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ABSTRACT

Background Difficult biliary cannulation in endoscopic

retrograde cholangiopancreatography (ERCP) increases the

risk of post-ERCP pancreatitis (PEP). The purpose of this

prospective, randomized, multicenter study was to com-

pare two advanced rescue methods, transpancreatic biliary

sphincterotomy (TPBS) and a double-guidewire (DGW)

technique, in difficult common bile duct (CBD) cannulation.

Methods Patients with native papilla and planned CBD can-

nulation were recruited at eight Scandinavian hospitals. An

experienced endoscopist attempted CBD cannulation with

wire-guided cannulation. If the procedure fulfilled the defi-

nition of difficult cannulation and a guidewire entered the

pancreatic duct, randomization to either TPBS or to DGW

was performed. If the randomized method failed, any

method available was performed. The primary end point

was the frequency of PEP and the secondary end points in-

cluded successful cannulation with the randomized meth-

od.

Results In total, 1190 patients were recruited and 203

(17.1%) were randomized according to the study protocol

(TPBS 104 and DGW 99). PEP developed in 14/104 patients

(13.5%) in the TPBS group and 16/99 patients (16.2%) in

the DGW group (P=0.69). No difference existed in PEP se-

verity between the groups. The rate of successful deep bili-

ary cannulation was significantly higher with TPBS (84.6%

[88/104]) than with DGW (69.7% [69/99]; P=0.01).

Conclusions In difficult biliary cannulation, there was no

difference in PEP rate between TPBS and DGW techniques.

TPBS is a good alternative in cases of difficult cannulation

when the guidewire is in the pancreatic duct.

Original article
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Introduction
In endoscopic retrograde cholangiopancreatography (ERCP),
difficult common bile duct (CBD) cannulation is defined accord-
ing to the European Society of Gastrointestinal Endoscopy
(ESGE) criteria as more than 5 minutes attempting to cannu-
late, more than five contacts with the papilla, or more than
one unintended entry into the pancreatic duct (PD) or opacifi-
cation in wire-guided cannulation (5 – 5 –2 definition) [1]. After
persistent attempts with standard methods (e. g. wire-guided
cannulation) have failed, access to the CBD often requires the
application of advanced cannulation techniques, such as
sphincterotome precut, needle-knife precut, and pancreatic
guidewire-assisted cannulation with a single wire, proceeding
to transpancreatic biliary sphincterotomy (TPBS) or a double-
guidewire technique (DGW), pancreatic stenting or papill-
ectomy [1]. However, difficult cannulation and repeated at-
tempts increase the risk of post-ERCP pancreatitis (PEP) to
10.8%–16.2% [1–4].

The aim of the present study was to compare two different
advanced cannulation techniques, TPBS and DGW, in terms of
PEP and successful cannulation.

Methods
Study design

The recruited patients underwent ERCP between 2015 and
2019 at eight hospitals: Helsinki University Hospital, Oulu Uni-
versity Hospital, Aalborg University Hospital, St. Olavs Hospital
in Trondheim University Hospital, Karolinska University Hospi-
tal, Oslo University Hospital, Oslo’s Rikshospitalet University
Hospital, and Turku University Hospital.

The ethical committees of each hospital approved the study
protocol. The study protocol conformed to the ethical guide-
lines of the 2008 Declaration of Helsinki. The original study pro-
tocol is presented in Fig. 1 s in the online-only supplementary
material.

Patients

The inclusion criteria for recruitment were native papilla, ERCP
intended for CBD cannulation, and age over 18 years. The ex-
clusion criteria were acute pancreatitis and no consent for par-
ticipation in the study. The inclusion criteria for randomization
were difficult biliary cannulation and the guidewire entering
the PD.

Interventions

ERCPs were performed by experienced endoscopists. PEP pro-
phylaxis prior to ERCP (rectal nonsteroidal anti-inflammatory
drugs [NSAIDs]–100mg diclofenac or indomethacin for pa-
tients without contraindication) was recommended by the
study protocol, but implementation was left to the preference
of the endoscopist. In addition, prophylactic pancreatic stent-
ing was performed at the discretion of the endoscopist.

