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ABSTRACT

Background and study aims Endoscopic retrograde cholangio-
pancreatography (ERCP) with endoscopic biliary sphincterotomy
(EBS) or endoscopic papillary balloon dilation (EPBD) are common
techniques of biliary decompression. Potential risks include gastro-
intestinal hemorrhage, which can be increased by antiplatelet
agents, anticoagulants (AC) and/or novel oral anticoagulants
(NOACs) (ie. apixaban, dabigatran and rivaroxaban).

The study aim is to evaluate the safety/efficacy of an alternative
technique, minimal-EBS plus EPBD (m-EBS+EPBD), in individuals
for whom clopidogrel, AC, and/or NOACs cannot be interrupted
due to high cardiovascular or thromboembolic risk.

Patients and methods Patients undergoing m-EBS+EPBD while
taking clopidogrel and/or AC were retrospectively evaluated at two
United States tertiary care centers for efficacy, GIB and procedure-
related, cardiovascular and thromboembolic adverse events (AE).
Results Ninety-five patients were identified [55=clopidogrel and
45=AC(31.1% NOACs)]. The main indication for ERCP was choledo-
cholithiasis (34%). 100% clinical improvement and 97.9% endo-
scopic success were found. The incidence of AE was 5.3%. There
was a 4.2% incidence of gastrointestinal hemorrhage (2 cases re-
quiring endoscopic intervention). Both severe gastrointestinal he-
morrhages also experienced the cases of post-ERCP pancreatitis,
and 2 /3 of cholangitis (all aspirin +AC). There was 1cardiovascular
event (non-ST elevation myocardial infarction), and no thromboem-
bolic events.

Conclusions Minimal-EBS+EPBD is an effective and safe therapy
with an incidence of gastrointestinal hemorrhage of 4.2%, (2.1 % re-
quiring endoscopic intervention), for patients on clopidogrel and/or
AC, with a high risk for cardiovascular/thromboembolic events.

Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) with
endoscopic biliary sphincterotomy (EBS) or endoscopic papil-
lary balloon dilation (EPBD) are safe and effective treatments
for patients requiring urgent biliary drainage [1-8]. EBS has a
small risk of post-sphincterotomy bleeding, and it was hoped
that EPBD might decrease this risk. Several case series from
Asia used EPBD without EBS for stone clearance, showing equal
efficacy and lower rates of gastrointestinal hemorrhage [9 -
14]. Despite this sentiment, the risk of post-ERCP pancreatitis
with EPBD alone is quite high when reproduced in the United
States (US) [15]. The technique of minimal EBS in combination
with EPBD was developed to try to achieve the benefits of EPBD
without additional risk of post-ERCP pancreatitis [16-19].
Studies evaluating this technique have demonstrated no in-

creased risk of post-ERCP pancreatitis, while lowering the risk
of post-sphincterotomy bleeding as compared with EBS alone
[16-19].

An increasing number of patients who require ERCP and EBS
are taking antiplatelet medications and anticoagulants (AC),
and many cannot safely stop these agents due to high risk of
cardiovascular or thromboembolic events. [20-22]. Data are
conflicting regarding the risk of gastrointestinal hemorrhage
after biliary sphincterotomy in the presence of these medica-
tions [23-29]. There is also a paucity of data regarding several
novel oral anticoagulants (NOACs) such as rivaroxaban (Xarelto,
Janssen), apixaban (Eliquis, Bristol-Myers Squibb), and dabiga-
tran (Pradaxa, Boehringer Ingelheim) as well as uncertainty
about these high-risk procedures in patients on combination
therapy.
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» Fig. 1 This figure demonstrated the pictorial step-by-step approach to minimal-biliary sphincterotomy (m-EBS) + endoscopic papillary
balloon dilation (EPBD) for a patient on clopidogrel and aspirin. a m-EBS, b EPBD, c post-intervention, d stone extraction.

