endoscope with
an elevator mechanism. Raising of the elevator mechanism across
the device shaft can often damage or prematurely fire the deploy-
ment system. Misfire with using hemoclips is significant and can
be frustrating and futile in an acute situation. In a small case
series of six patients with post-sphincterotomy bleeding treated
with hemoclips, the misfire rate in a single procedure was as high
as three.'”” Care must also be taken during clip deployment to not
occlude the biliary orifice in efforts to seal off the source of bleed-
ing.

Tamponade of the ampulla/sphincterotomy site with an inflat-
able balloon or FCSEMS in the bile duct has also been reported in
small numbers with successful outcomes.'*'”” Placing FCSEMS
is technically easy and frequently very effective (Fig. 5) to control
bleeding. However, due to the cost of the device itself and the
need for the second endoscopy for removal, they should not be
used as primary therapy but more as a salvage hemostasis tech-
nique when epinephrine or other methods fail. Nevertheless, if

FCSEMS placement can prevent delayed bleeding or the need for
secondary interventions such and angiographic embolization or
surgery, then their cost may be justified. Other considerations of
the stent related adverse events such as migration and post-ERCP
pancreatitis may also complicate the risk-benefit profile for this
technique and further studies are needed.

In rare cases when bleeding cannot be controlled endoscopi-
cally, salvage hemostasis options include angiographic emboliza-
tion and surgery. Generally in brisk post-sphincterotomy bleeds,
angiography will reveal extravasation of contrast in the anterior
or posterior pancreaticoduodenal arcade and less commonly a
branch of the hepatic or gastroduodenal artery.'® Retrospective
studies show a technical success rate of 97%-100% with a clinical
success rate of 83%-91% for embolization of control of bleed-
ing.'”® Finally, surgery would exist as a last alternative for uncon-
trollable life-threatening bleed, although its use has decreased in
the past two decades.'®

Perforation

Perhaps the most dreaded and devastating adverse event of
ERCP is perforation. A variety of mechanisms can induce perfora-
tion during ERCP including duodenoscope related trauma, sphinc-
terotomy, and intraductal guidewire manipulation. Multiple case
series have shown the overall risk of perforation during ERCP to
be < 1% with a mortality range of 7.8%-9.90,"'**>*17*1">

The accepted classification scheme for ERCP-related perfora-
tions proposed by Stapfer et al'”’ is logically based on location
and mechanism of injury. Type 1 perforations are characterized
by luminal perforations, which most often occur in the duode-
num. These types of perforations are due to shearing force or
angle-related trauma to the bowel wall by the shaft or tip of the
endoscope. These occur most often in cases of scope advance-
ment where the shaft of the endoscope exerts too much force on
the wall of the duodenum or a periampullary diverticulum. Type
1 perforations may also during uncontrolled forceful retraction of
the duodenoscope such as during extraction of a difficult stone.
Type 1 perforations generally cause intraperitoneal leakage of
bowel contents and contrast. Type 2 perforations are defined as
‘perivaterian’ or periampullary perforations caused by overexten-
sion of a sphincterotomy beyond the intraduodenal portion of the
ampulla, thus causing a retroperitoneal leak. Type 3 perforations
are intraductal (either biliary or pancreatic) punctures via inad-
vertent over-advancement of guidewires or other tools (i.e., stents,
baskets). And finally, Type 4 perforations are described as small

Fig. 5. (A) An uneventful access precut sphincterotomy was performed over a prophylactic pancreatic stent in a liver transplant patient with an anastomotic stric-
ture. (B) The patient developed recurrent jaundice, a decrease in hemoglobin, and was diagnosed with stent dysfunction due to a large clot from a sphincterotomy
bleed. (C) The clot was removed, electrocautery was applied, then a fully coated metal biliary stent was placed to ensure hemostasis.



46 Gastrointestinal Intervention 2017 6(1), 37-53

Table 6 Perforation Types and Characteristics

Type 1 Type 2 Type 3 Type 4
Location Luminal, lateral wall of duodenum Periampullary Intraductal (biliary or pancreatic) Retroperitoneal air
Mechanism Shearing force or angle-related ~ Overextension of sphincterotomy Over advancement of wires/tools Insufflation, sphincterotomy-
trauma from the endoscope beyond intraduodenal portion inside ductal structures related
Relative percentage 25 46 22
Management Surgical > endoscopic Endoscopic > surgical Endoscopic None

amounts of retroperitoneal air alone and are considered clinically
insignificant. Small studies have shown rates of asymptomatic,
clinically insignificant retroperitoneal air (Type 4) after sphinc-
terotomy to be as high as 29%."7* In a systemic review of over
142,000 patients having undergone ERCP, Type 1 accounted for
25% of perforations, 46% were Type 2, and 22% were Type 3
(Table 6)."°

Risk reduction

Predicting risk for the prevention of perforation is challeng-
ing. Risk factors for perforation are less well defined partly due to
the various mechanisms of injury and rarity of the event. Circum-
stances that have been shown to potentially increase the overall
risk of perforation include older age, longer duration of procedure,
sphincter of 0ddi dysfunction, dilated bile duct, and performance
of a sphincterotomy. Other possible risk factors include altered
enteral anatomy (i.e., Billroth II, Roux-en-Y bypass) or application
of precut sphincterotomy."**'”’ In a multiple large series of Billroth
II patients at tertiary centers, the rate of perforation during ERCP
was 1.8%, which is higher than the reported average of < 1%."*'”’
However, smaller case series report perforation rates as high as
18%, which may reflect closer to the experience of community
ERCP endoscopists.”® Post-Whipple (pancreaticoduodenectomy)
anatomy does not appear to significantly increase the risk of per-
foration during ERCP.'”

It is important to consider that various risk factors may pre-
dispose to each type of perforation. Type 1 perforations may be
more likely in Billroth II anatomy and older patients due to fixed
position, immobility and fragility of the bowel wall. Having a very
clear conversation regarding the informed consent about risks
prior to the procedure cannot be overemphasized in this particu-
lar scenario. It is crucial that the patient understand the potential
risk for perforation and emergent surgery prior to undergoing an
ERCP in altered anatomy. For Billroth II anatomy, it can be useful
to start the procedure with a standard upper endoscope to identify
and mark the entrance of the pancreaticobiliary limb prior to ad-
vancing a side-viewing duodenoscope. Low-volume endoscopists
should consider referring Billroth II anatomy patients to tertiary
care centers.

Type 2 perforations may be more common in sphincter of
0ddi and precut sphincterotomy due to difficult cannulation and
access techniques. Prevention of type 2 perforations is predicated
on performing a deliberate and controlled sphincterotomy. Mul-
tiple factors contribute to ability of an endoscopist to consistently
perform an effective but safe sphincterotomy, namely experience
and case volume. However there are some tips that may help with
decreasing risk. Minimizing the length of cutting wire in contact
with the ampulla and using stepwise incisions can help control
and direct the delivery of energy.'*® Also the force and direction
of the cut should be directed by the endoscopist’s right hand on
the shaft of the endoscope creating counter-clockwise torque, as

opposed to lifting the elevator or bowing the sphincterotome. Fi-
nally, using newer generation electrical generators with alternat-
ing currents can reduce the incidence of zipper cuts.”*>"’

Risk factors specifically for Type 3 perforations are not well
described. They likely occur due to a wire handler’s either lack of
understanding or concentration on the position of the wire/tool
within the pancreaticobiliary intraductal anatomy. Physical prop-
erties of the guidewire and who controls the guidewire are also
important variables. It is crucial for the person handling the wire
(endoscopist or technician/nurse) to have a strong understanding
of the general pathway of the bile and pancreatic ducts to help
avoid aberrant wire cannulation and perforation. In the setting of
highly-trained technicians assisting with long-wire advancement,
small studies have not shown any significant difference in rates of
perforation.””'® In endoscopy units where technicians are not as
highly trained or experienced, short-wire systems may confer an
advantage. Aside from keeping careful track of the wire position
using both fluoroscopic and endoscopic vision, avoiding advanc-
ing wire/tools through resistance or strictures without fluoroscopic
view may also mitigate the risk of Type 3 perforations.

A final aspect regarding overall risk reduction strategy for
perforation is the use of carbon dioxide (CO,) insufflation. Con-
ventionally, endoscopy units have used standard air insufflation
for all endoscopic procedures, but in recent years there has been
a shift to utilizing CO, insufflation due to its potential physical
and physiologic advantages. Unlike air, CO, is lighter and rapidly
reabsorbed by the body and does not require suctioning or pas-
sage through the gastrointestinal system for elimination. Multiple
meta-analyses of numerous randomized-controlled trials show
that the use of CO, insufflation reduces the risk of overall adverse
events during ERCP.""'® The exact effect on perforation risk is
unclear. However, CO, insufflation has consistently been shown
to reduce post-ERCP abdominal distension and pain scores."*'™*’
Reduction in abdominal distension may be important not only to
prevent adverse events but also after a perforation event has oc-
curred to reduce the risk of tension pneumoperitoneum or pneu-
mothorax. An analogy of using CO, during high risk endoscopic
procedures is like wearing a seatbelt when driving a car. While it
may not prevent adverse events, it may reduce the consequential
damage from those events.

Management

The first and foremost related to the management of ERCP-
related perforation is recognition. The overall prognosis of the pa-
tient is directly related to the time before recognition of the event
to trigger early management decisions. Early or intra-procedural
recognition of perforation events improve prognosis and reduce
the need for surgical intervention.'”* A multicenter analysis noted
that delayed recognition of a perforation more then 6 hours after
ERCP was associated with increased length of hospital stay and
mortality.'® The timing to recognition may also dictate the com-
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plexity and risk of the surgery, in terms of need for enteral diver-
sion.' Generally, Type 1 perforations can be seen endoscopically
while Type 2 and 3 perforations are noted fluoroscopically. For a
Type 2 perforation, an occlusion cholangiogram with a retrograde
injection balloon may reveal contrast extravasation at the level of
the ampulla. Also air may be seen in the retroperitoneum on fluo-
roscopy (Fig. 6). It is imperative for endoscopists to understand
how to recognize and diagnose ERCP-related perforations since
as many as 449% of perforations are diagnosed after the proce-
dure.””” Symptoms of abdominal pain, tachycardia, leukocytosis,
peritoneal signs, a tympanic abdomen and fever should alert the
endoscopists about the possibility for perforation. Differentiat-
ing perforation from PEP may be challenging as they can pres-
ent similarly and they can also coexist. Sometimes severe bowel
distension with bacterial translocation after long procedures may
also mimic the presentation of perforation. In such cases the most

Fig. 6. Obvious air is noted following sphincterotomy in the retroperitoneum
as seen on fluoroscopy during an endoscopic retrograde cholangiopancreatog-
raphy.

effective test to make a diagnosis is a computed tomography scan
of the abdomen with contrast.