Patients fulfilling the inclusion criteria were included. Writ-
ten informed consent was obtained from all patients prior to
ERCP.

Randomization

A randomization list was produced with a random-number gen-
erator by using random blocks (size 20) with 1:1 allocation. The
allocation of patients was concealed using sequentially num-
bered, opaque, sealed envelopes. A nurse opened the envelope
only after the procedure fulfilled the difficult cannulation crite-
ria and the wire had entered the PD.

ERCP procedure

The TPBS technique was adopted in participating hospitals un-
der the guidance of an expert TPBS endoscopist (J.H.) The can-
nulation study protocol (Fig. 1 s) was presented at biannual
Scandinavian Association for Digestive Endoscopy (SADE) re-
search meetings (March and September 2015–2019) in order
to inform and encourage more endoscopists and centers to
participate in the study, and continuous education assured the
quality of TPBS and DGW techniques performed by experienced
endoscopists.

Only wire-guided cannulation was used for initial cannula-
tion attempts. The primary cannulation was defined as success-
ful deep biliary cannulation when the guidewire was inside the
CBD. If the primary cannulation failed and the 5 – 5 –2 defini-
tion of difficult cannulation was fulfilled, the preceding factor
leading to difficult cannulation was recorded. All procedures
meeting the difficult cannulation criteria and involving the
guidewire entering the PD were randomized to either TPBS or
DGW.

The randomized method was performed without removing
the guidewire from the PD. A time limit of 15 minutes was al-
lowed before the method was regarded as unsuccessful. After
15 minutes, an endoscopist could either change the method
or continue the cannulation attempts with the first randomized
method.

The success or failure of the randomized method, any addi-
tional rescue methods, and the time for successful cannulation
or total time used (in cases of final failure) were recorded.

The TPBS technique

The aim of TPBS is to incise the septum between the PD and the
CBD in order to expose the bile duct orifice. If a guidewire unin-
tentionally enters the PD, TPBS is performed with a regular
sphincterotome and a pure-cut electrosurgical current, toward
the 11 or 12 o’clock position. The cut either opens the CBD or
reveals the anatomy of the ampulla (▶Fig. 1 and ▶Fig. 2a,
green cut indicates TPBS technique). A further oblique cut to-
ward the 10 o’clock position, using a needle-knife and starting
from the upper end of the previous TPBS, can be performed
after the TPBS technique, if required (▶Fig. 2, red cut indicates
needle-knife technique). The intention is to cut across to the
CBD and expose the lumen [5].

The DGW technique

The DGW technique involves deep PD cannulation using the
first guidewire, which may straighten the CBD, thus allowing
CBD cannulation with the second guidewire. Therefore, the ori-
ginal guidewire that entered the PD remains in place in order to
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aid orientation and further attempts to cannulate the CBD are
performed using wire-guided cannulation with the second
guidewire (▶Fig. 3).

Post procedure

All patients remained in the hospital for at least 4 hours after
ERCP and were monitored for the development of PEP, bleed-
ing, cholangitis, perforation, or any other complication.

Serum or plasma amylase was measured 4 hours after the
procedure. Thereafter, the patient was discharged at the dis-
cretion of the physician. If the patient remained in the hospital
overnight, serum or plasma amylase was assayed the following
morning.

Definitions and outcomes

The primary outcome was the rate of PEP. Secondary outcomes
were successful cannulation with the randomized method
within 15 minutes and in total. All other results were consid-
ered descriptive.

PEP was defined as the presence of abdominal pain attribu-
table to acute pancreatitis, together with a need for unplanned
hospitalization or an extension of a planned hospitalization by
at least 2 days, and serum or plasma amylase at least three
times above the upper limit of normal (ULN) at 24 hours after
the procedure [6]. PEP was classified as mild, moderate, or se-

vere if the patient had to stay in hospital for less than 4 days, 4–
10 days, or more than 10 days, respectively [6].

Success with the randomized method was defined as success
when the guidewire entered the CBD. Failure was defined as a
failure with the cannulation method used. Final failure was de-
fined as no access to the CBD with any of the methods used.