According to expert guidelines, EPBD appears safer than EBS
in the setting of coagulopathy, AC and antiplatelet agents. As a
result, EPBD is recommended in lieu of EBS, when AC and anti-
platelet agents cannot be discontinued [30-37]. Given the in-
creased risk of post-ERCP pancreatitis with EPBD alone and the
decreased risk of gastrointestinal hemorrhage with m-EBS +
EPBD, when compared with EBS alone, it may be possible to uti-
lize this combined strategy for individuals at increased risk for
gastrointestinal hemorrhage.

The aim of this study was to evaluate the safety and efficacy
of limited sphincterotomy (“minimal-EBS”, m-EBS) plus EPBD in
patients undergoing ERCP for whom clopidogrel, AC, and/or
NOACs cannot be interrupted due to high cardiovascular or
thromboembolic risk. We predicted that m-EBS+EPBD in these
patients would result in a post-procedural risk of gastrointesti-
nal hemorrhage similar to published risk in patients undergoing
ERCP with EBS but not on these medications.

Patients and methods
Sample selection

We performed a retrospective analysis of high-risk patients on
either clopidogrel or AC who could not safely stop these medi-
cations due to elevated cardiovascular/thromboembolic risk
and who underwent therapeutic ERCP at 2 tertiary care centers
(Cooper University Hospital in Mount Laurel, NJ and Geisinger
Medical Center in Danville, PA) from October 2001 until August
2015. Both inpatient and outpatient ERCPs were included. This
technique was performed based upon preliminary experience
by endoscopists at both institutions. All patients had under-
gone a minimal EBS (m-EBS), defined as EBS<4mm or under
one-third of the diameter of the papilla in cases with a large
intra-duodenal segment (> Fig. 1) followed by an EPBD (» Vid-
eo 1). EBS size was measured by comparing the size of the m-
EBS with the mid portion of a bowed sphincterotome and all
m-EBS were performed using standard endocut | effect 2, cut-
ting duration 3, cutting interval 3 (Erbe Incorporated, Tiibin-
gen, Germany). EPBD was performed for at least one minute
using mostly biliary balloons and rarely an esophageal balloon
[38].

Selection of balloon size was determined based upon the
maximal diameter of the bile duct, allowing for facilitation of

appropriate endotherapy. The rationale behind this approach
was based upon prior studies evaluating m-EBS+EPBD, when
compared to EBS alone, as well as data from prior studies eval-
uating EPBD alone [9-19]. Because prior studies on m-EBS +
EPBD have demonstrated a lower incidence of post-sphincter-
otomy bleeding, and studies in the United States have demon-
strated a high incidence of post-ERCP pancreatitis, we chose to
evaluate the technique of m-EBS+EPBD for patients undergo-
ing ERCP, who were on AC and/or clopidogrel.

All patients were taking aspirin in combination with either
clopidogrel and/or AC during the time of their procedure. An-
ticoagulants evaluated included enoxaparin, warfarin, and
NOACs such as apixaban, dabigatran, and rivaroxaban. Patients
who used warfarin demonstrated a therapeutic INR and receiv-
ed no fresh frozen plasma to counteract this drug’s effects. All
subjects who did not undergo m-EBS + EPBD during their ERCP,
and who were not on clopidogrel, AC and/or NOACs, were ex-
cluded. Patients were also excluded if they were aged <18
years, pregnant, had undergone precut sphincterotomy, had a
supratherapeutic INR, had any missing data point, or if they did
not have documented follow up after the ERCP to confirm or
exclude gastrointestinal hemorrhage (» Fig. 2). Data were col-
lected on patient demographics, comorbid medical conditions,

O VIDEO 1

» Video 1: This video demonstrated the step-by-step approach to
to minimal-biliary sphincterotomy (m-EBS) + endoscopic papillary
balloon dilation (EPBD) for a patient on clopidogrel and aspirin.
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ERCP with EBS or EPBD n = 2,017