When perforation has been recognized, the management de-
pends on type, severity, patient condition and local endoscopic/
surgical expertise. In cases of early recognition during ERCP,
insufflation should be immediately switched to CO, if available
for the reasons mentioned above. Invariably in all Type 1 and 2
perforations, patients should be admitted for observation, made
NPO, given IV fluids (IVF) and broad spectrum antibiotics cover-
ing gram negative and anaerobic organisms, undergo nasogastric
tube (NGT) placement for biliary diversion and have a surgical
consultation.

Type 1 perforations commonly require surgical intervention
to salvage an optimal clinical outcome unless early endoscopic
closure can be successfully achieved. Immediate closure is para-
mount as Type 1 perforations allow of spillage of bowel contents
directly into the peritoneal cavity resulting in peritonitis and sep-
sis. The types of surgery described to treat Type 1 perforation in-
clude surgical repair of the duodenum, abdominal washout, drain
placement, with or without duodenal diversion."*® More recently
there have been successful reports of early endoscopic closure of
these perforations with a variety of devices including through-
the-scope clips (Fig. 7), over-the-scope clips, band ligation and
endoloops.”*"*"'® Novel endoscopic suturing devices may be ap-
plied in this scenario to close large defects. Although the technical
application of endoscopic suturing may be challenging and not
readily available in most units, the potential to close large defects
with multiple sutures through the endoscope is attractive."*'"
The rates of successful endoscopic closure for small duodenal
perforations (< 13 mm) with clips range from 88%-1000."**"*
In patients that do undergo successful endoscopic closure, the
chance of clinical successful recovery without surgery is > 90%."”
Conservative management after endoscopic closure includes IVF,
bowel rest, antibiotics and NGT placement. Usually within the
next 24-48 hours the patient will declare clinically if they require
surgical intervention. Ongoing or worsening abdominal pain with
peritoneal signs and systemic inflammatory response are indica-
tions for surgery.'® If the patient continually improves clinically,
then usually by 3-4 days post procedure a water-soluble upper
gastrointestinal series can be performed to confirm lack of ex-
travasation prior to re-initiating a clear liquid diet.

Fig. 7. A small (1 cm) Type 1 perforation on duodenal lateral wall (A) is closed with through the scope clips (B).
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Type 2 perforations are typically less dire than Type 1 perfora-
tions as their leakage is into the retroperitoneal space and can be
contained. There are however cases where Type 2 perforations can
lead to abscess, peritonitis and mortality. Therefore early recogni-
tion and management is paramount. The goal of therapy is to seal
the area of leakage and prevent leakage of panceaticobiliary con-
tents extraluminally. This can be accomplished by placement of a
FCSEMS directly into the bile duct across the ampulla with a near
perfect clinical success rate.'*"'**"** Hemoclip application has also
been described but as above-mentioned, is much more technically
challenging and can risk ampullary trauma/closure.'*’

Type 3 perforations a relatively straightforward and rarely
lead to significant clinical morbidity if recognized and managed
during ERCP. The goal of therapy is to redirect the flow of bile or
pancreatic fluid away from the site of leak. Sphincterotomy and
plastic stent placement can help create a path of least resistance
for flow away from an area of ductal perforation. Stent position
across the area of perforation intraductally is optimal, but not
necessary. Generally Type 3 perforations do not require surgical
management. Type 4 perforations are considered clinically insig-
nificant and do not require any intervention.

Cholangitis/Infection

Our current understanding of post-procedure infection and
cholangitis is evolving. Based on the Spaulding classification,
ERCP is considered a semi-critical procedure as the duodenoscope
engages in mucosal contact but does not directly enter a sterile
space.'”® Thus, duodenoscopes require high-level disinfection be-
tween procedures to reduce risk of infection transmission. It has
been well recognized over the last few decades that ERCP may
introduce pathogenic flora into sterile intraductal environments
through a variety of mechanisms. Despite the fact that ERCP is a
semi-critical procedure, various tools such as wires, stents, bal-
loons, etc. are pushed through a long duodenoscope instrument
channel across a complicated elevator mechanism to enter a
sterile ductal environment. What is also important to note is that
these tools may be advanced into and withdrawn from a sterile
bile duct via a non-sterile duodenoscope multiple times during
a single procedure. Thus the definition of a semi-critical as op-
posed to a critical procedure is debatable. The fundamental cause
for cholangitis in the biliary system is stasis or inadequate flow
and excretion of bile into the duodenum. Any mechanism that
contaminates a biliary system or segment and does not achieve
adequate biliary drainage potentiates the chances for cholangitis.
Examples include injection but inadequate drainage of intrahepat-
ic systems in PSC, failure of stent placement across a biliary stric-
ture, or late biliary stent occlusion. The overall rates of cholangitis
or cholecystitis from ERCP have been reported at 1.0%-1.6% with
0.1% mortality."*'**

Transmission of multidrug resistant organisms and carbapen-
em-resistant enterobacteriae (CRE) via a duodenoscope has been
reported in the last few years."” "' Colonization and incomplete
sterilization of the complex elevator hinge mechanism at the tip
of the duodenoscope is the suspected culprit for transmission of
these infections.””' Even more concerning is that multiple recent
CRE outbreaks have occurred despite complete compliance with
the recommended multisociety duodenoscope reprocessing guide-
lines."””'**”® CRE infections have been associated with poorer
prognosis, longer hospital stays and increased mortality, up to
10% in large series.”” For this reason multiple endoscopic and
infection-control societies have issued newer recommendations
regarding the handling and reprocessing of duodenoscopes.”” "

Risk reduction

Incomplete biliary drainage is the major risk factor for post-
ERCP cholangitis. Thus most efforts to prevent post-ERCP chol-
angitis are directed at achieving successful drainage. Risk factors
which may contribute to cholangitis are not well defined, but are
linked by their likelihood to complicate biliary drainage. Accepted
factors include PSC, low endoscopist experience, rendezvous
procedures, cholangioscopy, and proximal complex cholangiocar-
cinoma-related strictures."****** Endoscopists should anticipate
complex drainage cases and plan their approach for ERCP. Pre-
procedure imaging with MRCP may provide the endoscopist with
a ‘roadmap’ of the biliary system; this helps target the efforts of
their injection and instrumentation and thus avoiding unwar-
ranted systems. In cases of challenging strictures where proximal
opacification of the biliary system has occurred, various hydro-
philic wires, angle-tipped wires, rotating and swinging catheters
are available to gain access for drainage. Cautious use of contrast
and air injection is always recommended to avoid opacification
and contamination of unintended segments. The utility of pro-
phylactic antibiotics universally during ERCP and even in only
in cases with incomplete drainage has not been proven.”***®
However multiple experts with anecdotal experience recommend
administering 3-5 days of oral antibiotics with gram-negative
coverage for cases of incomplete drainage and one dose during
cholangioscopy.”3‘149‘206’207

A recent single-center case series of 115 patients with ERCP-
related CRE exposure concluded that ERCP with contaminated
duodenoscopes, biliary stent placement, diagnosis of cholan-
giocarcinoma and active inpatient status were risk factors for
transmission of CRE infection. Although the risk of a patient con-
tracting a CRE infection from ERCP is still exceedingly low, it is
prudent for endoscopy units performing ERCP to develop updated
systematic protocols for the reprocessing of duodenoscopes. This
may include specific documentation of duodenoscopes associ-
ated with individual ERCP procedures, training and credentialing
of technicians involved in reprocessing with special attention to
cleaning of the elevator mechanism, periodic audits of automated
endoscope reprocessing devices, and consideration of a culturing
protocol to detect duodenoscope colonization.

One controversial risk factor for ERCP-related cholecystitis is
the use of FCSEMS for distal biliary obstruction. The concept is
that a FCSEMS may occlude the cystic duct entry into the com-
mon bile duct thus inducing iatrogenic cholecystitis. Reported
rates of ERCP-related cholecystitis are 1.9%-129% with FECSEMS.”"°
However multiple studies have shown that the primary risk for
developing cholecystitis after ERCP is tumor involvement of the
cystic duct orifice, regardless of whether a covered or uncovered
metal stent is used.”' " Thus, whether cholecystitis occurs as a
result of the stent itself versus the actual tumor biology is un-
clear. As the literature is not definitive it is not unreasonable for
endoscopists to assess the location of the cystic duct orifice dur-
ing ERCP to choose the appropriate length and size stent whose
proximal end will terminate distal to the cystic take off. If the
cystic duct orifice is not visible despite occlusion cholangiogram
and is likely involved with tumor, then the choice and position of
stent may be inconsequential.

Management
In cases of post-ERCP cholangitis, treatment with IVF and

antibiotics is the first line therapy. Many patients will respond to
conservative therapy alone. In severe or refractory cases, it may
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be necessary to consider secondary intervention to achieve im-
proved biliary drainage such as repeat ERCP with stent revision or
percutaneous biliary access.

