
Introduction
Endoscopic retrograde cholangiopancreatography (ERCP) is an
endoscopic technique used to diagnose and treat biliopancrea-
tic diseases. Selective cannulation of the common bile duct is
necessary to achieve clearance. Approximately 11% of biliary
cannulations are considered difficult [1]. Difficult biliary cannu-
lation has diverse definitions. European Society of Gastrointes-
tinal Endoscopy (ESGE) guidelines [2] define difficult cannula-
tion as more than five cannulation attempts, more than 5 min-

utes trying to cannulate with visualization of the papilla, or
more than one involuntary cannulation or opacification of the
Wirsung duct. On the other hand, American guidelines [3] de-
fine it as the impossibility of realize biliary cannulation after at-
tempting it for more than 10 minutes.

When cannulation is difficult, there is the possibility of unin-
tentionally accessing the main pancreatic duct, which increases
the risk of post-ERCP pancreatitis (PEP) [4]. In these cases, other
techniques are necessary to achieve biliary access. First, the
double guidewire technique (DGW-T) consists of keeping the
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ABSTRACT

Background and study aims Approximately 11% of bili-

ary cannulations are considered difficult. The double guide-

wire (DGW-T) and transpancreatic sphincterotomy (TPS)

are two useful techniques when difficult cannulation exists

and the main pancreatic duct is unintentionally accessed.

We carried out a systematic review and meta-analysis to

evaluate the effectiveness and security of both DGW-T and

TPS techniques in difficult biliary cannulation.

Methods We conducted a systematic review in different

databases, such as PubMed, OVID, Medline, and Cochrane

Databases. Were included all RCT which showed a compari-

son between TPS and DGW in difficult biliary cannulation.

Endpoints computed were successful cannulation rate, me-

dian cannulation time, and adverse events rate.

Results Four studies were selected (4 RCTs). These studies

included 260 patients. The mean age was 64.79±12.99

years. Of the patients, 53.6% were men and 46.4% were

women. The rate of successful cannulation was 93.3% in

the TPS group and 79.4% in the DGW-T group (P=0.420).

The rate of post-endoscopic retrograde cholangiopancrea-

tography pancreatitis (PEP) was lower in patients who had

undergone TPS than DGW-T (TPS: 8.9% vs DGW-T: 22.2%,

P=0.02). The mean cannulation time was 14.7 ±9.4min in

the TPS group and 15.1 ±7.4min with DGW-T (P=0.349).

Conclusions TPS and DGW are two useful techniques in

patients with difficult cannulation. They both have a high

rate of successful cannulation; however, the PEP was higher

with DGW-T than with TPS.
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guidewire inserted in the main pancreatic duct to straighten
the common duct (biliary and pancreatic) and it helps to orient
the common bile duct (CBD) axis and facilitate biliary cannula-
tion by inserting a second guidewire [5–8]. And the other hand,
the transpancreatic sphincterotomy technique (TPS) consists of
passing a sphincterotome over the guidewire previously inser-
ted in the main pancreatic duct and performing a septotomy
in the direction of the CBD (11–12-o’clock position) [2, 9–11].

We carried out a systematic review and meta-analysis to
evaluate and to compare the effectiveness and safety of both
DGW-T and TPS for difficult biliary cannulation.

Methods
Literature search and data selection criteria

We conducted a systematic review of different databases, such
as PubMed, Cochrane, Medline, and OVID. A search was made
of all studies published until November 2020. Only English-lan-
guage studies were considered. The following terms were sear-
ched using Boolean operators: “transpancreatic precut”, OR
“transpancreatic sphincterotomy” OR “transpancreatic septot-
omy” OR “transpancreatic sphincterotomy” AND “double
guidewire” OR “double guidewire technique” AND “difficult
biliary cannulation.”