Excluded not m-EBS + EPBD
n=1,922

Total m-EBS + EPBD n = 95

Total clopidogrel n = 55 Total AC n =45

Total NOACn =14

Total standard AC n = 31

» Fig.2 Depicts the study schema for the minimal-biliary sphinc-
terotomy (m-EBS) + endoscopic papillary balloon dilation (EPBD) for
patients on anti-coagulants and/or anti-platelet agents

use of aspirin, nonsteroidal anti-inflammatory drugs (NSAIDS),
clopidogrel, AC and NOAGs.

Data regarding pre-procedural labs (CBC, PT/INR), size of
the dilation balloon, procedural details, and procedure-related
adverse events (AEs) and mortality were captured. All ERCPs
were performed by 1 of 4 experienced therapeutic endos-
copists, typically with either a postgraduate year (PGY) 6-gas-
troenterology fellow or PGY7 therapeutic endoscopy fellow.
No patients received rectal indomethacin prophylaxis as this
was not the standard practice at 1 institution and the other did
not have patients at high risk or post-ERCP pancreatitis [11].
Endoscopic success was defined as relief of obstruction (includ-
ing calculus extraction, when applicable) and reversal of the
etiology for which the procedure was performed. All patients
requiring stent placement received a plastic stent. No patients
received a self-expanding metal stent, as all malignant stric-
tures treated either were surgical candidates or had a life ex-
pectancy that would not necessitate SEMS placement.

All patients had determination of hemoglobin, platelet
count, prothrombin time, and international normalized ratio
(INR) prior to their ERCP. The hemoglobin was also checked
after the procedure during follow up and/or hospital admission,
when applicable. No patients received blood products, vitamin
K, or prothrombin complex to normalize their platelet count
and/or INR prior to ERCP. Study follow up was obtained via re-
view of medical records. For the study institutions, follow up
was secured by the following means: telephone call 24 hours
after ERCP or scheduled office visit with the physician perform-
ing the ERCP. Patients with any potential procedure-related
complications were instructed to contact the on-call service
and proceed to the study institution’s emergency department
when required, as is the standard practice at both institutions.
All post-procedural patient discussions were documented via
the electronic health record system. Patients who were sent to
another institution for post-procedure medical care were in-
structed to have the treating hospital contact the on-call ser-
vice for the institution at which the ERCP was performed.

Outcomes

The primary outcome was gastrointestinal bleeding, defined as
presence of melena, hematochezia, hematemesis, unexplained
drop in hemoglobin of >2g/dL from baseline, or need for
packed red blood cell (PRBC) transfusion. Procedure-related
gastrointestinal hemorrhage was classified as immediate (in-
tra-procedure), early (<48 hours after the procedure) or de-
layed (248 hours to 2 weeks post-ERCP) [39]. Severe gastroin-
testinal hemorrhage was identified on the basis of the require-
ment for PRBC transfusion, need for endoscopic hemostasis, or
need for vascular embolization. Secondary outcomes included
frequency of post-ERCP pancreatitis, perforation, need for re-
peat ERCP, infection, aspiration, cardiovascular event (acute
coronary syndrome, need for percutaneous coronary interven-
tion, cardiac arrest, arrhythmia), thromboembolic events
(stroke, pulmonary embolism, deep venous thrombosis), and
death.

Statistical analysis

Means, frequencies, and percentages of the study cohort are
presented. Statistical significance was based on a P value of
0.05. All statistical analysis was carried out using SAS v9.4 (SAS
Institute, Cary, NC).