Multiple options for treatment of acute cholecystitis after pal-
liative stent placement exist including percutaneous drain place-
ment or repeat ERCP with stent revision to either uncovered metal
or plastic stents.”'®*"* Many of these patients are inoperable due
to their comorbidity and tumor involvement of the biliary system.
More recent reports of ERCP guided transcystic gallbladder drain-
age has shown to be as effective as percutaneous drainage with
lower pain scores and need for repeat procedures.”**'®

For confirmed CRE infections from a contaminated duode-
noscope, the suspected device should be taken out of working
circulation and quarantined. The event should be reported to the
appropriate public health agencies, Food and Drug and Admin-
istration, the device manufacturers, and the persons responsible
for infection control for the endoscopy unit. An audit should be
considered for recent patient exposures with potential notifica-
tions. This event should prompt a procedure review of all duode-
noscope reprocessing and culturing protocols. Any breach in the
reprocessing protocol may require re-education or remediation
of involved staff. Finally, a dedicated protocol agreed upon by
physicians, administrators, and infection control specialists should
be enacted to clear the endoscope of any residual contamination
prior to re-entering it into the work cycle. This protocol has not
been standardized by any society as of yet, but can include vari-
ous processes such as double high-level disinfection, bacterial
culture, adenosine triphosphate bioluminescence, and ethylene
oxide sterilization.””” Single high-level disinfection is likely not an
acceptable form of reprocessing and confirming eradication of the
organism after such an event has occurred.

Cardiopulmonary

While rare, cardiopulmonary adverse events (CPEs) are a
significant cause of morbidity and mortality from ERCP."® Car-
diopulmonary events range from mild transient hypoxia and
hypotension to critical myocardial infarction, pulmonary embo-
lism, respiratory failure, cerebrovascular accidents, cardiac arrest,
amongst others. This incidence of CPEs range from 0.9% to 2.3%
with a mortality from 0.07%-0.1% of cases."'®”” The rates of CPE
are higher for ERCP than general endoscopic procedures due to
the complexity of intervention, use of electrocautery, increased
length of procedure, often increased underlying morbidity of the
patient, and the need for deeper sedation.”"®

Risk reduction

Unfortunately multiple comorbid conditions has been shown
to be a preprocedure risk factor for CPEs.'® This may not be a
controllable scenario as many elderly and ill patients require
urgent or emergent ERCP for a variety of reasons. For critically
ill patients that require non-urgent ERCP, optimizing cardiopul-
monary status and obtaining cardiac clearance in appropriate
cases prior to the procedure is prudent. Also the type of sedation
used for ERCP varies from IV conscious sedation to monitored
anesthesia care with propofol and also general anesthesia. There
has been a recent shift toward more propofol usage in the last de-
cade for ERCP. Multiple meta-analyses have shown no increased
risk of CPEs with propofol usage and possibly shorter recovery
times.”"***' The decision to proceed with general anesthesia
should be made by the endoscopists and anesthesia team and be
individualized based on patient morbidity and complexity of the

underlying procedure. Generally in cases of duodenal/gastric out-
let obstruction, gastric stasis, or anticipated long procedure times,
general anesthesia with endotracheal intubation may be wise to
prevent aspiration. Management of CPEs depends on the nature
of the event and may involve multiple specialists depending on
the acuity and organs affected.

Conclusions

Answers to the questions of why, who, and what are instruc-
tive when considering ERCP complications. Why the procedure
is being done pertains to the indications. Who is the patient and
who is performing the procedure reflects on the patient related
risk factors and operator expertise. What is discovered and what
techniques that are employed during the procedure defines those
that are associated with both increased risk as well as risk reduc-
tion. Confounding the complexity of ERCP complications is the
fact that the three principle variables (patient, physician, and
procedures) are interrelated and all have the potential to both
increase or decrease risk. It is imperative that endoscopists un-
derstand these complex interactions in order to recognize high-
risk scenarios before and during ERCP so that prudent decisions
are made to both prevent and manage potential complications. To
summarize the important principles toward the reduction of ERCP
complications, one should consider ERCP to represent Expertise,
Restraint, Caution, and Prevention.

Conflicts of Interest

No potential conflict of interest relevant to this article was re-
ported.

References

—

. Andriulli A, Loperfido S, Napolitano G, Niro G, Valvano MR, Spirito F, et al. Inci-
dence rates of post-ERCP complications: a systematic survey of prospective stud-
ies. Am J Gastroenterol. 2007;102:1781-8.

. Cotton PB, Lehman G, Vennes J, Geenen JE, Russell RC, Meyers WG, et al. Endo-
scopic sphincterotomy complications and their management: an attempt at con-
sensus. Gastrointest Endosc. 1991;37:383-93.

3. Trap R, Adamsen S, Hart-Hansen O, Henriksen M. Severe and fatal complications
after diagnostic and therapeutic ERCP: a prospective series of claims to insurance
covering public hospitals. Endoscopy. 1999;31:125-30.

4. Barthet M, Lesavre N, Desjeux A, Gasmi M, Berthezene P, Berdah S, et al. Com-

plications of endoscopic sphincterotomy: results from a single tertiary referral

center. Endoscopy. 2002;34:991-7.

Christensen M, Matzen P, Schulze S, Rosenberg J. Complications of ERCP: a pro-

spective study. Gastrointest Endosc. 2004;60:721-31.

Loperfido S, Angelini G, Benedetti G, Chilovi F, Costan F, De Berardinis F, et al.

Major early complications from diagnostic and therapeutic ERCP: a prospective

multicenter study. Gastrointest Endosc. 1998;48:1-10.

. Cotton PB. Analysis of 59 ERCP lawsuits; mainly about indications. Gastrointest
Endosc. 2006;63:378-82; quiz 464.

. Schutz SM, Abbott RM. Grading ERCPs by degree of difficulty: a new concept to
produce more meaningful outcome data. Gastrointest Endosc. 2000;51:535-9.

. Freeman ML. Adverse outcomes of endoscopic retrograde cholangiopancreatogra-
phy: avoidance and management. Gastrointest Endosc Clin N Am. 2003;13:775-
98, xi.

10. Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, Sarr MG, et al. Clas-
sification of acute pancreatitis--2012: revision of the Atlanta classification and
definitions by international consensus. Gut. 2013;62:102-11.

. Freeman ML, Nelson DB, Sherman S, Haber GB, Herman ME, Dorsher PJ, et al.
Complications of endoscopic biliary sphincterotomy. N Engl J Med. 1996;335:909-
18.

12. Vandervoort J, Soetikno RM, Tham TC, Wong RC, Ferrari AP Jr, Montes H, et al.
Risk factors for complications after performance of ERCP. Gastrointest Endosc.
2002;56:652-6.

13. Freeman ML, DiSario JA, Nelson DB, Fennerty MB, Lee JG, Bjorkman DJ, et al.
Risk factors for post-ERCP pancreatitis: a prospective, multicenter study. Gastroin-
test Endosc. 2001;54:425-34.

14. Wang P, Li ZS, Liu F, Ren X, Lu NH, Fan ZN, et al. Risk factors for ERCP-related

complications: a prospective multicenter study. Am J Gastroenterol. 2009;104:31-

40.

N

v

o

~

©

o

1

—_



50

15.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

—_

42.

43.

Gastrointestinal Intervention 2017 6(1), 37-53

Halttunen J, Meisner S, Aabakken L, Arnelo U, Grénroos J, Hauge T, et al. Difficult
cannulation as defined by a prospective study of the Scandinavian Association for
Digestive Endoscopy (SADE) in 907 ERCPs. Scand J Gastroenterol. 2014;49:752-8.
Kapral C, Duller C, Wewalka F, Kerstan E, Vogel W, Schreiber F. Case volume and
outcome of endoscopic retrograde cholangiopancreatography: results of a nation-
wide Austrian benchmarking project. Endoscopy. 2008;40:625-30.

Arain MA, Freeman ML. Pharmacologic prophylaxis alone is not adequate to pre-
vent post-ERCP pancreatitis. Am J Gastroenterol. 2014;109:910-2.

Freeman ML, Guda NM. Prevention of post-ERCP pancreatitis: a comprehensive
review. Gastrointest Endosc. 2004;59:845-64.

Masci E, Mariani A, Curioni S, Testoni PA. Risk factors for pancreatitis following
endoscopic retrograde cholangiopancreatography: a meta-analysis. Endoscopy.
2003;35:830-4.

Friedland S, Soetikno RM, Vandervoort J, Montes H, Tham T, Carr-Locke DL.
Bedside scoring system to predict the risk of developing pancreatitis following
ERCP. Endoscopy. 2002;34:483-8.

. Tarnasky PR. Post-cholecystectomy syndrome and sphincter of Oddi dysfunction:

past, present and future. Expert Rev Gastroenterol Hepatol. 2016;10:1359-72.
Williams, Taylor S, Fairclough P, Hamlyn A, Logan RF, Martin D, et al. Risk fac-
tors for complication following ERCP; results of a large-scale, prospective multi-
center study. Endoscopy. 2007;39:793-801.

Halttunen J, Kerédnen I, Udd M, Kyldnpéda L. Pancreatic sphincterotomy versus
needle knife precut in difficult biliary cannulation. Surg Endosc. 2009;23:745-9.
Tarnasky PR, Palesch YY, Cunningham JT, Mauldin PD, Cotton PB, Hawes RH.
Pancreatic stenting prevents pancreatitis after biliary sphincterotomy in patients
with sphincter of Oddi dysfunction. Gastroenterology. 1998;115:1518-24.
Tarnasky PR, Cunningham JT, Hawes RH, Hoffman BJ, Uflacker R, Vujic I, et al.
Transpapillary stenting of proximal biliary strictures: does biliary sphincterotomy
reduce the risk of postprocedure pancreatitis? Gastrointest Endosc. 1997;45:46-51.
Petersen BT. ERCP outcomes: defining the operators, experience, and environ-
ments. Gastrointest Endosc. 2002;55:953-8.

Rabenstein T, Schneider HT, Bulling D, Nicklas M, Katalinic A, Hahn EG, et al.
Analysis of the risk factors associated with endoscopic sphincterotomy tech-
niques: preliminary results of a prospective study, with emphasis on the reduced
risk of acute pancreatitis with low-dose anticoagulation treatment. Endoscopy.
2000;32:10-9.

Cheng CL, Sherman S, Watkins JL, Barnett J, Freeman M, Geenen J, et al. Risk
factors for post-ERCP pancreatitis: a prospective multicenter study. Am J Gastro-
enterol. 2006;101:139-47.

Testoni PA, Mariani A, Aabakken L, Arvanitakis M, Bories E, Costamagna G, et al.
Papillary cannulation and sphincterotomy techniques at ERCP: European Society
of Gastrointestinal Endoscopy (ESGE) Clinical Guideline. Endoscopy. 2016;48:657-
83.