Any complications, admission times, and any additional care
during the first 30 days after the procedure were recorded. In
addition, patients were advised to contact the physician at any
time if they noticed symptoms such as fever or abdominal pain.
We assumed that absence of documented adverse events in the
patient records meant that no adverse events occurred.

CBD

PD

TPBS

▶ Fig. 1 Transpancreatic biliary sphincterotomy technique. CBD,
common bile duct; PD, pancreatic duct.

a

b

CBD

PD

▶ Fig. 2 Transpancreatic biliary sphincterotomy (TPBS) and addi-
tional needle-knife technique. a Schematic. b Endoscopic view.
After TPBS, access into the common bile duct (CBD) may succeed
either through the papilla, through the upper corner of the cut, or
after oblique needle-knife cut across the CBD. PD, pancreatic duct;
green line, line of sphincterotomy; red line, additional needle-knife
cut.
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Sample size calculation

The sample size calculation assumed that 70% of primary cannu-
lations would be successful within the limits of difficult cannula-
tion (i. e. not described as difficult), 30% of all cannulations
would be difficult and, of these two-thirds would be randomized
(i. e. 20% of total). According to previous studies, the PEP rate
was lower following TPBS (0%–10.8% [5, 7, 8]) than after DGW
(17%–38.2% [8–11]). If the 0% rates are ignored, the mean
rates were 10% and 25% for TPBS and DGW, respectively. The
sample size calculation was performed with power =0.8 and al-
pha =0.05, resulting in 97 patients per randomized group [12].

Statistical analysis

Data were analyzed on an intention-to-treat basis and random-
ized patients were analyzed according to their original groups.
Analyses were performed using IBM SPSS Statistics for Macin-
tosh, v25.0 (IBM Corp., Armonk, New York, USA) and with R
v4.00 software (R Foundation for Statistical Computing, Vien-
na, Austria).

The primary end point variable was compared using chi-
squared and Fisher’s exact tests. Statistical significance was as-
sayed as a two-tailed P value of < 0.05. All other statistical tests
of outcome results were considered as secondary and their re-
sults were taken as descriptive only. In descriptive statistics,
continuous variables were described as median (range) or as in-
terquartile range (IQR), and categorical variables were de-
scribed as number of cases and proportion. Descriptive contin-
uous and ordinal variables were compared using the Mann–
Whitney U test and categorical variables were compared using
Fisher’s exact test.

Results
Patients

A total of 1190 patients underwent ERCP and were recruited
between September 2015 and April 2019. The PEP rate among
nonrandomized patients who had data available was 4.7% (42/
890). The deep biliary cannulation success rate of all ERCPs was
98.8% (1176/1190).

Difficult cannulation

In total, 203 patients (17.1%) met the criteria of difficult cannu-
lation and were randomized (104 to TPBS and 99 to DGW)
(▶Fig.4) The number of recruited patients in each hospital is
shown in Table1 s. The demographic characteristics of the
randomized patients and ERCP procedures are presented in

▶Table 1. The median duration of cannulation was 12.5 min-
utes (IQR 12.7) in the TPBS group and 14.1 minutes (IQR 16.5)
in the DGW group (P=0.45).

The cannulation events preceding randomization were
(TPBS vs DGW): PD passage/opacification in 82 (78.8%) vs. 68
(68.7%) patients (P=0.12); more than 5 minutes spent at-
tempting to cannulate the CBD in 48 (46.2%) vs. 52 (52.5%) pa-
tients (P=0.40); and more than five contacts with the papilla in
35 (33.7%) vs. 30 (30.3%) patients (P=0.65), respectively.

A diverticulum was present in 17/203 (8.4%) patients (7 pa-
tients [6.7%] in the TPBS group and 10 patients [10.1%] in the
DGW group). In most cases, the papilla was situated at the edge
of the diverticulum (11/17 [64.7%]). When a diverticulum was
present, cannulation succeeded with the allocated randomized
method in 6/7 patients (85.7%) in the TPBS group and in 5/10
patients (50.0%) in the DGW group (P =0.30). All cannulations
were finally successful in the TPBS group whereas one failed in
the DGW group (P >0.99).