Results
Sample characteristics

A total of 95 ERCPs were performed using the m-EBS +EPBD
technique. Mean patient age was 69 (standard deviation of
12.5 years), 56% were men, and 77 % Caucasian. All patients
were at high risk for stopping clopidogrel and/or AC prior to
their procedure. The most common high-risk indication (pres-
ent in 42%) was atrial fibrillation with associated risk factors
(valvular heart disease, prosthetic heart valve, active conges-
tive heart failure, left ventricular ejection fraction <35%, a his-
tory of thromboembolic event, hypertension, diabetes melli-
tus, or age >75 years. Additional high-risk factors included;
non-stented coronary artery disease (42%), presence of a
drug-eluting coronary stent<1 year (32 %), bare metal coronary
stent <6 months (0%). The mean pre-procedural hemoglobin
was 11.4 and mean post-procedural hemoglobin 11.2. The
mean pre-procedural INR was 1.6 and platelet count 227.2.

One hundred percent of patients were on aspirin in combi-
nation with another agent. There were no patients included
who were on aspirin, clopidogrel or AC alone. Fifty-eight
percent of patients were on clopidogrel of whom 100% were
also on aspirin. A total of 47 % of patients were on AC including
31% on NOACs (n=14), 64% on warfarin (n=29) and 4% on
enoxaparin (n=2). Five percent of patients were on AC, aspirin
and clopidogrel (n=5). Finally, 7.4 % of patients were on NSAIDs
(» Table 1).

Endoscopic characteristics and outcomes

The main indication for ERCP was choledocholithiasis (37 %);
other indications included abnormal imaging (17 %), indetermi-
nate biliary stricture (31%), cholangitis (7%), stricture due to
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> Table1 Characteristics of patients who underwent m-EBS + EPBD;
demographics, medical conditions, laboratory values and medications.

Mean Age (years) 69
% of total
Gender Male 53 (56 %)
Female 42 (44 %)
Race Caucasian 73 (77 %)
African american 13(14%)
Hispanic 8(8%)
Asian 1(1%)
Cardiovascular CAD 70 (74 %)
disease
Non-PCl 40 (42%)
PCl 30(32%)
CABG 1(1%)
ACS 0(0%)
Afib 40 (42%)
HTN 95 (100%)
DM 70 (74%)
CHF 10 (11%)
DVT 9(10%)
PE 5(5%)
PVT 1(1%)
Valve replacement 8(8%)
Cirrhosis 10(11%)
Chronic renal failure 5(5%)
Prior GIB 2(2%)

Mean hemoglobin
pre-procedure (g/dL)

11.4(7.6-14.6)

Mean hemoglobin
pre-procedure (g/dL)

11.2(6.2-15.0)

Mean INR pre-
procedure

1.6(1-3.8)
12.3(2.1-3.8)

Mean platelet count
pre-procedure

227.2 (45-621)

chronic pancreatitis (3 %), biliary pancreatitis (2 %) and bile leak,
pancreaticolithiasis and sclerosing cholangitis (all 1 each). The
mean size of EBS was 3.4mm and mean EPBD size 8.0mm
(» Table 2).

There was technical success in 98 % of patients and relief of
obstruction in 92 %. A calculus was extracted in 49 patients and
ductal clearance achieved in 48, as several patients underwent
ERCP for a different indication and calculi were found at the
time of cholangiogram. A biliary stent was placed in 33 patients
and lithotripsy done in 6 (6 %). The pancreatic duct was injected
in 19 patients and a stent placed in the pancreatic ductin 13, all

Medications

NSAIDS 7(7%)
Total ASA 95 (100 %)
Total ASA + 55 (58%)
clopidogrel

ASA +clopidogrel only 50 (53 %)