We excluded publications that involved individual studies
(e.g., only DGW-T studies or only TPS studies). We excluded
studies that compared both techniques with other precut tech-
niques (e. g., fistulotomy or conventional precut). Only studies
that compared DGW-T with TPS in the English language were

included. Review articles, other meta-analyses, case reports,
duplicates, redundant data, book chapters, editorials, com-
mentaries, non-relevant publications, and incomplete analyses
were excluded from the pooled-data analysis (▶Fig. 1). All re-
viewers fully agreed with the selection and analysis of the stud-
ies.

Statistic methods ana data analysis
Endpoints

The primary endpoints computed were successful cannulation
rate, median cannulation time, and rate of adverse events
(AEs) (principally post-ERCP pancreatitis for TPS and DGW-T.
Successful cannulation was defined as successful insertion of
the guidewire or sphincterotome into the common bile duct
(CBD) after DGW-T or TPS. Cannulation time was defined as the
time it takes to access the CBD with either of the two tech-
niques. AEs were defined as complications related to the endo-
scopic procedure. Post-ERCP pancreatitis (PEP) was defined as
the presence of abdominal pain plus elevation of the serum
amylase and/or lipase level by at least three times the upper
limit of normal at about 24 hours after the endoscopic proce-
dure.

Data extraction

To confirm study eligibility, we reviewed the full text of selected
articles. To extract the data selected, we design a table for data
extraction from each study. The main variables selected were:
author and year of publication, country, study design, age and
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sex of patients, number of patients, distribution of patients in
each group (TPS and DGW-T), indication for ERCP, rate of suc-
cessful cannulation, mean cannulation time in each study, and
rate of AEs for each technique, principally the PEP rate in each
group.

Statistical data analysis

Descriptive statistics are presented as percentages (%). For the
analysis of categorical variables, mean and standard deviations
(SDs) were calculated, and in the case of the continuous vari-
able, interquartile range was analyzed. The endpoints (rate of
successful cannulation, mean cannulation time, PEP rate, and
overall AE rate) were presented as percentages and 95% confi-
dence intervals (CIs). The Greenwood method was used. For
data analysis, we used Statistical software Stata version 15.1.
This meta-analysis was performed by calculating the risk ratio
(RR) and standard error (SE) in each study. A funnel plot for
each endpoint was drawn. An Egger test was used to determine
the publication bias quantitatively, whereas visual analysis of
the funnel plot was used to determine it qualitatively [12]. We
also used the fail-safe N test and Duval and Tweedie’s “Trim and
Fill” test to evaluate the impact of bias [13]. To assess heteroge-
neity, we used the I2 statistic and heterogeneity statistic Q. If
the I2 statistic was more than 50% or the P value of the Q test
was <0.05, we used the random-effect model.

We planned to analyze dichotomous outcomes (successful
cannulation rate, adverse events rate) as a risk ratio (RR) with a
95%CI. We planed to analyze continuous outcomes (mean can-
nulation time) with a 95%CI.

The results were considered statistically significant at the P <
0.050 level if the 95%CI did not include 1.00. A random-effects
model was used regardless of heterogeneity. We used the I2

statistic to measure heterogeneity among the trials in each a-
nalysis. If we had identified substantial heterogeneity, as per
the Cochrane Handbook for Systematic Reviews of Interven-
tions (> 50% to 60%), we planned to explore it by prespecified
subgroup analysis. We also assessed heterogeneity by evaluat-
ing whether there was a good overlap of CI.

We planned to use Eggerʼs test to determine the statistical
significance of the reporting bias [12]. We planned to consider
P<0.05 to be statistically significant reporting bias.

We performed the analysis using Stata version 15.1.We used
the Mantel-Haenszel method for dichotomous data [13].

Sensitivity analysis

We planned to perform the following sensitivity analyses de-
fined a priori to assess the robustness of our conclusions:
1. Excluding trials at unclear or high risk of bias (one or more of

the ‘Risk of bias’ domains (other than blinding of the sur-
geon) classified as unclear or high).