Cotton PB, Saxton JW, Finkelstein MM. Avoiding medicolegal complications. Gas-
trointest Endosc Clin N Am. 2007;17:197-207, ix.

Dumonceau JM, Andriulli A, Elmunzer BJ, Mariani A, Meister T, Deviere J, et al.
Prophylaxis of post-ERCP pancreatitis: European Society of Gastrointestinal En-
doscopy (ESGE) Guideline--updated June 2014. Endoscopy. 2014;46:799-815.
Andriulli A, Solmi L, Loperfido S, Leo P, Festa V, Belmonte A, et al. Prophylaxis
of ERCP-related pancreatitis: a randomized, controlled trial of somatostatin and
gabexate mesylate. Clin Gastroenterol Hepatol. 2004;2:713-8.

Cotton PB. Income and outcome metrics for the objective evaluation of ERCP and
alternative methods. Gastrointest Endosc. 2002;56(6 Suppl):S283-90.

Testoni PA, Giussani A, Vailati C, Testoni S, Di Leo M, Mariani A. Precut sphinc-
terotomy, repeated cannulation and post-ERCP pancreatitis in patients with bile
duct stone disease. Dig Liver Dis. 2011;43:792-6.

Christoforidis E, Goulimaris I, Kanellos I, Tsalis K, Demetriades C, Betsis D. Post-
ERCP pancreatitis and hyperamylasemia: patient-related and operative risk fac-
tors. Endoscopy. 2002;34:286-92.

Siddiqui AA, Patel D, Kaplan J, Zabolotsky AH, Loren D, Kowalski T, et al. A trial
of rectal indomethacin to prevent Post-ERCP pancreatitis in patients with sus-
pected type 3 sphincter of oddi dysfunction. Dig Dis Sci. 2015;60:2509-15.
LaFerla G, Gordon S, Archibald M, Murray WR. Hyperamylasaemia and acute
pancreatitis following endoscopic retrograde cholangiopancreatography. Pancreas.
1986;1:160-3.

Levenick JM, Gordon SR, Fadden LL, Levy LC, Rockacy MJ, Hyder SM, et al.
Rectal indomethacin does not prevent post-ERCP pancreatitis in consecutive pa-
tients. Gastroenterology. 2016;150:911-7; quiz e19.

Maeda S, Hayashi H, Hosokawa O, Dohden K, Hattori M, Morita M, et al. Prospec-
tive randomized pilot trial of selective biliary cannulation using pancreatic guide-
wire placement. Endoscopy. 2003;35:721-4.

Gyokeres T, Duhl J, Varsanyi M, Schwab R, Burai M, Pap A. Double guide wire
placement for endoscopic pancreaticobiliary procedures. Endoscopy. 2003;35:95-
6

. Draganov P, Devonshire DA, Cunningham JT. A new technique to assist in diffi-

cult bile duct cannulation at the time of endoscopic retrograde cholangiopancrea-
tography. JSLS. 2005;9:218-21.

Ito K, Fujita N, Noda Y, Kobayashi G, Obana T, Horaguchi J, et al. Pancreatic
guidewire placement for achieving selective biliary cannulation during endoscopic
retrograde cholangio-pancreatography. World J Gastroenterol. 2008;14:5595-600;
discussion 5599.

Herreros de Tejada A, Calleja JL, Diaz G, Pertejo V, Espinel J, Cacho G, et al.
Double-guidewire technique for difficult bile duct cannulation: a multicenter ran-
domized, controlled trial. Gastrointest Endosc. 2009;70:700-9.

44,

45.

46.

47.

48.

49.

50.

5

—_

52.

53.

54.

55.

56.

58.

59.

60.

6

—

63.

64.

65.

66.

67.

68.

69.

70.

71.

Tanaka R, Itoi T, Sofuni A, Itokawa F, Kurihara T, Tsuchiya T, et al. Is the double-
guidewire technique superior to the pancreatic duct guidewire technique in cases
of pancreatic duct opacification? J Gastroenterol Hepatol. 2013;28:1787-93.
Sasahira N, Kawakami H, Isayama H, Uchino R, Nakai, Ito Y, et al. Early use of
double-guidewire technique to facilitate selective bile duct cannulation: the multi-
center randomized controlled EDUCATION trial. Endoscopy. 2015;47:421-9.

Tse F, Yuan Y, Bukhari M, Leontiadis GI, Moayyedi P, Barkun A. Pancreatic duct
guidewire placement for biliary cannulation for the prevention of post-endoscopic
retrograde cholangiopancreatography (ERCP) pancreatitis. Cochrane Database Syst
Rev. 2016;(5):CD010571.

Dumonceau JM, Andriulli A, Deviere J, Mariani A, Rigaux J, Baron TH, et al.
European Society of Gastrointestinal Endoscopy (ESGE) Guideline: prophylaxis of
post-ERCP pancreatitis. Endoscopy. 2010;42:503-15.

Masci E, Toti G, Mariani A, Curioni S, Lomazzi A, Dinelli M, et al. Complications
of diagnostic and therapeutic ERCP: a prospective multicenter study. Am J Gastro-
enterol. 2001;96:417-23.

Swan MP, Alexander S, Moss A, Williams SJ, Ruppin D, Hope R, et al. Needle
knife sphincterotomy does not increase the risk of pancreatitis in patients with dif-
ficult biliary cannulation. Clin Gastroenterol Hepatol. 2013;11:430-6.e1.

Freeman ML, Guda NM. ERCP cannulation: a review of reported techniques. Gas-
trointest Endosc. 2005;61:112-25.

. Parlak E, Cicek B, Disibeyaz S, Kuran S, Sahin B. Early decision for precut sphinc-

terotomy: is it a risky preference? Dig Dis Sci. 2007;52:845-51.

Goff JS. Common bile duct pre-cut sphincterotomy: transpancreatic sphincter ap-
proach. Gastrointest Endosc. 1995;41:502-5.

Wang P, Zhang W, Liu F, Li ZS, Ren X, Fan ZN, et al. Success and complication
rates of two precut techniques, transpancreatic sphincterotomy and needle-knife
sphincterotomy for bile duct cannulation. J Gastrointest Surg. 2010;14:697-704.
Goff JS. Long-term experience with the transpancreatic sphincter pre-cut approach
to biliary sphincterotomy. Gastrointest Endosc. 1999;50:642-5.

Weber A, Roesch T, Pointner S, Born P, Neu B, Meining A, et al. Transpancreatic
precut sphincterotomy for cannulation of inaccessible common bile duct: a safe
and successful technique. Pancreas. 2008;36:187-91.

Zang J, Zhang C, Gao J. Guidewire-assisted transpancreatic sphincterotomy for
difficult biliary cannulation: a prospective randomized controlled trial. Surg Lapa-
rosc Endosc Percutan Tech. 2014;24:429-33.

. Amold JC, Benz C, Martin WR, Adamek HE, Riemann JF. Endoscopic papillary

balloon dilation vs. sphincterotomy for removal of common bile duct stones: a
prospective randomized pilot study. Endoscopy. 2001;33:563-7.

Disario JA, Freeman ML, Bjorkman DJ, Macmathuna P, Petersen BT, Jaffe PE, et
al. Endoscopic balloon dilation compared with sphincterotomy for extraction of
bile duct stones. Gastroenterology. 2004;127:1291-9.

Baron TH, Harewood GC. Endoscopic balloon dilation of the biliary sphincter
compared to endoscopic biliary sphincterotomy for removal of common bile duct
stones during ERCP: a metaanalysis of randomized, controlled trials. Am J Gastro-
enterol. 2004;99:1455-60.

Stefanidis G, Viazis N, Pleskow D, Manolakopoulos S, Theocharis L, Christodoulou
C, et al. Large balloon dilation vs. mechanical lithotripsy for the management
of large bile duct stones: a prospective randomized study. Am J Gastroenterol.
2011;106:278-85.

. Park DH, Lee SS, Lee TH, Ryu CH, Kim HJ, Seo DW, et al. Anchoring flap versus

flared end, fully covered self-expandable metal stents to prevent migration in pa-
tients with benign biliary strictures: a multicenter, prospective, comparative pilot
study (with videos). Gastrointest Endosc. 2011;73:64-70.

. Martins FP, Kahaleh M, Ferrari AP. Management of liver transplantation biliary

stricture: results from a tertiary hospital. World J Gastrointest Endosc. 2015;7:747-
57.

Siiki A, Helminen M, Sand J, Laukkarinen J. Covered self-expanding metal stents
may be preferable to plastic stents in the treatment of chronic pancreatitis-related
biliary strictures: a systematic review comparing 2 methods of stent therapy in
benign biliary strictures. J Clin Gastroenterol. 2014;48:635-43.

Coté GA, Slivka A, Tarnasky P, Mullady DK, Elmunzer BJ, Elta G, et al. Effect of
covered metallic stents compared with plastic stents on benign biliary stricture
resolution: a randomized clinical trial. JAMA. 2016;315:1250-7.

Banerjee N, Hilden K, Baron TH, Adler DG. Endoscopic biliary sphincterotomy is
not required for transpapillary SEMS placement for biliary obstruction. Dig Dis
Sci. 2011;56:591-5.

Cotton PB. ERCP is most dangerous for people who need it least. Gastrointest En-
dosc. 2001;54:535-6.

Tarnasky PR. ERCP peri-cholecystectomy. In: Cotton PB, Leung JW, editors. ERCP:
the fundamentals. 2nd ed. Chichester: John Wiley & Sons; 2015, p. 228-49.
Cennamo V, Fuccio L, Zagari RM, Eusebi LH, Ceroni L, Laterza L, et al. Can a wire-
guided cannulation technique increase bile duct cannulation rate and prevent
post-ERCP pancreatitis?: a meta-analysis of randomized controlled trials. Am J
Gastroenterol. 2009;104:2343-50.

Cheung J, Tsoi KK, Quan WL, Lau JY, Sung JJ. Guidewire versus conventional
contrast cannulation of the common bile duct for the prevention of post-
ERCP pancreatitis: a systematic review and meta-analysis. Gastrointest Endosc.
2009;70:1211-9.