Pancreatic or biliary malignancy was the indication for ERCP
in 39/104 patients (37.5%) in the TPBS group and 43/99 pa-
tients (43.4%) in the DGW group. In these patients, cannulation
succeeded with the allocated randomized method in 32/39

CBD

PD
DGW

a

b

▶ Fig. 3 Double-guidewire technique. a Schematic. b Endoscopic
view. CBD, common bile duct; PD, pancreatic duct.
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Provided informed consent to the study prior to ERCP n = 1190

Randomized n = 203

TPBS (+needle-knife) n = 104 DGW n = 99

Excluded n = 987
(Exclusion data available for 766 patients)
▪ Success with WGC alone (n = 727)
▪ PD not entered and additional cannulation
 methods needed (n = 39)

Success with TPBS 
(+ needle-knife in 

10 patients)
n = 88

Success within 
15 minutes

(+ needle-knife in
5 patients)

n = 81

Failure 
n = 16

DGW n = 10
Success n = 5

Other methods
n = 6

Success within 
15 minutes

n = 66

Other methods
n = 3

TPBS
(+ needle-knife in 
8 patients) n = 27

Success n = 21

Final failure n = 2Final failure n = 7

Failure 
n = 30

Success with DGW 
n = 69

▶ Fig. 4 CONSORT flow diagram of recruited and randomized patients. Data are presented as the number of patients. ERCP, endoscopic retro-
grade cholangiopancreatography; WGC, wire-guided cannulation; PD, pancreatic duct; TPBS, transpancreatic biliary sphincterotomy; DGW,
double-guidewire technique.

▶Table 1 Demographic data of the randomized patients and endoscopic retrograde cholangiopancreatography procedures.

TPBS n=104 DGW n=99 P value

Age, median (range), years 66 (21–97) 68 (24–92) 0.47

Female sex, n (%) 46 (44.2) 59 (59.6) 0.04

NSAID as a PEP prophylaxis, n (%) 82 (78.8) 82 (82.8) 0.72

Indication for ERCP, n (%)

▪ CBD stones 47 (45.2) 40 (40.4) 0.48

▪ Stricture 43 (41.3) 48 (48.5) 0.33

▪ PSC 6 (5.8) 6 (6.1) > 0.99

▪ Post cholecystectomy (bile leakage) 8 (7.7) 9 (9.1) 0.80

▪ Post LTX (stricture) 0 (0) 1 (1.0) 0.49

▪ Post other surgery 0 (0) 2 (2.0) 0.24

▪ Other 8 (7.7) 9 (9.1) 0.80

Prophylactic pancreatic stent 9 (8.7) 11 (11.1) 0.64

TPBS, transpancreatic biliary sphincterotomy; DGW, double-guidewire technique; NSAID, nonsteroidal anti-inflammatory drug; PEP, post-ERCP pancreatitis; ERCP,
endoscopic retrograde cholangiopancreatography; CBD, common bile duct; PSC, primary sclerosing cholangitis; LTX, liver transplantation.
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(82.1%) in the TPBS group and in 29/43 (67.4%) in the DGW
group. The final cannulation failure rate was not statistically dif-
ferent between the two methods in this patient group (3/39
[7.7%] with TPBS vs. 0/43 [0.0%] with DGW; P=0.10).

In 4/104 patients (3.8%) in the TPBS group and 2/99 patients
(2.0%) in the DGW group, trainees were involved in cannulation
prior to randomization. In all these cases, trainees were super-
vised by experts.

Primary outcome – rate of PEP

ERCP complications with TPBS and DGW are presented in

▶Table 2. The PEP rate was 14.8% in the whole cohort of pa-
tients with difficult cannulation (n=203). There was no signifi-
cant difference between the TPBS and DGW techniques in
terms of PEP rate (13.5% vs.16.2%, respectively) or the severity
of PEP. Among patients with PEP, the median cannulation time
was 10.6 minutes (range 6.0–33.9) in the TPBS group and 10.9
minutes (range 3.1–77.7) in the DGW group (P=0.61).