ASA +clopidogrel + AC 5(5%)
Total ASA+AC 45 (47%)
Standard ASA + AC? Total 31(33%)
ASA +enoxaparin 2(2%)
ASA +warfarin 29 (31%)
ASA+NOAC3 Total 14 (15%)
ASA +apixaban 2(4%)
ASA +dabigatran 3(7%)
ASA +rivaroxaban 9(10%)

m-EBS + EPBD = minimal-endosocpic biliary sphincterotomy + endosocpic
papillary balloon dilation, CAD = coronary artery disease, Non-PCl=non-per-
cutaneous coronary intervention, PCl=percutaneous coronary intervention,
CABG = coronary artery bypass graft, ACS =acute coronary syndrome,
Afib=atrial fibrillation, HTN = hypertension, DM =diabetes mellitus, CHF =
congestive heart failure, DVT=deep venous thrombosis, PE=pulmonary
embolism, PVT =portal vein thrombosis, GIB=gastrointestinal bleeding,
g/dL=grams/deciLiter, ASA=aspirin, AC=anticoagulation, NOAC=novel oral
anticoagulants

T mean INR for subjects on warfarin second

2includes patients on warfarin and enoxaparin

3 includes patients on apixaban, dabigatran and rivaroxaban

of whom underwent ERCP for a pancreatic as well as a biliary
indication. All endoscopic parameters are summarized in » Ta-
ble 2.

Twelve percent of patients required additional biliary-specif-
ic ERCP. Seven developed elevated LFT again after the index
ERCP, of which 3 were caused by choledocholithiasis and cho-
langitis (both 3 %). Of the 3 patients who had cholangitis/chole-
docholithiasis, 2 also had gastrointestinal hemorrhage. The re-
maining 1 patient had no clear etiology for the elevated LFTs.
These results are summarized in » Table 3.

Incidence of bleeding after m-EBS + EPBD

Four patients (4 %) developed gastrointestinal hemorrhage pre-
senting with a drop in Hgb by at least 2 g/dL, and melena (» Ta-
ble 3). Two of these patients were on aspirin +clopidogrel, 1 on
aspirin +warfarin and the last on aspirin +rivaroxaban. The bal-
loon size of the patients with gastrointestinal hemorrhage who
were on clopidogrel was 12 mm and 6 mm. EPBD size was 12 mm
and 8 mm for patients who were on AC and developed gastroin-
testinal hemorrhage. Two patients (2 %) required blood transfu-
sion (2 units of PRBC each and 3 required repeat endoscopy.
One of these patients had undergone prior biliary stent place-
ment (plastic 10 French). On repeat endoscopy done to investi-
gate bleeding, 1 patient had no visible source of bleeding (as-
pirin+clopidogrel), 1 had epinephrine injection into a bleeding
sphincterotomy site with endoclip placement (aspirin +warfar-
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> Table2 Endoscopic procedure characteristics and success of pa-
tients who underwent mEBS + EPBD.

% of Total
Mean EBS (mm) 3.4(2-4)
EPBD Size (mm) Mean 8.0
4 9(10%)
6 21(22%)
8 36 (38%)
10 22(23%)
12 6 (6%)
15 1(1%)
Intervention Clinical improvement 95 (100 %)
Endoscopic success 93 (98%)
Relief of obstruction 87 (92%)
Calculus extraction 49 (52 %)
Ductal clearance 48 (51%)
Biliary stent 33(35%)
Lithotripsy 6(6%)
PD injection 19 (20%)
PD stent 13 (14 %)

m-EBS + EPBD, minimal-endoscopic biliary sphincterotomy +endoscopic
papillary balloon dilation; CI, confidence interval; LFT, liver function tests;
PSC, primary sclerosing cholangitis; PD, pancreatic duc

in) and 1 epinephrine injection with fully covered SEMS place-
ment for tamponade (aspirin +rivaroxaban). All interventions
led to resolution of bleeding. The fourth patient did not under-
go repeat endoscopy and had no significant decrease in HgB
and was discharged from the emergency department (aspirin
+clopidogrel). No patient had additional reported melena dur-
ing 3 month follow-up. These results are shown in » Table 3.