Tse F, Yuan Y, Moayyedi P, Leontiadis GI. Guide wire-assisted cannulation for the
prevention of post-ERCP pancreatitis: a systematic review and meta-analysis. En-
doscopy. 2013;45:605-18.

Tse F, Yuan Y, Moayyedi P, Leontiadis GI. Guidewire-assisted cannulation
of the common bile duct for the prevention of post-endoscopic retrograde



72.

73.

74.

75.

76.

77.

78.

79.

80.

8

—

82.

83.

84.

85.

86.

87.

88.

89.

90.

9

—_

92.

93.

94,

95.

96.

97.

98.

Paul R. Tarnasky and Prashant Kedia / ERCP complications 51

cholangiopancreatography (ERCP) pancreatitis. Cochrane Database Syst Rev.
2012;12:CD009662.

Tarnasky PR. ERCP cannulation may come down to the wire. Am J Gastroenterol.
2007;102:2154-6.

ASGE Technology Committee, Shah RJ, Somogyi L, Petersen BT, Tierney WM,
Adler DG, et al. Short-wire ERCP systems. Gastrointest Endosc. 2007;66:650-7.
Tarnasky PR, Nassi SN, Linder JD. Operator controlled guidewire cannulation of
the bile duct during ERCP is safe. Am J Gastroenterol. 2005;100:S80-1.

Buxbaum J, Leonor P, Tung J, Lane C, Sahakian A, Laine L. Randomized trial of
endoscopist-controlled vs. assistant-controlled wire-guided cannulation of the bile
duct. Am J Gastroenterol. 2016;111:1841-7.

Artifon EL, Sakai P, Cunha JE, Halwan B, Ishioka S, Kumar A. Guidewire can-
nulation reduces risk of post-ERCP pancreatitis and facilitates bile duct cannula-
tion. Am J Gastroenterol. 2007;102:2147-53.

Nakai Y, Isayama H, Sasahira N, Kogure H, Sasaki T, Yamamoto N, et al. Risk fac-
tors for post-ERCP pancreatitis in wire-guided cannulation for therapeutic biliary
ERCP. Gastrointest Endosc. 2015;81:119-26.

Goldberg E, Titus M, Haluszka O, Darwin P. Pancreatic-duct stent placement facili-
tates difficult common bile duct cannulation. Gastrointest Endosc. 2005;62:592-6.
Coté GA, Ansstas M, Pawa R, Edmundowicz SA, Jonnalagadda SS, Pleskow DK, et
al. Difficult biliary cannulation: use of physician-controlled wire-guided cannula-
tion over a pancreatic duct stent to reduce the rate of precut sphincterotomy (with
video). Gastrointest Endosc. 2010;71:275-9.

Coté GA, Mullady DK, Jonnalagadda SS, Keswani RN, Wani SB, Hovis CE, et
al. Use of a pancreatic duct stent or guidewire facilitates bile duct access with
low rates of precut sphincterotomy: a randomized clinical trial. Dig Dis Sci.
2012;57:3271-8.

. Mavrogiannis C, Liatsos C, Romanos A, Petoumenos C, Nakos A, Karvountzis G.

Needle-knife fistulotomy versus needle-knife precut papillotomy for the treatment
of common bile duct stones. Gastrointest Endosc. 1999;50:334-9.

Katsinelos P, Gkagkalis S, Chatzimavroudis G, Beltsis A, Terzoudis S, Zavos C, et
al. Comparison of three types of precut technique to achieve common bile duct
cannulation: a retrospective analysis of 274 cases. Dig Dis Sci. 2012;57:3286-92.
Jin YJ, Jeong S, Lee DH. Utility of needle-knife fistulotomy as an initial method
of biliary cannulation to prevent post-ERCP pancreatitis in a highly selected
at-risk group: a single-arm prospective feasibility study. Gastrointest Endosc.
2016;84:808-13.

Lopes L, Dinis-Ribeiro M, Rolanda C. Safety and efficacy of precut needle-knife
fistulotomy. Scand J Gastroenterol. 2014;49:759-65.

Kevans D, Zeb F, Donnellan F, Courtney G, Aftab AR. Failed biliary access follow-
ing needle knife fistulotomy: is repeat interval ERCP worthwhile? Scand J Gastro-
enterol. 2010;45:1238-41.

Laohavichitra K, Akaraviputh T, Methasate A, Leelakusolvong S, Kachintorn U.
Comparison of early pre-cutting vs standard technique for biliary cannulation in
endoscopic retrograde cholangiopancreatography: a personal experience. World J
Gastroenterol. 2007;13:3734-7.

Ang TL, Kwek AB, Lim KB, Teo EK, Fock KM. An analysis of the efficacy and safe-
ty of a strategy of early precut for biliary access during difficult endoscopic retro-
grade cholangiopancreatography in a general hospital. J Dig Dis. 2010;11:306-12.
Tang SJ, Haber GB, Kortan P, Zanati S, Cirocco M, Ennis M, et al. Precut papillot-
omy versus persistence in difficult biliary cannulation: a prospective randomized
trial. Endoscopy. 2005;37:58-65.

Kaffes AJ, Sriram PV, Rao GV, Santosh D, Reddy DN. Early institution of pre-cut-
ting for difficult biliary cannulation: a prospective study comparing conventional
vs. a modified technique. Gastrointest Endosc. 2005;62:669-74.

Lopes L, Dinis-Ribeiro M, Rolanda C. Early precut fistulotomy for biliary ac-
cess: time to change the paradigm of “the later, the better”? Gastrointest Endosc.
2014;80:634-41.

. Manes G, Di Giorgio P, Repici A, Macarri G, Ardizzone S, Porro GB. An analysis

of the factors associated with the development of complications in patients under-
going precut sphincterotomy: a prospective, controlled, randomized, multicenter
study. Am J Gastroenterol. 2009;104:2412-7.

Cennamo V, Fuccio L, Zagari RM, Eusebi LH, Ceroni L, Laterza L, et al. Can early
precut implementation reduce endoscopic retrograde cholangiopancreatography-
related complication risk? Meta-analysis of randomized controlled trials. Endos-
copy. 2010;42:381-8.

Gong B, Hao L, Bie L, Sun B, Wang M. Does precut technique improve selective
bile duct cannulation or increase post-ERCP pancreatitis rate? A meta-analysis of
randomized controlled trials. Surg Endosc. 2010;24:2670-80.

Navaneethan U, Konjeti R, Venkatesh PG, Sanaka MR, Parsi MA. Early precut
sphincterotomy and the risk of endoscopic retrograde cholangiopancreatography
related complications: an updated meta-analysis. World J Gastrointest Endosc.
2014,6:200-8.

Lee TH, Hwang SO, Choi HJ, Jung Y, Cha SW, Chung IK, et al. Sequential algo-
rithm analysis to facilitate selective biliary access for difficult biliary cannulation
in ERCP: a prospective clinical study. BMC Gastroenterol. 2014;14:30.

Kochar B, Akshintala VS, Afghani E, ElImunzer BJ, Kim KJ, Lennon AM, et al. In-
cidence, severity, and mortality of post-ERCP pancreatitis: a systematic review by
using randomized, controlled trials. Gastrointest Endosc. 2015;81:143-9.e9.
Tarnasky P, Cunningham J, Cotton P, Hoffman B, Palesch Y, Freeman J, et al.
Pancreatic sphincter hypertension increases the risk of post-ERCP pancreatitis. En-
doscopy. 1997;29:252-7.

Choudhary A, Bechtold ML, Arif M, Szary NM, Puli SR, Othman MO, et al. Pan-
creatic stents for prophylaxis against post-ERCP pancreatitis: a meta-analysis and

=

—_

w

—_

systematic review. Gastrointest Endosc. 2011;73:275-82.

. Mazaki T, Masuda H, Takayama T. Prophylactic pancreatic stent placement and

post-ERCP pancreatitis: a systematic review and meta-analysis. Endoscopy.
2010;42:842-53.

. Singh P, Das A, Isenberg G, Wong RC, Sivak MV Jr, Agrawal D, et al. Does pro-

phylactic pancreatic stent placement reduce the risk of post-ERCP acute pancreati-
tis? A meta-analysis of controlled trials. Gastrointest Endosc. 2004;60:544-50.

Shi QQ, Ning XY, Zhan LL, Tang GD, Lv XP. Placement of prophylactic pancreatic
stents to prevent post-endoscopic retrograde cholangiopancreatography pancreati-
tis in high-risk patients: a meta-analysis. World J Gastroenterol. 2014;20:7040-8.

. Tsuchiya T, Itoi T, Sofuni A, Itokawa F, Kurihara T, Ishii K, et al. Temporary pan-

creatic stent to prevent post endoscopic retrograde cholangiopancreatography
pancreatitis: a preliminary, single-center, randomized controlled trial. J Hepatobi-
liary Pancreat Surg. 2007;14:302-7.

. Sofuni A, Maguchi H, Itoi T, Katanuma A, Hisai H, Niido T, et al. Prophylaxis of

post-endoscopic retrograde cholangiopancreatography pancreatitis by an endo-
scopic pancreatic spontaneous dislodgement stent. Clin Gastroenterol Hepatol.
2007;5:1339-46.

. Sofuni A, Maguchi H, Mukai T, Kawakami H, Irisawa A, Kubota K, et al. Endo-

scopic pancreatic duct stents reduce the incidence of post-endoscopic retrograde
cholangiopancreatography pancreatitis in high-risk patients. Clin Gastroenterol
Hepatol. 2011;9:851-8; quiz e110.

. Kawaguchi Y, Ogawa M, Omata F, Ito H, Shimosegawa T, Mine T. Randomized

controlled trial of pancreatic stenting to prevent pancreatitis after endoscopic ret-
rograde cholangiopancreatography. World J Gastroenterol. 2012;18:1635-41.

. Das A, Singh P, Sivak MV Jr, Chak A. Pancreatic-stent placement for preven-

tion of post-ERCP pancreatitis: a cost-effectiveness analysis. Gastrointest Endosc.
2007,;65:960-8.

. Cha SW, Leung WD, Lehman GA, Watkins JL, McHenry L, Fogel EL, et al. Does

leaving a main pancreatic duct stent in place reduce the incidence of precut biliary
sphincterotomy-associated pancreatitis? A randomized, prospective study. Gastro-
intest Endosc. 2013;77:209-16.