PEP developed in 25/164 patients (15.2%) in the NSAID
group and in 5/37 patients (13.5%) in the non-NSAID group (P
>0.99).

Cannulation success

Within 15 minutes, deep biliary cannulation was achieved in
81/104 patients (77.9%) in the TPBS group and in 66/99 pa-
tients (66.7%) in the DGW group (P=0.09) (▶Fig. 4). If the
time limit is disregarded, the success rate of deep biliary cannu-
lation was significantly higher with TPBS (84.6%, n =88) than
with DGW (69.7%, n =69; P=0.01). In successfully cannulated
TPBS patients (n =88), a needle-knife was also used in 10 proce-
dures (11.4%).

Median time to successful cannulation with the randomized
method was 10.6 minutes (IQR 9.6) with TPBS and 9.3 minutes
(IQR 9.9) with DGW (P=0.52).

Cannulation with the randomized method failed in 16 pa-
tients in the TPBS group and in 30 patients in the DGW group

(P=0.01). A needle-knife was also used with TPBS in 4/16 pa-
tients. Six TPBS patients and 16 DGW patients underwent a sec-
ond rescue method after failure of the randomized method be-
fore the end of the study protocol time limit of 15 minutes. The
additional rescue methods used in TPBS (13 patients) and DGW
(30 patients) groups are presented in Fig. 2 s and Fig. 3 s,
respectively. In the randomized DGW group, TPBS was used as
a rescue method after failure in 27/30 patients (90.0%) and
successful CBD cannulation was achieved in 21/27 (77.8%). In
the randomized TPBS group, DGW was used as a secondary res-
cue method in 10/16 patients and as a tertiary method in one
patient, with final success in 5/11 (45.5%). When comparing
the success with these rescue methods (TPBS n=27, DGW n=
11, none/other n =8), TPBS seemed to succeed most often (P
=0.10). Final failure occurred in seven patients (6.7%) in the
TPBS group and two patients (2.0%) in the DGW group (P=
0.17).

Discussion
Using the ESGE 5 – 5 –2 definition of difficult cannulation [1],
our study showed no difference in PEP rate between the two
rescue cannulation methods of TPBS and DGW. However, suc-
cessful CBD cannulation was significantly greater with the
TPBS technique than with the DGW technique.

Primary cannulation success ranged from 70.6% to 88.2% in
the participating hospitals. This variation might be due to dif-
ferences in patient selection and/or the higher volume of
more difficult procedures in some of the participating hospi-
tals. In the present study, the rate of difficult cannulation was
203/1190 (17.1%). In previous studies, however, difficult can-
nulation has varied between 1.4% and 49.5% [13–17]. In the
present study, overall cannulation success was high at 95.6%
in patients with difficult cannulation and 98.8% among all pa-
tients.

▶Table 2 Complications of endoscopic retrograde cholangiopancreatography.

TPBS n=104 DGW n=99 P value

PEP, n (%) 14 (13.5) 16 (16.2) 0.69

PEP severity, n (%) 0.19

▪ Mild 7 (6.7) 9 (9.1) > 0.99

▪ Moderate 4 (3.8) 7 (7.1) 0.47

▪ Severe 3 (2.9) 0 (0.0) 0.09

Other complications total, n (%)* 3 (2.9) 5 (5.1) 0.49

▪ Bleeding 0 (0.0) 1 (1.0) 0.49

▪ Perforation 2 (1.9) 1 (1.0) > 0.99

▪ Cholangitis 1 (1.0) 2 (2.0) 0.61

▪ Other infection 0 2 (2.0) 0.24

TPBS, transpancreatic biliary sphincterotomy; DGW, double-guidewire technique; PEP, post-endoscopic retrograde cholangiopancreatography pancreatitis.
* Patients could have more than one complication.
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PEP is the most common complication of ERCP. Mechanical
trauma to the papilla Vateri and the pancreatic sphincter due
to repeated cannulation attempts, hydrostatic injury by pan-
creatic fluids and contrast media, and thermal injury are prob-
able cofactors in the development of PEP [18]. In unselected
patients, the incidence of PEP is reported to be 3.5%–4.2%
[19, 20]. Difficult cannulation and repeated attempts increase
this risk of PEP to 10.8%–16.2% [1–4]. In the present study,
the PEP rate was 14.8% in difficult cannulation and 4.7% in all
patients. The PEP rate was not significantly different between
TPBS and DGW.