2. Excluding trials in which either the mean or standard devia-
tion, or both, were attributed.

The risk of bias was analyzed using the RoB2: A revised Co-
chrane risk of bias tool for randomized trials. This tool was
used for all four individual studies (▶Fig. 1)

GRADE analysis

GRADE profiler software was used to assess the quality of evi-
dence and reliability of this meta-analysis. Detailed information
on this analysis is shown in ▶Table 1.

Results
Characteristics of included studies

Assessment of the risk of bias using the Cochrane Collaboration
tool is presented in ▶Fig. 1. ▶Fig. 2 is a flow diagram the search
and selection process. The initial search yielded a total of 147
articles, of which we selected and analyzed four studies [14–
17]. All studies are randomized controlled trials (RCTs), but
one of them was published as an abstract [14]. Two of the four
studies were conducted in South Korea [14, 15], one in Japan
[16], and one in Egypt [17]. The studies were published from
2012 to 2020. Huang et al. [18] published a retrospective study
with a larger number of patients, but this was excluded by de-
sign to avoid bias.

Demographic features

▶Table 2 lists the features and distribution of the four included
studies [14–17], which included a total of 260 patients. The
mean age was 64.79±12.99 years; this value was only possible
to analyze in three of the four studies (Chan et al.,[14] did not
enter these data in their abstract). Of 179 patients, 53.6% were
men (93 patients), and 46.4% were women (83 patients). One
hundred thirty-four patients (51.5%) underwent ERCP with the
TPS technique and 126 (48.5%) underwent ERCP with DGW-T.
ERCP indications in the different studies were mostly benign
etiology (59.7%); malignant causes were the indication in
32.5 % and indeterminate causes in 7.8%. The most frequent
benign ERCP indication in both study groups was choledocholi-
thiasis in 37.4%, while the most frequent malign ERCP indica-
tion was pancreatic cancer in 15.6%.

TPS vs. DGW-T

All four studies compared head-to-head successful cannulation,
overall AE, and PEP rates and mean cannulation time. The suc-
cessful cannulations was similar in both groups, (TPS: 93.3% vs.
DGW-T: 79.4%, RR=1.09, 95% CI [0.90–1.32]). Heterogeneity
was not found in the pooled technical success analysis, I2 = 0%
(▶Fig. 3).

The mean cannulation time in each group was analyzed
and was similar in both groups. In the TPS group, the mean
cannulation time was 14.7 ±9.4 minutesw, whereas the mean
in the DGW-T group was 15.1±7.4 minutes, SMD=0.121, 95%
CI [–0.13–0.37], the heterogeneity was present I2 = 92%
(▶Fig. 4).

Post-ERCP pancreatitis rate and other adverse
events

During the analysis of AEs, we observed that both groups had a
similar total complication rate (TPS: 24.8% vs DGW-T: 37.4%,
RR=0.76, 95% CI [0.50–1.15]), heterogeneity was not found,
I2 = 0% (▶Fig. 5).
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We specifically analyzed the PEP rate and found that the pa-
tients who underwent TPS technique had a lower PEP rate than
patients who underwent DGW-T (TPS: 8.9% vs DGW-T: 22.2%,
P=0.020, RR=0.47, 95% CI [0.25–0.89]), heterogeneity was
not found, I2 = 0% (▶Fig. 6).

Discussion
ERCP continues to be the first-line technique for accessing the
CBD; however, accessing it is not always possible due to anato-
mical alterations, presence of peripapillary diverticula, or post-
surgical alterations. For these reasons, there are alternative
techniques, such as TPS and DGW-T, to increase cannulation
success. Our searcfh found no meta-analysis that included the
four RCTs [14, 15, 17, 18] and would facilitate a comparative a-
nalysis between these two techniques. TPS is generally believed
to have a higher rate of PEP, as the technique can produce more
significant trauma to the pancreas than DGW-T. Our meta-anal-
ysis shows that the previous hypothesis is true because the dif-
ference found in our study was statistically significant.