. Kubota K, Sato T, Kato S, Watanabe S, Hosono K, Kobayashi N, et al. Needle-knife

precut papillotomy with a small incision over a pancreatic stent improves the
success rate and reduces the complication rate in difficult biliary cannulations. J
Hepatobiliary Pancreat Sci. 2013;20:382-8.

. Madacsy L, Kurucsai G, Fejes R, Székely A, Székely 1. Prophylactic pancreas

stenting followed by needle-knife fistulotomy in patients with sphincter of Oddi
dysfunction and difficult cannulation: new method to prevent post-ERCP pancre-
atitis. Dig Endosc. 2009;21:8-13.

. Freeman ML. Pancreatic stents for prevention of post-endoscopic retrograde chol-

angiopancreatography pancreatitis. Clin Gastroenterol Hepatol. 2007;5:1354-65.

. Freeman ML, Overby C, Qi D. Pancreatic stent insertion: consequences of failure

and results of a modified technique to maximize success. Gastrointest Endosc.
2004;59:8-14.

. Smithline A, Silverman W, Rogers D, Nisi R, Wiersema M, Jamidar P, et al. Effect

of prophylactic main pancreatic duct stenting on the incidence of biliary endo-
scopic sphincterotomy-induced pancreatitis in high-risk patients. Gastrointest
Endosc. 1993;39:652-7.

. Choksi NS, Fogel EL, Cote GA, Romagnuolo J, Elta GH, Scheiman JM, et al. The

risk of post-ERCP pancreatitis and the protective effect of rectal indomethacin in
cases of attempted but unsuccessful prophylactic pancreatic stent placement. Gas-
trointest Endosc. 2015;81:150-5.

. Chahal P, Tarnasky PR, Petersen BT, Topazian MD, Levy MJ, Gostout CJ, et al.

Short 5Fr vs long 3Fr pancreatic stents in patients at risk for post-endoscopic
retrograde cholangiopancreatography pancreatitis. Clin Gastroenterol Hepatol.
2009;7:834-9.

Yaghoobi M, Pauls Q, Durkalski V, Romagnuolo J, Fogel EL, Tarnasky PR, et al.
Incidence and predictors of post-ERCP pancreatitis in patients with suspected
sphincter of Oddi dysfunction undergoing biliary or dual sphincterotomy: results
from the EPISOD prospective multicenter randomized sham-controlled study. En-
doscopy. 2015;47:884-90.

. Rashdan A, Fogel EL, McHenry L Jr, Sherman S, Temkit M, Lehman GA. Improved

stent characteristics for prophylaxis of post-ERCP pancreatitis. Clin Gastroenterol
Hepatol. 2004;2:322-9.

. Afghani E, Akshintala VS, Khashab MA, Law JK, Hutfless SM, Kim KJ, et al.

5-Fr vs. 3-Fr pancreatic stents for the prevention of post-ERCP pancreatitis in
high-risk patients: a systematic review and network meta-analysis. Endoscopy.
2014;46:573-80.

. Steele SL, Reinhart EB, Tarnasky PR, Kedia P. Sa1216 spontaneous migration and

efficacy of prophylactic pancreatic duct stents. Gastrointest Endosc. 2016;83(Suppl
5):AB259-60.

. Miékeld A, Kuusi T, Schroder T. Inhibition of serum phospholipase-A2 in acute

pancreatitis by pharmacological agents in vitro. Scand J Clin Lab Invest.
1997;57:401-7.

. ElImunzer BJ, Waljee AK, Elta GH, Taylor JR, Fehmi SM, Higgins PD. A meta-

analysis of rectal NSAIDs in the prevention of post-ERCP pancreatitis. Gut.
2008;57:1262-7.
Ding X, Chen M, Huang S, Zhang S, Zou X. Nonsteroidal anti-inflammatory drugs
for prevention of post-ERCP pancreatitis: a meta-analysis. Gastrointest Endosc.
2012;76:1152-9.

122. Yaghoobi M, Rolland S, Waschke KA, McNabb-Baltar J, Martel M, Bijarchi R, et

al. Meta-analysis: rectal indomethacin for the prevention of post-ERCP pancreati-
tis. Aliment Pharmacol Ther. 2013;38:995-1001.



52

123.

124.

125.

126.

127.

128.

129.

130.

132.

133.

134.

13

v

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Gastrointestinal Intervention 2017 6(1), 37-53

Yuhara H, Ogawa M, Kawaguchi Y, Igarashi M, Shimosegawa T, Mine T. Phar-
macologic prophylaxis of post-endoscopic retrograde cholangiopancreatography
pancreatitis: protease inhibitors and NSAIDs in a meta-analysis. J Gastroenterol.
2014;49:388-99.

Sethi S, Sethi N, Wadhwa V, Garud S, Brown A. A meta-analysis on the role of
rectal diclofenac and indomethacin in the prevention of post-endoscopic retro-
grade cholangiopancreatography pancreatitis. Pancreas. 2014;43:190-7.

Sun HL, Han B, Zhai HP, Cheng XH, Ma K. Rectal NSAIDs for the prevention of
post-ERCP pancreatitis: a meta-analysis of randomized controlled trials. Surgeon.
2014;12:141-7.

Kubiliun NM, Adams MA, Akshintala VS, Conte ML, Cote GA, Cotton PB, et al.
Evaluation of pharmacologic prevention of pancreatitis after endoscopic retro-
grade cholangiopancreatography: a systematic review. Clin Gastroenterol Hepatol.
2015;13:1231-9; quiz €70-1.

Sajid MS, Khawaja AH, Sayegh M, Singh KK, Philipose Z. Systematic review and
meta-analysis on the prophylactic role of non-steroidal anti-inflammatory drugs
to prevent post-endoscopic retrograde cholangiopancreatography pancreati-
tis. World J Gastrointest Endosc. 2015;7:1341-9.

Adler DG. Rectal nonsteroidal anti-inflammatory drugs to reduce the rate and se-
verity of pancreatitis after endoscopic retrograde cholangiopancreatography: still
grappling with fundamental questions. Gastroenterology. 2016;151:225-7.
Murray B, Carter R, Imrie C, Evans S, 0’Suilleabhain C. Diclofenac reduces the
incidence of acute pancreatitis after endoscopic retrograde cholangiopancreatogra-
phy. Gastroenterology. 2003;124:1786-91.

Otsuka T, Kawazoe S, Nakashita S, Kamachi S, Oeda S, Sumida C, et al. Low-dose
rectal diclofenac for prevention of post-endoscopic retrograde cholangiopancrea-
tography pancreatitis: a randomized controlled trial. J Gastroenterol. 2012;47:912-
7

. Katsinelos P, Fasoulas K, Paroutoglou G, Chatzimavroudis G, Beltsis A, Terzoudis S,

et al. Combination of diclofenac plus somatostatin in the prevention of post-ERCP
pancreatitis: a randomized, double-blind, placebo-controlled trial. Endoscopy.
2012;44:53-9.

Sotoudehmanesh R, Khatibian M, Kolahdoozan S, Ainechi S, Malboosbaf R, No-
uraie M. Indomethacin may reduce the incidence and severity of acute pancreatitis
after ERCP. Am J Gastroenterol. 2007;102:978-83.

Khoshbaten M, Khorram H, Madad L, Ehsani Ardakani MJ, Farzin H, Zali MR.
Role of diclofenac in reducing post-endoscopic retrograde cholangiopancreatogra-
phy pancreatitis. J Gastroenterol Hepatol. 2008;23:¢11-6.

Feng Y, Navaneethan U, Zhu X, Varadarajulu S, Schwartz I, Hawes R, et al. Pro-
phylactic rectal indomethacin may be ineffective for preventing post-endoscopic
retrograde cholangiopancreatography pancreatitis in general patients: a meta-
analysis. Dig Endosc. 2016. doi: 10.1111/den.12779. [Epub ahead of print]

. ElImunzer BJ, Scheiman JM, Lehman GA, Chak A, Mosler P, Higgins PD, et al. A

randomized trial of rectal indomethacin to prevent post-ERCP pancreatitis. N Engl
J Med. 2012;366:1414-22.

Elmunzer BJ, Higgins PD, Saini SD, Scheiman JM, Parker RA, Chak A, et al. Does
rectal indomethacin eliminate the need for prophylactic pancreatic stent place-
ment in patients undergoing high-risk ERCP? Post hoc efficacy and cost-benefit
analyses using prospective clinical trial data. Am J Gastroenterol. 2013;108:410-5.
Arain MA, Freeman ML. Pancreatic stent placement remains a cornerstone of pre-
vention of post-ERCP pancreatitis, but it requires specialized techniques. Gastroin-
test Endosc. 2015;81:156-8.

Akbar A, Abu Dayyeh BK, Baron TH, Wang Z, Altayar O, Murad MH. Rectal
nonsteroidal anti-inflammatory drugs are superior to pancreatic duct stents in
preventing pancreatitis after endoscopic retrograde cholangiopancreatography: a
network meta-analysis. Clin Gastroenterol Hepatol. 2013;11:778-83.

Tenner S, Baillie J, DeWitt J, Vege SS. American College of Gastroenterology
guideline: management of acute pancreatitis. Am J Gastroenterol. 2013;108:1400-
15, 1416.

Thiruvengadam NR, Forde KA, Ma GK, Ahmad N, Chandrasekhara V, Ginsberg
GG, et al. Rectal indomethacin reduces pancreatitis in high- and low-risk patients
undergoing endoscopic retrograde cholangiopancreatography. Gastroenterology.
2016;151:288-97.e4.

Luo H, Zhao L, Leung J, Zhang R, Liu Z, Wang X, et al. Routine pre-procedural
rectal indometacin versus selective post-procedural rectal indometacin to prevent
pancreatitis in patients undergoing endoscopic retrograde cholangiopancrea-
tography: a multicentre, single-blinded, randomised controlled trial. Lancet.
2016;387:2293-301.

Coté GA, Elmunzer BJ. Nonsteroidal anti-inflammatory drugs for prevention of
Post-ERCP pancreatitis: sooner rather than later during ERCP? Gastroenterology.
2016;151:1027-8.