There are some commonly accepted patient- and proce-
dure-related risk factors for PEP. Procedure-related factors in-
clude difficult cannulation [2, 21, 22]. Endoscopists’ experience
as a risk factor is controversial, as some prospective studies
have reported it as a significant factor [23, 24], while others
have not [4, 25]. However, in a recent meta-analysis, high-vol-
ume endoscopists had 31% lower odds for complications than
low-volume endoscopists [26]. In our study, the experience of
the endoscopists as a confounding factor was minimal, as only
experienced endoscopists performed ERCPs and trainees were
involved in only a minority of procedures. The high overall suc-
cess rate of 98.8% supports this argument.

The TPBS technique was first described by Goff in 1995 [27].
The advantage of TPBS over, for example needle-knife precut
alone, is that the depth and location of the incision in relation
to the CBD is more controlled [1]. The CBD lumen becomes visi-
ble in over half of the procedures [5]. In a prospective study by
Kahaleh et al., the success rate with TPBS (n =116) was 85%
and, when combined with the needle-knife technique, this
rose to 95% [28]. Furthermore, the overall complication rate in
TPBS was 12% and the PEP rate 7.8%, with no difference in PEP
rate between conventional biliary sphincterotomy and TPBS.

The DGWmethod was first described by Dumonceau et al. in
1998 [29]. The technique has been used in cases of complex
biliary cannulation, especially in patients with altered CBD anat-
omy due to neoplasia or atypical morphology of the ampulla
[10, 29]. A recent meta-analysis compared DGW with other
techniques. No significant difference was found in CBD cannu-
lation success; however, TPBS was not included as a comparator
technique. DGW significantly increased the risk of PEP [13]. In a
Japanese study, the PEP rate was 22% with DGW alone and 4.7%
when combined with prophylactic pancreatic stenting. No pan-
creatic sphincterotomy was performed [11]. A very low PEP rate
(2%) was reported in a prospective study of 50 patients under-
going DGW in Finland, even though none of the procedures in-
cluded prophylactic pancreatic stenting [30].

The ESGE guideline recommends prophylactic pancreatic
stenting when the guidewire inadvertently enters the PD [22].
In our study, only a minority of patients received a prophylactic
pancreatic stent (▶Table1). This was due to the study protocol,
which allowed the endoscopist to decide whether or not to
place a stent. Even though prophylactic stents were seldom
used, the overall PEP rate was comparable between the two
techniques. In two recent studies, prophylactic pancreatic
stenting did not affect the PEP rate [31, 32].

In a South Korean randomized study, TPBS had a lower PEP
rate than DGW (10.8% vs. 38.2%) [8]. Sugiyama et al. compar-
ed TPBS and DGW, both with prophylactic pancreatic stents, in
a randomized controlled trial of 34 patients per group [16]. The
cannulation success rate was significantly higher with TPBS
(94.1%) than with DGW (58.8%), but the PEP rate was the
same in both groups, at 2.9%. In the present study, when the
randomized method failed, TPBS was used as a rescue method
after DGW in 90.0% of cases, of which 77.8% were successful.
In the TPBS group, DGW was used as a rescue method in 62.5
% of the patients and success was achieved in half of the cases.
Therefore, both are feasible rescue methods when the guide-
wire is inserted into the PD.

The appearance and size of the papilla, and presence of a
periampullary diverticulum or tumor infiltration may influence
the outcome of biliary cannulation. In difficult cannulation
cases with presence of a periampullary diverticulum, ESGE re-
commends selection of cannulation method according to the
experience of the endoscopist and the anatomy of the patient
[1]. It is difficult or sometimes impossible to proceed with
TPBS in patients with intradiverticular papilla or a papilla loca-
ted in the margin of the diverticulum because of the increased
risk of bowel perforation. We suggest that the DGW technique
is probably preferable in these situations; however, no defini-
tive data supporting these preferences have been reported.