Secondary outcomes

Post-ERCP pancreatitis was found in 2% of patients (both in pa-
tients with gastrointestinal hemorrhage). The size of EPBD was
6mm and 12mm for the patients that developed Post-ERCP
pancreatitis. There were no perforations. Infections occurred
in 5% (3 cholangitis, 1 health care-associated pneumonia and
1 catheter-related blood stream infection). All reported deaths
(n=8) occurred as a sequela of the patient’s underlying cancer
or while the patient was in hospice care. There were no deaths
related to complications from ERCP, cholangitis or gastrointes-
tinal hemorrhage. There were no thromboembolic events and 1
cardiovascular event, described as a non-ST elevation myocar-
dial infarction. This patient presented 90 days after the index
ERCP and the cardiac catheterization in this patient showed no
lesion requiring percutaneous coronary intervention. All sec-
ondary outcomes are summarized in » Table 3.
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> Table3 Incidence of gastrointestinal bleeding, adverse events and

need for repeat ERCP after mEBS + EPBD.

Adverse Total Procedure-
events related

GIB Total
Severe

Intra-
procedural

Immediate
Delayed
Presentation Melena
Hematochezia
Hematemesis

Drop HgB
>2g/dL

PRBC transfusion’
Intervention’

Epinephrine’

Clip?
Stent?
Post-ERCP
pancreatitis
CVevent
TE event
Death Overall
Procedure-
related
Need for Total 23 (24 %)
repeat
procedure
Stent extraction 12 (52%)
Total requiring 11 (48%)
biliary Intervention
Elevated LFT 7
GIB4 3

Choledocholithiasis* 3
Cholangitis* 3

Need for biopsies 1

% of total

5(5%)

4(4%)
2(2%)

0(0%)

0(0%)
4(4%)
4(4%)
0(0%)
0(0%)

1(1%)

2(2%)
3(3%)
2(2%)
1(1%)
1(1%)

2(2%)

1(1%)
0(0%)
8(8%)

0(0%)

% of Total

13%

12%

7%
3%
3%
3%

1%

m-EBS + EPBD, minimal-endoscopic biliary sphincterotomy +endoscopic
papillary balloon dilation; Cl, confidence interval; GIB, gastrointestinal
bleed; HgB, hemoglobin; PRBC, packed red blood cells; ERCP, endoscopic
retrograde cholangiopancreatography; CV, cardiovascular; TE, thromboem-

bolic; LFT, liver function testing

T ASA +warfarin and ASA +rivaroxaban
2 ASA +warfarin

3 ASA +rivaroxaban

43 Patients underwent repeat endoscopy for GIB, choledocholithiasis, and

cholangitis
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Discussion

In this multicenter study of 95 patients at high risk for cardio-
vascular/thromboembolic events necessitating continued clo-
pidogrel and/or AC, we demonstrated that m-EBS +EPBD was
both safe and effective for management of biliary tract dis-
eases. While continuing both clopidogrel and AC, patients who
underwent m-EBS+EPBD had a 4% gastrointestinal hemor-
rhage rate, 2% severe gastrointestinal hemorrhage rate, with
100 % clinical improvement and 98 % endoscopic success. In ad-
dition, we found that various combinations of antiplatelet ther-
apy with AC did not lead to an increased risk of gastrointestinal
hemorrhage.

The American Society for Gastrointestinal Endoscopy (ASGE)
guidelines recommend cessation of clopidogrel and AC prior to
ERCP with EBS, although these agents can be continued prior to
EPBD alone [35]. On the other hand, the European Society for
Gastrointestinal Endoscopy (ESGE) has recommended that
EPBD may be considered as an alternative to EBS, when AC
therapies cannot be interrupted. As a result, the biliary endos-
copist has been faced with the dilemma of potential cardiovas-
cular and thromboembolic events, weighed against the risk of
gastrointestinal hemorrhage in those requiring urgent ERCP,
without robust data to support a decision. This led us to vali-
date a new technique of m-EBS+EPBD in this setting.