Linder JD, Tarnasky PR. Treatment of post-ERCP pancreatitis with ERCP. Am J
Gastroenter. 2005;100:S234.

Madécsy L, Kurucsai G, Joo I, Godi S, Fejes R, Székely A. Rescue ERCP and inser-
tion of a small-caliber pancreatic stent to prevent the evolution of severe post-
ERCP pancreatitis: a case-controlled series. Surg Endosc. 2009;23:1887-93.
Kerdsirichairat T, Attam R, Arain M, Bakman Y, Radosevich D, Freeman M. Urgent
ERCP with pancreatic stent placement or replacement for salvage of post-ERCP
pancreatitis. Endoscopy. 2014;46:1085-94.

Freeman ML. Complications of endoscopic retrograde cholangiopancreatography:
avoidance and management. Gastrointest Endosc Clin N Am. 2012;22:567-86.
Katsinelos P, Kountouras J, Chatzimavroudis G, Zavos C, Paroutoglou G, Pilpilidis
I, et al. A novel technique of injection treatment for endoscopic sphincterotomy-
induced hemorrhage. Endoscopy. 2007;39:631-6.

148.

149.

150.

151.

152.

153.

154.

15

156.

157.

158.

159.

160.

16

—

162.

163.

164.

165.

166.

167.

168.

169.

170.

17

172.

173.

174.

175.

176.

wu

—

Rustagi T, Jamidar PA. Endoscopic retrograde cholangiopancreatography (ERCP)-
related adverse events: post-ERCP pancreatitis. Gastrointest Endosc Clin N Am.
2015;25:107-21.

Balmadrid B, Kozarek R. Prevention and management of adverse events of en-
doscopic retrograde cholangiopancreatography. Gastrointest Endosc Clin N Am.
2013;23:385-403.

Nelson DB, Freeman ML. Major hemorrhage from endoscopic sphincterotomy: risk
factor analysis. J Clin Gastroenterol. 1994;19:283-7.

Kim HJ, Kim MH, Kim DI, Lee HJ, Myung SJ, Yoo KS, et al. Endoscopic hemosta-
sis in sphincterotomy-induced hemorrhage: its efficacy and safety. Endoscopy.
1999;31:431-6.

Perini RF, Sadurski R, Cotton PB, Patel RS, Hawes RH, Cunningham JT. Post-
sphincterotomy bleeding after the introduction of microprocessor-controlled elec-
trosurgery: does the new technology make the difference? Gastrointest Endosc.
2005;61:53-7.

Norton ID, Petersen BT, Bosco J, Nelson DB, Meier PB, Baron TH, et al. A random-
ized trial of endoscopic biliary sphincterotomy using pure-cut versus combined
cut and coagulation waveforms. Clin Gastroenterol Hepatol. 2005;3:1029-33.
ASGE Standards of Practice Committee, Acosta RD, Abraham NS, Chandrasekhara
V, Chathadi KV, Early DS, et al. The management of antithrombotic agents for
patients undergoing GI endoscopy. Gastrointest Endosc. 2016;83:3-16.

Weinberg BM, Shindy W, Lo S. Endoscopic balloon sphincter dilation (sphinctero-
plasty) versus sphincterotomy for common bile duct stones. Cochrane Database
Syst Rev. 2006;(4):CD004890.

So YH, Choi YH, Chung JW, Jae HJ, Song SY, Park JH. Selective embolization
for post-endoscopic sphincterotomy bleeding: technical aspects and clinical ef-
ficacy. Korean J Radiol. 2012;13:73-81.

Leung JW, Chan FK, Sung JJ, Chung SC. Endoscopic sphincterotomy-induced
hemorrhage: a study of risk factors and the role of epinephrine injection. Gastro-
intest Endosc. 1995;42:550-4.

Matsushita M, Ikeura T, Shimatani M, Takaoka M, Okazaki K. Simple injection of
hypertonic saline-epinephrine solution oral to the papilla for prevention and treat-
ment of post-sphincterotomy bleeding. Gastrointest Endosc. 2011;74:451.
Sherman S, Hawes RH, Nisi R, Lehman GA. Endoscopic sphincterotomy-induced
hemorrhage: treatment with multipolar electrocoagulation. Gastrointest Endosc.
1992;38:123-6.

Kuran S, Parlak E, Oguz D, Cicek B, Disibeyaz S, Sahin B. Endoscopic sphinc-
terotomy-induced hemorrhage: treatment with heat probe. Gastrointest Endosc.
2006;63:506-11.

. Katsinelos P, Paroutoglou G, Beltsis A, Gouvalas A, Mimidis K, Vlachakis I, et

al. Endoscopic hemoclip placement for postsphincterotomy bleeding refractory
to injection therapy: report of two cases. Surg Laparosc Endosc Percutan Tech.
2005;15:238-40.

Baron TH, Norton ID, Herman L. Endoscopic hemoclip placement for post-sphinc-
terotomy bleeding. Gastrointest Endosc. 2000;52:662.

Lin LF, Siauw CP, Ho KS, Tung JN. Hemoclip treatment for post-endoscopic
sphincterotomy bleeding. J Chin Med Assoc. 2004;67:496-9.

Staritz M, Ewe K, Goerg K, Meyer zum Biischenfelde KH. Endoscopic balloon tam-
ponade for conservative management of severe hemorrhage following endoscopic
sphincterotomy. Z Gastroenterol. 1984;22:644-6.

Debenedet AT, Elta GH. Post-sphincterotomy bleeding: fully-covered metal stents
for hemostasis. F1000Res. 2013;2:171.

Shah JN, Marson F, Binmoeller KF. Temporary self-expandable metal stent
placement for treatment of post-sphincterotomy bleeding. Gastrointest Endosc.
2010;72:1274-8.

Canena J, Liberato M, Horta D, Roméo C, Coutinho A. Short-term stenting using
fully covered self-expandable metal stents for treatment of refractory biliary leaks,
postsphincterotomy bleeding, and perforations. Surg Endosc. 2013;27:313-24.
Maleux G, Bielen J, Laenen A, Heye S, Vaninbroukx J, Laleman W, et al. Embo-
lization of post-biliary sphincterotomy bleeding refractory to medical and endo-
scopic therapy: technical results, clinical efficacy and predictors of outcome. Eur
Radiol. 2014;24:2779-86.

Rabenstein T, Schneider HT, Hahn EG, Ell C. 25 years of endoscopic sphincter-
otomy in Erlangen: assessment of the experience in 3498 patients. Endoscopy.
1998;30:A194-201.

Enns R, Eloubeidi MA, Mergener K, Jowell PS, Branch MS, Pappas TM, et al. ER-
CP-related perforations: risk factors and management. Endoscopy. 2002;34:293-8.
Cotton PB, Garrow DA, Gallagher J, Romagnuolo J. Risk factors for complications
after ERCP: a multivariate analysis of 11,497 procedures over 12 years. Gastroin-
test Endosc. 2009;70:80-8.

Park SM. Recent advanced endoscopic management of endoscopic retro-
grade cholangiopancreatography related duodenal perforations. Clin Endosc.
2016;49:376-82.

Stapfer M, Selby RR, Stain SC, Katkhouda N, Parekh D, Jabbour N, et al. Manage-
ment of duodenal perforation after endoscopic retrograde cholangiopancreatogra-
phy and sphincterotomy. Ann Surg. 2000;232:191-8.

Genzlinger JL, McPhee MS, Fisher JK, Jacob KM, Helzberg JH. Significance of
retroperitoneal air after endoscopic retrograde cholangiopancreatography with
sphincterotomy. Am J Gastroenterol. 1999;94:1267-70.

Vezakis A, Fragulidis G, Polydorou A. Endoscopic retrograde cholangiopancrea-
tography-related perforations: diagnosis and management. World J Gastrointest
Endosc. 2015;7:1135-41.

Bove V, Tringali A, Familiari P, Gigante G, Boskoski I, Perri V, et al. ERCP in pa-
tients with prior Billroth II gastrectomy: report of 30 years’ experience. Endoscopy.



177.

178.

179.

180.

18

—_

182.

183.

184.

185.

186.

187.

188.

18

=}

190.

19

—_

192.

193.

194.

195.

196.

197.

198.

199.

Paul R. Tarnasky and Prashant Kedia / ERCP complications

2015;47:611-6.

Park TY, Kang JS, Song TJ, Lee SS, Lee H, Choi JS, et al. Outcomes of ERCP in
Billroth II gastrectomy patients. Gastrointest Endosc. 2016;83:1193-201.

Kim MH, Lee SK, Lee MH, Myung SJ, Yoo BM, Seo DW, et al. Endoscopic retro-
grade cholangiopancreatography and needle-knife sphincterotomy in patients with
Billroth II gastrectomy: a comparative study of the forward-viewing endoscope
and the side-viewing duodenoscope. Endoscopy. 1997;29:82-5.

Chahal P, Baron TH, Topazian MD, Petersen BT, Levy MJ, Gostout CJ. Endoscopic
retrograde cholangiopancreatography in post-Whipple patients. Endoscopy.
2006;38:1241-5.

Draganov PV, Kowalczyk L, Fazel A, Moezardalan K, Pan JJ, Forsmark CE. Pro-
spective randomized blinded comparison of a short-wire endoscopic retrograde
cholangiopancreatography system with traditional long-wire devices. Dig Dis Sci.
2010;55:510-5.

. Zhang WY, Jiang XP, Miao L, Chen FC, Huang ZM, Huang XL. Efficacy and safety

of carbon dioxide insufflation versus air insufflation for endoscopic retrograde
cholangiopancreatography: a meta-analysis update. Clin Res Hepatol Gastroen-
terol. 2017;41:217-29.

Shi H, Chen S, Swar G, Wang Y, Ying M. Carbon dioxide insufflation during en-
doscopic retrograde cholangiopancreatography: a review and meta-analysis. Pan-
creas. 2013;42:1093-100.

Nakamura K, Yamaguchi Y, Hasue T, Higa K, Tauchi M, Toki M, et al. The useful-
ness and safety of carbon dioxide insufflation during endoscopic retrograde chol-
angiopancreatography in elderly patients: a prospective, double-blind, random-
ized, controlled trial. Hepatogastroenterology. 2014;61:2191-5.