PD stent placement or use of the DGW technique may se-
cure the papilla in an accessible position. Small or protruding
papillae were more difficult to cannulate in a study of 1401 na-
tive papillae [33]. ESGE suggests considering the TPBS tech-
nique for small papillae in difficult cannulation. However, we
prefer DGW for small papillae because of the potential in-
creased risk of perforation with a precutting technique. Pro-
spective comparative studies are warranted to determine the
best methods of cannulating papillae with different appearan-
ces and in the presence of diverticulum.

Concerns related to long-term complications of TPBS have
been expressed [22, 34]. A recent retrospective case– control
study from Helsinki found similar long-term complication rates
between the TPBS group and a control group in which only bili-
ary sphincterotomy was performed [35]. We plan to perform a
follow-up study of the present multicenter trial in order to as-
sess the long-term adverse events associated with TPBS.Our
present results suggest a preference for TPBS as an advanced
method in difficult cannulation; however, the power calculation
was not performed to assess the cannulation success rate. Fur-
ther prospective studies are warranted to seek the preferable
cannulation method in difficult biliary cannulation.

Limitations of the study

Although our study is the largest of its kind, consisting of 203
patients, post hoc analysis (see supplementary material) re-
vealed that when comparing the real crossover rates and PEP
rates used in sample size calculation, our result is still slightly
statistically underpowered (67%–72%) to correctly reject the
null hypothesis at the type I error rate.

The ESGE guideline on PEP prophylaxis with rectal NSAIDs
was included in our study protocol as a recommendation. Pan-
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creatic stents were used at the discretion of the endoscopists.
Only 78.8% of patients in the TPBS group and 82.8% in the
DGW group received rectal NSAIDs prior to ERCP. In addition,
prophylactic pancreatic stents were seldom used. This might
increase the risk of PEP, although there was no difference in
prophylaxis between the two study groups. Neither was there
a difference in the PEP rate in randomized patients between
those who received rectal NSAIDs and those who did not.

It was not possible to randomize all the patients fulfilling the
criteria of difficult cannulation. If the guidewire did not enter
the PD, patients were not randomized or analyzed as difficult
procedures. Median cannulation times between the two study
groups were comparable but it should be noted that maximum
cannulation times were more than 1 hour in both groups with
repetition in the randomized method. Outside clinical trials,
these patients would undergo additional cannulation methods
sooner to gain access to the CBD. Successful cannulation fol-
lowing crossover between the randomized methods was not
considered as a success in the study analysis.

The number of patients recruited and randomized varied be-
tween centers, resulting in a potential selection bias in the re-
sults.

The protocol time limit of 15 minutes for cannulation at-
tempts using the randomized method was not followed in 16
procedures. It seems that in clinical practice this time limit
was too long to follow when the method appeared unsuccess-
ful.

According to the study protocol, ERCP had to be performed
by an expert. Only centers that were familiar with both tech-
niques participated in the study. However, in 4/104 TPBS proce-
dures and 2/99 DGW procedures, trainees were involved, and
this may prolong the cannulation time unnecessarily. The defi-
nition of difficult cannulation was based on a study in which
only experts performed ERCP [3]; thus, the time limit of 5 min-
utes may be too strict in regular clinical practice involving trai-
nees.

A 30-day follow-up was carried out to verify patient records.
Minor adverse events may have been missed if a patient did not
contact the hospital after discharge.

Conclusion

TPBS and DGW resulted in similar PEP rates. The cannulation
success rate with TPBS seemed to be higher than that with
DGW. Prospective comparative studies are warranted to deter-
mine the best method for cannulation of papillae with different
appearances and in the presence of diverticulum. TPBS is a
good alternative in cases of difficult cannulation when the
guidewire is in the PD; however, it remains a method for experi-
enced endoscopists only.
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