Our study found that the successful cannulation rate with
the TPS technique was statistically similar in both groups. The-
oretically, access to the CBD with TPS is easier because per-
forming an adequate sphincterotomy facilitates better visuali-
zation of the access, whereas that does not occur in patients
undergoing DGW-T. However, for some authors, there is a

high rate of cannulation with DGW-T. For example, Maeda et
al. [19] performed an RCT in 2003 and reported a successful
cannulation rate of 93%, supported by the fact that straighten-
ing of the papilla with the guidewire previously introduced in
the main pancreatic duct facilitated future cannulation of the
CBD.

This systematic review showed that patients undergoing
DGW-T have a PEP rate of 22.2%, which is higher than for TPS
(8.9%). Some studies, such as a multicenter RCT carried out by
Herreros de Tejada [20] published in 2009, found a high PEP
rate after performing DGW-T (17%) and the successful cannula-
tion rate was no higher than woith the standard cannulation
technique (47% vs 56% respectively). On the other hand, in
Peru, a study was carried out in which it was observed that the
PEP rate with DGW-T was 8.3% [21]. In this context, one of the
great fears with the TPS technique was that some studies
showed a higher complication rate than with standard cannula-
tion. Akashi et al. [22] published a study in which the complica-
tion rate was 9.9%, which was significantly higher than the
complication rate with the conventional technique, which was
0.8% (P<0.001). However, a study published by Kahaleh et al.
[23] reported that the PEP rate with TPS was 8%, similar to
that with standard cannulation. The higher PEP rate in patients
undergoing DGW-T may also be justified by the longer proce-
dure time. This systematic review demonstrated that the
mean cannulation time in patients undergoing DGW-T is similar
in both groups (TPS: 14.7±9.4min vs DGW-T: 15.1 ±7.4min).

It is interesting to analyze each study independently con-
cerning the PEP rate because, in the study by Sugiyama et al.
[17], prophylactic pancreatic stenting was used in all cases for
prevention of PEP. This fact may reflect the low PEP rate in this
study (2.9% in both groups, TPS and DGW-T). In the studies of
Yoo et al. [14] and Mohie et al. [18], prophylactic pancreatic
stenting was not used in any case. The study by Chan et al.
[13] does not mention this fact, nor does the retrospective
study by Huang et al. [16]. However, the number of patients in
whom prophylactic pancreatic stent was placed is not men-
tioned. The authors report only that it was placed when the
main pancreatic duct cannulation was greater than five times.

The use of pharmacological prophylaxis for PEP prevention
with indomethacin or diclofenac has not been considered in
any study. We believe that hyperamylasemia without abdomi-
nal pain is not necessarily a complication that involves clinical
deterioration in patients. For this reason, we did not include
this variable in our analysis.

One advantage of this systematic review is that it is mainly
made up of RCT. We decided to consider the study published
by Cha et al.[13]. Although it was published as an abstract, it
describes the primary endpoints we evaluated in our meta-a-
nalysis. Second, it was the first meta-analysis designed mainly
to compare “head-to-head” these two techniques and studies
in which the procedures were sequential (one after the other)
are excluded. Our meta-analysis does have limitations. First,
the definition of “difficult cannulation” is not usually homoge-
neous in the different studies. However, we believe this differ-
ence is not relevant because the statistical results showed a
heterogeneity rate of 0%, mainly for successful cannulation

”Transpancreatic precut“, or ”transpancreatic 
sphincterotomy“ or ”transpancreatic septotomy“ or 
”transpancreatic sphincterotomy“ and ”double 
guidewire“ or ”double guidewire technique“ and 
”difficult biliary cannulation“