Howard TJ, Tan T, Lehman GA, Sherman S, Madura JA, Fogel E, et al. Clas-
sification and management of perforations complicating endoscopic sphincter-
otomy. Surgery. 1999;126:658-63; discussion 664-5.

Jeong S, Kim JH, Hwang JC, Yoo BM, Moon JH, Park SH, et al. Clinical course
and proposal for treatment strategy in the ERCP-related duodenal perforation: a
multicenter study. Gastrointest Endosc. 2009;69:AB144.

Kumbhari V, Sinha A, Reddy A, Afghani E, Cotsalas D, Patel YA, et al. Algo-
rithm for the management of ERCP-related perforations. Gastrointest Endosc.
2016;83:934-43.

Nakagawa Y, Nagai T, Soma W, Okawara H, Nakashima H, Tasaki T, et al. En-
doscopic closure of a large ERCP-related lateral duodenal perforation by using
endoloops and endoclips. Gastrointest Endosc. 2010;72:216-7.

Verlaan T, Voermans RP, van Berge Henegouwen MI, Bemelman WA, Fockens P.
Endoscopic closure of acute perforations of the GI tract: a systematic review of the
literature. Gastrointest Endosc. 2015;82:618-28.e5.

. Mangiavillano B, Caruso A, Manta R, Di Mitri R, Arezzo A, Pagano N, et al. Over-

the-scope clips in the treatment of gastrointestinal tract iatrogenic perforation: a
multicenter retrospective study and a classification of gastrointestinal tract perfo-
rations. World J Gastrointest Surg. 2016;8:315-20.

Kumta NA, Boumitri C, Kahaleh M. New devices and techniques for handling ad-
verse events: claw, suture, or cover? Gastrointest Endosc Clin N Am. 2015;25:159-
68.

. Stavropoulos SN, Modayil R, Friedel D. Current applications of endoscopic sutur-

ing. World J Gastrointest Endosc. 2015;7:777-89.

Yilmaz B, Unlu O, Roach EC, Can G, Efe C, Korkmaz U, et al. Endoscopic clips
for the closure of acute iatrogenic perforations: where do we stand? Dig Endosc.
2015;27:641-8.

Vezakis A, Fragulidis G, Nastos C, Yiallourou A, Polydorou A, Voros D. Closure of
a persistent sphincterotomy-related duodenal perforation by placement of a cov-
ered self-expandable metallic biliary stent. World J Gastroenterol. 2011;17:4539-
41.

Odemis B, Oztas E, Kuzu UB, Parlak E, Disibeyaz S, Torun S, et al. Can a fully
covered self-expandable metallic stent be used temporarily for the management
of duodenal retroperitoneal perforation during ercp as a part of conservative
therapy? Surg Laparosc Endosc Percutan Tech. 2016;26:€9-17.

Baron TH, Gostout CJ, Herman L. Hemoclip repair of a sphincterotomy-induced
duodenal perforation. Gastrointest Endosc. 2000;52:566-8.

Spaulding EH. Chemical disinfection of medical and surgical materials. In: Law-
rence CA, Block SS, Reddish GF, editors. Disinfection, sterilization, and preserva-
tion. Philadelphia: Lea & Febiger; 1968, p. 517-31.

Epstein L, Hunter JC, Arwady MA, Tsai V, Stein L, Gribogiannis M, et al. New
Delhi metallo-f-lactamase-producing carbapenem-resistant Escherichia coli as-
sociated with exposure to duodenoscopes. JAMA. 2014;312:1447-55.

Wendorf KA, Kay M, Baliga C, Weissman SJ, Gluck M, Verma P, et al. Endoscopic
retrograde cholangiopancreatography-associated AmpC Escherichia coli out-
break. Infect Control Hosp Epidemiol. 2015;36:634-42.

Kola A, Piening B, Pape UF, Veltzke-Schlieker W, Kaase M, Geffers C, et al. An

200.

20

202.

20

204.

20

20

20

20

209.

210.

21

213.

214.

21

21

21

219.

220.

22

—_

3.

5.

6.

7.

8.

—_

2.

W

6.

8.

—_

53

outbreak of carbapenem-resistant 0XA-48 - producing Klebsiella pneumonia as-
sociated to duodenoscopy. Antimicrob Resist Infect Control. 2015;4:8.

Kim S, Russell D, Mohamadnejad M, Makker J, Sedarat A, Watson RR, et al. Risk
factors associated with the transmission of carbapenem-resistant Enterobacteria-
ceae via contaminated duodenoscopes. Gastrointest Endosc. 2016;83:1121-9.

. Verfaillie CJ, Bruno MJ, Voor in ‘t Holt AF, Buijs JG, Poley JW, Loeve AJ, et al.

Withdrawal of a novel-design duodenoscope ends outbreak of a VIM-2-producing
Pseudomonas aeruginosa. Endoscopy. 2015;47:493-502.

Tischendorf J, de Avila RA, Safdar N. Risk of infection following colonization with
carbapenem-resistant Enterobactericeae: a systematic review. Am J Infect Control.
2016;44:539-43.

ASGE Quality Assurance In Endoscopy Committee, Petersen BT, Chennat J, Cohen
J, Cotton PB, Greenwald DA, et al. Multisociety guideline on reprocessing flexible
gastrointestinal endoscopes: 2011. Gastrointest Endosc. 2011;73:1075-84.

Centers for Disease Control and Prevention. Interim protocol for healthcare facili-
ties regarding surveillance for bacterial contamination of duodenoscopes after
reprocessing. Atlanta: Centers for Disease Control and Prevention; 2015.
American Society for Gastrointestinal Endoscopy (ASGE). Transmission of CRE
bacteria through ERCP: interim guidance 2015. ASGE Website. Available from:
http://www.asge.org. Published 2015. Accessed January 22, 2017.

Sethi A, Chen YK, Austin GL, Brown WR, Brauer BC, Fukami NN, et al. ERCP with
cholangiopancreatoscopy may be associated with higher rates of complications
than ERCP alone: a single-center experience. Gastrointest Endosc. 2011;73:251-6.
Thosani N, Zubarik RS, Kochar R, Kothari S, Sardana N, Nguyen T, et al. Pro-
spective evaluation of bacteremia rates and infectious complications among
patients undergoing single-operator choledochoscopy during ERCP. Endoscopy.
2016;48:424-31.

Ishigaki T, Sasaki T, Serikawa M, Kobayashi K, Kamigaki M, Minami T, et al.
Evaluation of antibiotic use to prevent post-endoscopic retrograde cholangiopan-
creatography pancreatitis and cholangitis. Hepatogastroenterology. 2015;62:417-
24.

Harris A, Chan AC, Torres-Viera C, Hammett R, Carr-Locke D. Meta-analysis
of antibiotic prophylaxis in endoscopic retrograde cholangiopancreatography
(ERCP). Endoscopy. 1999;31:718-24.

Saxena P, Singh VK, Lennon AM, Okolo PI, Kalloo AN, Khashab MA. Endoscopic
management of acute cholecystitis after metal stent placement in patients with
malignant biliary obstruction: a case series. Gastrointest Endosc. 2013;78:175-8.

. Isayama H, Komatsu Y, Tsujino T, Sasahira N, Hirano K, Toda N, et al. A prospec-

tive randomised study of “covered” versus “uncovered” diamond stents for the
management of distal malignant biliary obstruction. Gut. 2004;53:729-34.
Isayama H, Kawabe T, Nakai Y, Tsujino T, Sasahira N, Yamamoto N, et al. Cho-
lecystitis after metallic stent placement in patients with malignant distal biliary
obstruction. Clin Gastroenterol Hepatol. 2006;4:1148-53.

Suk KT, Kim HS, Kim JW, Baik SK, Kwon SO, Kim HG, et al. Risk factors for cho-
lecystitis after metal stent placement in malignant biliary obstruction. Gastrointest
Endosc. 2006;64:522-9.

Dolan R, Pinkas H, Brady PG. Acute cholecystitis after palliative stenting for ma-
lignant obstruction of the biliary tree. Gastrointest Endosc. 1993;39:447-9.

Kedia P, Sharaiha RZ, Kumta NA, Widmer J, Jamal-Kabani A, Weaver K, et al. En-
doscopic gallbladder drainage compared with percutaneous drainage. Gastrointest
Endosc. 2015;82:1031-6.

Jang JW, Lee SS, Song TJ, Hyun YS, Park DY, Seo DW, et al. Endoscopic ultra-
sound-guided transmural and percutaneous transhepatic gallbladder drainage are
comparable for acute cholecystitis. Gastroenterology. 2012;142:805-11.

Sethi S, Huang RJ, Barakat MT, Banaei N, Friedland S, Banerjee S. Adenosine tri-
phosphate bioluminescence for bacteriologic surveillance and reprocessing strate-
gies for minimizing risk of infection transmission by duodenoscopes. Gastrointest
Endosc. 2016. doi: 10.1016/j.gie.2016.10.035. [Epub ahead of print]

Qadeer MA, Vargo JJ, Khandwala F, Lopez R, Zuccaro G. Propofol versus tradi-
tional sedative agents for gastrointestinal endoscopy: a meta-analysis. Clin Gas-
troenterol Hepatol. 2005;3:1049-56.

Sethi S, Wadhwa V, Thaker A, Chuttani R, Pleskow DK, Barnett SR, et al. Propofol
versus traditional sedative agents for advanced endoscopic procedures: a meta-
analysis. Dig Endosc. 2014;26:515-24.

Wadhwa V, Issa D, Garg S, Lopez R, Sanaka MR, Vargo JJ. Similar risk of cardio-
pulmonary adverse events between propofol and traditional anesthesia for gastro-
intestinal endoscopy: a systematic review and meta-analysis. Clin Gastroenterol
Hepatol. 2017;15:194-206.

.Bo LL, Bai Y, Bian JJ, Wen PS, Li JB, Deng XM. Propofol vs traditional sedative

agents for endoscopic retrograde cholangiopancreatography: a meta-analy-
sis. World J Gastroenterol. 2011;17:3538-43.