Prior studies have estimated that the incidence of gastroin-
testinal hemorrhage has been 1% to 5% for individuals under-
going EBS [11-14]. Presence of antiplatelet/AC has been dem-
onstrated to be associated with an increased risk of gastrointes-
tinal hemorrhage in those undergoing ERCP with EBS [11, 14,
23-26]. As an alternative method for biliary intervention,
EPBD has demonstrated similar efficacy and overall AE rates,
with lower rates of gastrointestinal hemorrhage as compared
to EBS [6-8, 14]. Yet it is important to note that all studies ex-
cluded those on agents that would increase risk of post-proce-
dural hemorrhage.

Conversely, it is also important to note that there was an es-
timated 5% to 7% risk of post-ERCP pancreatitis with EPBD
alone. Previous prospective studies evaluated risk of post-ERCP
pancreatitis after EPBD [7,11,40-42]. Studies performed out-
side of the United States reported relatively low incidence of
post-ERCP pancreatitis after EPBD alone. However, when stud-
ies evaluating EPBD alone have been reproduced in the United
States, the incidence of post-ERCP pancreatitis was unaccepta-
bly high [15].

Our rationale for performing m-EBS+EPBD in this setting
was to reduce risk of bleeding when compared with EBS alone
while avoiding the risk of post-ERCP pancreatitis reported with
EPBD alone. Although we did not posses a direct comparative
EPBD-alone group (on AC and/or antiplatelet therapy), the
techniques of m-EBS +EPBD for our cohort had an incidence of
post-ERCP pancreatitis lower than prior studies reported in the
United States. In addition, the rate of post-procedural hemor-
rhage in our study was equivalent to data reported in the litera-
ture for patients undergoing EBS and who were not on antipla-
telet/AC. The rate of bleeding was also lower than reported in

studies evaluating patients at an increased risk of gastrointesti-
nal bleeding after ERCP.

Regarding data on ERCP in patients who are at increased risk
of post-procedural hemorrhage, retrospective studies have
been performed in patients requiring ERCP who have coagulo-
pathy associated with cirrhosis [27-30]. In 1 study, incidence
of bleeding after EBS was significantly higher compared with
EPBD (30% v. 0%, P=0.009) [29]. An additional study reported
an overall 1% risk of gastrointestinal hemorrhage after ERCP in
cirrhotics, 2% risk after EBS in those with “biliary indications,”
and 13% in those with “pancreatic indications” [30].

A retrospective study by Hamada, et al evaluated a large Ja-
panese cohort of patients on antiplatelet agents (aspirin, clopi-
dogrel and others) or AC (warfarin or dabigatran) who were un-
dergoing either EBS or EPBD [32]. It is important to note that
this study did not report the overall incidence of gastrointesti-
nal hemorrhage, but rather severe gastrointestinal hemor-
rhage, (1% for EBS versus 3% for EBPD). A similar incidence of
severe gastrointestinal hemorrhage was reported for those on
AC and clopidogrel. This study also showed that the ORs for se-
vere gastrointestinal hemorrhage were significantly higher in
those continuing antiplatelet therapy (OR=4.4) and AC (OR=
7.5) for EPBD. This risk of severe gastrointestinal hemorrhage
in EPBD is in contradiction to prior literature, which has cited a
reduced risk of gastrointestinal hemorrhage with EPBD compar-
ed to EBS alone [9-15]. This may be due to unreported non-se-
vere gastrointestinal hemorrhage.

Among patients in our study who underwent m-EBS with
EPBD while on AC, 2 experienced a delayed gastrointestinal he-
morrhage (1 patient on aspirin +warfarin and 1 patient on aspir-
in+rivaroxaban). Both patients required endoscopic interven-
tion and PRBC transfusion. There was no further gastrointesti-
nal hemorrhage after endoscopic intervention at 90-day follow
up. These patients contributed to a 4% risk of severe gastroin-
testinal hemorrhage in this unique population of patients on as-
pirin and AC. Overall, we found no increased risk of bleeding for
those on therapy including AC, warfarin, NOACs, aspirin + clopi-
dogrel + AC, and in aspirin +clopidogrel + NOAC.