▪ Review articles/book chapters
 (2 articles)
▪ individual publication for double
 guidewire technique or trans-
 pancreatic sphincterotomy 
 (5 studies)
▪ publications that compared 
 DGW-T or TPS with other 
 techniques (6 studies)
▪ case reports (12 articles)
▪ duplicates (12 articles)
▪ non relevant publications 
 (4 articles)
▪ commentaries/editorials 
 (9 articles)
▪ incomplete analysis were 
 excluded (3 articles)
▪ studies with other cannulation 
 techniques (12 studies)

147 hits

142 studies 
excluded

4 RCTs included

▶ Fig. 2 Studies identified in the literature.
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and the AE rates. Second, the number of RCTs was small. How-
ever, they represented a suitable methodological design and a
number of cases in each group adequate to result in a good sta-
tistical analysis.

We believe that our study is essential to eliminate the myth
of the high number of complications and the fear of the main
AEs of ERCP when using these techniques if conventional can-

nulation cannot be performed. In addition, both techniques
are useful if the CBD cannot be cannulated conventionally, as
long as that is done by an endoscopist trained in these tech-
niques.

 Events
Study Risk ratio (95% CI) % Weight DGW  TPS

Cha et al. (2012) 1.09 (0.77, 1.54) 31.21 31/39 39/42
Yoo et al. 2013 1.00 (0.71, 1.43) 30.38 31/34 34/37
Sugiyama et al. (2017) 1.31 (0.85, 2.01) 20.65 32/34 20/34
Mohie et al. (2019) 1.00 (0.64, 1.58) 17.76 20/21 18/19

Overall, MH (I2 = 0.0 %, P = 0.790) 1.09 (0.90, 1.33) 100.00 114/128 111/132

NOTE: Weights are from Mantel-Haenszel model

0.5
Favours DGW Favours TPS

1 2

▶ Fig. 3 Forest plot of successful cannulation rate (TPS: 93.3% vs. DGW-T: 79.4%, RR=1.09, 95% CI [0.90–1.32]).

 Events
Study SMD (95% CI) % Weight DGW  TPS

Cha et al. (2012) – 0.79 (– 1.24, – 0.34) 31.21 19.7 min 15.0 min
Yoo et al. 2013 0.08 (– 0.38, 0.55) 29.50 14.1 min 15.4 min
Sugiyama et al. (2017) 1.38 (0.85, 1.92) 22.72 7.7 min 9.5 min
Mohie et al. (2019) 0.17 (– 0.45, 0.79) 16.56 20.1 min 21.5 min

Overall, IV (I2 = 92.0 %, P = 0.000) 0.12 (– 0.13, 0.37) 100.00 15.1 min 14.7 min

– 1.5
Favours DGW Favours TPS

0.50– 0.5– 1 1 1.5

▶ Fig. 4 Forest plot of mean cannulation time (TPS: 14.7 ± 9.4min vs DGW-T: 15.1±7.4min, SMD=0.121, 95% CI [–0.13–0.37]

 Events
Study Risk ratio (95% CI) % Weight DGW  TPS

Cha et al. (2012) 0.94 (0.29, 3.01) 13.57 5/39 5/42
Yoo et al. 2013 0.63 (0.37, 1.08) 62.78 26/34 14/37
Sugiyama et al. (2017) 1.00 (0.44, 2.27) 23.65 9/34 9/34

Overall, MH (I2 = 0.0 %, P = 0.606) 0.76 (0.50, 1.15) 100.00 40/107 28/113

NOTE: Weights are from Mantel-Haenszel model

0.25
Favours DGW Favours TPS

1 4

▶ Fig. 5 Forest plot of overall adverse events rate (TPS: 24.8% vs DGW-T: 37.4%, RR=0.76, 95% CI [0.50–1.15])
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Conclusions
TPS and DGW-T are two useful techniques in patients in whom
cannulation is difficult. Our an analysis showed a high rate of
successful cannulation with both TPS and DGW-T; however,
the post-ERCP pancreatitis rate was higher with DGW-T than
with TPS.
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