The Hamada, et al, paper evaluated EBS alone for those on
dabigatran, and did not evaluate other NOACs, such as apixa-
ban and rivaroxaban, that are currently available in the United
States [32]. Though our series had small numbers on NOACs,
this is the first study to evaluate EPBD or m-EBS + EPBD on these
medications, and the first to analyze the risk of gastrointestinal
bleeding while on rivaroxaban and apixaban. Our study is also
the first to evaluate combination therapy with antiplatelet
agents and/or AC/NOAGs.

Few trials have evaluated use of antiplatelet therapy in
patients undergoing ERCP [23-26,31]. Of them, 1 reported a
24 % risk of gastrointestinal hemorrhage in patients on aspirin
therapy [23]. Subsequently, another held aspirin 1 week prior
to ERCP and reported a 9.5% incidence of gastrointestinal he-
morrhage after EBS [31]. There have also been 2 retrospective
case series evaluating clopidogrel use while undergoing ERCP
[23]. One of these series involving clopidogrel, one, found that
3% of their study population was on clopidogrel at the time of
ERCP. This series demonstrated a 53 % incidence of gastrointes-
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tinal hemorrhage. An additional series of 9 patients undergoing
EBS on clopidogrel found no post-procedural gastrointestinal
hemorrhage [23,24]. To our knowledge no study has evaluated
EPBD combination with m-EBS for those on clopidogrel.

Though one may theorize that the risk of gastrointestinal
bleeding in our cohort was higher than in patients who would
have undergone EPBD alone, it is important to again note that
this rate was equivalent to those undergoing EBS, who were not
on AC/antiplatelet agents and lower than incidences reported
in prior series for patients on these agents. Also important is
that the reported rate of bleeding after EPBD is not zero in the
literature, thus it is possible that these 4 cases of post-proce-
dural hemorrhage may have occurred regardless.

Limitations of our study included referral bias, as both cen-
ters involved were tertiary care centers, and its retrospective
nature. A prospective trial evaluating ERCP in patients on AC
and|/or clopidogrel would be a useful addition to the literature
in this field, as would comparison to a control group of patients
undergoing EPBD alone while on such agents. However as m-
EBS+EPBD has been common practice at both of our centers,
we do not have data available evaluating EPBD alone in this set-
ting. It may also be possible that the incidence of AEs was low in
our study due to the mean size of our balloon dilation being 8
mm, not considered to be a large EPBD (>12mm). Despite this
possible limitation, all EPBD balloon sizes were appropriately
selected to match biliary ductal size. We also demonstrated cal-
culus extraction in 48 of 49 patients with choledocholithiasis,
thus high success using this technique. We also realized that,
although patients were advised to return to the center that per-
formed their procedure and had a phone call 24 hours after,
some patients might have had complications that we could
not detect. The strengths of this paper include its multicenter
design and the use of this novel technique in a large number
of ERCP in patients on AC and/or clopidogrel. This is also one
of the largest series of its kind to evaluate clopidogrel, combi-
nation antiplatelet therapy, AC, and dabigatran. Our study is
the first to evaluate rivaroxaban and apixaban therapy, and as-
pirin + clopidogrel + AC/NOACs in the setting of ERCP and EBS.

Conclusion

In conclusion, m-EBS with EPBD for patients on clopidogrel and/
or anticoagulants is an effective and safe therapy with an esti-
mated incidence of gastrointestinal hemorrhage of 4%, 2% of
which required repeat endoscopy or transfusion. Minimal-EBS
+EPBD appears to be an acceptable alternative to conventional
EBS or EPBD in the setting of urgent biliary decompression for
patients with high cardiovascular/thromboembolic risk on clo-
pidogel/AC.
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